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TRENDS IN THE INDUSTRY FOR RUBBER LATTICES

Prachaya Jumpasut. Dairen Cooper and Dock No
IRSG, Heron House. 109/116 Wembtey HiH Road, Wembley. HA9 8DA, UK
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BtOGRAPHICAL NOTE

Dr Prachaya Jumpasut graduated magna cum laucSe from Ihe University of Wis(»r»in. wijh a BBA in
Economics. He later went to the University oi Michigan as a research and teaching teltow. receiving an MA
in 1979 and a Doctorate m 1981, specializing in fnternational economics bik) economc developmam. He
was an assistant professor at the NaUonal Institute of Development Adrriinislrat»n in Bangkoi< t>efore jotning
the International Rubt>er Study Group (iRSG) in 1982.  Since then he has wntten extensively on a range of
topics and has presented rnany papers at various international conferences. He holds the posrtk»i of the
Head of Economics and Statistics at the IRSG

Darren Cooper graduated from the Unh/efsity of Yowk in 1996 with ar> MSc Economics. With an intsfeat in
analysis and development economics he took up a position at CHU {Commodities Fltaearch Unit)
International in London as an analyst focusing on the workj steel industry. From here, he rrwved on to LMC
International (formeriy known as Landeil Mills Commodities), an Oxford based pnvaie sector consultancy
engaged in economic research at and i ial sectors, as ist focusing on the njbber
and tyre industries. In 2000. Mr Cooper joined the IRSG in London as Statistician.

Dock No graduated in 1996 from the School of Oriental and African Studies (SOAS) with an fASc i
D Upon he joined the London based political-economic analysis group,
the WfyIRC before joining the IRSG m 2000. He is the Economist.

ABSTRACT

This paper focuses on broad trends in the natural rubber (NR) and synthetic aibber (SR) lattices industry.
Almost twenty years have elapsed since the AIDS epidemic which, in rw small part, resulted tn a sharp rise
in natural rubber latex consumption ~d prices as world demand for surgical and medical latex gloves
expanded strongly. The p ion examines the trends in consumption and production of NR latex at the
country, regional and global level. We also look at price trencte beiore and after the AIDS epkJemic w f~
occurred during the mid 1980s. The overall position of NR latex vfith respect to other types and grades af
NR is also reviewed. Less is known about synthetic rubber lattices (SR latex). Nevwtheless, this
presentation provides some key points surrounding these products. inctusting a description of rt«ior
elastomer types and their uses, issues reganding data availability and broad trends in the industry. One
conclusion is that due to the existence of policies aimed al provK”ng value-addition in producing countries. |
coupled with high transportation costs, consumption of both hJR and SR lattices is greatest in countries
where processing facilities exist. Malaysia s the largest consumer of NR tatex due its large latex goods
industry, while Western Europe and North America would appear to account for tfw largest share of world
consumption of SR lattices.

INTRODUCTION

The report is split into two main parts - the first secton examines NR latex; the second, focuses on its
synthetic counterpart. For NR latex, trends in consumption at the gtobal, regional and country level ere
examined. This is followed by an assessment of trends in the major telex producing natiofw. The second
pari of our presentation provides some important points concerning the industry for SR lattices - an area that
is, perhaps, more opaque when compared to coverage of tfie NR latex sector of the NR industry.



NR LATEX CONSUMPTION

Over the past forty yAT the g |
above that d the worid S e e over 1960-2003. However, the gfowth was nd smooth
108.000 lonrres to an being rAeatfy dlvlded into two periods; slower growth penod !
w.th the modem hjstory ol NR iatex *sum ption to g A 2003. averaging S.eVyear. In terms .
over 1960-1983. averaging 000 tonnes for the first period and 597,000 tonnes |
of actual tonnage rate of growth of NR latex consumption ensured that it also 1-.3

over the secorkl penod.

“he total NR consumption in 1960-1984. th.s had risen to ; |

1390s.
Figure V. Worid NR tatex consumption and share, f9607'-2003~" ~
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Tragically, the divids. and the main driver of the fasler rate ol gro~h of ttia latter period ~tin
to tte AIDS scare and the consequent heightened awareness lorthe need P f

the rapid rise of demand for medical ar«i surgical gloves, in partrcular, since the ">*i'"A0's Using impon

as a proxy lor demand it can be seen that annual US S EU consumption of ™ 8"=A

from L b n pieces in 1989 to 37.5bn pieces by 2002 (Figure 2).’ This is a fan e

years. However, this is notto imply that gloves were the sole source behind the rising NR latex consumpton
over the past twenty years, but to highlight the leading role il had and is still playing in the rubber world. The
product tjase ol NR ~tex is wide and varied, ranging from industna! to housenoio.

' They are the two largest marVeis tor surgical gloves and account for the global demand and it has been assumed iha
impons of surgical gloves aro aU NR lalex based, although ihere are known production capacHies lor non-NR latex glove
around the wend. The tfaste figures of gloves are no( split along rubber typos.
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Figure 2; US S EU imports of surgical gloves, 1S89-20(~

SOURCES OF GROWTH

The main source of growth is Asia {Figure 3}. Over 1984-2(X)3, the average growth rale for the region had
been 9.2%/year, ir its annual ptiorv from 144,000 tonnes to ~2.000 tonnes. The average
growth rate lor Asia is 5% above ttiat of the world rate for the same period. The underling cause for the rise
in demand for NR latex had already been given, but how or why was Asia tn the rwar-soSe posrtton to lake
benefit from it? The exfranalton ftes with their cwnparative advantage in the latex based manulacturing,
especially ~ the labour intensive areas of dipped goods. Moreover. Asia also had absolute advantage in
material and transportation costs as NR latex is produced in the area. Responding to ttw increase in
demand for rubber gloves from the medical field from the noddle of 1980s. global and irvdigenous companies’
sel-up new facilities and increased their existing capacity in the region.

FAure 3: Regional NR latex consumption. 1960 -2003

-0 L NAmN

~ The data for the US imports have been extracted from Che United Stsues Inlernaltonai Trade Comm is~ {USITC)
online information centre - http:/Awww.usjlc.90v. In the course of obttinmg the data some discreparwies have tren
noted- There is the possibility Shat misclasslficanon may have occurred since the tMgirming of 2002 to the prwent.
There is the possiQility ttiat the codes 401511 and 401519, the latter a six dfgst reference number for all nMier gloves
other than surgical gloves, have been mixed up. This study assun>es a mistake in tt» recoreSng of data may have
occurred and, hence we use what we perceived to be ‘correcT data. H notwe find that the imports lafl dramaticalfy
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As of 2003 the levels of consomplion of the other five regions are: North Amerca 101.000 tonnes. Latin
Amenca 33 000 tonnes. EU 78.000 tonnes. Other Europe 14.000 tonnes and Africa 4.000 lonnea. However,
ss a iaroe oart of the nse in Asia's consumption is a reflection of an absolute increase in global demand the
currerrt~ ~ o f consumption of other regions did not, in most cases, represent a reduction. As compared to
1984 fill fegions. wrth the exception of Other Eunape and the EU, have seen an increase. Other Europe saw
its NRL cajnsumptwn fali from 20.000 tonnes to 9,700 tonnes over 1969-1991. which has subsequently bean
hovennti at araund 12.0CX) tonnes for the past ten years. As for the EU its level had marginally fallen by
3000 tonnes, from 81.000 tonnes over 1983-2003. The fali in demand in Other Europe was as result of the
coilapse of their domestic economy following the demise of Communism

Using imports into the US and the EU as a proxy for the region's production it can be seen that outputs of
suro~ai gloves rose from 3.1bn pieces in 1989 to 35.8bn pieces by 2002 for the four countries in Asia
(Fire 4)~ The suggestion that production ol aibber gloves had been and is undeipinnmg the rise in
demand for NR latex in Asia is reflected here. The increase in surgical gloves production is just below twelve
fold in just fourteen years. Such is the concentration Asia is now estimated as accounting for over 75% of
worfd gross exports of surgical gtoves. Asia had accounted for an average 92% of the US and the EU
imports over 1989-2003

Malaysia is the biggest producers of surgical gloves with total output of 16.7bn pieces in 2002. The simple
reason for this ts that international co i re and started up in Malaysia to
lake advantage of itstf~ status as the largest producer of natural rubber. Since then f/lalaysia had lost that
status to Thailand, who is gaining quickly on the gloves front also. Back in 1989 the ratio of fraiaysia-
Thailand production was 5.9:1. which has been reduced down to 1.2:1 by 2002. These translate into an
increase m annual production from 0.37bn pieces in 1989 to 13.79bn pieces by 2002 for Thailand. Behind
these two market leaders are China and Indonesia with total produclion of 8.38bn pieces in 2002, with the
foimer country holding a margin advantage. However, the Chinese oulput has been increasing robustly
since the late 1990s, while the Indonesian production had been falling, which has reduced a substantial
output gap that had existed behveen the two countries. Under the current trend, it is possible that China
would over take Indonesia in the next couple of years.

Figure 4: Sources ("U S & E U surgical gloves imports, 1989-2002

Product r~al gkwes do noi import toihe US and EU, but Ihey account tor a high percentage.



KGES IN REQIONAL CONSUMPTJON

Bexceptional growth in Asia has had a profound impacr u|»fi relaldve dtstnbution of consumption tevets
.ich are shown in Figures 5 & 6. From a comparativety strong positron of holding 44% share in 19B4 Asia's
jare o< worid NR latex consumption had risen to 75% by 2003, Tfw araa which had borne the burnid this

.as Europe In the form of Other Europe and the EU that comttned to lose 27% of me share over

.A984-2003. From accounting for 37% of the wofid consumption of NR latex the share had fallen to mere

»10% by 2003 for the combined Europe. North America had emerged reJafiveiy unscatfwd los” oniy 6%

[ ghare. falling from 17% down to 11%. However, Laiin America had managed to increase both absoiuie and

» relative consumption level over 1954-2003. The regron's market share had nser>from 0% to 4%. This rrwy

i; be a reflection of the region’s status as a NR latex producer, in a simitar fash'ron to Asia.

Figure 5: Regional distributhn of NR latex consun”ihn. 2003

2003 * 925.000 tot«nes

Figuee 6: Regionaldistribution of NR latex consunption. 2003

1984 = 378.00 (onnes

One further point of change to be noted is the increasing importance of NR latex consumption in overall
consumption of NR in Asia {Figure 7). From 7.8% in 1984 this had risen to 17.4% by 1999, wAwh was the
peak level of share, but has subsequently fallen to 15.5% by 2003. What is also dear is the near collapse of
share of consumption in Other Europe over 1991-1992, when it fell from 24.7% down to 7.6%. In fact. lhe
share of latex consumption continued to decline, falling to a mere 4.8% by 2003
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Figure 7: Shata of NB latex in total NR consumption. 1960-2003
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ASIAN CONSUMPTJON

Malaysta is the largest NR latex consumer in Asia, accounting for 37% of consumption In 2003 (Figure 8 &
9) Behind are four countries with shares ranging from 10-18%, with China leading this group with a 18%
share. Most of the current standings are result of significant changes undertaken in a relatively short space
of tme. In 1989 the largest consumer was Other Asia, which is mainly Japan, Korea and Taiwan with 32%
share, while Malaysia was placed second with 25%. Thailand’s share was only 5%. All this implies that
most of relative gains were made by Malaysia and Thailand and at the expense of the more mature
economies.

tl is noticeatde Ihat Indonesia had failed to gain market share over 1989-2003, falling from 14% down to
10%. Langutshing far behind both Malaysia and Thailand in production of surgical gloves, the loss in market
share may be a reflection of the relative importance of this sector to the overall NR latex consumption of the
country. Wilh earlier rrated decline in production of surgical gloves, unless other sectors are developed it
may be possible that Indonesia may lurther lose market shares of NR latex consumption within Asia.

Figure 8: Share of Asia

2003 = 692.000 tonnes



Figufs 9: Sftar® of Asia

im  =339.000 tonnes

The proems of changes and the absolute tevel of NR latex consumplion for 8ie rmgor Aaan countries and
their shares of iheir total NR consumption are sfrowrj Figures 10 & 11. Malaysia became the domifwnt
country following a sharp upturn over 1987-1988 when consumptkm was raised was 35.300 tonnes to
61.100 tonnes. Over the next eighl year the tevel of consun”ion rose every year without much interruption
and itpeaked at~7.500 tonne in 1996, but at the end of 2003 its feve! had been estimated down at 262,500
tonnes although it represents a sharp climb up relalive to the pasi three years. On the chjposile end of
fortune was Other Europe, which over 1989-2003 saw ils consumption dr(* from 101,003 tonnes down to
16,500 tonnes, although the lowest point was reached on 1955 at 71,000 tonnes. The estirrcated level of
consumption for ~e four other countries in 2003 are 125.000 tonnes, 81.200 tonnes. 70,00) tonnes and
80,000 tonnes for China. India. Indonesia and Thailand.

Figure 10: Consumption of NB latex"
- Malaysia

250

200

1150
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Over the past twenty years not only had the absolute level of NR lalex consumptior risen in Asia, but it had
also increased the level importance to the local rubber industry. For Malaysia the share of NR latex in lotel
NR consumption had nsen from 20% back in 1976 to 43% by 1987. the lake-off year, and peakirvg af 8t% in
1997. However, the share had fallen marginally since and al the end of 2003 it is estimated at 73.5%. For
Thailand the share had peaked at 32% in 1999, although it is now estimated at 27.5%. However, the levef of
share of Ihe totai NR consumption is low for China and India al 8.6% and 11.4%, respectively in 2003.

‘ The Indonesia consumption has been derived assumif® 45% share of total domestic consumpuon of NR
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although the absolute level of NR latex consumption is on par with of Thailand. Moreover, the share in ih,
two countries had r>ever reached mors than 13%.

Figure 11: Share of total NR cortsumpiior}

1961) 19f4 m i 1972 1976 1980 19K4 1988 1992 1996 2000

TRADE AND PRODUCTION

Data on NR latex production is not freely available for ail producing countries and. as such, output trends if
certain countries can be gleaned from trade data. In some countries, a large portion of output sen/es expor
markets, although as cieariy demonstrated eariier. many producing countries, such as Malaysia anc
Thailand, are consuming increasing quantities of the raw material.

EXPORTS

World NR talex exporls have increased steadily at a rate of 3.5%/annum over 1960-2003 (Figure 12). The
lower growth rale in exports relative to consumption is due to the fact that a large porlion of latex b
consumed in producing nations. However, coinciding with rising demand export rose sharply from ftis
second half of the 1980s and then again from the earty 1990s. As a result absolute level of export had rise
to 550.CKX) tonnes by 2003 from 24,000 tonnes in 1980, although the latest level is a drop of 4,000 tonne
over 2002 when 563,000 tonnes were shipped abroad.

Figure 12: Aggregate NR latex exports, 1960-2003

1960 1% 5 1970 197! 1980 198.1 1990 1995 2000
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SOURCES OF EXPORTS

There are three main sources of exports oi NR latex; Liberia. Ktelaysia and Thailand (Figure 13), Th««
three counlries had together exported 534,000 wnnes in 2003. TraditionaUy Ntafaysia had been the leacftno
exporter, but this potion had been lost to Thailand since 1993. This is a rece<ajon ol overat! increase in NR
production in Thailand, while at the same time reduction in overaJl production in Malaysia Furthermore, the
reduction in the Malaysian export is also a reflection ol the country’s ncrease in tocal cortsumplion o* NR
latex. Although Liberia, is one the leading exporters this accolade had only recently been won, wrth exports
reaching above 50.000 tonnes only in 1997. The current level of output in Libena is 83.000 iCKines.

It s noticeable Ihal Thailar~j's exports have been clipped in 2003 down just over 9.000 tonnes, vAtch explain
the overall drop in. exports m 2003. The lactor behind the fall in exports appears to be the r8ng toca!

consumption, and possibly due to latex bemg dtverled into production ol other types of njbber.

Figure 13: NR lalex exports, 1960-2003

As of 2003 Thailand accounts lor 67% of worW NR latex exports, while Liberia and Malaysia has shares of
15% and 149%. respectively.

Figure 14: Distnbulhn of NR talex exports. 2003



it has been stated aarlter that expons oi NR latex have risen rcAstly since the middleof 1980s, whiO)
tmplies that imports must also have increased over the same period. This could be seentn Figure 15
Fluctuating arourviJ 8-9% over 1960-1984 it rose to 11% by 1987 below failing and rising againto peak ai
12% in 2002. Atitcan be seen the share has fallen slightly in 2003 to 11,4%,

RguraiS: Share of NR latex imports inlotal NR imports. 1960-2003

0 - -

19«) 1970 1975 19«0 1985 1990 1995 2000

Given tha(a large portion of latex is consumed in producing cou ntries, how do we account for the substaniial
nse in exports, especially in the 1990s to the present day? The explanation lies with trade between two
producing countnes. one the largest consumer o< NR latex in the world and other the largest producer and
eiy)orter of NR and NR latex in the world - Malaysia and Thailand. While we do not have at our disposal
data regarding Thai NR latex exports from an officially recognised source, it is widely understood that the
majority of all material moving from Thailand to Malaysia is NR latex. And. over 1991-2002 exports to
ftAalaysia from Thailand of NR have risen to 350,000 from below 30,000 tonnes (Figure 16).

Figure 16: Thaiexports of NR to Malaysia and share of total Thai exports, 1991-2002

by ohgin In 2002, underlining ,he imponance »

Papet 1
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Figure 17: Malaysian Imparts ofNR by o r~, % shares 2002

PRICES

The price of latex does not move ir>dependentiy of {he fundamentals of the rubber industry. This means that
latex prices move in line with the overall trend of the ber*chmark rubber price, thal of RSS1. This is seen in
Figure 18. Of course, the obvious exceplion lo this rule has been over the period 1988-89, Over the first
half of 1988, the latex price increased by 140% vriiile RSS1 rose by only 28%. What was the reason for this
monolithic difference in prin movements? This is simply due to a substantia! rise in demand in 1988 when
approximately 571,000 tonnes of latex was consumed compared to 439,000 tonnes i 1987, an increase of
30%. Although latex had carried a premium over RSS1 throughout the mid-1980s ar~d into the early 1990s.
this has since been replaced by a discount.

Figure 18: Latex and RSS1 prices, Jan '86-May '03

SYNTHETIC RUBBER LATICES

At this point, attention is switched to the synthetic side of the equation, and wa put forward a tH'ef - rvon-
technical - overview of the SR-latex sector, p g a of the major types and their
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».a me wotM SR ioduslty. Il shouW be recoonised, and naed”s a segmeni ol the

malenafe in #10 WA ue to data scarcity. The upshot Ij that Indiv,duals and parties
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major synthetic rubber t-ATTICES AND THEIR USES

The Inlenlion here B ne«her to provide in-depth infoiTttation regarding the priruction process lor SR lattices
Thertenlionneteris” *c,ssion surrounding technical properties and molKUlar structure of the vanou,

Some™ Ttem are four major SH latttaes. as recosnised by the IRSG, and are listed as follows:

sryrefe-&utedwne miJber/alex: Also known as SBR-latex;

Cartxurylated styrene-buladiene ivbber laleic sometimes referred to as XSBR-Jatex (trade
data usuaify aggregates this together with SBB-latex);

Niirife rubber-tafer. also known as NBR-latex:

Polyci~lortprene rubber latex, sometimes referred to as CR-latex.

NMund and Sjulhctic Major End Use Sectors
Rubber Utticcs

Examination. heui?ehrti] and surgical gloves;
Balloons; Condoms;
Tirtjad
XSBR iatei Paper coaling;
Carpel adhsil-es;
Impre-jnialions and adhes-ives
SBR lalcx Foam products;
Carpet foam;
Binder/adhesini;s

CR Laicx Household and industrial glows;
Adhesives;
Coatings

NBR lalM Industrial gloves;

Textile industry

A few yeare ago. the IRSG conducted an in-depth study examining the uses of both NR and SR lattices and
some brief findings are provided in Table 1. Solid forms of NR and SR enjoy a multitude of markets ranging
from tyres right through to simple mats, shower caps, seals and gaskets. SR lattices also serve a grea!
number of end use sectors owing to the very many rubber products thal are manufactured. The mosi
importaht uses for SR lattices are listed below (with NR laiex included for the purposes of compariso's
Taking coverage further, Table 2 provides an indication of the relative size of competing end use sectors fc
SR lattices in percentage share terms.



End Uses % Share of total demand

PjpercMting 35
Carpet hacking 51
Other iwes 1

Note: Information available from the Amencan Plastics Council, try kind permission of /fte ISRP.

There are a few observations to make from the above information. Dipped products - in particular,
examinalion. surgical and household gloves - account for by far the largest share of overall demand for NR
latex. With respect to SBR lattices, these materials do rtol lend to corrjpete greatly with NR latex for maAet
share, and instead largely serve the markets for paper coating and backings for carpets and rugs.

As is commonly appreciated, with the latex allergy having been giver> wide coverage in the press in recent
years, there has been a great degree of interest in synthetic alternatives. This is parttcularly the case with
regard lo dipped products - notably in glove applicatrons which are used in a variety of ways in everyday We.
N8R-lalex is the major alternative to NR-latex in glove applications, with CR-latex taking a smaller share of
that particular market. The market for paper applications is also a particularfy important one for NBR latex.
Both NBR latex and CR latex are used, similarly to SBR lattices, in paper and non-woven apfificatiors.
However, adhesive applications represent the key use for CR latex. This is not particularly surprising when
one considers the perceived high costs of producing CR latex. It is therefore excluded from medium- to
large-voiume applications such as the industry for dipped goods.

Of course, a numt>er of years have passed since the original market assessment was undertaken. And
Tables 3 and 4 provide supporting evidence. According lo information presented by BMS (Table 4), an
international market research company with specialist knowledge of the latex industry, paints, coatings and
paper-products account for the largest share of global demand. One note of caution is, however, advised
here, in that demand figures in Table 4 include a portion of SR-lattices that are deemed outside the
traditional area of rubber - and hence, mbber statistics. Nonethetess, this information is useful in shovnng
the sheer size of end use sectors for SR lattices

[ —
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tfar~rafaTsArt ol SR ,a..ces in both market si., and scope of applicafons,
MAJOR SYNTHETIC RUBBER LATTICES AND THEIR USES

The .ntento, f«r.. n.tha,topro.« S 'thr:s

‘Ovmrm-butadiene rubber lateic. Also known as SBR-late»;
~rboxylalBd slyrene-butadiene rubber latex sometimes referred to as XSBR-| Ialex (trade

data usually agoregates this together with SBR-latex);
Mmterubte-falexi also known as NBR-latex;

polychhmprene rubber latex sometimes referred to as CR- latex,

1. finrf use sectors for synthetic rubtter lattices-
1 ey
Natural and Synlhelic Major End Use s
Rubber Lattices

Examinoiion. household and surgical glow

ﬁalloonf; Condomsi

XSBR lascx Paper coaling;
Carpel adhesiws;
ImprcStaiions and adhesives
Foam producLs;
Carpel foam;
inderfadheniv
CR Laiex Household and industrial gloves;
Adhesives;
Coalings
Indusirial gloves;
Texlile industry

Source: International Rubber Study Group

A lew years ago, the IRSG conducted an in-depth study examining the uses ol both NR and SR lattices and
some bnel findings are provided in Table 1, Solid forms ol NR and SR enjoy a multitude of markets tanging
from tyres right through to simple mats, shower caps, seals and gaskets, SR lattices aso sen* a grea
number d erd use seders owing to the very many rubber products that are manufactured. The mcsl
importarit uses tor SR lattices are listed below (with NR latex included lor the purposes of compansor *
Taking coverage further, Table 2 provides an indication of the relative size of competing end use sectors lc-
SR fatlices in percentage share terms.



Tab/0 2: Relative si2e glcomomSnaendus

T>pe of NR XISBR

Airlcation

Dipped products 65 30 15
Ailhcsive binders 12 n 20 30
Toreiid 9 .

Carpels and rugA 5 )

Minjfded foam 7 1 10
Paper 44 30 5
Nun wovem, 4 20 20
ahcf 2

Source: T D Pendfe. IRSG IntemaUonal Rubber Fonjm. J989.

End Uses % Share of total dmand
Paper coatiiig 35
Carpet tacking 51
0 ;her uses 14

Note: hformalion available from the Armncar” Plastics Council, by kind permission of the 1ISfiP.

There are a few observations to make from the above information. Dipped products - in parttcufer,
examination, surgical and household gloves - account for by far the largest share of overatt demand tor NR
latex. With respect to SBR lattices, these materials do not tend to compete greatly with NR latex for mailcet
sfiare, and instead largely serve the marl<ets for paper coating and backmgs for carpets and rugs.

As is commonly appreciated, with the latex allergy having been given wide coverage in the press in rocent
years, there has been a great degree of interest in synthetic ailemativ&s. Ttw is parttajlarly tha case
regard to dipped products - notably in gkive applications which are used in a variety of ways in everyday life.
NBR-lalex is the major alternative 1o NR-lalex in glove applications, with CR-latex taking a smalter share oi
that particular nwrket. The market for paper applications is also a particularly important one for NBR ialex
Both NBR latex and CR latex are used, similarly to SBR lattices, in paper and non-woven applications
However, adhesive applications represent the key use lor CR latex. This is not particularty surprising when
one considers the perceived high costs of producirvg CR latex It is therefore excluded from medium- to
large-volume applications such as the industry for dipped goods.

Of course, a number of years have passed since the original market assessment was undertaken. Af>d
Tables 3 and 9 provide supporting evidence. Acconding to information presented by BMS {Table 4), an
irrtemational market research company with speciaftst knowledge of the latex industry, paints, costings and
paper-products account for tiie largest share of glc~i demand. One note of caution is, fiowever, advised
here, in that demand figures in Table 4 include a portion of SR-lattices that are deemed outside the
traditional area oi rubber - and hence, rutAier ! this is useful in showing
the sheer size of erwl use sectors for SR lattices.




Demand to by nmior sppHcation. 2001 ,m n

M trkft Scgemenr Demand t 000 tonnes)---

Pints anc] coatings 2100
Psper and pjrierbosrd 1840
Adhcsh-es and scaJank 1700
Caqirts KeO
Non-wolcns m

Textiles 330
Other applk-Jiions 735

Source: SMS, Rapra Conference Proceedings. Latex 2002

COVERAGE OF WORLD SYNTHETIC RUBBER STATISTICS

v Ife Group’s stalislical expertise and analytica
Strengths and provides a monthly overview of developments in the world rubber industry.

. = “ “iplata oven,lew of tre.ds in the world
rubter industry. Free of words and running commentary, the monthly bulletin provides statistif'ci ni
mbber productk>n and consumption trade ar.d prices af ihe country, regional
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SOME SPECIFfCS ON SYNTHETIC RUBBER LATTICES

CAPACITY AND DEMAND

S pS dAAtrustt M= M™oanns,»u."e0,SynS AR X /plort”
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v Cafbox'd Sub  Tout SR shtifTofall
Resion SBRb(ci(  SBR laicx  KBRUien Total Caiwdtv  Cwwrifv
North Americii 105 584 22 711 AT50 19.0
Wesicm Europe 170 577 40 787 273 293
Ceniral & Easicrn Europe 159 159 3.087 5.2
Latin America 18 50 2 70 w.s
Asia 146 200 26 m 3,114 n.9
Others 5 7 } 13 106 123
rilohal 603 1.418 o1 2,112 13,409 15.7

Source: IntematJonaJ fnstitulB o f Synthetic Rubber Producers.

However, after encountering s lard to data disctosure, the HSRP elected to <‘sconttnue
its coverage ol this swtor of the SR industry. Cor*sequently, information regarding capacity arid demand
trends is rw longer available. But. in order to provide an indaation o! the importance of the SR lattices
sector, capacity Its"ngs for SBR-lalex. carbox>iated-SBR latex and NBR-latex are grverv in Tables 5-«.
together with capacity for all SR and the relevant share of latex capacity in the respective regions and at tfie
global level.

Table 6: Stiaiv of latex capacity by region. 1999, % share

Carbox'd

Region SBR latex SBR laiex NBR Late*
North America 17.4 412 243
We.siurn Eurupe 282 40.7 44.0
Cenlrjl A Eo-siem Europe 26.4

Latin America 3.0 35 2.2
Asia 242 14,i 28.4
Others 0.8 0.5 Il
Global 100.0 100.0 100.0

Excluding poly-chloroprene (CR) latex, for which information was not available, SBR-latex and XSBR iattices
appear most important, accounting for the lion's share of gtoba! capacity. Furthermore, it would seem that
capacity is located in Western Europe, North America and Asia, in particular Japan. Korea and Taiwan, This
situation essentially mirrors that which prevails for solid SR. which inctudes: SBR. BR and EPDM. This is not
surprising when one considers that the costs of producing SR lattices are underetood to be very high

In order to assess the importance of lattices in total SR consumprtion, again we maVe use of iniormatiwi
accredited to the IISRP. The information refers to the market situation in 1998, with no updates avatebte in
the public sphere since that time. In order to use this data in estirr>afing the market share of iattices in
aggregate consumption of SR. it is first necessary to assume that there have been ro drastic structural
changes in the industry since that time. This is likely to be true for the mature markets of North America,
Western Europe and Japan.

Table 7: Elastomer rrjarket volumes in selected regions. 1998 (W O fornes)

r



W. Euriipe N. .Awrica Aiu L. Amcricj C. Europe Ag‘regule

612 952 770 380 J52 2.866
SBK-Istcv 156 90 145 9 5 365
XSBR-IBtcic 720 69ft 270 55 12 1,753
BR 363 5A5 5t 147 a7 1.658
EPDM 159 301 168 25 6 759
CR M 7n 20 12 255
NBR<solid + mifk» 102 106 92 21 19 340
tlherv 2RS5 456 26! 56 60 1.118
Grand Total 352! 3.237 2330 711 312 9.113

itniQV

(accorcéng to ISR P definitions).

Figure 19: Synthetic rubber market shares. Worid

Figure 20: Synthetic rubber market shares. Western Europe
ahers
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Figure 21: Synthetic rubber market shares. North America
Oben i

NBK laoWttawi)

Figure 22: Synthetic rubber market shares. Asia

Olikn

NBRiwl«.la<ex!

23: Synthetic rubber marker shares. Latin America
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Figure 24: Synthdtic rubbef enarkst sharas. Central Europe

ImfTvediately apparent from the above is the significant share of SBR-latex and XSBR-iatex in demand for alii
SR. Excluding data lor NBR (which lumps together demand for solid product and lattices) the markets for
SBR-latex and XSBR-latex took a 23% share of world demand for all SR. Il would appear, on the basis of
the information available, that XSBR-laiex is an important market, second in size to that of the solid-SBR
market. Of course, aggregating industry data across regions can oflen mask differing trends between
regions and this case is no (Afferent.

What one finds is that the largest markets for lattices appear to be those in fJorth America, Western Europe
and Asia. Data suggests that in Western Europe lattices of SBR and XSBR take a significant share - m
excess of 30"0- of the overall marltet for synthetics, with significant, bul relatively smaller, shares indicated
for North America and Asia. Lattices account for a smaller proportion of overall demand in Latin America
and Central Europe, where demand for these products is less developed

Wone recalls that the lion’s share of capacity is generally located in those regions, it is not entirely surprising
to find !tie importance of lattices in total demand for SR increasing in regions such as North Amenca,
Western Eunjpe and Asia. Some possfble explanations ray include;

+  The perceived high costs of production of latex products;
+  The relative size oi erwl use sectors in the regions;

+  The high costs associated with transporting the product from one country to another, especially wilh
respect to inter-continental freight.

TRADE IN SYNTHETIC RUBBER LATTICES

Information regarding trade data is, in the majority of cases, published in disaggregated formal It is
avatiabie for many of the major trading countries in Customs Statistics books, usually on a monthly basis or
can be extracted from internet facilities, mentioned previously. The IRSG has built up a reliable and
extensive database of trade flows in SR latex over the years, which act as a quide to the imDortancs of thi*
segment of the synthetic rubber industry. For the benefit ol interested parties, aggregate trade flows
[imports, exports and net trade) in SR lattices are included in Appendix A2 lo this paper.



Figure 25: Nel sxporls of SR lattices lor selected countries. 1993-SOOf

1993 1994 1995 J996 1997 1998 1999 2000 2001 2002 2003

The above figure depicts the trend in net exports for various selecled counlrias. Tha ger\eral theme cioes
seem to be one of itey producers also being net exporters - afbeit of reialiveiy smasl amounts - of SR latex*
Germany is the notaWe exception with nel exports averaging around 95.000 tonnes per year over the penod
in question. China, meanwhile, remains a large net importer of malarial, suggesHng that saparty there
remains underdeveloped. However, with Chinese demand for rubber having increased sU'Ortgly » recent
years and expected lo continue doing so in further years, imports are likely to conSnue expanding unless
capacity is built to reduce the country's reliance on imported material.

According to industry sources, however, trade in lattices is bounded to a certain degree owing to cost ES»»s
and practicalities. However, there are some notable

product involved (seeTable 7).

. dependent on icaJ tocatjon and the

In the case of NR latex, it is acknowledged that production is usually located close to w”ere the marKet and
processing facilities are to be found, that is in South East Asia, particularly in

rather similar (or SR lattices, in that transportation costs are usually much higher than those

moving sheet or block rubber from one country lo another,
special container or vessel is required

apparatus entails much higher costs.

in normal ~“*cumstances. a s ~ w
in order to safely and effectively transport the product. ~Such

Table 8 is constructed using Information avaJable irom »ta US Bubbe,

US International Trade Commission (USITC), Departraent ol Commerce exnrtsn
SBR-latex (including carbcxylated lattices), SBR and BR are presented below, h~no
each product serves ditferent export markets owing to transportation .ssuK. t A At M notm
that the evidence is anecdotal, and must remain so in tha absence ol information on trade ltoves by
destination for a high number of different markets

5Both Ftench and German figures are only up to Novemtrer ~
~vallabl. al the tim. ol writing and the G.nadian and the Benelux

2003. « sue
they were left out of the graph. However, alt figures have been included in the (able in the Appendix.
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Exports to SBR Tr share VK share Sim-latc* Tf share

NAFTA 10~ 522 454 54,1 7K.2

Laiin Amcnca 15.0 7.6 14,7 15.0 Re) 4.4

Eun-pe 41.8 211 105.5 45.7 10.1 14.6
269 156 w1 15.6 0,7 LU

(incr', 1.0 56 on 4,0 14

Total 198.! HKI.O 209 loo.u 69.2 m.Q

The immediate obseivation is that the external pattern of demand lor BR (and to a lesser extent for SBR) is
determined to a higher degree by a larger number of markets. Notably, while US exports of BR in total are
more than three times greater than ttose of SBR-iatex. the NAFTA partner eountnes - Canada and Mexico -
are the final destination lor more than 75% of all US exports. It would appear that stgnificanl amounts are
also shipped to Lalm America and Europe, the latter being the largest regional market for US product. More
than 82% of ail exports of SBR-iatex related products move to NAFTA or Latin America. This provides some
slender support for the notion that doe to high costs of production and issues regarding transportation,
markets for SBR-laSex tend to be closer to where the material is manufactured

Of course, there will be exceptions to this rule, wtlh one example relating to US exports of NBR-latex In
2002 according to information from US ITC, total US exports of NBR-latex stood at 18,600 tonnes, of which
around 85% headed for Asia - with ctose on 5,000 tonnes moving to both Malaysia and Thailand and further
volumes serwng the markets of Sri Lanka, China and Indonesia, While NR is the dominant matenal used m
glove productkjn, when synthetic rubber is utilised. NBR-latex is the usual materia! of choice. Consequently,
the pattem of overseas demand for US exports is most likely determined by glove making operations in parts
of Asia.

FINAL NOTES AND CONCLUSfONS

This paper has iocused on rubber lattices - both NR and SR lattices. Whatwe have found is that the centre
of gravity of (he NR latex sector, Itke that of the solid NR and SR industries, is increasingly to te found in
Asia. With Malaysia home to the largest national latex goods industry, it is also the world's leading NR latex
consumer, a position wfiich it is likely to enjoy for the foreseeable future, despite diversifications downstream
by other Asian prodi>cing countries. We have also seen that Thailand is the largest supplier of raw NR latex
to the Maiaysian market accounting for well over 70% ol all arrivals in 2002 ~ and underlining Thailand’s
position as the largest producer of raw latex. Increasing shipments to Malaysia can, of course, be partly
explained by declining output in Malaysia throughout the 1990's.

Malaysia is a prime examf~e of a NR producing country, which has strived to add value to its rubber industry
throtigh the’manufacturing and exporting of aibber goods. For example, in 2001 Malaysia opened the
Washington office of the Ktelaysian Rubber Export Promotion Cooncii to promote the low-protein, high
quawy Standard Malaysian Gksve. This course of action is designed to promote greater use of NR latex
Aves inthe US amkJst increasing anti-latex legisJatton in the US in recent months. Additionally, scienttsis
at ttie J<~n Hopkins UniversSy School of M«Jicine recommended to the Food and Drug Administration that
an new medtcine boKte stoppers be cfianged from NR latex to SR in the same year.

Increasirtgly, other NR producing countries, apart from Malaysia, have adopted policies to increase domestic
consumption of kwally produced ruwser by increasing rubber goods, particularfy lalex goods, production. In
Thailand, for example, rutHaer related departments are now geared towards promoting such policies. The
Chatrman of the Federat«n o< Thai Industries. Entvm Muiler, has caMed on the government to proceed with
the operation of ‘Comprehensive Rubber Development Strategies’. The government policy \s aimed at
increasing domestic rubber goods producton from the current rate of growth of 10% lo 20% per year. That
rubt«r prodiKl exports have been greasing steadily in recent years. Sri Lanka was also reported to be
keen on eslat»dshtng an industnal parii tor the manufacture of finished rubber goods, with the government

>
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aiming to increase the country's sfrare of the wortd ailjber martcsl to 1% from its current teve), estirnated to
be less than 0-1% according to industrial sources.

our survey of

SR iatex sector has considered a dtfferent af~ roach, nec””atad by some limrtations dua
to data scarct”,

From our brief excursion into the industry for SR lattices, we have certainly found that these
products are indeed very important, with capacity and production accounting for a stgnificant share of total
SR at the globai level. We have surmised that capacity is. lwvAver, kxated in the developed region*.
r>otably. North America. Western Europe and J~an, and that trade flows are bounded to a degree by the
high costs associated in producing and transporting latex products.

Future growth in markets for SR latex will deperwJ on a number of issues, .Arwogst these are demarKl
prospects In markets such as China and India as wetl as other developing regions. We have already seen
that capacity for SBR b~ed lattices is largely to be found in the developed regions, where marttets eshtbit a
high degree of maturity. With long distance trade unlikely, new capacity will possftily be required in
developing markets as demarvj grows. Additionally, the extent to which NBR latex gatrs mari<ef sharB will,
of course, be related to the inroads that this elastomer makes at the expense of NR latex in resporvse to
continued concern surroundirjg the latex protein allergy.
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Appendix Al; Synthetic rubber and corresponding HTS (six digit) codes used in international trade

400211 Latex of styrene butadiene rubber
400219 Slyrene butadiene njbber

400220 Polybutadiene rubber

400231 Isobutene-isoprene rubber

400239 Halo-isobutene-isoprene rubber

400241 Latex of chloroprene rubber

400249 Chloroprene rubber

400251 Latex of acrylonitrile-butadiene rubber
400259 Acrylonitrile-butadiene rubber

400260 Isoprene rubber

400270 Ethylene-propylene-nonconjugated diene rubber
4002B0 Synthetic rubber mixtures

400291 Other synthetic rubber latex

4(X)299 Synthetk: rubber and fatice derived from oils

400510 C ded rubfcter. not i with cart»n black or ~ica



Appendix A2: Aggregate trade in SR lattices (or selected countries

Tabie A3- s Of SR lattices for selected countries. 1993-2002 COOQ tonnes)

Canada  ..BSA==France-Germai Belux UK China  Japan

77777 177" 40.3 75.9 27.1 0.6
1994 211 38.0 41,7 28.6 68.7 33.1 0.4
1995 273 295 52.6 25.3 74.7 28.8 0.4
1996 343 24.5 52.0 22.9 73.2 33.0 0.3
1997 56.4 30.4 56.1 20.9 101.0 26.8 28
1998 45.1 29.6 53.7 28.6 98.5 26.9 3.4
1999 51.6 31.9 51.7 20.6 92.6 321 7.6
20CW 50.0 23.3 58.8 48.1 106.0 37-2 73.1 14.7
2001 49.7 20.6 48.8 53.9 92.4 24.4 67.4 21,9
2002 55.2 18.5 46.0 49.3 84.2 30.0 67.4 27.6
2003 17.1 18.1 415 32.3 76.0 31.3

Table A3- Aasreoate exports of SR lattices forselected countries. 1993-2002 (‘000 tonnes)

Canada USA France Germany Belux UK China Japan
1993 24,4 31.3 77.8 105.3 14.1 77.3 18.
1994 45.7 31.2 79.0 107.3 14.5 85.8 218
1995 29.3 31.9 78.0 88.8 11.6 90.5 238
1996 22.3 40.6 64.7 95.3 15.5 78.2 27.4
1997 32.7 40.6 74.9 104.0 26.4 716 211
1998 33.0 45.1 60.1 99.5 31.4 83.6 246
1999 37.6 51.9 49.1 1145 38.5 80.8 26.8
2000 30.2 66.0 51.1 166.7 30.8 95.0 0.9 30.0
2001 18.1 58.6 43.7 161.0 36.7 80.0 1.5 285
2002 52.5 43.1 183.7 34.9 85.0 43.7
2003 37,4 184.7 17.7 39.0

Table A3-3: Aggreflate nete

Canada USA France Germany Belux UK China Japan
1993 6.7 8.8 37,5 75.7 -61.8 50.2 18.0
1994 24.6 -6.8 37.3 78.7 -54.2 52.7 21.4
1995 2.0 2.4 25.4 63.5 -63.1 61.7 23.4
1996 -12.0 16.1 12.7 72.4 -57.7 45.2 27.1
1997 -23,7 10.2 18.8 83.1 -74.6 44.8 18.3
1998 +12.1 15.5 6.4 70.9 -67.1 56.7 21,2
1999 n1l4.0 20.0 -2.6 93.9 -54.1 48.7 19,2
2000 , -29.8 42.7 -7.7 118.6 -75.2 57.8 -72.2 15,3
2001 -31.6 38.0 -5.1 107.1 -55.7 55,6 -65.9 6.6
2002 -38.8 34.0 *2,9 134.4 -49.3 55.0 -65.5 16.1

2003 -11.9 50.5 -4.1 152.4 -18,7 -73.7 7,7
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GLOBAL LATEX TECHNOLOGIES AND MARKETS
Richard H D Beswick and DavkJ Dunn

bmsAG, Switzerland
Tel: +41 41 711 41 88. amatl; richard,beswickebm6-nei.cfi

BfOGRAPHICAL NOTE
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Dr. Dave Dunn is a Senior Associate of bms, and is also President of F.L.D. Enferprrses. a techryfca! and
management consultancy hea<lquarlered near Akron. Ohio, USA.

This paper reviews the current state of the ialex industry, examines recent trends within the itndustrv and
reviews the factors behind rtiese trends.

The natural and synthetic latex industry is in a dynamic state at the present time. Inter-materials competiJron
has intensified as new materials become available to challenge the incurrtoent materials.

The synthetic latex supply industry has undergone restructuring with and has
considerable overcapacity in swne polymers

The supply of natural rubber has been Iranslormed by shifts in the supply base in Asia as well as the
international Rubber Consortium Umited (IRCo) between Indonesia, Malaysia and Thailand.

On the demar>d side a number of important trends have impacted tradrtkjnal applications sectors, such as
medical gloves.

New challenges face the industry such as increased cost and price pressures as well as the continued
allergy concerns about natural rubber latex

INTRODUCTION

Latex is a colJoidai dispersion of a rubber or plastic material in an aqueous medium. Latex can be obtained
from trees or from oil-derived chemicals

Awide range of polymer latices is available commercially including:

+  Styrene butadiene copolymers
+  Acrylonitrile butadiene copolymers

+  Polychloroprene

+ Acrylic polymers, including styrene acrylics
+ Vin~ acetate polymers

+  Vinyl acetate-ethylene copolymers

+  Polybutadiene

+  Synthetic polyisoprene

+  Natural rubber

In contrast to Mother Nature who gives us natural njbber straight from a tree, the productkwi of synthetic
latices is often a process g free radical pofymerization in water, whereby a
nwnomer is polymerized by itself or combined with another rrksnomer (co-monomer) to create a high
molecular weight polymer. The latex dispersion also has surfactants, stabilizers, and other additives.

Synthetic latices can vary from soft rubbery materials, similar to natural rubber, to hard cross-linked solids
that are used for durable coatings. In general, latex is more expensive on a dry basis than dry polymer.
However, since itis a liquid, it is usually easier to process. Some latex production processes can be readily

27 Paper 2
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aulomaled stiCh as glove manufacturing. Latex polymers Jend to have better physical properties and lo be
tess prane K) cwitaminatk?n that dry poJymers. However, many s cannol t>e d in latex
form a/xJ must be re-dispersed to make a latex, thus increasing their cost.

Use erfpo~mer lattices is restricted to the marwlacture of articles or components up to a few miifimelBrs thick
or products wrth an inler cellular stnjctgre because of the need to remove water during
pfCKessing. The cost of wAter removal and the attendant effects of shrinkage, are important and sometimes
limrting factors on the use of latex.

The fact that latices are based on water also gives these products several benefits over alternative solvent-
based pfoducts. For example, (he legisiatwn issues associated with health and flammabiiily of solvents are
elirniriated. or at least mrtigated. by using latex. Also, the fact that the polymers in latex are emulsified, rather
than dtssolved. allows the preparation of very high solids latices (over 70%) without a large increase in
viscosity. This enables formulaiors to make systems comprising a combination of high polymer content and
high filler content, something that ts very difficult to achieve with solvent-based systems

it is useful lo classrty the wide range of commercial polymer latices into three categories, viz. commodity,
general purpose and specialty:

Commodity General Purpose Speciality j
Polycbkffoprcne (CR) BuiyliilR)
Nilrik(N'BRi[ Polyisoprene (JR)
Potybatadicne Elhylcne-Vinyi OAbriide
ACTylic ChlorosuiphonaUrf PE (CSM,)
Vinyl aciybc Polvinylidenc chtotide
Styrere atrjljc Polyvinyl Pyridine
Vinyl aceiate Fluoroctastoinm

EthyicK-vinyt aceiafe

Commodity Latex

Comnxxijity btices are natural rubber and styrene-butadiene copolymers
The characieristk”s of these talces are:

+  Used in very large quantities
«  Narrow applications e.g. paper coating, carpet backing
+  Large global overcAacily

+  Low prices

+  Low profit margins

General Purpose Latex

i polychloroprene and nilrile. plus Ihermoplastic
products such as acrylics and vinyl acetate.
The characteristics ol these latices are;

+  Used in high volume e.g. textiles, paints, adhesives
+ Medium priced
+  Used in a wide range of applications
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S{Teciality Latex

Specialty Alices are generally produced in small volumes
The characteristics of these latices are-

«+  High perforrnance. such as high temperature resistance or enhartced barrier properties
«+  High price -often produced by re-dwpersion of sofid rulsber
«  Tailored to specific functions and irjg pi

Generally onty used when specific in-use conditiorvs dictate this

DEfWAND FOR LATEX

The overall fatex market is dominated by the two commodity njbber laticaa; natural rubber and SBR.

The consumption of natural latex is just over 7 mStion tons but most of this is converted to solid aibber with
over 70% being used in tyres. The amount used in latex form is around 1 miftion tor>s.

Rgure 1 shove the global consumption of latex polymers.

Figure 1 Global consumption of synthetic and natural tatex {Ref. 1)

Others
VAlethylene
Vinyl acrylic

Styrene acrylic
Vinyl acetate

Acrylic
SBR
Natural

0 500 1000 1500 2000 2500 3000
1000 tons
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Rgure 2 shows {he regional demand for 1 miilton tons of natural latex.

Figure 2 Regional % demand for natural latex (Ref.1)

Global demarxJ for synthetic latex polymers is around 8 million metric tons with a market value of S15 billion,
with North Amanca and Europe accounting for 67% of the demand (Figure 3)

Figure 3 Regional % demand for synthetic latex (Ref.1)

Rest of
World
. North
Other Asia or
Arrterica
14%
, 34%
Western
Europe
33%

COMMODITY LATEX

Natural Rubber Latex

\® cowen,rated, purified lorm ol ihe lalex extracted Irom the
rubber tree, Hevea brasiliensrs, cullraled m (rdplcal reaions, nolably South East Asia.

AmioifiSrhTsia (Srt f KR
KWgrownonp L tSn TS ii™ h Malaysia) by the British, where it is
largest produce'Jrt nalurafS e rT o S d STrSon recently Thailand tias emerged as the
countries of Malaysia and Thaila stment in plantations in the traditional

ana Ihalland has peaked whlle Il Eon[lnues to develop in Vietnam and other lower

~ Paper 2



“At>berin Asia appear to be shifting north eastwards

Styrene butadiene (SBR or SB Latex)

SBR is a random copolymer producud by tbo copolymsrisallon o buladi«ne with slyiene, eithsfin emuton
or sotuten.

‘MC O H CH—CH2-CH=CH—CHa'~

The most common slyrene conlent is 23-25% for SBR used in the tyre industry but styrene contents of 50 Jo
70% are common in products for other apptications-

Copofymers with more than 45 percent butadiene are usually referred to as SBR latex; products wrth more
styrene may be referred lo as SB latex.

Many SB latices are carboxyteled by the use of co-monomer unsaturated acids such as mateic, fumaric,
acrniic or methacrylic (these copotrers are often referred to as X-SBR). Carbox~alion generally leads to
enhanced adhesive properties and gives alternative nwihods of crossfinking, These type of emulsions are
widely used in the paper coating, carpet binding and adhesives industries.

There are many worldwide producers of SBR latex, but BASF and Dow Reichhoid have by far the leading
maritet stiares.

GENERAL PURPOSE LATEX
Acrylonitrrle Butadiene Copolymers (NBR Latex)

Commonly called “Nilrile", these elastomers are copolymers ot acrytonitrile and butadtene. They are
produced by emulsion polymerization in iMtch or continuous processes.

Nitrite used in latex form is actually a terpolymer of acrytonitrile. butadiene arid metiTacrylic acid and known
as car NBR latices referred to as X-NBR). Wethacryfic content is typically 3-6%. with
butadiene at 55-70% and acrylonitrile at 25-50%.

Nitrite njbber iatices give pnxlucfs that exhibit excelient resistance to solvents, fuete. oils and greases, are
~rasion resistant, bond to a wide variety of substrates and exhibit a high degree o*toughness.

Nitriie latices are the currently the major competitor to natural ruWjw in the manufacture of disposable latex
gloves and are also used as textile and non-woven reinforcement, including the manufacture of synthetic

leather. Global production of nitriie latex is estimated at 90,000 tons-

Other applications include blending vith phenolic and epoxy resin emulsions for adhesive and coaling
applications, caulks and sealants, additives for coal tar and asfralt.

Manufacturers of nitriie latices are BASF. PolymerLatex. Dow Reichhoid. 2eon. Noveon and Synthomer.



Poly-chloroprene (CR Latex)
Polvchtoroprane is the linear poljfinar ~ Ght&roprene {2-chforo-1.S-butadians)

Ct
CHj=C—CH= CH

Chloroprene
PolycWoropm™ « made by a I,et-™<iical emulsion polymerizafion. eilter in a balch or a conlinoous systcr

1,7 units e»st atabout 1.5 % ,n the polymer and are the primary sliss for crosslinking ol the elaslomt.

Random 1,4

ri:r2 T r.s 2 s E ,“ -

Vinyl Ester Polymers

Vinyi esters are esters of monocartjoxylic acids ;

CH2= ch
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The most common and largest volume commercial producl is wnyf acetate (VA);

Vinyl ester latices also include several rancJom copolymers, e.g

— CHs]-(cH,—CM
ococT, OCOCH, a

Vinyl acetate/ethylene Vinyl acetate/vinyl chloride/ethylene

" CHA(CH— Cm)~~v-

9 ococH,
co ococH, CoorR
cHj

Vinyl acetate/versatate Vinyl acetate-ethylene-acrylate

Vinyf ester homopolymecs arid copolymers are manufactured by free-radical emulsion pofymerlzatiori.

Tfie largest single market for VA polymer and cop is iorts, offering
low cost systems with very fast adhesive build-up on many surfaces, particularly paper substrates. The paint
industry 13 also a major user of these latices.

National Starch and Air Products Polymers are the leading manufacturers of vinyl acetate emulsions- Air
Products Polymers is the global market leader in vinyl acetate/ethylene emulsions with Ceianese holding the
leading share in Europe.

Acrylic Polymers, including Vinyl Acrylics and Styrene Acrylics

Acrylics are homopolymers and copolymers of acrylic and methacryiic monomers

CH3
CH2=CH CHj— c
COOR COOR
Acrylate Monomer Methacrylate Monomer

They are the most versatile of the synthetic latices. because of the wide range of monomers and co-
monomers available, however, their relatively high cost, compared to vinyi esters has limited their market
penetration somewhat.

They are manufactured by tree-radical emulsion polymerization using batch or semi-batch processes. There
are numerous monomer combinations to produce copolymers or terpolymers or higher combinations, leading
to a very large number of possible venations in final properties.

Typical monomers include; acrylates such as methyl acrylate, ethyl acrylate, n-butyi acrylate, t-butyl acrylate.
2-ethyl hexy( acrylate; and methacrylates such as metfiyi methaayJate and butyl methacrylate



Pure acrylic lalices are the best fechracal solunon for preparing high quality exterior household paint syslerm
and industriaf firashes. and can be formulated to give outstanding weatherabiilty and chemical resistance

Less expensive laices can be prepared by using copolymers of acrylics with styrene, known as styrerie
acryHcs and with vmyt acetate, called vinyl acrylics.

——Ch)-{0 H2—

OCOCH]j COOR

Vinyl acrylic

Styrene acryfics tn part>cutar have become successful as low cost resins, yet with many of the advantages of
pure acryitcs - low water absorption, high alkali resistance and low dirt pick-up of the coating

Although many acrylic latices were originally developed for coating applicatiorw, they enjoy many uses in
several indussrms tnclyding adhesives, floor polishes, paper coatings and printing inks.

BASF is the leading global producer of acrylic emulsrans. Rohm and Haas and Dow Chemical are also major
suppliers.

Ethylene-Vinyl Chloride copolymers (EVCL)

Vinyl chlonde and can be copi ised by free-radical Ision polymerisation at high pressures
to produce ethylene -vinyl chloride copolymers (EVCL). Variations include a third monomer such as vinyl
acetate or monomers with pendant carboxyl or amide groups. These haiogen-containing polymers are
particularly suitable as flame reJafdant adhesives for bonding and coating fabrics.

Air Products and Chemicals is Ihe leading supplier of these emulsicws.
Polybutadiene
Polybutadiene was firs! ed in Russia and Germany in the 1920s by polymerizing butadiene with

sodium and called ‘Buna* rubber. Today most polybuladiene is produced in solution with aikyl lifhium
catalyst and is used in fyre production,

Lalices of poljtjuladiene are still manufactured and most are used captively lor the production of
acrykSnitrile-byladiere-styrene plastics (ABS), where styrene and acrylonitrile are free-radically polymerized
in a polybuladiene latex to produce a graft copolymer. The leading companies in ihis area are General
Electric, BASF and Bayer.

Poiybutadiene is a very tacky polymer with a very low Tg of -79 “C and latices are also used for
manufacturing low temperature tape and label pressure sensitive adhesives, mastics and specialty coatings



SPECIALTY LATEX
Synthetic Polyisoprene (IR Latex)

The major component of natural rubber (99%) is cis 1.4 polyisoprerse, and Ihe deveiopmenl of synthetic
potyisoprene was always a very desirable objective for rubber chemisls

CHj ~ ACHj-CHJ. ,CH2- CH~
ch: h ch: . ch: ‘h
CIS 1,4 polyisoprene
In contrast lo the materials pi by the Hewea itiensis tree, ions of high cis 1.4 content
polyisoprene cannot be prepared directiy by errwision polymerizatioo. AU aRempis to date to poSymenze
isoprene | dicatly give low weight, p trans 1,4 p(*ymers

However, high cis 1,4 polymers can be prepared in solution using orgarKjmetallic Ziegler-Natta catal~ts or
alltyl lithiums [2] and must then be converted into emulsions.

The Ziegler Natta IR is ve<y similar to natural rubber, with a cis 1,4 content of 96%, a wide molecular weigfrt
distribution and high gel content except that it has a tower molecular weight and does not contain the
proteins found in NR. The alltyl lithium IR is somewhat dif*srent with a cis 1,4 content of 91%, no gel, a high
molecular weight and a narrow molecular weight distribution. Furthermore, this polymer is very pure,
colorless and contains no ammonia, it has been shown to be an alternative to NR in several applications,
including dipping and sheeting applications

Although the synthetic alkyl lithium IR is expected to gain several high-value niche applications where its
purity and conlroiled properties are important, it will be a tough battle to counter the huge advantage of the
low cost of natural rutiber in commodity applications,

Polyvinylidene chloride polymers (PVDC)

Several copolymers of vinylidene chloride are produced commercially. The most well knowm is a copolymer
with methyl acryfale which was invented by Dow Chemical in the 1930s and mariteted under tfre Saran®
brand name

Other co-monomers thatare used are vinyl chloride, acrytonitnle, methacryionitrile and methyl methacrylate.
Several of these copolymers are available as latices {e.g.. Haloflex® latex from Avencia. Diofan® from
Solvay, Polidene® from Scon Bader). PVDC copolymers have the best combination of a high gas barrier and
low moisture permeation of any commercial packaging plastic. They are frequently used as a thin layer
between cellophane, paper and plastic packaging to improve barrier performance. Their ability to provide
packaging with a bamer against gases, odors, water, water vapor, oils and fats ard »>eir exlraordtnary abibty
to be easily heat-sealed has made them a widely used polymer in the food and medical packaging
industries. By coating aluminum foil with PVDC. heat sealing can be achieved without causing a weak point
in barrier properties. The latices can be applied by reverse gravure coating, air knife coating, spray coating
or dip coating. There are numerous applications in the food industry where the PVDC coating is frequently
used as the outside bamer layer in a multilayer package, e.g. stand-up pouches, cracker boxes, dried fruit
packages, candy wraps, meat packaging trays and Hour packaging. PVDC emulskans are used widely as
high moisture barrier coatings in pharmaceutical packaging

PVDC copoti~er latices are also used in high performance industrial paints, fire-resistant coatings, primers
tor blasted steel and njst preventative coatings.

Polyvinyl Pyridine

Latex copolymers of SBR and 2-vinyl pyridine are used to improve adhesion between ojbber and fabric
areinforcement material. Typical applications are in tyres, conveyor belts, hoses and other industrial rubber
iforced products. Vinyl pyridine content is typically 10-15%. Companies like Omrwva Solutions are key
suppliers of these latices.



Butyf Rubb«r

Sudyf rubber tsa pofymer of isobutylerte, conlaining smail amounts (1-3%) of isoprene as a co-monomer.

Butyl latices are available, which combine the outslanding material propftrtres 0J butyl rubber, namely
resistance to acids, alkalis, solvents and oil and. in particular, gas impermeabilrty. with the advantages of an
aqueous ciisperston. To tJo this, buly! rubber, whicti after polymerization exists in dissolved form ima

hydrocarbon, is convened into an aqueous secondary dispersion, which then no longer corilains any organic
b the corr polymerization reaction cannot be

onal processing, butyi latices tend to be expensive

sofvenl. Thts is y
performed directly in water, Because of this additi
{oversliAvetkg.)

Bulyi Jatex ts supplied by Lord Corporation and Po~metlaiex.

faMal Inc. has developed butyl latices containing nanoparticles of exfoliated silicas. These latices give
coatings that have gas Imfremieabilifies some 30 to 100 times lower than butyl rubber and are being used as
coatings in tennis balls and evaluated as highly chemical resistant gloves and tyre innefliners.

Fluoropoiymers

Tecnofton  Latex (Ausimont Solvay) is a highly concentrated water based emulsion of a fluoroelastomer
terpoiymer. Tecnofton A Latex fs solvent free and therefore can be an environmentally friendly alternative for
solvent-based fluoroelastomer dispereions. This latex can be used for coating applications whenever
superior chemical resistance and excellent thermal stability are required. It can be applied by spraying.
dipping or using any other conventional coaling technology.

Chlorosulfonated Polyethylene Latex (CSM Latex)

Lord Corporalion (US) and Sumitomo Seka Chemicals (Japan) have developed an emulsion process for the
- this is ntially po with pendant chlorine and

polj~erisatjon of chtor polyethy
chlorosulfonyi grotAs.

These latices are u~d to prepare waler-based CSIVI adhesives and coatings to replace solvent based ones
for bonding ethylene-propylene rubber to reinforced textiles, particularly in the applications of manufacturino
belts and hoses.

Latices of 40% solids content are available, which show good adhesion to nylon, polyester and aramid fibres,
APPLICATIONS FOR LATEX

Ulex prod™ls are used in a wide range of industries as shown in Table 1. Natural latex is still used for the

manufactunng of many products. However, it has been replaced, wholly or partly by synthetic latices in a
number of af~lications since about 1960.



Table 1 Typlci

M nuiCottina*
interior paints

Exterior paints
tmlustrial finishes
Release coatings
Sports surface coatings

Textiles & Nonwovens
Non woven labric binders
Flocking adhesives
CoaUngs

Back coalirtgs

pigment binders

+Hand" builders

Paper

Binders in pulp process
Coatings

Saturanls

SiTes

The major markets for natural latex are medical gloves and foams. Figure 3 shov” the global breakdown of

markets

ContwolJon ~
Floor adhesives

PVC tite adhesives
Ceramic tile adhesives
Cofvrete addiln/es
Waltboard joint compounds
Cellulose insulation binders
Mastics & sealants

Asphalt modification

Furniture

Foam pillows

Foam mattresses

i-tigh pressure laminates
Paper & film overlays
Flocking adhesives

Miscellaneous
D)spossle gloves
Chemical resistant gloves
Ink vehicles

Soil statHlizers,

Figure 3 Global natural latex markets (Ref.1)

Adhesives &
sea<an)ts

Threads
10%
Catheters

Medical Gloves

Medical gloves is the by far the largest market application lor natural latex. Medical gloves are defir>ed as

10%

CXher
applications

Bags

Envelopes

Paper cores & tubes
Corrugated boxes
P~ertsoard cartons
FtexiFte packagir"g

Can & bottle labels
Pressure sensitive labels

Consumer

Papei/PVC waH coverir>gs
Paper adhestves

Wood adhesives & fillers
Tite adhesives

Paper adhesives

CauUis

Floor polishes

Medical gkjves

protective gloves used in the healthcare sector,

End markets include: hospitals, ambulant care, laboratones, dental and medical practices, emergerwy

senlices e(c.

For medical gloves, one country, the USA, is the domir*nt consumer. Moreover, rtis in this rational market

55%

that the most dynamic events have occurred relating to the use of NRL gtoves.



Foams is a stgnHicant mart<el for raluraf latex and Is growing signj<k:amly as foam rubber mattresses and
piflows cofjlinue to gain martlet share in both Europe and North America. Naluraf latex Is frequently blended
with SBR latex for' these sppticettons

The major markets for synlhotic latex are (Figure 4):

-+ Paintand Coatings
+  Paperand paperboard

+  Adhesrves and Sealants
= Carpets

= Textiles and Non-Wovens

Figure 4 Global Synthetic latex market (Ref. 1)

Other
«pplicallons paint and
coatings
26%
Paper and
Adhesives end paperboard
Sealants 23%
21%

Paint and Coatings
The paintand coatings market is usually categorized into three segments;

+  Architectural or decorative coatings
+ Product finishes for original equipment manufacture (OEM)
+  Special-purpose coatings

The overall market share of latex paints across Europe is about 70% and close to 100% for archrlectural
paints in some countries. The percentage ol latex paint in architectural coatings in the US is 80%. Lalex
continues to penetrate the mariiel for OEM and specid-purpose coatings.

Paper and Paperboard

Latex is used extensively lor the coating and treatment of paper products.

Container board and paperboard are widely used to make corrugated boxes and cartons. They can be
impregnated or coated with latices to enhance water resistance, grease and oil resistance add flame
retardancy or lower moisture vapour transmission rate.

Paper is coated for various reasons: to upgrade the paper, to make it whiter or more printable and to provide
varying degrees of resistance to water or grease. Latex binders play a vital role in the performance
pro~nies of coaled paper and paperboard. They "bind' coating pigments to the sheet, and impart specific
pnntif~ capabilities and optical properties to paper and paperboard. Typical coaled products include
catatogs. magazines, mail inserts, and packaging for cosmetics, pharmaceuticals and food.



A wide range of Jatices can be used, depending on the specifK: properties required includtno SBR acrylics
styrene-acrylonitr.fe-acry(ate. vinyt acetate and vmyl acryiics, SBR « the mos! widely used latex wrth over
80% of the rrartiet, because ol its good pertormance and low cost, SBR does have sorne limrtat.ons no?ablv

HO poor resistance to many of the organic sclents used in printing irks.

Adhesives and Sealants

A in and sealants comprise around 20% o< al! synthetic talex sales gto&ally (mis does
not include r>on-woven, textile and carpet applications)

Latex polymers are widely used as the polymeric base (or a vanely of water-based adhesives and sealar>ts-

They are attractive to customers because of their rron-flammable nature arwi low content of voiatae organic
components (VOCs),

Packaging is the largest sitgfe maricet for latex adhesives with over 50% of Jatex used in this martiet
segment. The largest appli is used for rigid packaging appfications like paper and
paperboard packaging, induding boxes artd folded cartors. Vinyl acetate, vinyf acetate-ethylena and SBR
emulsions are the major types used for these appiicatk>r»s. Labef and tape applicatior>s for both liqutd and
pressure sensitive adhesives are also major applications and acrylics are very important raw materials in
these products. Emulsions compete with other environmenlaily acceptable technoiogies for tfiese
applications, particularly hot melt adhesivBS.

Although water-based latex adhesives have been used for many years in flexible packaging appllcalHSﬂs tike
paper bags and sacks, they are irwreasingly important in
plastics and foils. Adhesives play an integral role in the production of this flexible packaglng. The mam
lunclion is to bond two or more substrates together to fomi a lamination having mwe useful properties lhan
the sum of its parts. Adhesives, although usually only a small portion of the entire lamination when compared
to the wide range of lilms, foils, papers or printing inks used in flexible paricaging, ara vital fo5 maintaining the
end use properties of a finished package. Adhesives are generally applied in one of the last steps  the
converting process and are often given the task oi overcoming inherent shortcomings of the other flexible
packaging materials. Acrylic emulsions are the basis of adhesives in this area and are proving to be cost-
effective alternatives to one- part and twnj-part polyurethanes.

Latex adhesives are important in furniture manufacturing including edge-banding, panel bondirjg and
application of veneers. Crosslinkable acrylics are the major adhesive bases and comp~ with high
performance hot melts for many applications.

Emulsions, particularly vin® acetate, also are major raw materials in the production of constnjctton
adhesives, household glues and DIY woodworking glues. Acrylics are used widely in consinrter ar~
professional caulks and sealants because of their excellent water resistance.

Other latices also find applications in adhesives, for exam ;~. polychtoroprene is used in contact adhesives
for furniture, kitchen cabinets, custom display cabinets, interior and exterior parcels and panitions, footwear,
automotive trim, roofing membrane attachment, and a wide vanety of related applications wt>ere quick, high
strength permanent tends are needed. In contact adhesives polvchloroprene has a similar property as
natural rubber, viz, "auto adhesion,* Auto adhesion meagre that the substrates are coated with adhesjve.
allowed to dry, and then combined under light to moderate pressure. This resufts in an instant bond. The
bond strength of the assembled components is often sufficient lo enable additional finishing operations
without clamping or fTxluring

Carpets

Latices are key components m the production of modern carpets. Carpet construction methods include
weaving, tufting, neediepunching, flocking arvj knitting. Most of the carpet made in the United States and
Europe is lulled. During tutting, face pile yams are sewm (or punched) into a primary backing by a wide
multineedled machine. Tufts are inserted lengthwise in tutted carpeting, rather than wkithwise. as woven
carpet is constnjcted. Tufts are anchored in place with a layer of latex compound, which also attaches the
secondary backing (Fig.5). The backing layers give the carpet added dimensional stability and strength.
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FoamB ts a significant martlet for natural latex and is growing significantly as foam rubber niatiresses and
ptitows cortmue to gam market share in both Europe and North America. Natural latex is frequently blended
with SBFi latex for these applications

The major maritets for synthetic latex are (Figure 4}:

«+  Painl and Coatings
+  Paperand paperboard

= Adhesives and Sealants
«  Carpets

. Textiles and Non-Wcvens

Figure 4 Global Synthetic latex market (Ref. 1)

Adh«$ives and
Sealants
21%

Paint and Coatings
The painl and coalings market is usually categorized into three segments:

«  Architectural or decorative coatings
+ Product finishes for original equipment manufacture (OEM)
= Special-purpose coatings

The overall market share of latex paints across Europe is about 70% and close to 100% for architectural
painis in some countries. The percentage of latex paint in architectural coalings in lhe US is 80%. Latex
continues to penetrate the market for OEM and special-purpose coalings

Paper and Paperboard

Latex is used extensively for the coating and treatment of paper products.

Container board and paperboard are widely used to make corrugated boxes and cartons. They can be
impregnated or coaled with laiices to enharws water resistance, grease and oil resistance add flame
retardarKy or lower moisture vapour transmission rate.

Paperis coated for various reasons: to upgrade the paper, to make it whiter or more printable and to provide
varying degrees of resistance to water or grease. Latex binders play a vital role in the performance
A paperboard. They "bind" coating pigments to the sheet, and impart specilic
® properties to paper and paperboard. Typical coated products include

catalogs, maga”nes, mail inserts, and for phar and food
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A Wide range ol lalices can be used, depending on the specrfic properties required tfwiuding SBR acrviics
styrene-acrylonilfde-acrylate. vinyi acetate and vinyl acrylics. SBR « the most wdely used lale* wilh over
80% of the marttet. because of its good performance and low cost. SBR does have swne limitations notabtv
its poor resistance to mar’y of the organic solvents used in prtntmg inks.

Adhesives and Sealants

Applications in adhesfves and sealants comprise around 20% ol all synthete late* saies globally (this does
not include non-wovan, textile and carpet applieattons)

U (8x polymers are widely used as the pdymeric base for a variety o< water-based adhesives arkJ sealants.

They are attractive to customers because of their ncn-fiammabls nature and low content o* volatile organic
components (VOCs}.

Packaging is the largest ~ le market for latex adhesives wilh over 50% of latex used in this market
segment. The largest application is packaging adhesives used for rigid packaging aw>licalions fike paper and
papertward packaging, including boxes and lolded cartons. Vinyl acetate, vinyl acelale-eth~ene and SBR
emulsions are the major types used for these appiicatHsns. Label and tape apprfscalions for bolh tiquid and
pressure sensitive adhesives are also major applications and acrylics are very important raw nciatenals in

these products. Emulsions compete witti other environmentatty acceptable technotogies lor these
applications, particularly hot melt adhesives.

Although water-based latex adhesives have been used for many years in Itexibte packaging applicattons lihe
paper bags and sacks, they are becoming increasingly important m packaging af~ltcalions for laminating
plastics and foils. Adhesives play an integral in the production of this flexible packaging. The main
function is to bond two or more substrates together to form a laminalk>n having more useful properties than
the sum of its parts. Adhesives, although usually only a small portion of the entire laminatkjn when compared

to the viride range of films, foils, papers or priming inks used in flexible are vital the
end use properties of a finished package. Adhesives are generally applied in one of the lasl stejK of the
converting process and are often given the lask of o inherent shor of the other flexible

packaging materials. Acrylic emulsions are the basis of adhesives in this area and are proving to be cost-
effective afternatives to one- pari and two-part polyurethanes

Latex adhesives are important in furniture manufacturing including edge-banding, fanel bonding and
application of veneers. Crosslinkable acrylics are the major adhesive ttases and compete wth high
performance hot melts lor many applications.

Emulsions, particularly vin® acetate, also are major raw materials in the production of constnjction
adhesives, household glues and DiY woodworking glues. Acrylics are used w~ely in corwumer and
professional caulks and sealants because of their excellent water resistance.

Other latices also find applications in adhesives, for example, polychloroprene is used in contact adhes

for furniture, kitchen cabinels. custom display cabinets, interior and exterior panels and partitions, footwear,
automotive trim, roofing membrane attachment, and a wide variety of related applications where quick., high
strength permanent bonds are needed. In contact adhesives polychloroprene has a similar property as
natural aibber. viz. 'auto adhesion.’ Auto adhesion means that the substrates are coated with adfieswe.
allowed to dry, and then combined under lighl to moderate pressure. This results in an Instant t>nd. The
bond strength of the assembled components is otien sufficient to enable additional finishing operations
without clamping or fixturing.

carpets

Lalces are key components in the production of modern carpets. Carpet conslruction methods include
weaving, tufting, needlepunching, flocking and knitting, h/ost of the carpet made in the United States and
Europe is tufted. During lulling, face pile yarns are sewn (or punched) into a primary backing by a wide
muttineedied machine. Tufts are inserted lengthwise in tufted carpeting, rather than wkithwise, as woven
carpet is constructed- Tufts are anchored in place with a layer of latex compound, whch also attaches the
secondary backing (Fig.5). The backing layers give the carpet added dimenstonal stability and strength



Tufts

=Primary backing

Intex adhesive
Secondarj' backing

Figure S Construction of tufted carpet

Latex is the product that holds the entire system together by securing ihe face fibres to the primary badcing
and then bonding the secondary backing to it. The latex typically comprises 40-60% of the total weiaht of a

carpet. A

High styrene-conlent carboxyteted S8 latex is the most frequently used backing and laminating compound
although other ds, such as p yl chtonde, amorphous resin, ethylene vinyl acetate’
poiyethylens. and polyurethane, are used. Natural latex Is used only on small, washable njgs.

Textiles and Non-Wovens

Latices are key materials in the manufacturing of both textiles andnonwoven fabrics. Thelatices comprise
from 5% to ©3% of tfte weight of the fabric on a dry basis. Thus,they are notmerely adhesives but contribute
many of the important characteristics to the fabric.

Texms are woven from yarns made of natural or synthetic fibres and then “finished” to make the final
product

Polymer latices are used widely in these finishing operations and function as:

+  Coatings and backcoalings
+  Hand buikJers

-+ Pigment binders

+  Ftocking adhesives

Lalex coalings give increased tensile strength to Ihe labrio, slilfness and abrasion resistance Bacl< coatinas
using latex enhance strength, durability and wear resistance.

Nonwoven fabrics, as their name implies, are not woven in the classical sense of textiles but comprise a web
or cwtinuous s 17t of fibers laid down mechanically. The fibers may be deposited in a random manner or
orented in one dir~tion. Most widely used fibers include poly . polypropvlene
and polyethylene. The spun fibers, which may be drawn, are laid down directly onto a belt bv cardina air-
laying or wet-laying. Latex has IradJtionally been the adhesive that holds these fibres together.

manufacturing. As polymer technology lor

synthetic binder systems improved, a greater variety of chemical building blocks became
Sfeater flexibility in terms ol binder strength, durability, and other oroDertips Tho
self-crossiinking binder polymers turned out an enlirely new range of fabric

parliculariy noteworthy in durable nonwo»ens where such durability le a t1f~
washabilrfy and drjrcleanabiiily were important. “uraoimy features as

Ki ~

orasu

influence strength, softness, adhesion lirmnoss

ars i,
rrvanaikAi. retardancy. hydrophilicity, hydrophobicity. anti-microbial oroDeniss nmanir

compatibtliiy. surface tension, dimensional stability and solvent, wash and acid resistance.



PRODUCTION OP LATICES

The production of natural nAber is controlted by the governments of East Asia. Figure 6 shows the value
chain. The vaiue chain for natural rubber gloves is quite complex. Moreover i is intarnalionai since some
90% of medical gtoves are actually mantifactured in Asia arici Ihe majortty of these are then exportsd to the
USA Of Europe. The supply side is asmplicaled by tiia signil»car>t degree ol cross se«ing and subcontracting
that occurs. The major sufrters o< medical gloves generally own some gtove production feciiities but also
subcontract production to a consideratrfe extent.

Figure 6 The natural rubber latex value chain

Synthetic latex is produced by large chemical and rubber companies and world capacity is controlled by the
of these ies. Figure 7 show the value chain.

Three large companies dominate the gk*al latex industry. Dow Chemical, BASF and Rohm and Haas, each
with sales of over Sibillion and a combined market share of just over 23%.

Dow and BASF are major global styrene producers and Dow is also a major butadiene manufacturer. Rohm
and Haas and BASF are both major global acrylic manufactumrs.

There is also a large group of suppliers with annual sales of emulsion polymers in the $300-mil>on to $600-
million range in 2000. This group includes Air Products Polymers. Celanese, Polimen Europa, Natwnai
Starch and Chemical, Omnova Solutions, PolymerLatex and Rhodia. Many of these companies are forward
integrated into end products. For example, Dow, Rohm and Haas, Air Products and National Starch are
major manufacturers of adhesives.

Other major suppliers of emulsion pdymers include Avecia. Eastman. JSR and Noveon.
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Figure 7 The synthetic latex value chain

TECHNOLOGY AND MARKET TRENDS IN LATEX
There have been significant trends and developments in the synthetic and natural rubber lalex industries.

In synthetic lalex, the SBR lalex market in North America has suffered from considerable overcapacity and
cost pressures but key like gs. adhesives and carpet bonding have continued to grow.
Less efficient pnxlucers have struggled to survive and Ameripol Synpol vent bankrupt and sold its SBR
business to ISP.

An erxxjuraging note is that UCAR Emulsion Systems (UES), part c4 Dow Chemical Co, plans to invest $100
million to construct a “next-generation” iatex facility in Hahnville, Louisiana to manufacture SBR and other
latices.

In Europe, two factors have influenced the demand for SBR latex. On the one hand the carpet sector is in a
time of change. Consumers have followed the fashion trend and replaced carpeted floors with hard surfaces
made from wood or laminate. Tufted carpet production reached a peak in Europe in 1997, and has been
dedining at around 3.5 percent annually [3]. This has led to a very large decrease in the consumption of 88
and cart>oxylaled SBR. On frie other hand there has been a large increase in the demand for moulded,
foamed latex products, such as mattresses and pillows and this has had a positive efiect on SB latex
consumption. However, overall there has been considerable cost cutting and retrenchment. Dow Chemical
Co. has announced plans to idle its emulsion SBR plant in at Pernis, in the Netherlands.

Chinais a currentand future growth market for both natural and synthetic iatex and both BASF and Dow
have recently opened SBR latex plants the country.

Other developments in synthetic latex include;

+  Celanese purchased the Clariant emulsions business.
+  DuPont Dow and Shovra Denko terminated a polychloroprene manufacturing and marketing joint
venture in Asia. Showa Denko will to manufacture and market p. prene in that region

-+ Bayer and Degussa AG sold PoljmnerLatex, their 50:50 joint venture, to the linancial investor Soros
Private Equity Partners.




In natural Sate*, the most significant devAopments have bsen the more than two-fotd *r>cf8ase in price aJ
latex in the last two ysafs. the formal implementation of the tn-parirte agreement be<ween IntJor~esia.
Malaysia and Thailar>d, now called imernatiortal Rubber Coraortkim Limtted (IRCo), and designed lo ctmtrcM
the pfoductwn and pnce of natural rubber, and Ih« increased usage ot flloves due to the SARS and bird flu
outbreaks.

Other developments in natural lalex include;

Viet Nam announced plans for large increases in the planted areas of rubber In&e# and that shipments of
latex will t=e made directly lo the US. avoiding intermediate traders.

TiHotson Healthcare Corp., the US maker of a variety of medical gloves, wertl out of business

Meditne Industries Inc. bought Maxxims medical products creration, which ioc*udes its examination and
surgical glove lines, while RourKTTebls Healthcare Partners acquired its vascular goods business.

French glove producer Comasee S,A. purchased SSt's Marigold industrial glove business,

Yulex announced the completion of a 750 ton pikjt plant for the production o( G ua”te natural rubber
lalex.

The USDA are using genetic engineering to boost the yield of rubber from Burtfkiwers

The Malaysian R ut~r Board, in collaboration with other tnes, is currently g planting
transgenic rubber trees that display a variefy ot desired agronomic trails, be they concerned with
disease resistance, high rubber and timber productivity, or even the production of pnsiein
pharmaceuticals- The transgenic rubber tree has already shown rtself capable of poducing a bacterial
enzyme, an antibody and human serum ~bumin in its felex.

PRICES OF LATEX

Prices of synthetic latices have always been higher than NR latex. The relative pricing of synthetic and

natural latices is ot great interest to end-users arxJ suppliers, particularly when sutretrtutions can be made on
the basis of price.

Table 2 shows typical US bulk price ranges for some synthetic latices:

Table 2 US bulk price ranges for synthetic latex

Type of Latex Price range USS/wet
SBR 1.05-1.10

Vinyl Acetate 1.12-1.17

Vinylacetale-ethyiene 1.15-1.35

Vinyl acrylic 1.20-1.30

Acrylic 1.35-1.50

Ethylene-vinyl chloride 1.35-1.45

Nitrite 1.05- 1.30

Polyehloroprene 6.60-7.70
Butyl 11-12

Atthe end of December 2001, centrifuged M~aysian NR latex was priced at SO .A5 ftwet kg a/~ the pnca
rose dramatically to 0.935 by March 2004 Synthetic talices have shown some increases over

period with increased costs of raw materials such as butadiene and styrene. However, the pnce drnerentiai
between NR and synthetics has narrowed significantly over the last 2 years.

FORECAST FOR SYNTHETIC LATEX

World demand for synthetic latex polymers (S forecast to increase 4.6 percent per year to 9.9 million tons m
2005 as the maritel continues to outpace growth in the global economy. firarKet value tsforest to rise
percent per year to more than $20 billion, benefiting from shifts in product mix toward higher-pnced
emulsions particulariy acrylics [4). Table 3 shows global and regional forecasts through 2005.
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01K Amertca
Western Eurch
Japan

Other Asia
Rest of work!
Total global de

le 3 Global Synlhelic Latex Polymer Forecast (1000 tons)

2000 2005 % annual growth
2654 3200 3.8
2595 3225 4.4
935 1145 2.8
1070 1495 6.9
661 880 5.9
mand 7975 9945 4.5

Sourca: data from Ref. 4

Table 4 shows the major market drivers and restraints expected to atlect the different iatex technologies.

Table 4 Market Drivers (|

Latex

SBR

Nifrile

Acridic

Vinyl acetate

Styrene acfvlic
Vinyl acrylic
VAlethylene

Polychloroprene

Overall growrth in latex po

D) and Restraints (R) for Latex

Trend Market Drivers (D) and Restraints(R)

Moderate growth D Steady growth in pap» coatings, adhesives
and asphalt

significant growth in Asia

Decline of carpet business In Europe

increase in costs of styrene and butadiene

Significant growth in Asia

Continued growth in gkSves

Current high price of this latex

Decrease in planted area of trees

High growrth D High growth in gloves

Moderate growth

DDOODTIO

High grovrth D1 Growth in latex paints
D2 Growth in adhesives and sealants
R High price compared to other latices.
Soiid growth D Growrth of adhesives markel

Moderate grovdh D Growth in latex paint

R Competition from acrylics
Moderate grovrth D Growth in iatex paint

R Competition from acrylics

Sofid growth D1 Growfth of adhesives market
D2 Growth in latex paint
Moderate growth 01, Rep t of solvent-b

D2. Increased use in g

R. Continued govemmerjl legislation and activist
pressures on chlonne-containing materials

R. High price of this latex

lymers will be influenced by increases in the global GDP and by the growth of the

individual end-oser mariset segments. Over 50% of the market for latex polymers is in industnes like medical,
food pacteging and paper coatings, whicti are relatively recession proof.
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ADDITIVES FOR THE LATEX INDUSTRY

Clara Petri GenaraJ Manager -Latex AcktiCrves:
SchiB + S0il3ch&r ‘Struktol' Aktiengesetlschaf;. Moorffeeter StraBe 28 Hamt>urg Germany

In the course of the last tvro to three decades Ihe latex industry has seen txg changes. These have greatly
irrftuericed Ihe produclion of latex articles and almost tototly transformed the business

The quality of the products has greatly improved, machinery is much rrwe sophisticated, the output of the
machinery is much higher and last but not least a tot of regulation regarding heahh, safely and environment
has been passed and musl be crtjserved by producers today.

Al these char>ges have been achieved by numerous impr ) and de: ents, mostly
in the area of machinery, processing and v«>rk-ftow. But one important area of Ihe irtdustfy has remair>ed
almost stagnant during all this lime; The chemicals and raw materials!

The raw materials and chemicals used today are still almost the same as those used a quarter of a century
ago, in no way optimised for today’s equipment and needs.

With rvew chemicals for the latex ircJustry. designed for today's needs, a further leap in the productwity and
profitability of the operations should be possible, sin™lar to the one seen in the past.

This paper aims to introduce some of these newly developed additives, give insight into their benetrts and
discuss their impact on the ialex article production

MAKING NR-LATEX NITROSAMINE FREE AND SKIN FRIENDLY - WITH STRUKTOL

In natural rubber producing the use of a of Tetra Methyl Thiuram Disulphide (TMTD)
and zinc Oxide as a preservative for field latex has become virtually utwersal since its introduction as a
secondary presen/ative for low amrrronia latex in about 1975.

This preservative system has proved very popular because it is highly effective and also relativeiy chieap and
easy to use.

Nonetheless, lor some years now it has been evident that this system suffers from two major disadvantages
relative to consumer requirements for certain types of products; TMTD is an aHergen causirvg contact
dermatitis in susceptible persorw and it is the source of the niirosamines and nitrosatable amines found in
raw rubber and lattices.

Notwithslanding these facts, the EU requires that nitrosamines are /(m/fedto /ess than 10 ppb m baby
feeding feats and soothers and in toy balloons. Similar legislation exists in several other countnes. And most
pnsbably this legislation will be further extended to encompass other tatex and rubber products.

In our view, there is a clear need tor grades of raw rubber and latex concentrates that are not only free of
nitrosamines and nitrosatable amines but are also skin friendly.

Therefore we at Schill +Seilacher have spent considerable effort in the past years to finwi solutions that
overcome the mentioned drawbacks of the ZnO,T)yITD system.

It has been demonstrated that il is possible to produce commercially accepfaWeHA and LA Latex
concentrates, containing no nitrosamines or nitosatable amines, if the new bactericidal chemicals of
STRUKTOL are used to replace the TMTD.

Such HA (high ammonia) and LA (low ammonia) lattices are currently being used successfully for the
production of balloons, gloves, other dipped products and latex thread.

The absence of the mtrasamines, hrirosatable amines and the contaci dermatitis causing ™ ™
with the fact that the STRUKTOL bactericide has FDA approval for food use mear”s that latex concentrates

Papers



.ced with these addrtives will have no trouble (inding their way into (he currently very seneilive Eurcrean
and Arrvencan mart?ets.

Itis believed Jhai the devetopment of a new. more ‘user friendly’ a06 ‘environmentally fnendly"\)"pe of
natural tetex is not only ecorwmically sensible and timely but can only help improve the ‘image of natural
latex witch has t»en severely damaged in many countr«s by prolem allergy problems.

EXPERIMENTAL AND RESULTS

The latex concentrates relerted to in this paper were produced in fwJalaysia at the end at the rainy season.
They were made in the conventiona! manner using the production facilities of Latex Industrias s.a. The
pfEsen/atfve chemicals used in this work were Tetra Methyl Thiuram Disulphide (TMTO) and Zinc Oxide,
both in the form of aqueous dispersions, anti the new preservative Struktol LB219 (SchHI+ Seilacher) which
1Sa 50 (weight) % soJution of synthetic caiboxylates. The Staiktol LB219, if used, was added directly to the
latex without dtlulton.

Forthe production of conventiona! HA (high ammonia) and LA (low ammonia) lattices 0.025 pbw each of
TMTD and Zinc Oxide were added in the fieW together with 0.28% of ammonta. For the new type of latex
L8219 was simply used to replace the TMTD and was added, at the level of 0.02 pbw, to the field latex
together with an0.03 pbw zinc oxide (in dispersion) and 0.2B % of ammonia, For HA lattices the extra
ammonia required was added after concentration. For the production of conventional LA lattices 0.02 pbw
each of TMTD and zinc oxide were added after concentration. For the new type of latex 0.02 pbw each of
LB 219 and zinc oxide was added after the concentration.

If necessary, the MST levels of the lattices made with LB219 were boosted by the addftion of low amounts of
Struktd LS100 (Schill+Seilacher). an aqueous solution of synthetic soap. This was used ata half the level
rwrmalty considered necessary - because LB219 aiso functions as a colloidal stabiliser and reduces the

for i

In afl cases below the latices designated with the letter 'A’ were presen/ed with TMTD and Zinc Oxide and
those with the tetter 'B* wrere presen/ed with LB219 and Zinc Oxide.

To evaluate the relative performance of the different preservative systems various characteristics of field
Latex (during 7 days) and (during storage) of the concentrate latex. The results are shown in Tables 1, 2 and
3. clearly demonstrate that there is a positive inftuence of the Struktol LB 219 lattices and virtually no
difference in the quality of presen/ation of the concentrate lattices during storage for 2 month.

Time

days Latex A Latex B
0 0,029 0,029
1 0.029 0.035
2 0,041 0,035
3 0,071 0,041
4 0,084 0,041
5 0.112 0,041
6 0,112 0,048

7 0,112 0,048



Latex A Latex B

Time MST pH VFA KOH  MST  pH VFA KOH
6 days 400 10.5 0.009 0.45 400 i 1052 0,009 045
1 month 1100 1051 0,016 050 1200 105 0.017  0.49
2 month 11200 105 0,018 055 1200 1105 0,017  05S
Latex A Latex 8
Time MST pH VFA KOH  MST  pH VFA KOH
l0days 600 101 0,009 0.42 520 10.0 0,009  0.40
1 month 800 101 0.014 0,43 070 10,0 0,014 042

To confirm that the new preservative is Free of ntlrosatal*te amines p>norto use, a sample was anafysed by
me Rubber Consullants Analytical Laboratory i UK. In actdrtion, cast raw rubber frims made from these
lattices were tested to determine «ie arrKHjnts of nitrosalabte amines present. Measuremenis were made

using the procedure prescribed by the BGW (Bundesgesundsheitsamt) i.e. with exlraction by artiftcial saliva.
The results obtained are shown in Tables 4 and 5

Table 4:

NDMA (ppb) NDEA(ppb)

Nit i i Nitrosodi i0B)
TMTD- 100-430 15
Struktol LB 219 nd (not detectable) nd

«the range of quantities found in commercial sample from four different suppliers

Table 5:
Nitrosatable Amines present in HA Lattices
NDMA NDEA
(ppb) (ppb)
HA Latex" 167-400 0-13
HA Latex -LB219 39 nd 3
MHAISP)” 10-20 5 i
‘HA.Latex Range of values found in 5 samples of latex

“ MHA (Sp) An HA latex prepared in Malaysia and preserved solely with ammorua

The results in Table 5 clearly show that, In contrast to TMTD. LB219 is completely free of nitfDsamines as
measured by the BGW test procedure. This is not surprising since there is no nitrogen in the molecuJe t>ut
the measurements also serve to confirm that no contamination with amines occurs during manufacture. The
values obtained demonstrate that the addrtion of 0.02 phr of the worst sample of TMTO (i.e. that contair’ng
430 ppb). would contribute almost 9 ppb of nitrosamines to the njbber. (assuming no tosses in processing)
before addition of accelerators- and thus render the task of meeting a maximum tevei of 10 o*
nitrosamines almost impossible.

The measurements made on films from lattices HA.UK clearly show the effects of the preserve of TMTD in
the very high levels of nitrosatable amines, particularly nitrosodimethyfamine, present. It must be
emphasized that none of the 5 commercial HA latex samptes tested here could rr>eet the requirements of the
EU specifications for nitrosatable amines even before the addition of vulcanising agents. In contrast, both
the special, non-commercial TMTD-free Malaysian latex and the TMTD-free, the new U tex with Struktol LB
219-were well below the nitrosatable amine limrts. The fact that both of the TMTD-free lattices showed the
presence of small amounts of nitrosatable amines and even minute amounts of nitrosamines is attributad to
contamination; both lattices were prepared in concentrate factories which regularly produce TMTD prarvBd



{ftte* and cross contamination oJ amines, at these concentrations, ts known to occur readily, even between
samptefi sealed in poVethyiene bottles.

ttis poss.bte that the use of a d»fferwit pfsservative might affect the colloidal properties of latex compounds
made from it. K is also possible, though less likely, that it could affect the physical properties ol vulcanisateg
made from the compounds. To determine whether these possibilities were significant, iatex conpounds
were according to the formulatton in Table 6.

Dbw. wet pbw, drv
A Latex 167,0 100-0
amom 4.0 0.4
AnfiabNiSB It 0.4 0.2

2.0 1.0
42% AnOoxidant' 2.4 1.0
50% Zinc Oxide 1.0 0.5

t. Struktoi LS100 (Sdiill* Seilacher Germany)
2.Struktoi LA229 (Schill+ Seilacher Germany)

« Films vulcanised for 25 minutes at 120°C.
Comparative measurements of certain of the characteristics of the compounds made from the above

lormufetion were performed, io assess whether the preservation system had any effect. The results are
shown in Table 7 and clearfy indicate that there was no detectable difference between the two lattices

Table 7:
Properties of Compounds from Lattices A and B
Latex A Latex B
DRC{%) 49.4 49.5
Vteooeitv {Ford Cup S3) 25.3 25.3
MST(sec) 1720 1780
11.4 11.3

pH '

Vulcar»ised films prepared from these compounds were examined for their physical properties and the data
obtained are hsted in Table B. Again, the tensile strength, modulus and elongation at break figures in Table
8 show that vuteantsatas made from the two lattices are virtually identical.

Latex A Latex B
TS (MPa) 28.2 27.6
Mod. 300% fMPa} 1.7 1.7
EBi%) 870 870

SUMMARY

it has been demonstrated that it is possible to produce commercially acceptable HA Latex and LA Latex
concentrates, containing no nitrosamines or nitrosatable amines, if the bactericidal chemicals Stoiktd LB219
is used to rep~e TMTD, The absence of the nitrosamines and nitrosatable amines from these lattices
together with the fact that LB2t9 has FDA approval for food use should mean that latex concentrates
produced in this way will allow easy entrance into the highly regulated markets of Europe and US
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DEVELOPMENTS IN STABILISERS FOR NATURAL RUBBER LATEX COMPOUNDS

Stabinsmg acidi»rvee lor natural lalex compounds are usually bawd on the potasaum or sodium satfs ol
natural fatty ~ids, partcularty those acids tlawng from 10 to 10 cartxjn atoms. The$e natural fattv acids are
obtained by hydrofvsis of vAstable oifs and Ihar composition vanes greatly daperyjing on the origin of the
oil. For appUcation m lalex tectinotogy only the technicai, i.e. unpunfted. grades of these acids are used ao

the actual soap enployed ts a rreirture of various fatty acids, the detailed composilon deper>ding on the
source of the oil

These fatty acid soaps are qurte eHective and reiativety cheap but suHer from certain dtsadvaniages- The
higher molecular weight (C16 orC18). ur>sahjrated fatty acid soaps (e.g, oleates) are good stabilisers for
un~mfwurided latex but have a strong tendency to foam and are very sensitive to the presence of zinc
oxide, (The high molecular wetghl sa/uraJed fatty acids ale rar’y used because they have rather \ow
solubilities m water and are not effective stabilisers). Soaps based on capryk; (C10) ackJ have a low
foaming tendency and good resistance to zinc oxide but do not give very high stability. Soaps of lauric acid
(C12) are widely used because they representa compromise between these extremOT: they are more
effective stabilisers than caprylates but less sensitve to zinc oxide than the CIS. unsaturated, soaps. The
industry today is just becoming aware that there are alternatives to these natural fatty acid soaps which have
clear processing advantages, these alternatives are soaps based on synthetic tatty acids.

Research and development work done by Schill & Seilacher has shown that soaps made from cfirtajn of
these synthetic fatty acids have an interesting and technically useful combination of properties whk* mades
them good alternatives to the natural products for the preparaton of compounds from natural latex. Their
advantages should be particularly useful in the production of dipped goods, latex thread, and adhesives. The
Struktol stabiliser (LS 100 and LS 101} exhibit a combination ol high solubility in water, high mechankai
stability, long term colloidal stability, low foaming tendency, and good resistance to destabilisation by anc
oxide.

EXPERIMENTAL AND RESULTS

Figure 1 compares the viscosity stability of a prevulcanised lalex prepared with potasaom iaureata wrth
that of similar lattices prepared using two s~thelic fatty acid soaps (Struktol LS100 and Stmkfol LStOt)./-
The rrults clearly show that the lattices prepared with the Stmktol stabiliser shows much better stability of
viscosity over a storage perkKJ of 6 weeks at room temperature.

Figure i. EHect of soaps on the storage 3
viscosity increase of prevulcanised lattices. ~ i

Siorafle tsfDs-notre
-A-KLaurate — LS100 — —LSIOI

The viscosity increase of a latex on storage is one rr«asure of its colkskjal stability. Similariy, the changes
occurring in mechanical stability time (MST) during storage is another measure of the stability ol the system.
The mechanical stability values of the prevulcanised lattices mentioned above were measured during six
weeks’ storage and are shown in Figure 2, it is clear that the LS100 and LS 101 are measurably superior to
potassium laureate.



Figure 2. Changes In MST on storage o) prevulcsnised
lattices s!abiiissdwith various soaps

336 672
Storage ume-hour*

-K Lauraw “ «--LS 100 —

Other wortt has shown that the superiority of these stabilisers is not confined lo prevufcanised lattices but. as
woukJ be expected, is afeo true for vulcanisable latex mixes and in raw latex, where they could be used to
replace the laureate soap commonly added to ensure adequate MST values

The major use of these rvew soaps is expected to be in the dipping industry where it is important to obtain
good colloidal stability without causing foaming

Relative Mechanical Stability Relative Zinc Stability
Control (without stabiliser) 1.00 1,00
K-Capryiaie 1,89 1,07
Siruklol LS100 > 2.00 1.64
Siniktol LS 101 2,44 1,50

SUMMARY

Ilhas been shown that certain synthetic latty acid soaps offer superior colloidal stabilising performance to
the commonty used laureate soaps and therefore represent a useful addition to the range of materials
availabte to the latex compounder. These products pemiit the technologist to prepare latex mixes and
prevufcanised lattices with improved colloidal stability, both initially and on long term storage, with no
technical penalty in terms of increased foaming problems or difficulties in gelation.

THE INFLUENCE OF DISPERSION PARTICLE SIZE ON ANTIOXIDANT PERFORMANCE IN
VULCANISED LATEX

This chapter presents results demonstrating that the particle size of an antioxidant dispersion

can have a major influence on its effectiveness in protecting vulcanised latex products.

The development ot dispersions of phenolic-type antioxidants having both a very small average diameter
and a very narrow size range, which we call “superfine dispersions’, has permitted experimental
comparisons with conventionally milled dispersions showing that greatly improved performance is obtained
In many cases the improvement is such that as little as half the amount of antioxidant is required il a
superfine dispersion is used. A further, and very important, characteristic of superfine dispersions is that they
are virtually free of sedimentation problems.

This means, that when a superfine aniioxidant dispersion is added to a latex mix the user can be sure that
the amount added is the amount present in the product, even after prolonged storage. The improvement in
antioxidant performance is attributed to the increased uniformity of distribution of the antioxidant throughout
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experimental and results

Ball miHed dispefsions were prepared using a laboratofy-size, mill (800 ml capacty) with a gnndtng time of

72 houra. Superfine dispersions were prepared using the proonetary meftrad established by Schia +
Seilacher.

Measuremenis of particle size and size distribution were carried out ustng a "Massersfzer micro +,* Ver,2.U

particle size measuring macNrve fex Malvern Instruments,) which utilises iow-ar»gle laser scattenng
tectiniques.

Measurements of tensile properties were carried out by standards methods and made al intervals during
oven ageing at 70® C for up the e it weeks.

Vulcanised latex films were prepafsd by coagulant dipping processes using the foUowing base forrrwlaton:

pbw pbw
(wet)

Natural Rubber Latex (60% DRG) 166,7 100,0

10% Potassium hydroxide solution 3,0 03

50% Solution of Staiktol LS 100 04 0.20

50% Sulphur dispersion 3.0 15

50% ZDEC dispersion 2,0 1.0

50% ZnO dispersion 2,0 1.0
Antioxidant dispersion —as indicated— —as indicated—

The phenolic antioxidant used in this study was a bulylated p cresof dettvalive. The stabiliser used for the
tatex compounds was Struktof LS 100. a fatty acid soap solution supplied by Schill + Seilacher,

I. Particle size distributions

The results of particle size measuremente erf a bail milled dispersion of the phenolic antioxidant are shown in
Figure I. This process has resulted in a dispersion having a v*~e range of particle sizes - in this case Ifom as
low as 0.1 micron to as high as X microns (a rat«D of largest to smallest of 300) « with two. poorly defirted.
modal peaks al 6.2 and 1.6 microns. The majority of the particles he In fie range 0.7 -t 1.0 microns.

This value is one of the larger of the commonly used measures of average particle diameter and in a highly
polydrsperse system, such as the above dispersion, is significanlly larger than the number average diameter,
{In a perfectly monodisperse system, of course, aB measures of average particle size are identical).

it should be noted here that Gorton and Pendle (4) published the particle size distribulKins of dispersions of
many latex compounding ingredients, including antioxidants. Their dispersions were obtained using a high
speed disperser, rotational ball milts, vibrattofiai ball mills, and an Attritor* and thsir size measurements
were made using a “Coulter Counter”. The Coulter method, under the conditions used by them. couW not
measure particles less than | micron diameter so that the size distributions are less cofrplate than those
obtained from the ‘Mastersizer', However, 1t is possible to make some degree of conparison. Gonon 4
Pendle presented volume average diameters, among others, and these can be compared directly with the
Mastersizer data. They found that one phenolic antioxidant, when dispersed using a h»gh speed disperemg

| machine, showed a volume average diameter of 5.6 microns and a particle size ranging from 2 to 6 microns.
- They also found similar results for two other commercial phenolic antioxtdants and showed that vibrational

~ ball milling (which is, generally. 2-3 times faster than rotational bal! millif>g) of these antioxidams for 24 hours
I reduced the average particle diameter to about 2.5 microns but had tittle effect on the range of size present
F and that the best antioxidant dispersions they could obtain still retained significant numbers of large (i.e

| greater than 10 microns diameter) particles. Therefore one can say the partscle size distributKjn sfxsw in
IFigure 1, obtained for the phenolic antioxidant used in this wori”. is broadly similar toprevkiusfy publish~
Jdata on antioxidant dispersion particl e size distributions and is not in any way untypical, It is dear therefore,
ithat although conventionally milled dispersions may have iine average they also
mpossess a wide range of particle sizes and that they are. effectively, much coarser than they appear -
mbecause a disproportionately large proportion of the mass ties in the larger sized particles.




The oarticle size disinbuton effa syp«rfine dispersion ts shown in Figure 2. This dispersion can be seen to
be urtmodal in nature a™Jto ha« a volume/ volume average diameter of 0 34 rArcrons and a size range
Irom 0.11-0.7 microns - a ratio o( iatgM I ‘o smaile.1 o( only 7. To illustrate that the resultsflamed «e
readily reproducible Table 1 summarises the inlormation (or this dispersion and lot three others, of the sen,,
anlioxidant. produced by the same technique

Table 1.
Congistency of Superfine Dispersion Properties
Dtsinbulfon Type Ktodai size Size range Specll;?esaunaﬁl
(micron) {micron} sq-mio
17.83
17.20

The data in TabJe! show that this production method consistently yields products which are virtually identical
in respect of both average diameter and spread o< sizes.

Figure 1.
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The following Tables show ihe results of oven ageing tests carried out using latex vuicanisates made with no
added antioxidant (T~le 2}, with 0.5 phr of anlioxkJanl added as ball milled dispersion (Table 3} and with 0.5
phf of antioxidant added as superfine dispersion (Table 4)

Tables 5, 6. 7 and 8 give the corresponding results for mixes containing different dosages of antioxidant

ageinge 70*C
(weeks)
0

2
4
6
8
ageing® 7075

(weeks)
0

EICIENEN

Tensile strength Modulus @ 300% Elongation at Break
(MPa) (MPa) (%1
26 2,50 910
23 1,77 860
16 2.00 790
15 1,45 770
14 1,40 750
Table 3

Vulcanisate with 0,5 phr Antioxidant

Tensile strength Modulus @ 300% Elongation at Break
(MPa) (MPa) —— aag .
25 151 835
22 1,45 887
20 167 820
18 1.65 800
14 1,35

780
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Table 4
Vulcanisate with 0.5 phr Antioxidant

ageing® 70°C

Tensile strength Modulus. « 3(X)% Elongation at Break
(weeks™ (MPa) (MPa)
o 24 1j6 840
2 i 23 1.55 830
4 22 1.50 825
6 19 178 8:0
8 18 1.45 1 780 1
Table 5:
Vulcartisate with 1.0phr of Antioxidant
ageing® 70"C Tensile strength Modulus @ 300% Elongation at Break
(weeks) (MPa) (MPa) (%)
0 25 1.75 900
2 23 1.72 890
4 21 1,71 800
6 18 1.85 760
8 14 770
Table 6
Vulanisate with 1.0 phr Antioxidant
superfine dispersion
ageing® TOC Tensile strength Modulus ® 300% Bong~ion at Sreak
(weeks) (MPa) (MPa)
0 26 11 85Q
2 26 161 840
4 21 1.8 775
6 20 1.8 770
8 17 1.5 782
Table 7
Vulcanisate with 2.0 phr Antioxidant
ball milled dispersion
ageing®© 70°'C Tensile strength Modulus @ 300% Elongation at Break
(weeks) (MPa) (hff'a) (%)
0 27 1.43 925
2 26 1.40 890
4 19 1.76 855
6 16 1,45 834
8 ! 13 1.09 811
Table 8
Vulcanisate with 2.0 phr Antioxidant
suoerfine disDersion
ageing® 70°'C Tensile strength Modulus © 300% Elongation at Break
(weeks) (MPa) (MPa) (%}
0 27 1,70 856
2 26 1A 67
4 24 2.21 786
20 1.93 768
8 16 1.56 7R3

Selected data from these tables is reproduced in Figures 1 where thte vaiuM presented are the fwreentage
retentions of Ihe unaged values plotted against time of ageing. This has been cloneto make the dinerencMi
and trends more readily observable.
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Figure 3.
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Examination oi trs data in these Tables and Figure leads lo the iollowing conclusions:

(a) Ihe anliDxidarT: used is an effective protectant lor the vulcanisates prepared in this work (when aged at
70+C)

(b) that there is very little advantage to be gained in adding more than 0.5 phr of the antioxidant (NB. This
conclusion appJies only to the vulcanisates and conditions of ageing used in this study, there is every reason
to expect that umier more severe ageing condiiions higher levels of antioxidant would be beneffcial)

(c) that "superfir.e* dispersions give better ageing resistance that the ball milled dispersions - even If the
latter are added &\ higher levels.

The improved aosing of ihe finer particle size dispersions may be attributed to the improved distnbution of
the antioxidant ih'oughout the product due to the vaslly increased number of partides

A dispersion with an average particle diameter of 0,34 micron has 1000 times more particles (per gramme of
dispersed material) as a dispersicm wth an average particle diameter of 2.6 micron

Significant injprovements in the performance of a phenolic antioxidant in latex vulcanisates. have been
obtained by ttie use of aqueous dispersions having a very small average panicle diameter and a very narrow
size range. It is befieved that the improved performance is a consequence of the more homogenous
distrfeution of the antioxidant throughout the product (resulting from the smaller particle size) which permits
the additive lo be more readily available to the site of oxidation

Addftionally, it is clear that superfine dispersions have other in addition to imp
antioxidant'performance. The superfine dispersions of the; antioxidant used in this study do not sediment (fcjf
all practical purposes) and this means than the amount of antioxidant added to the latex at the compounding i
stage wfl! be the amount present in the products. If conventional ball-milled dispersions are used this is not |
necessarily true because their larger particles sediment very rapidly (during maturation or in the dipping tani! j
and. for this reason, the amount in the product may be less that the amount added to the latex

Furthernfiore, the very large particles (those greater than 10 microns diameter) present in ball milled
dispersions may form significant points of weakness in very thin products, such as condoms.



For exampla, [Mrtid®s of ffiis diameter at Ibe extreme eJongations involved in the eir*burst test would be

simi”~r in magniiud®, or greater than, the thickness of the rubber itsetf and casukl therefore be one of the
factors contributing to premature faifure in that les\.

For ail these reasons we believe that the advent of superfine 1S represents a advance in
latex technology which will promote the production oJ better ageing arjd tjetter pefformiog latex products.
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ABSTRACT

The formulation of new ideas rarely starts with totally new idaaole (ZMTI)
has been a reliable antioxidant synergist in the dry rubber industry for many years. It has only recently been
available in dispersion form for use in the latex irfustry. IniM! research has shown that the use-of ZMTI in
conjunction wim popular phenolic anlioxidants used in the glove and thread industries will greatly improve
antidegradant protection. The increased performance is reflected in significantly improved aging. shas life,
and heat resistance. Addilionatiy, the use (f ZMTI greatly improves the whiteness and britrtness of latex
films. This paper is a continuation ol previous investigations on ZMTI, It considers five different phenolic
antioxidants and the effect that ZMTI has on their perfonnance when used in natural and synthetic latex
films. The latex films were evaluated for the following: 1) original physical properties, heat and aging
resistance (measured by the retention of original physical profwrties). and 3) cost-effectiver»ess.

Formuiating a new compound consists of much more than just selecting the best perfoming chemical.
Before finalizing a new product formulation, a good latex chemist looks at the cost and ber>efrts of each
additive. Often the besl additive is neither the towest nor the highest priced. Additionally t»" correct choice
is not always the one that gives the best technical results. The correct addjtrve is the one that is mosl cost-
ellBCtive Nowhere else is this more the case than »fth antioxi<!ants. Exporters ol late* products know that
products are olten sealed in containers lot weeks alter production. Temperatures in these rantainers are
normally around 38*C. According to ASTM D 573 the oxidation rate doubles A
temperiure Thai means that under these conditions, the oxidation rate 15 easily twice and pos»bly three
times the oxidation rate at room temperature (23*C). This could mean the ditteience between gloves that
pass and do not pass FDA requirements.

This paper will evaluate live ditlerent phenolic antioxidants and the effect that ZMTI has on their P e rt”~ a ~

when usAd in natural and synthetic lalex films. The films were evaluated for PA'SIfKerosf
heal and aging resistance (measured by the retenlion of original physical properties). Additionally the cost
ess of each was

All the antkjxidants used in this stud, are available from R T. Vanderbilt Company. Inc. (RTVj. and the RTV
PricB List was used as the basis for evaluating cost-etfeotiveness.



For the purposes of this paper, the foHowing abbreviations will be made;

Table 1

Abbreviation Chemical' Name
AntioxkJant 1 (AOI) TnS't3,5-dt-j-butyl-4hydroxybenzyl) isocyanurate
Antioxidant 2 (A02) 3.5-di-tert'butyi-4-hydroxy-hydrocinnamic add tnester of

1.3.5-iris<2*hvdfOXYethvl)-s-Iriaztne-2.4.6-(IH.3H.5H)-Irione
Anlioxidant 3 (A03) 2,2-methvene bis 4-meihvi-6-tert-butvtplienoi (0-MBpl4)
Antioxidant 4 A 04 ButylHted Reaction oroduct of o-cresol and cyctopentadiene
Antioxidant5 (AOS) Alkyfated (butyl and styryl) Bispiienol A
ZMTI (21 Ztnc 2-mercaptotoluimtdazole

This sludy was designed to took at different antioxidants in a gene»iG aqueous setting. Because the various
antioxidants used have different characteristics in different and different latexes, this study is ~ ~
only a general assessment and not to be used as a conclusive statement on cost-effectiveness. However, it
can stili be used as a guide when starting the design process, in order to maximize the usefulness of the
sludy, both CartJoxy<ated Acrylonitriie latex and Hevea Natural Rubber latex were used.

The initial compound was made using a conventional Carboxylated Butadiene-Acri~onitrile (XNBR)
accelerator system.

Table 2
Ingredient DRY (PHR) WET (PHR)
41.5% XNBR 100 241
33% Sodium Lauryl Sulfate 0.25 0.8
4% Potassium Hydroxide Solution 1 25
50% SuHur Dispersion 1 2
33% Zinc Oxide Dispersion 1 3
50% TMTD Dispersion 1 2
50% ZDBC Dispersion 1 2
Suffated Methyl Oleate 0.5 15
Anlioxidant (variable) 1 2

The antioxklant and ZMTi were added according to Table 3. All of the quantities are in DRY Parts per
Hundred Rubber (PHR).

Table 3
Compound i ZMTI Aol A02 A0S A04 A0S
XNBR 1
XNBR 1Z [ 1 1
XNBR2 pi-~*t 1 T
XNBR 2Z \ 1 it -
XNBR3 B -'--
XNBR 32 1 1
XNBR 4 HT—
XNBR 4Z ! 1
XNBR 5 | 1
XNBR 52 ( 1 1

The films were coated on glass plates and allowed to dry for 24 hotirs. These films were then placed in the
oven for vulcanizatwDn. The oven was allowed to rise to lemperatur® for 4 minutes. The films were then
cured for 30 minutes af 12i'C, After cooling, half of the samples were placed back in the oven for

« 9003 it"usirtal

Pap»i



acceieraied aging. These samples were aged tor 144 hours at 8S*C. All sample* were tsslsd ona T-10
Tensomeler Machine using standafd ASTM tes! method D6319-00,

The master batch was made using a traditional NatufS| Rubber Latex (NRL)) accelaraljor package {see
Table 4).

Ingredieni DRY (PHRI WET (PHR)
67% High-Ammonia NRL 100 150
33% Sodium Laurvt Sulfate 1 3
10% Potassium Hydroxide Solution os 5
509% Suiiur Dispersion 1 2
33% Zinc Oxide Dispersion 05 15
60% ZMBT Dispersion 11 1‘27

50% ZDEC Dispersion
33% Sullated Methyl Oleate
w.nilOxiaani ivanauie, S<iBmsitiwj

Ttie antio»danls and ZMTI were added according to the following scheme (see Table 5). Allamounts are m

unaged 300% Modules, Ultimate Elongaton. and Tensile according to ASTM D3578 00.

i Results

Latura; n“bber fSms and synthetic r>.bber films degrade diHerentl,. ~a;ur~'““ er

.-mbination wilh tensile strength is a good indicator of the nitnte aging profile.

PRTV is notan expa. ,n glove manufacturing and ~ke's ~

f>«r6.' These results should only be used as a guKleline for start.ng berwh wotl.

Nitriie Results

04 and ZMTI.
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Nitrite Tensile, Unaged vs. Aged

a Unaged Tensile Sirsngth. MPa » Agsd Tansile Strsngtti, MPa

Figure 1

As is typical in nKrite. the elongation ol the films decreased greatly upcn aging (Figure 2).

Nitrile Elongation, Unaged vs. Aged

O Unaged Elongation, % ® Aged Elongation, %

Figure 2

Figure 3 shows the modulus of the films before and after aging. As was expected, these compounds
hardened as they aged. Figure 3 clearly shows that the smalSest increases in modulus were observed ii
NBR-2, NBR-3, and N8R-3Z.



Nitrile Modulus, Unaged vs. Aged

0 Unaged 300% MocJiJus, MPa m Aged 300% Modulus, MPa

Figure 3
Natural Rubber Latex
As noted above, natural ait"er latex has a compJetety different vulcanization curve than r~rile. Rather ttian

hardening like nilrile during aging, NRL lilms Sose tensile strength. Figure 4 shows how the films decrease in
tensile strength upon aging.

NRL Tensile, Unaged vs. Aged

0 Unaged Tensile Strength, MPa m Aged Tensile Siren~h, MPa

Figure 4

;he only two samples to malnlait, a lans,la of 30MPa were NRL-4Z and NRL-5. The rast ot the results for
fe natural rubber latsx are presented below Al films meet or exceed ASTM requirements as slated m
>dard 03578-00 (see Figures 5 and 6)



NRL Modulus, Unaged vs. Aged

B Unaged 300*» Modulus. MPa m Aged 300% Modulua, |

NRL Elongation, Unaged vs. Aged

a Unaged Elwigation, % ® Aged Elongation, %

Figure 6
Cost-eHectiveness

tn order to determine cost-effeciiveness. a minimum standard for the sam ple must be set. Afthough me
aged testing jn this study was much harsher than the specifications for ASTM testing, it is important that
Ihese films stiH meetthe ASTM standards. Gloves imported to ihe United States are required to meet this
standard upon arrival. This means that the aged testing ot 7 days at 70“C is often not a stringent enough
standard io use wt>en choos#ng antoxidanl protection for a laiex product. With all this in mind, the foilowing
standards were used in determining cost-effectiveness

Table 6
Latex Tensile (MPa) Elonoattnn
Caftexyiai#tdAierv =« te 19 400
Hflvea Natural Rubber 30 A

Based on these minimum standards, the following graphs for nttrile were prepared.



m AgedTw”siie Strwigth, MPa — — Acceplfince Le«®

Figure 7
Using the minimum standard of 19MPa for tensile strength, NBR2 and NBR4Z are the onfy two samples that
meet or exceed the level.
Nrtrile Elongation Acceptance Level
H | Aged Bongalion, % ——— Acceptance Level

500
500

1
400
300
0
J 1

J A

e
8 8

Again using the minimum standard detemiinsd above, the lilms that meet or exceed 400% elongation ate
NBR1, NBR2, NBR4Z, and NBR5

In order to determine cost-ellectiveness. an equation is used to determine it» relative cost. This equalion
tai>es into account the performance ot the additive, as well as its actual cost.

Actual CosIxMinimum Stanijafd
Relative Cost =
Performance

The only tivo common samples for nitrile were Made with A02 and A04 with ZMTI, The data from these
films were used in the relative cost etiuation as shown betow;



Belaitv® Cosl Tensile (Nrtnle)

$Q.50x"9MPa
RC. Q -$7.02

23MPa

$13.00x400%

= 59.82
529%
Rsiative Cost Elongation (Nnrite)
$8.50x400%
= $8.15
417%
The fnosl cost-effecl or the 1t with tt%e best relatfve cost in nilrile is A04 with ZMTI.

Using the same procedure, the foliowing graph was prepared for natural rubber latex.

Figure 9

Atthough sightly hardeMo determine, the fiims thai meet or exceed the standard for natural rubber latex
lensiie are NRL2. NRL2Z. NRL42, NRL5, and NRL5Z Using the relative cost equation, the following reialiv*
costs were determined.



29.2MPa

$19 00x29MPa

29.8MPa
(R REE NN
Relative Cost Tensile (NRL) S 3’3 amp ' $7.38
. a
" 29.9MPa
RC, $9.03x29MPa s=S8.42

31.1/WpPa

Clearly the product wrth the lowest relative cost is AOS. Ata relative cost of $2.93. this emulskMi is ctearly
the most cost-effective. For those that do not like working with emulsions (myseil irtduded). the second most
ci:«t-effective antioxidant based on relative costis A04 with ZMTI.

Conclusion

In this paper, we investigated five different phendic anUoxidants. the effect that ZM T has on these

its, and the cosl- or reJative cost of these different antioxidaM systerns® S a~ A e ty
on relative cost, the best antioxidant in me study for Cartxjxylated Acrylon.tnls is A04 with ZMTI.
natural rubber latex, the best relative cost antioxidanl is AOS. Unforturralefy this value does ~

of use. Itis also important to remember that A05 is only available as an emulsffin®
most cost-effective

t.
ease of use) for natural rubber latex is A04 with ZMTI.

ina compound one of the most integral and most often overlooked ingredients is the antioxidant. »~
important to remember that cheaper is not always better. A company can usuaHy
the most cost-effective chemical. It is important to consider all the

of use and relative cost. This is the case with an antioxidant system. The nght antioxdant the
physicki properties of the product, and allows the product to be transported long distances with a formula
designed not to degrade dunng transportation.

iy
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ABSTRACT

Microorganisms are alv/ays present dunng the production of synthetic latex emulsion
Without treatment, they may increase their peculation dramaticaBy. They may destroy the polymer an6 caus
other problems.

A new environmental friendly biocide system to protect latex emulsions from microorgan>sm will be
introduced.

Polymer emulsions, such as SBH latex, are aqueous fluids. »hich presanl an exce«ent medium lo, the

rSrsions'S”~u”Srhe production of hi*

IA'n S Sng ~nrppropAtTmk:ro biocide for the protection of the product, one has to know the
conditions these micro organisms are growing;

> type of polymer emulsion
> pH value
expected stability
Mnal use of the product
The temperature mainly that ol the in.ection pent ol the biocide. plays an important roll for the seMion ol

F ofco’SS~lhe biocide must not react with the polymer emulsion or have a negative input on J.

f What are bacteria and where do they come from?

~Nize of 0,75 mm
Phey are the taie-life artists:
[Some kinds of them can multiply at a temperature of - ir C

Archt?L;:in\* SeX9™ ToS:0iAAAAAA
J K not surprising, that bacteria are extremely resistant against x-rays.

_ .a live everywhere. They ii.e in the soil. ,h the water and ,n the air. They attack food stu« and most o,
'6 organic compounds.



iICMxSOCKi

The preewice of elemental oxygen .s noi essential for many spectas oi baclena. Anaerob

by pholosynfhesis-

ClassHication of bacteria;

Generally, laaena are cLssIBed due to specific properties.
Based on their appearance:

Goccen are spherical

Bacillus is rot-shaped

Spirochetes are like a spiral

Spirochetes 1

Based on the different behaviour against iodine/crystal violet
Those. v.fhich cannot be stained in this way, are gram-negative
Those, which are stainaWe with the dye stuff, are gram-positive

Bacteria increase by cell division. The genetic material is doubled; the gram-positive 1
bacteria expand and pinch off in the middle.

The Irequency can be very high. It is said, that bacteria can double their number under good conditions
every 20 minutes



Good iife condllksns for bacteria are:

. Sufficient food

+  sulficient humidity

+  Temperature aroufvd 37*C, but could be also much higher

+  pH ataround 7

> Aerobic bacteria’s need also tree oxygen dissolved in the water

Based on above cateulatton, the number of bacteria may increase from 1 to 33 million within 8 hours.
The food oHer is suHident for them:

all kind of natural and synthetic latices
dispergators
A wetting agents

A high number of bactena may cause tremendous problems in the industry:

+  decrease in pH value and decrease of redox potential

+ bad odour tiased on the reduction of Sulphur to S*

= formation of rust due to the oxidation of iron

+  formation of slime

+ destroying the raw material, the intermediate or thefinal product.

Nevertheless, bacteria are very important in different induslria! areas:

They are r for the of material. They are furlhermore responsible for the
fermentation dunng the production of cheese. Yoghurt or Sauerkraut.

Bacteria are also very important for the production in the leather industry, tobacco, pharmaceus
washing detergents

tjcals and

Based on whal we have said before, that baclaria may cause a lot ol problems in the production of latex, the
total count of micro organisms must be kept low.

Therefore, chemical products are used and they are called biocides. They belong to diHerent chemical
compound classes:

+  alcohols
+  formaldehyde and formaldehyde releasing compounds
+ phenol products
biocides based on acetic ackl and its derivates
«  Carbamates and derivates
+  Miscellaneous

The b,oo.de may be added as single component product o, as blend. In this case, synergistic eHects are
sometimes achieved

Biocides attach bacteria by destroying the call wall .
They also intervene in the metabolism ol the bacteria and destroy the lood balance.

Mainly, they act as quick killer that means, they kill the bactena immediately, but their effect does not last
very long

I=urthe,. there are conservation biocides on the market, which do not act so fast but tt«,r effect is long

01 course, the requirements for biockies are nowadays very strict;

®  They have to be efficient and have to be effective already in small amounts

MYl S



added Mich by batch fortlw consatvrtion ol the product,

O, <»rse, the™ am ato disadvantaaes t»ca>,se 0. the a «i=h dlbiocides:

> Brocktes are always poisonous
> The cost eftreaunent may be significant

wet™. «c™on,a, are hera.ore d=.etoptngamet,”
needed in the induslty to aol as a quick kiler dunng the production process

As descnbed above, in the I rstsiep several biocidss have to be screened to find out the moat eftectlves .,

and are increased due to the addition of the second product.

The tnais in one industrial plant have to be continued, but there are strong Indications, that a large quantity o,

biociiSe can b« saved

Furthennore the system will allow the end user to bettef monitorthe system and act more quickly mainly

during the hot summertime, if necessary.

pep”.



SAFER ACCELERATORS FOR THE LATEX INDUSTRY

Khirud B Chakraborty and Roger Couchman
Robinson Brothers Limited. West Bromwich B70 OAH UK

biographical note

Roger Couchman has a degree m Polymer Technotogy and Chemistry to LRSC. Polymer research and
development. Experience was gained wth BTR indtffitriea {5 years- rubber, PU. erwironmental and

analytical chemistry) followed by Production (3 years - compounding, manufacture cShose, esealator
handrail and print blankets.)

Roger Couchman has wori<ed for Robinson Brottiers Limited for 19 years in safes and marketir®. of RcAiac

polymer chemicals. He has covered the gtobal market vwjrfang wirith tx5th dtstributor® and their cuatomers in
technical and commercial situafons

Whilst with Robinson Brothers he has worked on market introduction of new accelerator systems offering
sduttons to the mtrosamine prowem ar>d reduced Type IV skin allergy. Numerous technica! papers being
presented including Inlemational Latex conferences in USA and Germany,

ABSTRACT
It is accepted that many wtdeiy used latex vulcanisatran acceterators: dithiocarbamates. thiurams and

thiazoles are capable of producing Type fV allergk: response in certeun wrthm the 1 and
may ateo possess increasingly unacceptable eco-toxic and acute toxctty profiles.

Thiurams and dnhrocartaamates {denved from secondary amirves) «an also produce potentially harmful N-
nitrosamines when used

The paper describes three safer

ped and by Robir~n Bnsfliers Ltd.
They are designed to reduce or eliminate the impact of the above problems using sustainable techrwk>gy-
The paper describes their technologicai aHecl partculariy in synthetic polyisoprene applicatrons.
covers Natural Rubber and SBR lalex blends for foam appltcations.
performance to those seen viith widely used convenlrona! materials
discussed

It also
Results show equivalent technotog”
Mechanisms of action wi« also be

1. INTRODUCTION

The unique characterist.cs of natural rubber such as high levels of stereo regularrty. h-ghly AAranched~IAn
w.th a high molecular weight and a wide molecular weight distribution result tn vufcanised

products having a unique comb.r«t.on of strength and etastKity. These characlenstcs also rrake natur
rubber particularly useful for the preparation of barrier protection products. As a result

used in a wide range of industnes and applications .ncluding personal protective

examinalion gloves), medical devices (catheters), condoms, food contact and chikJ

and pacifiers), mattresses, carpet backing, binders in non woven fabncs, paper, water based pa.nts and
many others,

However increased concerns have been repotted over the past 20 years ol allergic responses’ 1°
partrcularty personal protect,ve equ.oment, lood corttact and child

derived polymers. Based on varrous stud.es and practrcal .evidence ftis now wAly acc/Ath Mt tw
types ol allergic responses are associated with natural rubber lalex products: Type | arkl Type IV allergy.

Tvne I allarav is also known as Type | hypersensitivity or immediate contact dermatitis’. Ecposure
syTOorlrsurfi as ltching. urticSSi. swelling, breathlessness ar« rhinte. In extre™ c/As as e A
cAndton known as anaphylac.ic shock may occur This allergic reaction has been

water extractable proteins (WEPI which are present in natural rubber latex. This is well documenteo

Ps”»r6



dev*P«<.» ccnM ar” -emulate ,ha PrCB.ns e.g. SMG scheme an,

ASTM Standards.

Type IV altergy A~ b T s S g ~ ™~ n "~ S i n "~ r referrsdv "
s s " d e * ™ r?,pel."S".r..~0.se .a. been linked Cossly w«h,.e Cemica. ,se.

to vulcanise natural rubber lalex.

and n«."~table substances for'special’ category products e.g. nwles. pacHiers.

c,” .hP al»»e discusscn it is quite clear that both potentially hamlui concerns (Type IV allergy and
nitrosamines) are due to the conrentional accelerators widely used in the manufacture ol latex products.

Fn~ronrTwntal concerns are also growing with the use ol conventional accelerators. They mostly require
higher energy cor dunng com and processing. Moreover, the presentje of h M A rretals
usually associated with the use of conventional accelerators may either contaminate the product giving

recycling problems andr'or pollution of the leach water.

Over the lasi hm decades, synthetic lattices such as SBR. nitnle. neoprene, vinyl etc have rnade signilicM
inroads into mart<els traditionally dominated by NR latex. In some cases there has been an almos to al shilt
to synthetic latex such as carpet backing and foam products. In others, such as gloves, aynthetio lattices
now account lor a significant share of total demands. Although synthetic lattices do not conta.n natural
proteins as in NR latex and hence free from Type | allergy, they still require conventional accelerators such
as lhiutams. dithiocarbamates and thiazoles to vulcanise them. Hence Type IV allergy and nitrosamine
probiems do exist wkh synthetic latex products.

More recently synthetic poiyisoprene (same monomer unit isoprene as in NR) has been developed to
provide a material with the beneiils of natural rubber and eliminate the potential (or protein allergy. However,
due to synthetic variants typically having a lower level of stereo regularity and different molecular weight
characteristics has resulted in synthetic poiyisoprene films having an inferior balance of properties than
those of vulcanised natural rubber films. Vulcanisation of synthetic poiyisoprene latex using a convenliona!
cure package such as drthiocarbamates, thiurams. zinc oxide and sulphur yields poor shelf stability, typically
ajagulatmg within a few days of compounding and inferior physical properties including surface defects
floreover, Type IV allergy and nitrosamine issues still remain in latex articles.

Robinson Brothers Limited’s response has been to develop sustainable and toxicologically less hazardous
accelerators. They not only reduce/eliminate Type IV allergic and poteniially carcinogenic nitrosamines but
will also improve the vulcanisate properties.

The present work wHI demonstrate an ability to provide sy ic poiy prene vi i films wijth absence
of Type IV atJergy, a safer nrtrosamine content and have improved desired properties.

It also describes how the newer accelerators are capable of producing foam based on Natural Rubber and
SBH blends with the absence of mercapto benzlhiazole, reduction of both Type IV allergy and potentially
carcinogenic nitrosamines.



2 EXPERtMENTAL

Coromercially available low ammonia nalural rubber latex (LATZ). SBR lalox (index - HSLA.SL) and
polyisoprerie (Kraton”- tR-RP401) were used in the present sludy.

DfAvulcanisation of ths latex was carried out at 65*C lor 6 hours urriess othemtM sp8Ci(<ed
.era ptepared by casling on glass plates and dried for rs liours «i a

temperature. Post vulcanisation studies were carried out using room temperature dned {ilKjust after mixing
and then healed in an air oven for 30 to 45 minutes at 120“C.

Latex films

The determination ot cross-tirvk density in compounded! rubber latex during prB-vulcan«alton studies was
carried out using a rrodified solvent swell test” .

A Brookfield LVT viscometer operating al 60 tev/min was used to delermine the compound vscosity. Ali
physical tests were carried out using an Instron 4302 Tensile testing machine.

please refer to Appendix 1 tor glossary of abbreviations.

3. RESULTS AND DISCUSSION

Synergistic comC/nalto of nitrogen free OfXP (Robac AS100I end safer accelerator ZONC (Arlxsab Z) r,
synthetic polyisoprene latex.

Ministry of the Economy under NORMEC(X94M131A as a
food stuffs, alimentary products and dnnks,
the latex medium.

DIXP is empioyeo as ou

ZONC is based Oi. highl, bn>nched and longer alkyl chain safe, secondary am,ne.

It is hrghly in.olatile,
thermally stable and soluble in rubbers.

Due to tiie chemical nature of the ' Ite to' poto la“tiicelle.
hydrophiltic character resulting m easy migr oncure hioh effectivity as an acc”rator.
irot" rn itV rXsSLTproduce

Robinsc»i

a 35% d.parsion ol ZO.C showing ve”
particle size distribution. (0.2 -1 u).

Numbef (BacKgrouod. 230601 .«00)

Pawle Oiameief lum)
LC=0.52Slim UC= 1637iim (219y i(n



Parlide Diameter (iim)
LC>=0.526 lam UC = 16,37 ura (41446 jim |

ZDNC has undetgone Ihoiough toxicity testing and lias baen found to be sisnlficanlly less hazardous than
conventional dilhtocarbamate accelerators. (Contact Robinson Brothers Ltd (or details)

2DNC has been approved by the BGW in Germany under special category of recommendation XXI, articles
based on natural and synthelic njbbers.

3.1 Effect of DIXP/2DNC in combination on prevulcanisation of polyisoprene latex - surgeons
glove type formuiation:

Fomiuiation (wet wetght):

Polyisoprene latex (Kralon IR-RP401)

~}% K Coprylate 1.7
20% KOH 2.5
50%zn0 1.0
60% Suipliur 2.5
50% 2246 AO 1.0
40% MMBt AO 1.25
Water 80.0

Accelerator

1 50%2DEC 1.0
50%f BT 1.0

2. 60% DIXP 0.67
35% ZDNC 1.15

The effectiveness oS DIXP and ZDNC at 0.4 phr each in prevulcanisation of polyisoprene latex at 65°C for 6
hours is compared with conventional accelerators, ZDEC/MBT at 0.5 phr each, see figure 1. Measuring
percentage linear swelling in toluene assessed the rate and degree of prevulcanisation. ~Almost ful
prevulcanisaiion occurs when the percenlage linear swelling value reaches between 80-84.

Figure 1

Plo! of linear swelling against time 656C

Time (Hoore)



Efieclive prevulcanisatiors was found to occur with WXP/ZDW:; belwean 5-B hours at 65*C while ZDECA»BT

vias not as effective under the same conditions.

After 6 hours of prevulcanisatton. films were [lowed and dried for 72 hours at room temperature foHowed by
leaching in st*water for 4 hours. One set of filn:« were dried overnightat 30~ atxJ another set dn&d for 30

fninutes at 120®@C. Tables 1 and 2 respectivefy show tensile properties of the above dried films.

samples are E type dumbbell. Thickness t.0 - l.tnm.

Table J

All tenstle

Tensile properties of the films dned

overnight at 30*C

ZDECVMBT
at0.5phr
each
300% Modulus 0.75
(MPa) .
Tensiie strength (f"Pa) 9-58
Elongation at break 980

(%)

D4XP/ZDNC
at0.4phr
eaeh

0.77

>1050

Tensile properties of the films dried

for 30 minutes at 12CTC

ZDEC/MBT
at 0.Sphr
each
300% Modulus 1.20
(MPa)
Tensile strength (MPa) 12.0
Elongation at break 971

(%)

It may be mentioned that tensile specimens containing
jation. Tensile strengtti values are estimated.

DIXP/ZDNC
at0.4phr
each

>1050

DiXP/ZDNC not break due to high

“\Jables 1and 2 show the better tensile properties of vulcanisates containing 01XP;7DNC compared to
WBT although molecular mass of ZDNC is approximately 2 times greater than ZDEC.



3.2 mturation of polyisoprene latex at35V

DIXP and ZDNC in comlwullon (0.<phr MChj a'iTy'Agnificanl extent. ZDEOMBT
.ppea.d 0.es.a.,se 0=0.

extend at the same time. (Figures 2 and 3}

Figure 2

Changes in viscosity of compounded
latex during maturation at 30°C

Time (days)

Figure 3

Plot of % linear swelling against
time at 30°C

Time (days)
Figures 2 an<3 3 cfearfy show that effective vulcanisation of compounded latex occurred at 30“C with
DIXP/ZDNC combination after 8 days.

Atter 8 days of maturation, films were prepared as before followed by final cure for 30 minutes at 120"C.
Table 3 shows the physical prcjerties of the cured films.



ZDEC/MBT DIXP/ZDNC

300% Modulus
1.16
(MPa) 0.93

Tensile strength

1750 22,0
(MPa)
Elongation at break 930 51050
(%)
3.3 Discussion
itcan be seen from the above resutls that under similar techrrological conditions DiXP/ZDNC ®
more effective in polyisop latex p lo conventional accelerator A

More effective vulcanisation was found lo lake place during maturation at
that cross-linking of polytsoprene might not be p dependent
Time ol reaction appear? to be more important on affecting properties. Th.s could  due to me fa« t~
svnlhetic polyisoprene is purely non ionic and non polar cf NR iatex containing natural njbbe p
other semi polar products {eg TMTD). As a result the migration ol added sutphur and accetefatore « sJower
20the reTctS;. site. Since DIXP « rion pCar and ZDNC very weakly polar due to tong
more soluble in the latex medium resulting in better migration to the reaction site and herwe optimised
| properties can be achieved.

DIXP, although a sulphur donor, does not behave like traditional sulphur dorK.rs

Alunfs
piwiuces predorrtinantly mono and jdk: crass-link

n

Sross.linKs*using oherhfcal prohe ,echn.,ue = has lound “ A 0h " loAmjes

SJcn~a'r, nitrogen in Ks ohentrcal stn.ctue It ,s mtpos~Je to “nerate rhitrirnen
“as it is largely oonsumed during vufcanisation process leaving r« res,due 10 induce Type

anerg
sponse.

toNC . highly thermaly slable Jno deccm ., »n d S tt nZsa'e,

fe r:.r:”~" L e rr::« r T oS oS S ri-- ha.*us .erms 0, hoth ac «

micity and metabolic activity.
Lto,c lests on N-nitosdiisononfamihe show it .0 have negative metabolc ac,i»at«n and

lulangemc  (‘HRC RSN46W891630)

is no,

X K S ‘So .1S » S ¢ rs Id L X *“eS ‘?oallev.** heach conoerhs.t"e IV

“fgic reactions in particular.



E,,..ivi>v<.<CTOCdl.p«r.ion(Robo.=1)InNR/SBRla.axb,eod

PTOC dsperswi ot Rob»i «

(dibenzyl dilhio carbamate) also
dithiocarbarnate. Chemically PTDC is 2" -d.lhio(0«

ac,leralor and

known as SAA30 - wbch does ™3> S tc " rtamatas on a weighl lo weighi basis ailhougih iis

4.1 Results

u.oT npn ara ibe mostwidely used accelerators lor compounding

ZDEC and 2DBC in combirMtion performances are dilflcult to match by using other

SBB/NB latex blend. These are highly eflicient aM P regulated and harmlul nilrosamines in the
accelerators However, they can allergens. Hence there is a
products. Moreover, they are also ol 9 ' ~ 0, eliminate harmlul elfeots associated

demand for an accelerator to replace
with ZDEC, ZDBC and MBT, In this
examined in SBIWR latex and comi~red Jth

eHectivitv ol PTDC dispersion in combination with DPG was
it may be mentioned here that

sys”™
The {oHowii* lormuialions were examined:
Dry Weight
1 2
RRR latex (2720) 60 60
LANR latex 40 40
Potassium caon/late 0.5 0.5
KOH 0.5 05
Zno 25 2.5
Sutohur 2.0 2.0
MMBI antkwaant 1.0 1.0
ZDEC 1.0
MBT 1.0
DPG 05 0.5
PTDC 15

AU ingredients were mixed into the latex either as aqueous solutions or dispersions under slow stirnng lor
approximately 30 minutes. The compounded iatex was then allowed to stand for at least four hours. Films
were then flowed and dried at ambient temperature under humid conditions for 4 days. Films were then
tested for rheotogical cure perfomiance in a Monsanto Moving Die Rheometer at 1206C (MDR 2000) with the
following properties:

TSI T RH Mh
(mins  (mins) rate (ib-in)
) (1b-
in/mi
n)
Control
20 1793 0.2 5,5

(no accelerator)
ZDEC/MBT/DPG 1,73  11.93 1.4 10-94
PTDG/DPG 11 9.8 2.3 12.54



The pfsvioos table indicate that although the moJecular weighl of PTDC (698) i3»p«rsion is almoaj iwice
that of ZDEC (361), the rale and state ot cure associated with PTDC is higher than ZDEC s~lem on equal
vileight basis. It is also noled that ZDEC requites use of thiazole (MBT) to vulcanise eHectively.

New firns from the above compounded latex were then cured for 40 mhutes at 120°C and tenaile properties
iTieasufed tn the table betow;

pormulaiion

300% Tensile , Elongation

Modulus strength  Break
(MPa)  (MPa) %>

Control 0,52 4.5 >1000

(no accelerator)

ZDEC/MBT/DPG 1.27 14.2 520

PTDC/DPG 1.10 16,4 590

Vulcanisate containing PTDC/DPG showed slightly better tensile propenies.

42 Latex foam (moulded)

Attempts have been made to produce latex foam wrth the previous fomiolattons usmg tt>e method dtscussed
in Natural Rubber TechnKal Inlormation sheel. Lalex Series L42. 1981, In the present study accelerator
were mixed in masteitjalch and left to stand overnight al room temperature followed by exfanding the
orioinat volume to 5-6 times using high speed stirrer. Swelling agent, sodium Btlico-flu(* then added
and ttie foam stirred for | minute. Foam was then poured into the warm mould (30*C) and cured
minutes at 100°C in hot aif circulating oven. After cooling the mould the foam rubber was squeer”
remove excess water and dried al 70~ for 6 hours. Good dimensional foam structure v«s achieved ~ n
RobosolIDPG system (see Figvre 4)).

Formulation containing ZDEGMBT/DPG required 120 minutes curing
time to achieve the similar (oam structure below

Figure 4

4.3 Discussion

W XrcSTS "o arwlhN™SBtr:e«b .L canruccesstuiiy be produced usin, PTDC d”persion ,n
a shorter curing time.

In order to gain an insight into the

extracted (Soxhlet) " “ pTIR and UV Spectroscopy.
analytical techniques including HPLC, FTIH a
co,.ponentolP T

b~vanos

Neither the diam.noalkytdisulphide
M the e«lraots. However, the hexane extract

Cnor i.s"ss,ole denvar™ Aannn

showed the presence ot ZB K ahd " 3 dithiocarbamate »as observed. The resultanl

solution, Typcal brown colour charadwisk~"~ and compared with standard 2BEC solution m hexane

r.rirabrc:in”dsS "A"l 1 10" sSL~ns gaversimilar absorption maxima at « 0 - « 0 nm

indicating the presence ol ZBEC in the hexane extract



Figure 5

uv Sprm WPI>« «tben.yl di.hlocarb.™ te in hexana

re * 4 tiLro?2F T 7S Is » O, mbter articles in.anded <or repeated .se in con,aC w*,

food.

The above exTactien » » * tends 10 sugges, that during vulcanisation the dia*\inoaikyldiaulphide component
0i PTDC becomes integrated into the polymer networl< »h.c(i resists extraction,

Estimatnn cX the nature of CTOS-links in the pure gum vulcanisatres. using selective chemical proby,
fndisSSthel PTDC pr il produces disulphide cri link

cross-knks (approximate ratio of

with a lower proportion of polysulphd,c
ip ic to p. phidic cross-links is 60-40).

As PTDC becomes lully inleorated into the polymer network during vulcanisation

it is unlikely that PTDC will
migrate to the surface.

Hence it is highly possible to reducefeliminate Type IV allergic reaction uliteing
PTDC as an accelerator

Determination of nitrosamine in the natural rubber latex vulcanisates cured with PTDC dispersion did not
show more than 3ppb oi combined nilrosamines and less than t Oppb nitrosatabie amines.



gased on <'®above findings the foilowing m echar ol Atton of PTOC rs proposed

(CA.CAA-N""-I-|<;-CH,-CHi-S

2 (c.H.cHI-NG si s NHCHICHP

HHrC~M-CH,-S
» S.
2B«C TB«TD t )
acrar»{«wy*»«8mWf  >H-CH,-CHj-?
In pfbe<we of stsmemal S s. i
m-CHj-CH,—s
3 appig>ccrassitnics 3
JonT»Opertni*cutecrf W-CHJC)*—S
rteroraal sulphur 35, A S I
1 a9r>*commhning
j prtymer crain
. C - Rubbsr chains
/ Henble thean»
cfoesftnk encatlen dyrafT«; .
9KI thermal stabiliy - & Ruttber chain

General Conclusion

Th. p-esen, pape, .iscussas ..e

o< T»P|,
Wuslries, The three sale-

g Sy mhWse the concerns relaUog .0



Appendix 1
List of abbrevations used in text

Chemical Name
Zif>c diethyldHhiocarbamale _
20BC »ch Fjlbu(yldl\hloFarbamate
7inc diisononvlditl-itocarbamate
Dii .

p
' Primary thioaminedithiocarbamaie
PTDC

. Aq dispersion ining PTDC
Low ammonia riatural rubber!;
Styrene butadiene rubber
Zinc oxide
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DE-AERATION TECHNOLOGY AND APPLICATIONS

Johannes Popp
NETZSCH-F>| ik GmbH. i 70.D-95W Selb. Germany
Tel: -h49 9287 797166 - Fax: *49 9287 7S7U9
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biographical note

Dlpl-'Ing. (FH) Johannes Popp. NETZSCH-Feinm~scnnik GmbH, was studying machine constructton at
the Fachhochschule Coburg. Since 19B7 Kb is wortong at NETZSCH-Feinmahttechnik GmbH m the

construd'ion department, engineering and sale in Gwmany and England w»ihthe focai point mixing
technology.

abstract

Besides grinding and mixing i NETZSCH-Feil nik GmbH aiso manufactures machines for
the de-aeration of various products. With the NETZSCH De-Aerator itis poss*te lo simply remove
micnanised gas and air pockets of liquids with difierent viscosities or of viscous masses and pastes.

According to the VDR prmctple (Vvacuum-Thin layer-Rolatior?al procedure) different products with tow
viscosity to flowable masses are processed with minimum product loss. OeperKling on the machine size ar>d
viscosity of the products throughput rates of 50 - 10000 kg per hour can be achieved. The NETZSCH De-
Aerator can be used lo de-aerate both small quantities using changeable tanks in batch operation or large
processes in continuous operation.

A variety of in the food,
presented.

phar paint or chemical »ndustfy will also be

Introduction

When p liquid to high-viscosity pi , cause air or gas pockets often difficutlies. The embedtfing
ol air and so oxygen can lead lo negative effects on the product. These could be e.g. oxidation, fats of a s
becoming frowsty, discoloration or interiererke of smell and taste of the products and for coated matenals tt
could lead to porous and hdey surfaces. In contrast, de-aerated procfucts are normakly chenrscaity more
\stable and longer living.

Wilh the NETZSCH-Vacuum-De-Aerator it is easily possible lo conlinuously deaerate Ikiwable products.

~ Even micron.zed gas and air pockets ot iKiuids oi different viscosities or of viscous masses atrf pastes are
Aremoved with ttiat machine. The De-Aerator can be used for processing small quantities in batch operation
« as well as for large batches in continuous operation.

ct. 1: NETZSCH-Vacuum-Oe-Aerator



Machine Description
T, «KETZSCH.V«0=-A.a,on.”"
ccKtructto «lh

1P
ars inlegraled .n me macliine stand. W Ihe It- aes 9 m
»™ n,edin.he™ c...s,andan.so,..”

sw»ch bo« i5 also

opera,ion immedmlely after asserpbly. Addricnal spscia ~ p
arLdeoserw,h scrape,inhe- a ¢ u . m "

pans, automatic valves m the product supply or a g ~ B
provrde ,le.ib«y for the use ,n many fields of appl.ca.»n, Al, product-

wefted parts are designed in stainless steel

The th,t.ughpui s dependent on the product and ts

depending on the machirre size - from "nrnduct oer hour «ct- 2: NATZSCH-Vocuunv
to production sized models - between 50 and 10,000 kg product per D~Ae,ator DA 602

(see table 1).

The Oe-Aerator can be to -

roTat™vTe M mpruSiva

Table 1: \tachine sizes

Drive [kw] Throughput [kg/h]~
500-10.000

250 - 2.500
50-220

IMachine type
series 600 (601,602) 1B5
400 (401,402)

Piet3: Laboratory-De-Aerator Mim Vac
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Funclion Principle

Aiccording to the VTR principle (Vacuum-Thin layer-
Rotaliona! procedure, pict, 4) different preducts with low
viscosity to flowable masses can bs processed at a
minimum product teas. The continuous operation places
highest technical demands on the product feedir*g and
collection line with possibly leakage-free outiet.

The necessary vacuum in the vacuum chamber is pjoduced
by a vacuum pump. Due to ihe vacuum the product is
sucked via the product feeding tirw and transported to the
center oJ a rotating bowl. The product leeding quantity Is
adjustable by a valve in the feeding pipeline. The required
product layer thickness on the rotating bov~ can be changed
by an easily adjustable inlet gap.

Due to the cenlrilugal forces the prajuct is spread over the
rotating bowrl and hereby de-aerated. Because ol the shell-like
formation of the rotating plate the product is <xillected in the outer
area and is discharged out of the machine via a product pick-up
pipe. The product's residence time in the de-aerating chamber,
which is extremely short, is controlled by non-return vaives and
vaK/es- A very thin product film with a iarge surface is formed.
Thus itis guaranteed that the enclosed air or gas bubble can
leak completely-

Ret- 4: Fyrtdion pnricipie of the
r*nsCH-VOCLKjrvOe-Aerofor

Further advantages of the NETZSCH-De-Aerator include the easy operation, the urwomplicat«d and qu*ck
cleaning of the machine as well as the simple maintenance. Furlhermore. a quick product change at a
minimum product loss is possible. Depending on the product viscosity the compact machine require no
additional feed or transfer pump and can be arranged in series with a lilling machirw to accommodate
shorter production times direcUy from a mixer into barrels.

Modes of operation
There are different modes of operation how the De-Aerator can be operated.

In Ihe single pass mode (piclufe 5) the product s led to the machine «a the graduated inlet valve ol the
machine. The product is then de-aerated and evacuated into ttie process vessel

Pict. 5; Single Pass Mode



™ de (DiCture 6). Like in the single pass mode, th,
Il one PSM i« not enougtijoo and is then cie-aerated and evacuated into

Meiivrer™T.mLnrpi®

mrough the De-Aeraior once mofe.

Pic!. 6: Mufti Pass Mode

An automatic discharae (picture 7) o( tlie NETZSCH-De-Aeralor is also possible. In this operation mode tile
discharging of de-aeraled product takes place as described above. If the container is full or ari increase ol -
the pressure is being noted then the product is recirculated until a new container is put in position or the line f

pressure dn:"s.

Applications

The NETZSCH-Vacuum-De-Aerator can be used for example in food (e.g. sirup, beverages, peanui buUer).
coamelics (e.g. soaps, hand washing paste, shower gel, toothpaste), pharmaceuticai, paint or chemical
ir<3ustry. The machine is being used lo de-aerale products like inks and paints, printing inks, seaiing massed
adhesives, plastic, lubricants, and latex-compounds.



in watery aging protection dispefsions, the conJained micforsized air must be removed lo guarantee a
consistent viscosity of different batches. Here, the product may not b« negatrvety influencwd in ttie dsr
aeration process neither regarding its store staljiJity nof its particle size distribution. Picture 8 shows
mkjrosGope pictures ot a dispersion sample before arkJ afterthe De-Aerator. The use ol the De-Aerator
additionally provides lime and s(Mice-savirig as a direct fitting of the dispersioft into the corresponding sale
turrets is possible.

Piet. 8: Sample before de-aeration (left), middie and right: sample after de-aeration {3000 kg/h.
50 mbar abs.. different adjustments)

The following pictures show a lurther example’. The de-aeratton ol a shower gel. While ongk«lty the de-
aeration was achieved by leaving the product, the compan/s benefit from the use of the De-Aerator was
sarirsg time and space

Ret-10; show”get ofterde-aerotion
Picf- 9: shower gel before de-oerafion w"e !






COMPOUNDING AND MANUFACTURE OF
THIN-WALL LATEX PRODUCTS

Ray Russell-Feli
Retired RuKwr Techtwtogist

biographical note

Ray's career in dipped rubber Jschrtotogy spans 50 years. o( which 29 were in London InJematKjnaJ Group's
R a D Division, developing latex compounds and process methods, unt« fetirement as Senior ~entisi m
1991 He has researched and published several articfes on reduction in the allergenic poiential
rubber products, and on olher aspects of lalex lechnoiogy.. He was a member of
Standard Committees for 38 years, and the Medical Societ/s Contact Demialj|S
invitation, a co-opted member ot an Alf-Party ParHarrentary Group on Skin
consultant to Thailand's Dept, of Medical Science (1993 -
advising on quality impi 1t of locally

siun-cortact
SA"ei978. ~so by

1697), and to the US AID Program (1999 2003).
ed & imported f*RL medical products.

From 1957 10 1963, he »as Technical Manage, ol the ChWester RLibber Co KIS ss foi
value natural and synthetic dipped and press-moulded rubber products were manulactured tor ih ry
Defence and other critical applications..

abstract
Chemical aspects ol raw latex concentrate t-ots need equal consideration with

“ ZSllyg~ntitlable method ol chemical statc,., " t
compounding ingredients, and heat versus

useful aspects of physical test result interpretatran are also illustrated.

JNTRODUCTION

An attraction of NB iale. tech~logy is
can be used to make products with a range of specihc p ~

JAnA

P delivery to dipped
-Sriir.e??2t*s

procSal ~ s pcssi.e to set
guidelines that reduce manulactunng problems.

Synthetic rubber ialices have more
apply, particularly those which affect _ hose test results will create a yardstick ~ e n
a possible cause when problems anse.

CHEMICAL PROPERTIES OF NRL CONCENTRATE

Apart Irom obvious interest in rubber

“rerricrstaMity'is usually retegated to the background
stability time (MST) to be the most .ide thekenirig lime - were PAOKA'V
possibly because time-consuming “la,,e chemical stability of latex

only practicable route to

mad, fn.m it, and indirectly also inlluence product
SuaS:du™ rHe:%ranLlion,someasuremen.o, lishighlyad.tsable

Technologists often find to7xcessi»e ol *
production, and few have ~ a ,,,.lorm layer, it is necessary lor the ~
~“h2dr::X"s fo™ ~tSnls ,.ss""« the suhace ol athm, straight dipped



iomiXxoi

fraooed moisture wtl subsequently cauj®

tMic» rubber parades bek>* » hav* occur .0 coaguiant-d.pped priucls when ,n”,
ger .honkag. arri bLaers; in rolled cuffs (Beads) ot *
swapped mootur® tums to steam during J A~ ~Ani  Excessive chemical slabtliiy of ihe laie, ,

gk,,», bSMered bMds cn MMO IMmig <lu™s
SITthan mechariKal laud, ts a common cause o( that de eci.,

- I- 0,7K,i,iw find sleclfDphoretic mc*>iiity modifie

PUEM,shed research by Btacktey f ° ~senSal minimum is presen! - the particle’s charge
various chenw:ate cor*luded that - " iectroMe-mduced decrease orstabiliser-induced increase
chemical stabtirty) can remain unchanged ~sprte y ~destabilisalion is due pnmanly to change
in «s mechanical stablMy, * * Blackley visualised latex particles as bemo prateclH
nature atxj extent cl the particles ,ay, ol water molecules at the interlace betwee,

aga«»| mecharacal destabilisation by a ~ h ~ bo si,es that confer negati,

MSTs can be affcial™ changed without varying that charge

2 u ~ K., K*Ki.«An onP-nuarter and one-half of the ammonium salts of non-volatile
a ~ n » i NBt“=ncentratLre o, a lype Ihal would be expected to be adsorbed a,

HEUC A
the rubber-aqueous interlace to contnbuta to Ihe particle s charge

.. u ~ itB rhpmif-al stabilitv whilst extent of its surface hydration

ions fZn”) in NR latex (i) reduces the particles’ chemica! stability, and (i) the resulting particle aggtomeraiior
"rifes U vralshrbiia ~nd measurable reduction of .a,ex’ mechanical stability,

Using that principle | devised a rapid, numehcally-quantifiable method to measure chemical stabil®
differences in NRL. The method involves a smalL measured addition of weaM0.025M) zinc acetate soiutioi
to a latex sample prepared, proportiona! to its total solids content {Table 1). as for the same Lots MST test. n
the latex the zirve acetate rapidly i to form im acetate and release of a finite quantity:
free, divalent Zn“ ions. The Zn" ions are rapidly adsort>ed onto the rubber particles’ surface, reducing tm
chemical stability by an amount that reflects the level of the particles’ onginal charge (its chemicat stataiiify
which can then be measured by running an "MST* test on the treated sample. Time taken in that - wliich
term Chemical Stability Time (CST)- can then be compared vlith the Lot’s original MST. and expressed as
percentage of the latter.

Examples at bottom of TaWe 1 show that an NRL Lot with an original VFA of 0.022 and 1030 seconds MS
gave a CST of 550 seconds, expressed as 0.543 of the original MST. Another with VFA of 0,032 and 107
seconds MST had a CST of 686 seconds, expressed as 0.641 of MST. in dipped manufacture of NR
medical gloves, latex Lots with "CST' values between 0.450 and 0.550 (identically compoundei
prevulcanisgd and used under the same conditions) produced significantly less product quality problems Iha
those with values significantly above 0.550.

1recommerid manufacturers of “straight dipped’ or coagulant-dippedl. thin wall NR goods to try this test ar
note the range of raw latex CST values most suited to their current formulation, rather than judging Lot quait
by MST atone. And. if the only available latex yields a higher than desirable CST value, consider reductior
a formulat*n’s added chemical stabiliser or a marginal, circa 0.10 pph/DRC increase in its zinc oxide conier
The lest IS equally applicable to Low- or High-ammonia NR latlces

METHOD

For the Control, weigh 100 gms of NR latex concentrate and add to if the amount of pure water needed
reduce fts solids content to 55% (see Table 1. below). Take a further 100 gms sample from the same lai
and add to ita combination of pure water and zinc acetate solution of 0.025 Molarity (M) to similarly reduce
solids to 55% (see Table 1 below). Place each sample’s container in a water balh of 60°Ceicius temperaiu
and gently stir to bring the contents to 37°C, and maintain Control artd treated samples at37°C for 15 mmui



allow equtHbrium tn the latler's Zn** icms release. After 15 minutes. (iHer 80 gms of ewti sarr\pte ttvrough an
inert line-mesh filter (such as Terytene voile) into saparate Klaxon machin« test pots. ad ¢~ u «
mechanical stability time tests on each, at the spectfted soeed. Compare tfeai&d sample’s resi® (CST) wth
that from the control (MST) artd express the lormer as a perwntage ot the tatter.

Total Solids Conlsnt  |K) 3ms MST ConUol (&>

to0 gms CST sample <b)
Water addition (mts) Water add. MI8 * 0025M Zinc Acetate, mla
9.1
10.0 9.2
61.0 10.9 9.3
61.5 11.8 9.4
62.0 127 9.5
62.5 13.6 9.6
63.0 14.5 9.7
63.5 15.4 9.8
i Csx
Smbmfyc:,a,::?;ﬂsn S(;:br:ﬁlr;‘?iarrl\e (CST)_ MST
lot 1-618%ts 1030 seconds S60seconds
LOT 2- 625%t's 1070 seconds 685 seconds

content, and Lot2 of 62.5% total solids and 0.032 VFA..

COMPOUNDING

~  aqusous
An imponant aspect of co,-r.pound.ng natural

sifgh”~r'Ttova S of tte “alex- Ato

aggtomaral»n around tfie ralatrvely lanj ..evutcamsat.on
That may not in»all, be dirpinMante,

X “repaVeTn.LirolammonBtedwAArnn f* s s 'ds

Ot de.on.sed waier® In jhcwstng potertiatly allergenic accelerator(s) to a """ A~ rtjam ate (ZDBC) are
consideration should be hirSlated accelerators - such as zmc dtbiHyl . (ZMDC) of more
Agency have recommended f that the potent.ally mutagen.c methylated (ZMU

,.e.or..a.onand
quant:.,0o..ce,erator.ed”-~"

‘“r.1lnSea;i* “ p~S‘-eterator contentand vut«n,saton te®rature.



oroducJs (Mtfi unaccepiably higher acceieretor residue and shorter shelf We {See Figure 1, Vutcanisati<
Chapter) But. dithiocBrtiamate accelerators can in be boosted by synergisfic action of a small (one-ieniM
mam acceieretor content} amount of a m@©rcaptober>zthia2ole. such as Zn salt of a-mercaptobenzihiazoj
offering a route to reduce ihe mam accelerator. Analysis of the resiOual accelerator content of skin contj
products Should regularly be made, and levels reduced wherever possible,

If optimum pariide size (circa 3 to 6 micron) can be achieved, tnat may also assist reduction m the amountJ
accelerators used: at cAtimum size, these chemicals have maximum activity and lass prone to loss ihroi
fall-out in latex corrrund Reserves or dipping tanks

PREVULCANISATION

The bask: melftods of prevuteanisation are, {a) slonng compounded latex for one or more days at r.
temperature, or (bl heating it as high as 70 °C for hours rather than days, then rapidly cooling it when sufficiJ
cross-linking has occurred. The SweJling Index (S.1.) test - measuremenl of the extent ol swell of a thin, driJ
but unheated latex test piece placed in toluene - can rapidly but quantitatrvely assess extent of that crosi
linkage. It may, however, be of interest that the S.I. test can be similarly used to assess the self-vulcanisatkj
level of acrytonitri iene ('nilite*} iatex , using 2-butanol instead of the toluene.

In room temperature prevuteanisation. NRL compounds can be prepared each day and used after 24 to 7~
hours storage, dependent on formulation, if use is delayed through breakdown of a dipping line, causing i
prevuteanisation ieve! to go beyond optimum, it is usuafly possible to adjust its S.I. by blending into it sc
iess prevutaanised compound, taken from a ‘younger' batch intended for a subsequent days' production.

An alternative method involves use of large particle size sulphur and accelerator, in quantities adjusted tt
present an equivalent particle surface area to that of ‘normal’ {circa 3 - 6 micron) dispereions. The NR*
compound is placed in a stirred, cyiindrk:al vessel which has a conical base that contains a discharge vaivi
and is skjwfy healed to and maintained at 70°C until it reaches a desired level of prevulcanisation. Slirrin|
and heating then ceases, allowing the latex to deposit most of its sulphur and accelerator residue into thd
vessel's coneal section as it cools, subsequently removed by discharging to waste a few litres of chemicar
rich latex via the valve in the cone’s base. This type of low-sulphur, prevulcanised latex is sometimes furti
refined by centrifuge.

AntkDxidant and other ingredients are then added, and the resulting compound has a very slow rate of furll
prevufcanisation. Itis particularly suitable for processes that have small malehai throughput, and proprii
compounds ol this type (and of various modulus) i i .M e of dipped goods n
from it is less critical lhan iwlh ioral NRL , and Its opti physical strength can b
gained at relatively low vulcanisation temperature.

DIPPED PRODUCT MANUFACTURE

Again, latex technologists will be fully acquainted with the two basic methods - the 'batch’ and the continue
line system. Each has advantage and disadvantage: the batch system allows variations in a cycle, but le
consistent production, whilst the continuous process usually has higher output but its fixed parameters c
rapidly result in large numbers of defective products if the coagulanl or latex compound deteriorates ora
mechanical malfuncttcn occurs.

In manufacture of dipped, thin-wall NPL goods, it is important to maintain correct wail thickness and thickni
distnbution. tor reasons of product quality and material cost. In Batch dipping, it is possible to vary not onl)
coagulant strength and iatex compound" viscosity but also the product moulds rates ol immersion, “dwell
time and withdrawal from the latex, to gain or reduce the products’ wall thickness.

Moulds on the majority of continuous dipping productran lines have fixed rales of immersion dwell time and
wUhiJrawal (rom the laiex bul, tor shod-dwell dipped goods (s.g. medical gloves) il is possible to devse >
screw-dnven, movable mould wilhdrat«al section that permits hour-to-hour manual variation in dw»BIl time."
the line speed is rwt too fast. The movable section, when moved toward direction ol the production cyc«
e«M s increase in the moulds latex immersion time and - conversely - a reduction by movement in oppos”

Pap«
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There a«, however, efiective, vegetabte-based
ieia~ dafoamero, pnmarty for th« Bntsh textite induslry. whKh work squally wett in latex
" «nQ on

no~oniamtnale roouWs. A well-krwjwn latex detoamer of this type »s availabta
in Beveriey. Yodcshire. n
ffrtxTIsC™ r

with substantial influence on dipped product qualrty is ttie ialsx compound's prevuteansiatton level; If

r ivanced, through p ion delay, it ts advvsabia to frodHy that by blending in less-
' feaniseO compound until samples indicates rts Swelling Index as near to norm” WUhogl that, product

giP~~ne wilt be greater and - in productran oi thin medK») gloves -

mechameally rolled cuffs will tend lo
11 ypeven and develop a deiect termed ‘creased Beads'. If moukJs carry a pattern, excess shrinkage
1 “~ang yulcanisation, can result in its ‘double-image’ on the finished products

. rpviously mentioned, excessive chemical stability of latex axnpourxJ can adversely affect product quality.
v

-piq the surface oJ a thin latex coating to dry before its underiayer. Then, wtien areas of retained
Anre eventually dry, uneven stresses are set up in ihe rubber gel. and the surface above those develops
iwst deepen during heal vulcani~tion, in relatively thicker, coagulanl-dipped products, the get's
rfesw'® normally prevents that but retained moisture may still cause blisters in gloves' rolled cuffs during
fc*Anisation. A ‘first aid' measure is lo slightly raise the dipping tank's ztnc oxide content but, a a smatt
"red~tio” qf a formulation's supplementary chemical slabidiser is better longer term action.

VULCANISATION

Thk criticai stage of dipped product manufaclure requites optimum balance of time and
« any departure from that can adversely affect product (?ually. ts peHo”~nce ~

S?peralr™ A"+ is invanably de.nmental lo Ihe limshed products’ proped.es,

Heat yulcanisatior, progresscely

mmmenced in the compound s prevulcanisatmn, Dunng nM1,n~
theoretical ‘peak’, and ttie optimum isto end . e, tallowing months, reaching that
before that peak The nibber's strength™ » h o w e v e r , vutcanisatn heal .s
peak and then -educing down a .ery shattow P®k, commencng the dowjrard

Mmewhete 10% to 15%

layon t**s«e s.des oMhe Jhan ‘B’ t««use it* * A “~"Lher aspectis thal
ageing (168 hours at 70 C) A way down !. An inte esti® ~

Sin~;lontar"earorproduc;s AAANAANAANAAN

dumb-bell lest pieces and test method IEN 45b."



Manufacturer “A™

Uses heat gradient of 90° ->1t0°->
->115°->110°-> 90° C over ten
rt*notes to vulcanise natural latex
aAber Examination gloves.

Achieves an inrtial tensite strength
o( 23.5 MPa & 770% Elongation at
Break. toward a theoretical
Tensjte Strength ‘peak* of 26 MPa

During 168 hrs heat 'ageing’ al 70 ° C
the maienal's tensile strength rises,
passes its peak & decreases to 22.5

Manufaclurer *B"-

Uses heat gradient of 90°->115*

-> 120°- >115" -> 90~C over 8..5

minutes to vulcanise identical
NBL Examination glove s.

Achieves a simtlar. circa 24 MPa
initial tensile strength & 780% E.b.,,
but at a point 8% beyond its 26 MPa
Tensile strength "peak’.

During identical heat ageingthe
material strength of "B" lalls to 18 MPa,
a substantiaRy greater loss than with

MPa, little changed from its Initial 'A*; and its Elongation falls to 700%.

Strength And. its Elongation at
break rrs” to 8'10@.

INITIAL & HEAT -AGED TENSILE STRENGTH, (MPa)"

itiai Ef( ng. a.b: 770 %
fired Eh)ng.a.b: 840 %

6 8 10 Minutes 6 8

10 Minutes!

Fig. 1 The graph "B~ illustrates adverse effect of excess heaton the potential
shelf-hfe of dipped NRL Examination gloves, where a combination of increased
machine speed & vulcanisation temperature was used to increase output This
contrasts with "A", vulcanised at lower temperature for optimum period
GLOVE PROCESSING
Final processing determines important features ol medical gloves. Not least is ho«; . i
gtoves on but. of equal importance, is that the process should also reduce the 1
synthetic rubber) gloves to a minimum a'lergenic potential of NRL (<
There are two liTDes of allergenic contact reaction to rubber gloves. The most Duhiiric ~ « -r @
urticaria (Cli), often termed “immediate” because it usually occurs within minufoc
gloves, and disappears almlest as fapiely after taking the gleves eff. This reaction is t
natural protein in NRL and, whilst it usually causes only temporary discomfort in fort, n
lead to life-threatening anaphylactic shock, similar to that experienced by people whn 1/ A cases it"
to peanuts. Fortunately, as in treatment for the 'peanut reaction’, it can be ranirtiu extreme sensit"*
a suitable adrenaline compound., ~ remedied by administenf

tf hours of donr-rg
fraclions
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CU occurs in people who either devetop or have inh*.rom
iracliofs; several peopt® with Thai sensitivitv also
) or to contact with animal fuf thouoht due
SulLr/ is Ihal inhalation of pov~e °f’>um . ™.blo.h, ru»«
f.0iinn rtciptoMRi nrnto i 081

full ioves has been (clenitied as a roule of lodividual
5e,s*sation, due to NHL proteins adsmbed onto 9fo,e sla«:h particles that subs«,«™ i, become airtme

sefAivity to one or more oS ths NRt proJBin

The other allergy NHL aikl symhslic r.bt»r gtoves allKe isterrr.ed a Type IV, oelayx. allergic

hbtrolove? for m a"Ce, a mafcal worter may wear NRI. or
other TuBBer Bioves 197 momths or years without problem, until Their SKin's. defence mechantom: 1o lofiger

accepls contact with he potential allergen, triggering a that - on tconlas ~
causes release o histamine Irom the skin's masl cells al point of contact ™ih the njbbsr. and a consequent
erythema. Il daily contact with the allergenic product continues, painful skin eruption can develop and an
aHected person will eventually have to avoid iurther contact with it. It is said that, whilst DAC reaction to
rubber never ktiled anyone, it has ended the prolessionad careers of sensitised hospital Theatre staff wtwse
work automattcaliy requires then” to wear rubber gloves. Those on Ward duties can, however, usually ctiange
10 virtually non-aliergemc vinyt gkives, whilst sensitised Surgeons are sometimes provided with (expensive)
gloves made from a styrene copolymer that does na require chemtcai acceleration

Fortunately, sonie process methods can significantly reduce both categories o! allergen in NRL gioves Most
effective is chlorination, in which Ireshly-made gloves are subjected to concentratrons of chtonne gas in water;
this not only modifies the mbber's surface and enables easier donning of gloves, but is also an effective
extractant that can reduce residual NRL protein to below 50 micfograms per gram of oibber {50rrcg/g)
also reduce accelerator residues to below 0.15% w/w and. at ttiat level
gioves do not provoke a skin reaction,

it can
, many sersrttsed peopte ftnd the

atings, such as p (PU). have been developed and applied to inner or both surfaces of

medical gloves, as an alternative to assist glove donning. Measurement of coated gloves' residue protein (by
the modified Lowry method) has shown levels apparently betow filly micrograms per gram of rubber (50
mcglg) but - so far - it is not known if coatings consistently act as a barrier to allergens during gtove use or
merely restrict protein extraction from the relativety untlexed gloves during that test.

Some manufacturers rely on extended, water leaching of NRL gtoves to reduce residual protein, and levels as
low as 70 mcg/g have been obtained- But. it is necessary to achieve well below SO nrjcg/g t>efore the gloves
allergenic potential is significantly reduced, and leaching in waier does not reduce accelerator residues.
Leaching gloves in ammoniated water has been tried but has disadvantage of reducing the antioxidant.
shortening the gloves' potential shett life.

Whaten<er process methods are used,

reduction of allergen content is of major imponanra B
intended tor skin contact.

In recent years, successful Civil actions against hospitals
were brought by staff who either ewenencsd an anap'ylactic contact reaction, or had to give up wortt due
allergic contact reaction to medical rubber gloves

STATISTICAL PROCESS CONTROL

The low price obtained .or mass-produced ~S~'arSid~sSaM

air-inllation testing each glove uneconomic. Ins . p Single-use Medical Gloves) which -
packing the gloves. But. the 8 455 ~
OTongst other aspects - ~

, ..evant factors needs to be applied through~t gtove

s°J?o0X:°c:mpoundin'" - i P-ssing. il that quality level is to be achieved

Statistical process control (SPC) “ mmench by semngA~nnn
every aspect of » M "AfS % AT ffo~f,e X n from holes, but gloves are no. individually
“ Sd"':Itn a” eTn~hre be AOL 0.65 with an upper limit a, AQL , .0

SPC .quires continuous product sampling an<f-.g . eye "

inman.ac..n J
productiin line but from lale« ti able to trigger a pre-agreed course

<3i.s?g
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Und& 4 hi§ino® heasired fand usuatly «@+9bed), and reram Mta

L Eeramicm o ZTtny”? s

wenalty Joitowed by walel-lesung the sampie, similarly recorded by fhose «
retevanl plant condrtens ( 4 o e @0l sulls communicaied with  equal rapatity
Charge of prodocticn fines. Each test fmist be devised togwe  rapid resub~ ity

toih ~e wfK) can to use the informaion to correct a process or matenat c.‘levrmlun.

Analysis of test data arxl its cornpanson ts ATa

©stablsh mater~a) and manufacturmg condrtions that 3 jj . g corrective actiorv directly tea
retativeiy short step to irnplemen! a programme that automatcally en.tates corrso

results shows a deviatton rar a pne-estat*shed quality limit.

SPC.0..s.ing L« has to « Roves’
recortctle fts results with detect levels found at earlier stages of a

fTAnofacturers objective shoukJ be to {i) consistently achieve glove Lots of AQL 0.40, wth (i) an overall
monthly mean within AQL 0.65 and no Lots above AQL 1.0

The speed o( modem production lines is such Ihat, If delects are not delected and "
possible lime, a large number of gloves will have to be scrapped or - worse - pass throughthesystem and|
Stentially result in serajs complaints from hospitals or others lhat receive them,| In these days ol|

increasing litigation, product quality must be paramount

“Mechanical stability of natural rubber latex’, Blackley D.C.. Loha S.. & Twails R.
Inten~tional Prim er Conference. London 1978 i
* “Ptastics & Rubber: Materials and Applications" Caiverl, K.O., 1977, 2; p.59
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abstract

linilkp the chemical <bottom-up" process ol the gas or liquid phase, wet line grinding on agitator mills is a

process Irom top to bottom. Slarting Irom a size ol some microns, suspended particles can be ground even
10finenesses oM O -100 nm.

The main demands on a modem agitator bead mil lor a grinding task - even down lo 'f*

11 the eHeclive transfer ol the kinetic energy lo the grinding media in order lo a ¢ ~ w

Snsitv A further requirement is the continuous separalion ol smallest gnnding beads, that are ept
the grinding chamber, from the product How al the outlet ol lhe m1L

inside

fo im nm Besides the machine, a variety ol

1 will also be pr nted.

, process technology ol agitator mills - General description

[ Agitator mills are composed ol a

S
[figure 1) mostly cylindrical tank tilled up ™ |
L Ling media. For the most part, grin* W »
iglass or wear-resistan| smocih body
Isuitabie agitating elements, pegs The

mcauses an intensive movemani ol the gm

m-~ucl suspension is
inding chamber, the suspended sol
" cbpersed behveen the gnridng
“lision forces. At the outlet ol the
nding media and product to 9
parating gap, separating sieve or a

riJaTrAls areXshed
separation ol
Jia a

separation

Figure 1 Pr«iple of or. agitator mill
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The devaJopment of One grinding

Sff>c0 the (rtfoduction of the anmion mil! in Ihe
fiffigs. w« grmding cxi ajKatof mtte has been
COTtinuoosty devetoped (see figyre 2). Two
importani targets wefe to leave the balch process,
as practised on bail rmRs or on attrrtion miits, and
to achieve a contirjuous flow through the systems

This is synonymous with a reductron of grinding
chamber volumes ar>d an ir>crease of votumetnc
energy inputs at the same time.

A further target was and slit) is to improve the
finenesses achieved. At the begirjning. finenesses
of were sufficient for paints and printing
inks whereas these days finenesses below 1 urn
are requested for high-qualtty products

This progress is achieved by using smaller grinding
media and by making the necessary modifications of
the machine and its handing, activation and
separation.

Theoretical basis

The theoretical basis of gnr>ding techniques on agitator
mills  were worthed out at the University of
Braunschweig"~ it was found that the transferred
grinding energy Esp (Eq. 3). which is necessary for the
grinding process, is proportional to two basic values
namely the number of loads BZ (Eq. 2) and the load
energy Bl (Eq. 1).

The load number increases by a quadratic factor with
the ralio o< the initial particle size to the grinding media
diameter. If the particle size X of the product to be
ground decreases, 1t can be compensated by using
smaller grinding media in order to get a load number
which is high enough. At Ihe same time, the load
intensity decreases in a ratio to the bead mass if they
collide against each other. Up to a limited degree, this
effect can be balanced by higher load speeds.

The conclusion is that the limit of the fir

be

Figure 2; Development of NETZSCH Agitator Mfe

@D

[SY @)

®

is set by ihe necessarv load enerov

cause particle breaks - and a high enough load number whichmainly depends on thogrtnding  media



orinding media

values gained irom experierrce for the
fatio between grinding media size and
product particle size are between 10 and

for dispersions or disagglorrterations
and between 10 and 10 lor the real
ccxnminution. These values show which
finenesses are generally possible to
achieve (see figure 3). For real
jB@Timinution, average firenesses of
approx. 100 nrri are possible whereas 40
fKfl can be achieved when dispersing. The
necessary grinding media size is 0 0,1 -
0.5 mm.

Il is important to see during ghndtng that
Ifie product to be ground is not
contaminated. Therefore, suitable
materials of low wear rates and whose
abrasion will not influence the product
quality required have to be used (see
figure 4). Generally matenals as sand,
glass, ceramics, plastics or even steel are
possible and available in all sizes
required.

Piaille ot
Quartz seocl_

Ottawa sand

Glass

AJd,-(SB.9*) =«
Aljojvzroi =
Zirconium silica *
210/ MgO + sCabilteBiJ
2r0j/ CeO - stabilised
2f0,/YjOj-sIB6iUSed
Steel Shot

Steet

Figure 3; firveness independence on me grinding
media size ond running t"e

0.9-2.1 0.1s
265 -0
265 02 -0
25 P1 "
a5 10
36 *
37 E c:
“55 .
V-6 2
s 0 . "... -
70

Oecreas« of quaiRy

Figure 4 JudQemen, of d,ffe,en. g-«id,ng -egcdir®



Modern agitator m»«»

The rriain demarxSs on a modem agitaior
m«i for grindmg to Ihe nano range are the
effective transter ot the kmeic ervergy to
the gnndmg media in order Joach/ve the
necessary toad intensrty and  She
continuous sepafatran ot the smafies
arinding I>eads from the product llow at
the Oirttet of the mill. Peg agrtalors (&ee
figure 5) with agrtatof pegs on the rotor ci-
on the chamber are best suited for h.gh
power densities and viscosity-*ndependent
transfers of energy.

The capacrty brought to the product is
almost completely converted into heat and
the produa must be therefore cooled in
order to keep the temperature limit set for
the suspension- As for the gnnding media,
an optima) choice regarding the gnnding
chamber material must be made to avoid
contamination of the product.

MOS, important lor continuous

Smis tea”n

me flow forces of the product suspension.

only cen,n,u,ai sepa,a..n, sys.e.3 co.a into question

Figure 5; Circulation grinding system *ZETA™

gns 's
.ecause o, t.e necessa. s.a, ,ap

centHtuga, .otces counterac,

FiQure 6; Agitator bead mills ~
high-speed circulation mill LMZ system ZETA™ (left).
labofafory mill MSSTA/? (right)

Process types

sn general there are Ihree process types for
continuously working agitator mills- Simpler
products are ground in one passage (see figure
7) if possible. However, when grinding in to the
nano range, a very high specific energy input is
expected for which one passage would not be
sufficient. In this case muiti-passage grinding m
pendular (see figure 8) or circulation operatton
figure 9) will be applied.

figure 7: -Single-possage’' operation



Figure 9'."CirciJof" opefolion

Continuously woriting agitator bead mills from laboratory to production size are used Jor a variety of

applications, like for example for crwmical preKJucls. inks and paints, pigments, inorganic mat®nais/rtr>efals,
sealants and adhesives, ceramics as well as in life science for phar food or icai
applications.

Grinding in to the nano range on agitator milis was first employed in the paint and printing ink ir>dustry. One
of the most difficult requests is to produce jet Wack automotive paints. The carbon black partwle
agglomerates are of primary particle sizes between 13- 20 nm. They have to be dispersed arxJ statwhzed In
a (ormulation to achieve the black depths requested.

For quite a tong lime il had been supposed that the so-called chips quality of packaging printing touW
not be reached by gnnding techniques. Only gnnding processes in to the nano range have rwlaced the
original manutactunng techniques.

In the meanliine, applications considerably exceed llie onginal range and especially lot Bo science the
possibilities are diverse for nano-grinding.

Figure ° REM-absorption of

Figure 10: Depiction of absort)ing phornxjceuticoi ¢

active substances



Pmcmung pigmsnls often damanOs a very i™
gnmfins. a frequently <,39d ptocess type, has a hi# energy

Gfinding £n an ajitalor mil by using sellable sudaoe-acWe
porwnls (see I"um 12) #nwonmen“a«y Inendly and at a tow eneigy wquirement up to the final

swonment
n L? ?2"® '=»

requested (see figure 13).

¥ MV

Conversion

Figure 12: Deptcfion of dispersing figure 13; Grinding process of

onc3 converfing phfhalocyonine blue phthalocyanine blue
Summary

Suspensions ol particle sizes be)ow 100 nm can be prepared on modem agitator mills. However it has to be
dEStinguished between real comminution of primary parts and the dispersion of agglomerates An essential
~im when gnnding nano products is stabilizing the particies of the suspension which has not been
described in detail. There is an extensive range of applications for nano grindings in various areas and a
further increase can be exped«j in the next few years.

ta~rtant fevelopments can also be expected for the grinding technique both for the materials ol mills and
gnnding media and for grinding and separating systems.

Literature

Course and Gnnding and Dispersing on Agitator Milfs
Research and De.elopmenl: 11 September 1999, Institule lor Mechanical Engineering, TU Braunschweig

NanoCrystal, Tech™=logy for Poorfy Soluble Drugs, Elan P utical Technologi
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abstract

The presentation will give you a insight view into a modem latex pfoduction site and an tdea how poiymw ad

colloid Chemistry is converted into industrial processes. General figures are presented and diiterent
techniques are discussed.

The artol latex production ies in allowing the latex palictes to grow white praventing the
exp~ding parl.cle surface area from breaking down. Atthe same time, by t*end
ol particles pe, unit volume mus. have been produced .n Ihe
Srticle must also be adjusted lo the intended application by appropnate means, without adversely acect g
either of the two points mentioned above.

work.

INTRODUCTION

Thel,.a.or 0. a la.e. par,cle co,s,«s ol
nowadays be modified as required
surtaces”nd hence lts

~ adiusted by means of the chemical and physical
w7

The softening point ol the polymer,

another and melting logether glectro statically charged or long-chac

are finely bonded to the particle. They may

and water-soluble. partctes
If the substances are charged.”the

like
move too close together. they re

rrSecular
mrharaed parties there are unc 9

to one another,

poles of ,»0 magnets. On f Tmos s »«

chains that prevent the panicle
Forthe same reason it is almost in
shell breaks down, however,
Oiagulate so it that happens, the prod

ue lorthe P=1'C»“ J™ 0~

particles

\ne latex is oeiria
pe used.



The«artof I * produclon lheretore lies m o' tte process ft

on US expaiKiing particle surface area from "9 in Iha corraol Biza. The insida of ,t,
correct number o< paitwles per unit voiume must i*vs been ~ means, without actversely atlectif,
partkJle must aUso be adjusted to the Wended appi*cat®n by approprote mea iin

eStwr o< the two points mentioned at>ove-

“Uteir comes from the Latin word for liquid or miik. in evervdsy ™®
late*, the dispersion d natural rubber in water, which comes from the m.Ik ol troptcal trees.

Indeed this is oniy partly corrsei:
Latax cor.,a»,s caoclchrXK,. no, u,bbe, and i, can also =or,» f ,~ f

coWatn caoutchouc and telex is not only a natural product, but is also prod yn
vanety o< different types, eg NBR.SBR

Latex ISa coJkwal dispersion of pcJymer particles in water.

There are three pn'ncle ways to produce latex;
a) through ptants (hevea brasiiiensis).

b) through emulsion potymenzation.
) through conversion of dissolved polymers (secondary emulsions}.

In Iha following sections | will describe Iha developmeni from theory to buli< production of syntlietic latex "
through emulsion polymerizatfon

Synthetic Latex

Basics of the Emulsion Polymerization

The emulsion polymerization is a heterogeneous reaction and in the beginning an aqueous and an oily
phase exist side by side. During the reaction the liquid system transfers into a 2-phase system, one phase isi

the dspersed solid polymer phase and the other the continues water phase.

Firsttte oily phase is divided to many small droplets by intensive agitation and the size of the droplets can
be inttuenc«3 dramatically by the usage of an emulsifier.

Initiator radicals, usuaSy of a hydrophilic type, typically are generated in the aqueous phase at a temperature j
tjetween 10*~ and 90°C.

At the end of the reaction the emulsified monomers are converted into a polymer dispersion, where solid
polymer particles are dispersed in water

The emuiaon polymerization process has some signi ges against ional methods like
sohreni tsased polymerization and bulk polymerization:

Primarily because of the large amount of water in the system, the removal of the excess heat of reactionJ
is very easy

Secondly the viscosity of latex is several magnitudes lower than polymer solutions with the same solid
content. especiaUy if the particles are not too smaf!

The kinetics and ism of the ion poty ion is described in details in textbooks’- The
fo*k3wing. section gives a general idea how the polymerization is divided into certain stages and descnbes
mam processes which take place during the reactiori.

P.J. Rory. Pnndples of Polymer Chemistry (London; Cornell Unrversity Press 1971)
P.C.Hiemenz, "Poljnrwr Chemtstry, The Bask: Concepts*. Marcei Dekker. inc.. 1984
Q. Odian. 'Pnnciptes of Poiymerizatson.” ttwd edition

WrfeyNY. 1991,



EmulsHier-Monomer equilibrium in agueous phase

The aaitation of a mixture o( monomers, emulsifier and water Jorms ar» ftmuision wim monofner

«/hich have a size of about 0, 5 Imup lo several moomelers. besides them, so called micelles exist. Ihey
are forr~ed by organized emalsiSier motecules ,n the way that the hydrophilic part of the
the water phase and the hydrcphobic pan is in contact with the oil pfiase. in which some o
are dissolved.

~
e

mSLules in Ihe agyeous ph«e, mIha micelles and at Ite monomer droplets.

Depending on he chosen lemperatore ,n.he .aaCor, the ,ni.= c s.ahs ,0 decomoose and radicals are .hen
lorming and Ihe polymanza.on slark. chase .vhere Ihe
ror:Sira;dA~ ci.»--~ he-
sy.he monomers and sBrt Ihe polymenza.,on »Ih,n.he n~icelles,

.nma.or radicals and .he
NAor™ Sfrol"~ m

d,..,se in,0 .he m,celles wh.h are swolLen

AS soon as .he micelles conla.n povmerl.ng molecules ,ha, are .ranslcrmed ,n.c ia.e* parade.



The emiHsion potymerizatton can be divided tmo three steps

From the Siarl to Particle growth and Final Product

In step one as described above, the particles are forming and (he phase is finished when no more micelles
are available.

in step two the partictes are growing and here the latex particles are gaining volume and surface area,i
During the growth nronomer motecuies are diffusing from the monomer droplets through the aqueous phase |
into the latex particJes, in that way a constant concentration of monomers build up in the particles. This)
concentralion is dependent from the chemistry of the monomers and the polymer and because the]
concentration of the monomers is constant in this step the speed of reaction is also constant.

In' st~ three the reservoir oi the monomers in the droplets are used up and all the droplets are emptied, aiso
the speed of reaction reduces tjecause of the reduction of the monomer concentration in the latex particles.

Emulsign Pofvmerization Technology

tntroduction

The production of synlhetfc latex through emulsion polymerization is done technically by three dilferent
methods:

+  Batch Process
+  Feeding Process
+  Continuous Process

The choice for the right process is done by leverage of the following aspects;
. Heat transfer
- Flexibiiity
. Volume-Time-Yield

- Prolilabilrty
- Ssafety

Batch-Process

h.f iisfedients ate brought into thB reactor one alleranother at llie beginning oi the

cp"n "l®  monomers



& rtie beginning of the polymerization the convereinr,

2 lead. In this first phase ihe latex particles are polymerizatkjn
-Seles) the speed of reaction irwreases. As soon as reaciwa sites
i ~ortional with time and the spesti stays m ostailrS S convefsior. is

~Enerization and in the third phase the speed decreases

wpue ox wg
S% .

zZNMtNr»

; Concentration and through the type ar>d quanuty of emulsifier which is used

Alter the polymerizalion me monomers vhich have not reacted and olher volawe “ f

(VOC's) have to be removed from the la”x and tirts is done f and
modern industrial production practice. This process isdone ma sepa ate ves

the residual inonomers rernovai is usually done m two steps.

S BSSSSSSS —



After the steam stripping process, the latex is cexjled down and the solid content and pH are brought Into (he
specific range. Aftenvards the latex is filtered and the other properties of the product are measured. If the
latex is within ail specification limits, itis pumped into the storage facilities for sale.

The batch process requires technically seen a simple equipment and results in a simple procedure
If more than one monomer is used, the polymer resulting from the balch process is mainly a mixture of
several co-polymers. The reason tor that is a drift in the composition as a function from the conversion due to

co-polymerization pararneters. The degree of internal cross linking is relatively low because of
the high supply of monomers most of the Hme during the reaction. Therefore tfiese polymers are needed
wherever the applicatron demands a low degree of internal cross linkirg like foam and dipping applications



" e the mcreag.ng temperature
aficete'at®® tlie activation and the speso of potymeftzatton increases, too. This resufts in an expooent«t
heat developmeru which can cause a major lockJerwe. Theretore the bateh process a afwaya
£ nig*lefnatic because ir the beginning a big volume o< highly reactive substances are present This requires a
r ~ety system which has a very eflicient radical kaier/short sleeper or a large blow down system. This is a
~ wfoer empty vessel in which an oncontroll*le/rur»way batch istranstenMi to expand and cool down it rray
oontatn some short stopper.

Fseding Process (Semi-continuous Process)

. “Yjg polymerization process the particle lonnation step and the particle growth step is separated mlo two
' rts In the first step. Ihe so called seed phase, a pan ol the water is fiHed into the reactor with some
~ulsifier and some monomers (5-20"0 of the total volumet. Then the initiator fS added and the
.® | grization is started with increasing the temperature so particles are formed virtiich have typical

m'K e ’ers from 20-100 nm.

- Alter this particle lormation step the other tnonomets and Ihe test of the aqueous ~ u t« n
trA inrtiator are feed in with a time program in upon the conversron. The mam obiective ssthat
k nn new oarticte generation. With a constant number of particles the particles are growsng 10 a
SSiated size and due to the constantly growing surface area, ertwlstfier has lo be added continiwusty lo

ensure the stability ol the dispersion.
Durtng Ihe feeding step the structure ol the late, can be moOilied b, 'St hs s ot

# = = = = 592= A

pesent inthe stanbarb batch process, by using sc called slan/mg conditions.

the procedure needs more attant~n and kno«ledge.

Due to a lower monomer
as wili the batch process. Tms can oe cyi k

Continuous Process
«us orocBSS all the ingredients like monomers.

In contradiction to the lormer and the latex B rerroved continuously at the e
« ,: Btnulsilier and initiators are led in continuo ™ _nuous prccess and me batch and laedmg

This leads to some charactenslic diHerencas belween

process.



Polymerization

MonoTer bock feed

Monomers

Water

Ui
Initiator | N I

CTA

In balch and feeding pnDcess's the particle generation is finished aftera relatively short time while with the
continuous prtwess particfes are generated during the whole time. In the batch and feeding process the
dwel) time of all partides is about the same, but the particles in the continuous process have a very broad
dwell time distribution. This is due to the different time scales certain volume segments slay in the different
reactors. The distribution becomes nan'ower when more reactors are included in the cascade. With an
infinite number of reactors the theoretical dwell time distribution of the cascade is about the same as the one
of a batch reactor again. In practice with 6-10 reactors in series the difference to a batch reactor is no more
detectable.

The same effect can be observed with the particle size distribution. The more heterogeneous the dwell time
of the particles is in the reaclore the more heterogeneous is the particle size distribution. This can be
reduced by a larger cascade of reactors ifa new particle generation, due to too much emulsifier, is to be
avoided.

similar to the feeding process the polymer composition and other pdymer parameters can be adjusted by
the dosage ef monomers and initiators as well as by tuning the reaction parameters. Theoretically the
conditions are comparable to the conditions of the feeding process if the cascade has 6-10 reactors.

In principle in every reactora batch process is running. Because the volume is transferred continuously from
one reactor to the new, through addition of the contents in each reactor of the cascade the properties of the
latex can be adjusted stepwise

The advantages of the continuous process are

. Highiy consistent quality

+  Highest profitabiHty {no filling and emptying time of the reactors)

. High flexibility concerning product properties

«  Elficient heat transfer {can also be used for polymerizations with high reaction heal and speed)

These advantages are paid with low ftexibilily in regards to switch from one product to the other h tpkp-s
atxHJt S times the average dwell time to switch over.

‘K< equipmen, is much higher as the equipments used with the batch and
feeding process. The procedure and control of the process is also very complex.



.nthis Short report only general sketches could be givan, AH plant managers

i)d rmany more details lo every step and aspect,

«ff>e fowowing table summarizes the main dKierences ol the three

3atch Feeding
Particle
size narrow narrow
distribulron
Chemical iregular  adjustable
Structure

less
controilablB

Morphology  conioliable
Heal problematic j  easy
Trar~sfer
Voiume- medium | acceptable
Time Yield
Safety demanding high
Flexibility medium 1 high
investment low j medium
Costs

md Aoknowledgements

in regards oi tatex ~ructure a

Process
1 Reactor Multiple Reactor
Continuous Continuous
broad narrow
irregular adiustabte
less conlrottabte
easy
hsgh
medium
tow
high
an

., RahtoeB. Gretem RMd. Hubert
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abstract

This paper will review the requirements for (he successful

ing of natural rubt«r coodoms to
t current regulatory needs and customer expectations aga”st a tackground of growth in sexualty transn”ed

infections- The imponance of con“ect raw material selection, (ormutation and compounding are disci~ed
and tvoical manufacturing pi described. Some which can impact on quality are rrewed.
iiviether with their causes. The importance of selecting and running the correct quality systems at the
HWerent stages of the production will be emphasized, together with the way in which expenence in
~nufacturing can be coupled with feedback irom the consumer to kjenlity programmes for eontmuous
improvement.

introduction

The subject ot this paper «

emphasis on »«hal is K Il LenSe briefly the

ol the p

Notvery many years ago the subject of

“nd yei*w"lhe?mdm is an acceptable topic lot
conference other lhan a small medial open nature of today’s society, bifl*.Iso
discussion in society at large. Why’ Party “ , 5j<,,a|ly transmitted infections. Over the
because of a general awareness in "e"S Ans (s*s)and HIV/AIDS has been e«pl<«™e (1,g.
lastdecade o?so, the grcth of

J  years, and syphfeai.hot.gh the
~as increased by almost 1
as a medical device, that is lo say, intto EU » is

3> The MDO ctessifies medical devKies Irom | to
S5«rec«"MDD .~ ~

2). Inthe UK, chiamydia and gonorrhoﬂha
numbers are small compared lo

Il is no surprise Iherefore that the condor® Mnn
- regulated by the Medical

The changing status ot the condom over
changed (figs 4. 5).

ye

i.mii IAQL” of 1.33% lof freedom Inam

The firstcondom standard, inf jAdturs”~~tsh ~ r
holes on a 1% sample size with a Requirement lor
1989 standard is much more Bm, TTie1993f r e q u i

emphasis on the tensile PW fJ"® ,, 25.% a,.d lhe introduction ol burstv =~
wilh the AQL moving Irom 0.4 » » » " requirements tor stano

eman<AQ il an

°,Ler on hotes,

rements

condoms and uses burst
~whilsl the currenl BS EN

w properties to demonstrate gc-c-d lilm lalo, and deed. The requirement.

1w In phnciple, a condom is simple to

AMmanrd:rjcittird"'sw h "

XInspection?eveals many knowledge gaps, esp



to

the procssabilFty of fertex compounds. An .niaci condom provides an excelteni, flexible barrAr s ™
as thin as 50 M™, which nfvenhsless provides a strong and secure shiold against sperm and in to n e,
to the organism causra HIV at some 0,1 (im in djamater. The barner mat ,,nS"
challenged in the past ®, but numerous studies ' . including clinical studies, have proved at good
quaWy condoms are an affective barrier.

The only way to ensure ihal quality is mainmirred during mass produclion is to pay atlenUon to the details
and make full use of manufactuhng history and experience.

TTtb crrticaf tnanufactunng steps in cor>dom production are listed in lig 6, and shown as a flow diagram in fig.
7. The first criiicai parameter is the selection of raw matenats |

RAW MATERIALS

The iaiex is probably the most imporlant. It is to the credit of the latex suppliers that a natural mafenal can be}
supplied to such a high star»dard of quality and reliability. A list of some of the latex properties which can be *
measured is given in fig, 8, but not one of them will predict how the latex will dip on planl. There have been
rrwny attempts over the years to find a lest that predicts the performance of latex on the manufactunng piarti,,
bat still the only test is the empirical one - run it and see. So what can be done about this? The use of
experience and a solid histoncal database will help, as will buying from a reliable material source. Of course,
there is a price to pay for this. Latex is cheaper on the spot market, but to ensure the consistency and
performance of this cnitca) raw material it is tjetter to remain with a reliable supplier. The cost of the latex ma
finished condom is a very few percent, so paying a relatively high price for good and consistent material has
little in ~ c t on the finished cost: buying cheap is taking a risk, and can have a disastrous impact on quality
and reputation, especially in today’s critical and regulated environment. By working with one or two reputable
sui~liers. who are aware Of the relevant quality requirements and are familiar with the end use. one potential
source of problem will be reduced, if not eliminated. A reputable latex s upplier wifi use dedicated transport
containers. r>ot ones that have been used for other n«terials as well, which can contaminate the latex and
give cofiskteraWe manufacturing problems.

Turning to the other materials needed in a latex fonnulation, solid materials such as curatives and
antioxidants can be bought-in ready milled as high quality dispersions, or can be made on-site using one or
more of the several different milling or grinding hil on the market. Buying-in is the easiest way to
c~ain smail particle size dispersions, but is generally more expensive, and some aspects of the formulation
may noJ be disck)sed. If you need to have control of the ingredients, make the dispersions in-house, it is
generafly recognized that the particle size of the dispersions must be small - the smaller the better, no
greater than 5 ijm. and preferably smaller. This small particle size is not needed to facilitate the chemical
reactions - work has shown that the rate of the vulcanization reaction Is not greatly affected by particle
size. Itis r»t even necessary to add the ingredients Into the mix - heating the latex in vessels coated with
sufphur and accelerator will vulcanize the latex What is important about particle size is the effect of
residual parttcles as impurities in the film. A 70 jam. thick condom film, in the burst test, will be approximately
3 pm. thick at the 18 dm” ~ecification limit. Any large rigid particles in the film will very soon act as defects
to prompt breakage. Furthermore, targe particles sediment much more quickly in the dispersion and latex.
Fig. 9 shows a particle of approximately 40 pm. diameter. Such particles can readily be removed by filtration-)»

The setection of active materials will be influenced by safety as well as by effectiveness. For exampie. recent]
studies have shown that, of the commonly encountered dithiocarbamates, using zirx: dibutyl
drthiocarbamate (ZDBC) would reduce or remove the health concerns arising from accelerator residues.
These active ingredients also differ in the ease with which they can be prepared and milled. The difficulties in]
mining sulphur are well known to anyone who has tried it, and some of the antioxidants used in latex
formulaitons can similarly pose problems in getting a small particle size dispersion within a reasonable -
timescaie. Note however that zinc oxide generally comes with an adequately small particle size, and sulphur
iSavafeble as a fine ‘colioidal” grade. However the science and technology of preparing small partide-size 1
dtspersions is a large and complex area, and wed outside the scope of this paper If is enough to recognize *
that dispersions of solid ingredients should have a small particle size to avoid creating potential weak points >
inthe fUm and io help stay dispersed. A small particle size means a large surface area and the surfactant
~teni should be good enough to prevent re-aggregation. The pH of the dispersion should be similar to ifia*
rf th€~tex. and simiiarty solutions and emulsions should be compatible ionically with the latex as fara .

i o ingredients, for example accelerator

® lacililate compounding and reduce the

possihiwy of error, but « is necessary to recognize Ihal the dilforent maseriais will Shot dillerent
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avori rapici changes of pH and el~rolyte concentration which can resell ir latex instabilrty and coagulum.
flosl tatices used in the manulaciure of condoms are pfevulcanized b some extent, and the rate ot heating
and cooling must be appropriate - heating of cooimg too quicWy can cause stability problems. Latex can be
prevulcanized at surpnsingly high temperatures - 80® C is possible wUh care ~ but lower temperatures win
give bener control and properties. When fillaig the container with latex, and addir>g the other ingredients, try
[0avo'd splashing. This not only loses volatile alkafis such as amnronia, but it also creates foarr which wfil
dry and leave solid particles in the latex. Stirring speeds should not be too vigorous, and agitation can often
be enhanced by the use of baffles. After natural rubtier latex has been prevuteanized. Hisnorrrel to allow
several days for maturation. The reasons for this are complex, and not well understood, but the consistency
0} the latex and quality of the firtished product are always improved.

dipping (fig. 11)
Aflow diagram for a typical condom dif*mg plant is shown in fig. 12.

The first consideration in dipping is the former. The former is the template upon which the condom is made,
and clean undamaged formers are essential. The usual former material is glass, but any material with a
suitably high energy surface in the required shape can be used. Any flaws on the formers will

on the condom so the formers must be well maintained and replaced if there is any damage” With a film that
could be as thin as 0.050 mm, any damage on the former should be treated ° are
formers which have been damaged by mechanical contact with parts o! the plant through mis~gnment a
shown in figs. 13 arvj 14.

Many of the solutions encountered or. a condom dipping
ottie?atkali-sersHive materials. Fig-15 sttowsas”~a”"ss
the boundary between the dipped part and the

expensive, borcsilirtle glass is much more
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efiminaiecd. By having a ssparate return channel for the latex., so the iatex c»reulation does not take it back
past ttie formers- Usir\g a small dip tank, mmtmizing ‘dead space’ and giving a rapid turnover of latex is go..
p<«ctice. but a smaB tank, with minimal clearance between the formers and the lank wall, gives ifwreasecj
tufbuWnce, necessitating further compromises. The maximum entry speed is governed by the speed of
weRing, but this jsnot usualfy a problem in practice. The exit speed, coupled with the latex viscosity, dictatei
latex pjck-up and heoce film thickness. A rapid exit promises 10 give a more even film (and a faster
pRxJyction rate), with less time for fk)w oi latex down the condom, but less flow means a thicker condom,
unless the viscosity or solids content ot the latex is reduced. Lower solids means lower viscosity, hence m~
ftow and more water to dry off in subsequent operations, wh«ch in turn places constraints on production rate
and available drying capacity.

The shape of condom formers also leads to problems. All formers, whether plain- or teat-ended have
curvature a! the end of the fomier. As the former leaves the Satex this curvature means that, although the
linear withdrawal rale is the same, the elfective withdrawal rate, that is the rate at which the former surface
leaves the latex, increases (fig. 17). This results in a greater pick-up of latex, thickness variation, and an
increased risk of cracking. The solution to this problem is nol easy. Inversion and rotation of the former can
help, as can focussing heat onto the leat to help set and dryf the film, but even so. cracking on the teat of
condoms, especially plam-end condoms can be a serious concern. In a broader sense, it pays to control the
level and temperature of the dip tank ctosefy, as latex vtscostty, and hence flow, is temperature dependent. A
dean and dust-free environment goes without saying, and snclosed dip tanks will help keep out flies as wdl
as dust. The smeli cd amnxmia, a component of rotting m eal, wilt draw flies to a dipper like iron filings to a
magnet. Automatic level controls to regulate the addition of telex are useful, although any turbulence causec
by the formers going through the latex can make sensing the correct level difficult. It is better to keep the
former loading fuB if posstile, to ensure that the displacement of latex caused by the formers in the dip tanks
remains constant. After the dip comes the drying, and circulation of hot air will give rapkj and effective drying
txJl there is also a place for radiant heat, which can directed onto thicker areas of the film to dry them
more rapidly and help prevent cracking. Temperature monitoring by infra-red sensors, which measure the
temperature ofthe film, rather than the surrounding air, is a valuable aid to help maintain consistency. When
there is another dip after a drying stage it is necessary to ensure that the former is not too hot when entering
the tatex. Too hota hsrmer can «ause rapid creaming and skinning, instability and, in extreme cases,
bubbles; especially as the generally poor agitation means that the latex temperature control may not respomn
rapkily. The requirement to moderate the surface temperature ol the former imposes constraints on the
ma;(imum oven terrArature wrhich can be applied, which in Hum limits the latex pick up which can be
achieved in the preceding dipper. The extent of drying is important if more than one dip is being applied. If
the first dip is too dry, interiaminar adhesion will not be good!. and the two films may delaminate. If the
underlifing ftim is too wet, cracking and wrinkling can occur. Drying is also important at beading, where the
film ts rolled down to fomi a ring at the open end of the condlom. If the film is too dry it will nol release from
the glass property, and the bead will tear. If the film is too wet the bead will not adhere properly, and can rK
back leaving a damaged area adjacentto the bead, as can be seen infig, 18. After drying and vulcanizing
the condom, itwill usually be leached. Leaching is carried oajt by soaking in hot water, possibly with some
alkali and/or surfactant added. Its purpose is to remove water-soluble impurities and it can also be used to
KkxDsen the film from ihe glass to ease stripping. Leaching cain also help to reduce extractabie latex proteins.]

FINISHING (fig. 19)

The fresh naiural rubber surface is very tacky, and soma arKi-tack frealment is needed. This can be applieii
on- or off-Sne. bul eaher way ttis critical to subsequent operations, and can in ilseil be a maior cause of
Ouakty problems. Powders are trequently used to remove taick, and many powders have been used lor ltiis *

3

St~r-JeStTconcem " discouraged because of
ELECTRONIC TESTING (fig. 21)
holed and aisraenffi « * assumed that the condom is
electronic lest [T) is often reaars as T n I'L I‘”lr f ® » is accepted. TM
changing the conditions - vohL b - The selectivity o! the test can be altered W
removellectrve c*"Sms and ensur*hr.
proaresses through. This Is one of the areas wheTlh 'i? release specifications
allow the condom to be pulled onto the mandSwilt atmen! is important, slippery enough »)

o Ot the mamdrel without dannage, yel not so slippery that it slides olf too
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..-+"eas good communication is important,

latetSOOi

easily- In particular any damage after E T - vo,r

Qualrty al Ihe condoms can be quamilieT~t" ,, >»a™dad. ETison.arsa,*e 8

~ArtionsDt the ET « easily measured. M * i*rm “1 ~ " w a«lo,,

gfler the ET, when tested by one of the slantferdn w S > Tt» quality of condoms

compared with the results obtained for that lot of " oy I*« |l Im i - can be
jood measure of how the ET i, performing 11T iZ ir'.f? - »'» + '«ures givi» a

~hin the standard limit o( 0.25% AQL, buta viell sim!!?CT ters

tioHs many times greater. On the other hand the hanrBrfn et tctoflly a incoming level of

place during ET can damage the condoms airisoTtal 5 ,™ ™ 2w =
FT and yet snH meet the standard A knowiwioo cr o* fwle* can aOuaJty be increased al
factory- ® ~ Performance is essential to optimizing quality in ihe

foiling (fig. 22)

Foiling - putting a rolled condom into the familiaf {oil ra(w « ~
[ — S - = = = S S — A
LXtrattenfa «pensive. For the reason, toiling mus. be carried out

careilly Bnd With SHSnTIon to detail It is another arca where tho tacwidbricty o1 he Sondom - mpertan.
Condoms which are too tacky do not sMe easily through the machine and can oel trapped ,n the sealing.
Whilst condoms which are too sljppery can also farfto be correctly poBftwned in the t3k

TESTING

As can be seen by this brief review of the manufacturing process, there are several crittcal operations within
the manufacturing process where she quality can be made or broken, ar>d rawnrtoring of the key parametere
IS central to obtaining good and consistent product, as well as building the quality history that allows
deviations to be quickly identified and corrected. Only key parameters need to be monitored. Measuring
everything that can be measured rapidly leads to data overload and the important messages will be diluted.
The condom gains value through the manufactutrng process, and any quality pnagrarrime must identify
problems eariy in the process to miromize loss and apply corrective action. The starts with compounding,
where process and material history is irnportant. With an established latex supply Irom an established
supplier one possible problem is minimized. An established, and preferably simple fomiulation is also
essential- There are advocates ol a llexiwe' formulation, which ts varied according to certain criteria,
whether it be summer or winter, or some parameter of the incoming iatex, but this is not the way to achieve
the quality toda/s market demands. A proven formulation, using matenais from a proven supplier and
compounded using a proven and well-controfted process is the best way of achieving a high and consistent
level of quality. With this level of attentHan to detail, testing is carried out to confirm quality rather than to
discover It. The testing therefore needs to be appropnate rather than extensive, and typical properties
measured wiill be stability, state of cure, pH, viscosity and alkaiintfy. On the dipping plant again attentwn to
detail and a proven process are key. Dipping plants are highly mechank:at crsaturesnd are susc»bie o
mechanical problems, A well thought out p ce will
bay. and a reqular monitoring of plant corxJitions shouW be carried out to identify probtems such as tov~hing
rivflrt h Lina elements non-sp.nn.ngfomiers. broken formers etc. A quality assessment, such as

a mixture of many different causes - then itis S ble t P sampling plan, which has

the making, and should not be ignored. Itts better © available resources-
sufficient power to detect problems whilst ~ 19 5.6 rf the product is consistently good (and
Similarly a system that allows ~ i {here are problems) witl give a better return for

conversely increasing the sample sze to ma ™ e y I.terature. invoivrng the plar"t operators m
work investigated. Such sampling plans are i"s"d y
quality by training them to

dividends. As in so many other

relevant quality results shoukJ be recorded and
~ B fisjonc data for the future.
llommunicated, both to show the current situalion and also
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CUSTOMER FEEDBACK

Another soufce of valuaWe data is feedback ffcm customers. Properly treated, customer feedback can tea
vatuable part of a continuoos imprDvement pfogramme. Thesa data can be evaluated and characterized; atwV
IAThen assessed m retetion to the g process, fe€>dback can highlight aspects of the ~ ~
product whose srgnificance may have been urk~erestimated. As has been stated earlier, an attrtude to quality!
which errjbraces the whole of the manufactunng process, from selection of raw materials to feedback frorn  *
the end user, is essential if product perfonTiance is lo meet and surpass consumer expectations

THE FUTURE (Fig. 23)

predicting the future is difficult, but some things can be conlidentty anticipated: for example the regutalory
envtron/nent in which we wortc will not gel easier. The use of condoms as contraceptives has been under
threat by other, mainly hormonal, methods for many years, but a good quality condom, property used, is still
the only tomi of prophylaxis against STis. With the rapid growth of STIs and HIV/AIDS in many developing
countries the need for condoms and good education in their use is likely to persist for many decades to
c<»ne. At the present the vast nfiajontyof condoms are made from natural rubber, with a small minority made,
lor example, from pc”~rethane. When one looks at the requirements of the ideal corkKfom material - tough,
strong, able lo form an intact barrier, highly elastic to ensure a good fit, safe on exposure to mucous
membranes, cheep enough to be sc”d into the third world and yet able lo be manufactured to the stringent
quality controls mentioned in this review - there are currently few candidate materials which are likely to be
successfully researched. There are now synthetic latices on the market which approach the physical strengih
of natural rubber latex, and are free from natural rubber latex proteins. The cost, however, is relatively high
and condoms from such materials are not yet in commercial production. It appears that the outlook for
natural rubt>er condoms is safe for the foreseeable future, but only if the manufacture of these products is
technKally competent and quality dnven. Our users and our regulators are becoming more demsr>ding and
more aware. There is no room for cy, only fora altention to the details.
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fotbber gloves

A abstract

Consumers rely on condoms for protectk)n from HIV (AIDS) and other sexually transmittad diseases (STDs),
as well as for contraception. The natural rubber lalex condoms have been shown to provide supetror barrier

m'~orotection against viral transmission. However, since the onset ot latex protein sensitisation relating to the

of natural rubber latex products, especialty gloves, the exlractable protein content has become a ve~

‘i Important parameter to users of latex products including condoms. A Ata

!l protein and antigen contents ol condoms was therelore carried out usins”~M D 5712.99 °
=5 6439-00 respectively. The protein conlems ol latex condoms were tand to tie lo« with a t~

k s s Sled having prole.n content bebw the detectable level ol 2X5 J A n

‘ojndom is also environmental friendly and is biodegradable,

DUCTION

~ h e need for latex condoms ,s growing

tbeen estimated (1) that worldwide, more than 40 m ~ ~ P HIV infections are
fwhom are women and a full third are young p P~ g, pfevenling pregnancy and sexually
Ssexual and they are preventable. Condoms »nJie e ~ recommatid Itie
Fwansmitted inlections. The FDA and the hailmarti form ol protncton recommcndfrf
latex condom as the most eftectse “mer protito ~ effective as a ljarner .0
22.3). Laboratory studies (4-6) have shown . “,-h is atoul 0.1 micron in diameter arid other
~srmatozoa »tjch is ol the size ol 3 microns infacticns (STlIs), These find~s
leclious agents responsible tot the " “ |...Brv agencies to disinbote condoms m s ™ t
>V6 prompted governments in many countries Jhe quality wm= “*>" 1=
Btketing programmes to prevent the established standards (7) tor size, res
Jndoms are manufactured and tested in ac asjuie high quality.
i@al<aae, freedom Irom holes and packaging and labelling
P d of HIV and AIDS there are some
are used per year in the USA tn ~ toxicologist at tne

J~'.condom use between October 1988 and eno



tns problem ol late* allergy wilti condOTO is 'really minimal- compared to gloves as the protein conien,«
condom is very low. The Centres for Disease Control, Manta, USA estimate that the population risk ot
allergic reaction lo latex is 0.08% and tha nature o( the reaction lends to be very mild. A study was aisj
conducted in Gemiany (9) to assess the prevalence ol sensitization to latex in a group ol women with a
risk for atopy and to determine whether the use ol condoms is a relevant nsk factor. The conclusion lio™"
study was that condoms an? not a risk factor lor sensitisation to latex. Prior use ol condoms does not ap.,!
to iae a specrfic risk factor lor sensiiization lo fatex in poslpartum vwomen at high risk for atopy.

There are two types of allergic responses related lo taiex allergy; the 'immediale-type responses (Typg
associated with the productton o! specific IgE antibodies, arvd ‘delayed-lype’ hyper itivity responj,
(Type IV) which are caused by certain types of chemicals used in compounding of njbber including

natural and synthetic rubber. Type IV allergy has a longer latency of about 12-36 hour? and is ~

associated with IgE antibodies.

Ttie Ty~ 1 aliergeniciiy of gloves is usufilly assumed to relate lo the total extractable protein. The oy
generation of lafex gtoves could have extractable protein level as high as 1000 pg/g of glove, However,
the awareness of the problems, glove manufacturers have improved their processing technology resuttingj
a reduction of protein level to as low as 50 pg/g of glove, even for powdered gloves.

Much of the protein measurements have t)een carried out with latex gloves rather than condoms. This pap
attempts lo survey the latex protein cwtents of condoms produced in Malaysia and to ascertain
improvement in processing technology causes a reduction in protein level. Two surveys were conducts
one in 2001 and the other in 2003, In both surveys, determinations of extractable protein contents af
antigenic protein contents of condoms were carried out using the relevant ASTM standards.

fi*ATERIALS AND METHODS
CONDOM SAMPLES

All the manufacturers of COTdoms in this country were approached to send in samples for testing. 10
corxlom manufacturers participated in the 2001 survey. 8 out of the 10 manufacturers also participated in
the 2003 sun/ey. The batches of condoms submitted for evaluation varied from one lo six production lots.
About 40 % of the manufacturers participated in the survey used HA latex as the starting materia) whereas
the rest reported using Pre-Vul Latex. Almost all used nonoxynol-9 as the spermicide for their condoms,

TOTAL EXTRACTABLE PROTEIN DETERfAIINATIONS

The whole condom was cut open and extracted with 25 mM Phosphate Saline (5ml/g) at room temperatursj
for 2 hours. The extractable protein {EP) content of the condom extract was determined following the
protocol drafted inthe ASTM 05712-99 (10). The process involved sample preparation, protein extraction
from the lest samples, precipitation of proteins in the extracts, solubilising the precipitated proteins in soditm
hydroxide, complexing the proteins with copper reagent and measuring the absorbance ol reduced Folin at
750 nm. The amount of the total EP was extrapolated from the standard curve.

ANTIGENIC PrtOTEIN DETERMINATION

The extrai®n of condom with 25 mf* Phosphate Saline was carried out inthe same manner. The antige™
determined using tha ASTM D6499-00 (11), which is a
measurement of antigenic protein in natural rubber and its

frn Bl Research Mehute, U, R recommended AP timit of 10 pgidi and &' €P vale o 566 Ui~ i

afcad”p"JllhTpresM
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peSUUTS AND DISCUSSION

Wt “ O'mt'B measured EP art AP vaki»s »*, glvn inTatHe | . «w»s

Served malthe EP value ratted from ve,y low value below the daeclion limHoTS3.S ps/o to modetat,

value ol 223 H9”g. Thare « orty one faciory havmg EP value exceeding 200 m'g- Th« corresponding rangt
igvel covers from 0.8 to 73.7 pgl/g.

Tablel: Exlractable protein srd antigenic protein contents of condoms (2001 Survey)

Sample Reference/ E xtract Protein

Antigentc Protein
Description (EP) Content Content
99 mim -
0.6
Unp«Aed 4.0
Unpacked
Packed
Packed
Packed
Unpacked
Packed
Unpacked
5 (15)
197 3
223

The lirnit of detection of ASTM D57t2-99 e 23.5 pglg

AP values. Technical consultancy team ~ lej~hing watef, adiustmg ol tine

representing an improvement m the capa



COMPARISON BETWEEN EP AND AP VALUES

TABLE 2: EXTRACTABLE PROTEIN AND ANT-GENJC PROTE.N CONTENTS OF CONDOMS
(2003 SURVEY

Anltgemc Protein (AP)

(EP) Content Content
MoIQ
03
39
<235 ?-8
1.9
<235 2.3
BS
86 <23-5 3.0
eV <235 1.9
£2 26 4.6
F1 <235 2.8
F2 <23.5 3.9
F3 <235 4.2
61 75 13.2
G2 50 7.9
HI 27 0.8
H2 <235 0.7
H3 <23.5 0.6
Ha <235 0.5
1 174 29.2
12 117 23.9
K1 44 13.9
K2 30 9.4
TABLE 3: DISTRIBUTION OF EP VALUES FOR CONDOMS
Year of EP < 50 pglg 50to 100%igly 101 10200 pglg >200 pglg
sufvev
2001 50% 30% 10% 10%
2002(13) 83% 17% 0% 0%
2003 75% 12.5% 12.5% 0%
TABLE A: DISTRIBUTION OF AP VALUES FOR CONDOMS
Year of AP <25 2.6 to 5pglg 511075 7.6t0 10 > 10pglg
survey uqlg uQiq
2001 30% 20% 0% 10% 40%
2002 (13) 50% 17% 0% 0% 33%
2003 25% 37.5% 0% 0% 37.5%

Taking the full range of EP and AP values for condoms sun/eyed, il is seen that there is a good correlation
betren the two setsof values with = 0,884. This also means that if it is recommended that the AP level«
be below 10 pg/g of condom, the corresponding value of EP cannot be 200 pg/g as suggested for
s™'®® (~2). Forthe recommertded AP vatue set at 10 pg/g, the corresponding value of EP
cof ~oms having AP vatues 3 ~g/g or below, the corresponding EP values
obtained will be below the detectable limitof 23.5 ug/g. The results obtained from this study agree well i



o s P o ' ' ' * ! t h . AP valueol 10 Kg/drrf

fLe* s*®@™'™ "irSnrA '~ o' BP>is 60 noldirf and tor EP vatoes exoesding 200

~ Mm' 'W corresponding AP valueswnl sxcead the rBKmmMea vagr ol 10 lig/dm’. Latsx examinalion
having AP value dl 3 pg/g coffsspond to a low allergen level (.

I"ubbicamts

mpafison was made on the eHecl of lubricants on the EP arid AP fevete oJcaidoms. PreHminaiy results
! AC® “he lubricated condoms ~Towed a lower values, by about 10%, corroar”l with the corrtral,

[i_OW PROTEIN LATEX

irAniouslv. been shown that \he total exIractabte protein values d laiex products such as gtoves can
t/'Arttduced if low protein latex is used as the siartirog malerial (14,16). Since 1996. An&ell France [Cergy-
L~ *Ase France) has marketed a deproleinised latex condom (Marux Crystal), which is prepared from kw
f n latex, in France and other European countries. Itwas reported Ihal the lota! protein content of the
A~ Intional latex condom was 38 iig/g condom, whereas the tola! protein content and the latex antigen
of the Manix Crystal condom were below the level of detection. Mana Crystal condoms vwe
and the extractable protein and antigenic protein conterttswere measured and comparw win
For Irom condoms samples prepared from low protein latex Irom Malaysia. The resuHs THen
- ial aenerallv using lhe low protein latex reduces the EP and AP content of latex condorra. Hower,
£ e tevete Ol EP aS AP can also be achieved using the normal latex but with exteneive teaobmg prooees

(Table 2)-

table 5: EP AND AP CONTENTS OF CONDOM PRODUCED FROM LOW PROTEIN LATEX

Antigenic Protein
Sample Reference/ Extractable 9f ot
Description Protein (AP)
Udq ualg
a4 6.U
Normal Normal latex
rlondom » _ 2 i
CotTimerciai ~ Using low protein
Deproleinised  latex
condom Using | . X )
sing low protein "
Factory scale 9 lowp ) ]
—— latow 1
eg)
= .«i3i rfindoms to nineteen adults (I'l
"l Ansell France also conducted studies I’ irciuding two healthcare fngd
| one orn>oje aUergi.jmctro T tedemonstratedthatevenlatex

I“pemShype’sens'tNSeac nln £ = AN — N\

‘A protein or antigenic protein leveis.



POLYURETHANE CONDOMS

For persons wilh latex sensilivily. polyuretliane condoms provide a good allernative. However, users ol
poJyurethane condoms mus! be aware of the tact that polyurethane condoms are rwl as eHectrve as latex io
prevoniing pregnarwy and aiso in preventir\g HiV/AIDS. A study (18) involving 900 healthy couples from i(
US cites, showed that the probability of pregnarx:y occurnng in st* months of typical use was 9,0 percent {q
polyurethane condoms and 5.4 percent tor latex condoms. Polyurethane condoms were more likely to bre

(3.8 conH«red wifh 12 percent) or sHp <4.9 compared with 2.0 percent) compared with lalex condoms.

From an environmental viewpoint, natural rubber latex condoms are biodegradable (19) and they are
environmental friendly, being produced from a renewable resource, the rubber tree. After 12 months of soil
buriaf. the mass toss for NR condoms was about 58%, whereas over the same period, the PU c»ndom wag
not readily bodegradaWe with 97% of initial weight remaining (19)

CONCLUSION

This paper reports the rruits of two surveys on the EP and AP contents of condoms manufactured in
Malaysta. For the two surveys conducted in 2001 and 2003. it is seen that there is a reduction in the EP
AP contents ol natural oibber condoms manufactured in Malaysia. The share of condoms belonging to ths]
worst category having AP level exi~eding 10 Mgl/g has decreased from 5070 to 30%, About 75% ol the
samples showed low anttgen values below 5 pg/g. f~ore than 50% of the condoms produced In Malaysia
have EP values betow the limit of detection and AP values below 3 pg/g corresponding to low allergen lev
The reduclton erf EP and AP contents stems from the government's effort in bringing the awareness to the
manufacturers of the need to reduce the latex protein content in order to prevent sensitisation of users of
corxtoms. The technologicai advancement also plays a significant role and in this area and the important
of R & D canrwt be ignored

The use of low [wotein latex can further reduce the extractable protein and antigenic protein content of
condoms. Manufacturers are informed that now to produce having EP levi
beiow the detectable limit and AP level belov/ 3 pg/g and many of them have achieved this level of
competerwy. Even latex sensitised people can use low protein latex condoms without adverse

) Some latex people may prefer to use polyurethane condoms. They must be
aware of the fact that the performance of polyurethane condoms is not as efficient as that of natural rubber!
latex. The latex corxlom is also more environmental friendly.

It is also scientificatly proven that the transmission of HIV during sexual intercourse can be prevented wher
latex condoms are used con'ectly and consistently. Concerns about latex allergies should not inhibit peof
from using iatex condoms. !t must be made clear that millions of people use lalex condoms with no iil affec
atall.
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NEW FUNDAMENTAL RESEARCH WITH

natural rubber latex

C " and G. LoUmann®
*SchiH + Seilacher "Striikt<"* Aktiengeseitechaft. Wl«irflé«er Strasse 26. Hamburg- Gsnnany
Pica de Hule Natural, 7 av« 7-73 zona 9, Guatemala. Guatemaia

| | biogbaphical note

\ runthef Lottmann
I
PN

his degree in from L

Oe! Vatte in Gualemaia and starts his
with Natural Rubber Technotogy Training in 1981 wilti ptanjaiion agencies and the HRIM, After 23

in the induslrv he has carried out many [obs. He is curremSy Manager at Pica De Hute Natural, He
ooubiisfied and presented many works in central and south America, at the IRC tnKuala Lun~r in 1997

i S8STBACT

work in Guat la has been able to show that natural rubber latex concentrate wrtb a new

Anamical, develops faster than the normally produced conl[(rf.

l/*' hi. resuU is very inlKeslmg because il allows p.oteer8 to prepare r»,u,al lale«

.870Tdude thatthe new latex concentrate treatment snows dear an»>.Kjar« beha.™ .

INTRODUCTION

|2E~rB*“.b °"irrce ~T r"

IJRecentc.alen.es tot.e,nd.t "

i help meet very stnct “ rieMalwo-*.
[ | allergy has also motivated aloto P Natural Rubber latex concentrate.
1 wThistime we present the resuBs ®iaeri"n|shi| tfa
I -1 Itis well known that n L development ol bacena.
i phasthe main coneem is e P™ w@aw prEscvanBs.

Kj
“h faehieved by preservation with ammoma develop and stdblike speeifiealion
.nank sonedinimedtis Kioede 10*ve w ko H values-

U Alter oentrituging, latex * "= f ps “> « ™nchsW .o A

|i|plRphe%rtéds. During this fifie * * ,m-llzhwn dl these *- concentrate are heawily .
itfeperience Ras shewn that the ~ t3f BRe particular nmducer'@>¥¥e up With & ITwiaDs)

= f fREmlEEG dbigk the hatural 5 ditierently. So the ~ Aureate (or sometimes 5
h  Ironal identity. Clones ‘AcTn.iate “

rr." The amount ot the soap
k .tryto regulate into an ®

Mai suits the needs of con
t .are added to develop a MST time



dep.nnent m many factors, but basrally the intenlion s to regulate Untong™"

S m of arrtnwd m laureate in larger amounts oonllicts with t~ erest of

{meinly ior ihrn atlicles). because excess ammonium laureate (or other soaps) may produce webbing q,j
many dher problems. This is a big disadvantage-

The treatmsnt of our natural Rubber late* concentrate described tn this work has Jiom that ibjJ
development of properties chanjes dramatically, reducing Ihe need to use larger amounts of ammn,.....,

laureaie.
EXPERIMENTAL

The iaiex conceniraies we have used were all produced at the processing facto” of de Hule Natural in|
the southern plains d Guatemala. Latex ior this experiment has coma from the end  the ra-ny season,i
wrtiich is the lime oi maximum production. Having basically no ram during moFTtings, the best production®
seeson is while trees enjoy lots o( water coming <rom almost daily rain.

The preservative chemteals used in this work were letra methyl thiuram disufphwe (TMTD) and zinc oxidel
(Zn0). both in form of aqueous dfspersions, to obtain basic latex concentrates. Both chemicals were used in|

weJl known and popular concentrations.

Sirwe the basic idea is to compare MST, all latex was treated with no addition of ammonium laureaie,
ljle x concentrate was treated with 0.4 phr Stnjktol LA352 leaving half of the same lot as control without,
Fitm results ware obtained by independent laboratory testing and are not presented at this time

Ttie tables below show the results ol research
Lalex properties development:

VFA:

TMTD / ZnO Latex developed VFA fn>m original values of 0.01 to 0.02 in 60 days. This is normal for latex;
produced at this facility. We conclude the treatment has no effect on VFA of latex concentrate. VFA was'
tested 12 times during this period and no ditterence could be established

KOH:
The development of KOH number is presented in Table 1, We see a faster development of the KOH number
in the treated sample. This shows faster development of latex properties.

MST;
MST values of latex {treated and untreated) are shown in Table 2. MST development follows observation of|

KOH number, % change inthe MST difference reduces slowly.

Table 1: KOH development in Natural Rubber latex concentrate

jindov~ ConlTol LA 352 (0.4 phr) % change
7 0.37 0.37 0%
9 0.45 0~2 7%
16 0.60 0.51 2%
23 0.50 0.5t 2%
30 0.52 0.55 6%
37 0.52 0.58 12%
44 0.52 0.58 12%
55



Table 2;

einctays

Control
7 25
9 50
14 80
17 100

24 125

28 150

31 170

35 170

38 170

42 180

49 210

55 250

HBhavior of latsx after 3 rrionltis-

MST developmenl In Natural Rubber late, MrcenWs

I-A 352 ~ 4 phr)

25

100

135

155

%chcnge
0%

100%

35%
41%
44%

39%

32%

Ageing of latex treated and untreated tor three r,»nths alto>vs easy adiustrr.ent to MST value of 1000 sec by

minima! addition of ammonium laureate.

, » SUMMARY

\L'jopTrndtX”ArSJrtn rir$§ S o”

laureate. Consumers certainly weteonie this development.

j~sum ers testing the latex were nol able
Irtasonable because Struktol LA 352 is an ant
Iresults come from a laboratory test We fiave agt-
glpr<rlems are expected at this stage. N

» A j this stage we are carrying out

entrate. All clones react pos.tn/ely. Atthis stag- «e

ng utt,gTs“a—

lormulation

These

induslriai tests as soon as possjbte. No

we find th-at some clones react better.

JhP irflLience of the treatment on individual clone laiex
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OF LATEX GLOVES
DO NOT RELATE TO ALLERGEN LEVELS FOUND

IN POWDER ON GLOVES

Dan Oison
Charter Pipeline. USA

'BIOGRAPHICAL NOTE

nan Olson * A \alex manufacluring

wili an educational to nursing aroi med'iane,
« located in Iron Mountain Mi, USA. Provides regulatory and technical ~rvtces to companias involved in the
~ufaclurer and distribution of medical gloves.

oraanized af'd coordinated the latex allergy conlerence in San F ran ck in 2000 which focused on issues ot
telex and latex allergy. Has been involved in numerous research pr(~te and co-authored numerous
Sri.isirv articles and scientific papers concerning latex gloves gtove cfcinning Hjbncants. Has also bron

= iwotved in work with glove protein testing and standards and FDA comptence activtties tor msd>cal and looa

f grade gloves

I ABSTRACT

|_ —rc” - —
R — —_——
. H
tow Tevels of extractable protein in the rubber wili still have signrficant amounts o) atierge
I wrththe powder

f allergen content of gloves.

?SS”™e™ ns,raes d«usio, »

T teve! o! the slurry water can nse to f contain high levels ol *'9 = ™ EP
i
|| Conclusion: jr*, likoly are acombmealion o

attach to the allergen:c protem acting I*e an
powder. X ho thp.nnmar/route of latex

Given it is rhe love P“»-f
fBSnaiti e same etorts B ree a*,
EP level in the glove powder. Guidelines

0. ex.«ct»Me protein ,n the rubber w»l still have

This study tollowed .wo la.ex 91 o v e U S P i"OP) -
Oonning lubricant. One line used Absoro



The ieiBX gtove manufacturing tines, in this siudy. fun on a continuous chain system. Fof the purpose of thj,j
(fiscusson {tie *beg»nntng potnf will be after the fmtshed glove is sinpped Irom the former.

The fornwrs are porcelain n>oWs attached to the continuous chain. The formers are cleaned in a !ank
system, using a comtjinatton of rrwchanical brushes, acid and alkaline baths, follcwi'ed by clean water nnsing | |
10 remove debris Ifom the last cycle. .
The formers are then passed through an oven for drying, then onto the coagulant tank. (Sarpple Point 1)

The coagulant tank contains powders that have two purposes. Calcium nitrate is used to hold the liquid late"j
to the former. Calcium carbonate is used to attow the finished gloves to be released from the formers upon

completion of the manufacturing process
The formere then again travel through an oven to dry the coagulant and correct the former temperature tor

dif~ing info the compounded latex.

The formers then travel through a bath of compounded latex. (Sample Point 2) Th/s forms a smooth and
even disirtoution of iatex over the forrrver. The formers then travel through another oven to gel the latex

The formers are then processed through a series of ‘pre Jeach tanks'. These tanks are designed to remove
gross chemical, and vrater-soluble proteins from the gloves prior to vulcanization. The gloves in this study
had rolled cuffs, so the formers passed through a bead roller mechanically forming this feature.

The formers then pass through the vulcanizing ovens

Follovrtng vuicanization (Sample Point 3) the formers pass through a series of three leach tanks. (Sample
Points 4, 5, 6) These tanks are continuously fed with fresh water at a controlled rate. The leach tanks are
deagned to rinse water-soluble proteins from the finished glove. (Sample Point 7)

The formers then go through the powder slurry tanks. (Sample Point 8.9) In this tank the latex glove picks
up the chosen donning lubricant from a suspension. The residual heat over the distance covered while

moving to the stripping station rem ove excess moisture, and the gloves are then stripped from the formers
completing the manufacturing process. (Sample Point 10)

Sampi* PosM

Pox»defM Lal«x Ga<e Msnulsclunng Lim

Sl"““s: d Leacn Leach Leach
un Twk 3 Tank 2 Tank 1
S*mpis Point Swnpl* Poml Sample Point

Nunrer £igi( Numbwrsiic ube> Fout



~ljethodn

E & 7~ raiorv reference standard extract oJ

lalex gloves T.K. Gtove Products Co..
j*g~on Beach. Ca) was prepared as a 1:5 wiv extract 10 Duibecco’s ptrosphate-buflerBd saline
roLtd-

AcL, 0.0015 M KHAPO., 0.008M NajHPO,, 0.14 M NaCL, pH 7.,5) (PBS). The extract was

> {0-~~* ed 15.000 Xgior 20 minutes. The supernatant was ther\ uttra“iHered and concentrat&cJ 20 t?mes
*i?aVM2 (1000 MW cul-otl) Amicon Diaflo* membrane (Amicon Division ol W,R. Grace & Company.

- t

at45ps'  pressure. This concentrate was then assayed tor protein content by btcinchonintc
and assigned a protein concentration of 7 mg/ml-

atural rubber allergens were extracted trom manufacturing samples, ttiey were extracted 1:Sw/ in
buffer conlEuning 0.2% bovine setum aibun”, 1% Tween 20 and 0.01% NaNj.

««raens were quantified by an inhibition immunoassay using latex speciTichuman tgE

. ffrturina samples or the reference stendard gtove extract compete wth the rfnmobUited
rn {or soecitic !0E antibodies obtained from five lalex sensitaed heaUh care workers. Atfinity
2 laiex jgE-*25,.rg[jio,aijeied antibody detects the latex allergens in a relatonship

regras®” " expressed as prote.n mass per gram or ml

were g.anri.ied .or ™ ura, .bber allergen co«er«b, *

= .~uncass.,
;'E%®dTaSed an.lr.ar, IgE detectior,. Range arvl rr*an values lollo
Results;
Oatstarch Itne
. nstarch Line
Cocation
49143 82-194;
Coagulant Tank 100 ' 133"
891-304 164-227;
Latex Compounding o 192%
21;94100 267-118;
Pre-Leach Glove ! 71
116 ND-0.2;
ND-42; . 0.2'
Leach Tank 1 s ' :
ND-24;
NO-25; 0-5°
Leach Tank 2 5
1 ND-2;
ND-3; i 0.3°
[Leach Tank 3 0.9 18.34:
N 16-38; 1 28
P L Vi
ost Leach Gtove 27 . 8.70:
29-146; 29
Slurry/Powder 99 6-34;
urryy 0.5-23; 1 18"
Slurry/Water 9 29-92
36-87;
Finished Glove 51

Results: - values are p9™ " -



T1» EP Isval ol ine gtov« Irom M Ih lhe ADP manufacturing line and tho 0S "=
The nomal Lo»ry proteins levels for tt,ese gloves were -a0Ops‘gm »hen done

by ttw manufadufef during the study penod

=A2

oc.e er a leach link will have a flow ol about 12 Bers of wafer per

J Ths~rank~ra notSsigned wrth a flow system. The only fresh waler added rswhat s requirs,
0Saclime slu” m«taken from the lank by the gloves dunng the dipping process. Because ol this fact,
pfotein buiid-up m Ine slurry tank is inevitable.

Th7inp daia demonslrate that protetn from post ieached gloves continue to leach into the slurry tank ar™
accumulale mthe slurry The study demonstrates diffusion of EP from gloves being dipped into the slurry
tank is continuai. and the EP level of the slurry water conjinues to nse. The prolem then becomes availabla '
to be picked up by the powder.

Discussion:

Currently most manufacturers change the slurry tanks about once every 20 30 days on average. One of
the ADP manufacturers has recommended to the FDA that when using ADP.~glove manufacturers should
change the slurry tanks every day or twice per week to address this problem  Glove ~w der manufacturers]’
do not provide labeling or manufacluring guidelines regarding frequency of change to the glove
manufacturers

Therefore, itis important that a standardized test be developed that delenhines not only the allergen contentj
of gkDves, but simtiarfy the allergen content of the gtove powder.

Based on 1.000 iHers of slurry in a dosed system (a typical sized slurry lank), the build up of allergen to high]
levels is unavoidable, even in a very low allergen glove (i.e.<1 Oug/gm)

For example, consider 100.000 eight gm gloves with an average allergen content of 27 ug/gm passing
threxjgh 1,000.000 cc of sluny. The potential maximum teachabie protein could be as high as 21.6 ug/ml perj
day. The leached protein levels of the lines studied is shown in Graph 1,

The factors affecting protein diffusion in the slurry tank, likely are a combination of ionic strength, starch typaj
used, and the extractable protein content of the glove. Temperature and pH have little effect,” USP
comstardi has a strong affinity to attach to the allergenic protein acting like an exchange media and
increasing the amount of allergen bound powder. Striking, is tf« separation of the slurry components

The waler fraction of the slurry is represented in Graph 2. Rapid increase of allergen is noted in the 0S|
slurry water as compared to the ADP. But. in contrast. Graph 3 represents the comparison of allergen found|
on the powder taken from slurry tanks on consecutive days of production

NotabJe differer>ces.were observed between the starch types, wrth ADP binding considerable amounts of
allergen very early in the production cycle, leaving the water almost absent of significant levels of allergen

Because the slurry coirtponents acted notably different in similar conditions, this further supports that the
allergenic EP level of the avisciated powder has little to do with the EP level ol the glove.

Graphs 4 and 5 show the contrjbuiioo of allergen found in the 9k)ve powder as a percentage of the total
gksve allergen. One gram of the glove product is used in the comparison. Graph 4 is a moderate allergen
glove powdered with ADP, where Graph 5 is a moderate allergen giove powdered with OS.

The data represented in Graphs 4 and 5 shows that the allergenic EP levels o( the OS powder was

significantly tower than that of the ADP powder in spite of the fact that the gloves were consistent in EP
levels.

medical and industry experts recognize protein bound to lhe glove
reactions in sensitized individuals, and may be a contributing factor in latex N
sensrtizaion.  In a study released by NIOSH it stales that healthy, intact skin allows the penetration of



»n*iradab BP'®™ '" '~ 5to'e

-1 ia made ilabl

could mclutle i
~ 5*3 shouW be changed and how allergenic EP iMels should be measursd and monitored.
i

wullin a towe. aHetgwic EP tevel ,nme pamt«. HADP mus«) in lha
4rio a manufacturing process, guidEtos on how to safely use the product by the ADP manulacturm should
The i
[

on how otten tI» slurr/
Given that glove powder can be a potent vahicte ol allergen to sensitized individuals, it should important that
game ettorts mad® by glcsve marwfaciufers and disiributors to reduce EP levels in the gtove rubber
. irf

t>e made in reducing the EP level inthe glove powder. Tt« development of guidelirws irom the
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ABSTRACT
* Latex materials (in this study latex soles megra"e"B tE"'Sal'Surtace
low surtace energy and the existence ol ~os, common is halogenation. Atlhoggh ~is
treatments are mandatory ‘s are required and new more environmental friendly
suflace treatments IS generally eKeclive,organ”® H7Aogenat®n of latex
i atternative treatments are currently ~  ~emical moieties are produced; creatron of roughness also
antiadherent moieties from the surface, ~nd f °
increases the mechanical interlocking wi impnt a! different
, TKr. oHprts oroduced by treatment at ditterent
V In Ihis oontribulion two different issues will be Jheir improved
latex soles with a chlorinating solution .~ ment of different latex soles w<l ~
ir adhesives: »}. New recent results on the UV raa ~
ioff introduction
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Loui the adhestve formulation (inconxiration r

adeqg~le surface d ttruppe” matenals are porous and lhe adhe.iv,

°rs«>n promoter), "

us«d .n shoa bond»ig (polyuretaM mechanical adhes.on is gene,,,
penelralion ol I» adhesive into ihe u[~r is exp” ed ~ ~
lavoursd Howavet. because the " fom™ asS chemical (lor example, halogenatk,

surface energy, both mechanical S ~[lemical adheston is tequired. Furthermore, in »
surface preparations are .1b5, .he weak boundary layers produced by sutfa,

charra— ™ne.Ls ,0 .he in.edace must be removed be,ore M
lofmaiion.

uiex soles are currently used aSsSivXn rsTomuTatK a'*sSaK treat$S

IS s s ~y " id:-% c;rr;;tl o~ Ju discharge, low pressure gas plasma. UV radiation).
Few Merature on moSllylrhesfofa™» nT"t"hast,
rb5shL”~raH™:: rrer, therjuron~ ~

siliconB rubber in a benzene solvent impart smoothness and biocompatibilily 12].

=ra.r,:arT .s ;"o :;anrrd“"
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In mis sludy ditterenl suriace treatment were applied to two difficult to bond vulcanised latex soles com m ~
used in footwear industry. Due to the limitations of hatogenation as surface trealmeni, some Prelim  »j
results oi ihe use ol UV radiation to increase the adhesion of latex soles to polyurethane adhesives will ]
given.

EXPERIMENTAL

Materials

Two commercial vulcanized latex soles (whose formulations are unknown) were used in this study. |
materials were provided by Caudios Amedo (Amedo. Spain}. These soles were chosen due lo their different
adhesion perforrTAance,

To determine the adhesion properties of the vulcanised lateces. latex/polyurethane adhesive/leather"»
were prepared. A chromiunvtanned bovine leather (Tensile strength = 13 MPa; Elongation-at-break = 7
Ash cccitent (950“C) < 5 vrts) was used. The polyurethane adhesive solution (PU) was ai
dissolving 17 wt% Desmocoll 540 pellets (Bayer, Leverkusen, Germany) and 10w1% fumed silica (A®
200. Degussa) in an acetonefloluene (80:20, w:w) mixture. To facilitate the dispersion of the fumed

the polyurethane arnj avoid further settling, the adhesive was prepared in two consecutive steps: 0~
tumed silica was mtxed with a smalt amount of the solvent mixture at 2500 rpm for 15 min in a iabofS
mixer to facilitate the dispersion; ii) The polyurethane pellets were added to the solvent fumed silica .
simuttaneously adding all the solvent; the mixture was stirred in the laboratory mixer at 2000 rpm for 2-=
until a homogeneous solution was obtained. The viscosity of the solution obtained in a rotational rheom
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if c~Aial surface treatments were applied to the vulraniea®

| A this study 3 vjx, tikrhtorcHsocyanafic ackl (TCt) — e(hy( acetate (EA). The so’utior, was

brushed onto the ~tex surface Surlace modificaiions were always monrtored i hour alter apptyjng the

‘i"nnating solution on the latex surface. Similarty. adhesive jointe were produced or» hour after
‘"ogsnation of latex was wrned out. m). UV radiation treatment The UV treatmenl was carried out m a

~ barrel type reactor equip~d wnh an 0-ring s e ~ ~ door at one end arrd O-rms sealable gas tnlels at me

-J other. Gases can be intfoduced into the reactor through appropnate irMlets and atao a thermocoupte can be

Wi place™

monitor the temperature inside the reactor. The interior ol the reactor was provided with a mefcury
vapour grid lamp (BHK Inc.). The lamp was made of pure, ctear tused silica, able to tran$mfl all mercury UV
fissions, including the two strong UV lines at 184.9 and ~ .7 nm. The mtensHy ot the UV radiation was
12-15 mW/cm’ at a distance ot 2.54 cm. The gas suppbed to the interior ol reactor was extra-dry
compressed air (dew point=-55"C), at a <low rate of I000 mVmin me~red using an MKS mass-ftow

controller. UV treatment of vulcanised lateces were canied out at diHerent distarwes from the lamp {5 and 15
7 and for different limes (2 and 5 rrwnutes).

Experimental lechniques

A Ths surface treated vulcanized lateces were characterized by different experimental tedmiques.

Confacl angle measurements. Ths surtace-Irealed lalex pieces ««re placed into tne
ol a Rame Hart 100 goniometer. The chamber was previously saturated with the ra f~ r ol the
~ £ X Ssffled and deionised water) lor at least 10 rttinutes betore placing a drop

X e The contact angles on the surlace-trealed lateces were rrteasured immedately and 10 raises
Serplaces 4™ =*

ps o. hidfstiiled deionized water on Ihe sanpte. The experimeh,~ error was i2 dagre«.

. Amrtualed Total Multiple
use ot attenuated total reileclance technig”ot m e radiation is rellecled. The
a rubber to be examine by clarnping a s*imen ° »» €, butconesporrfmg to
pnsm nature and experimental conditions).
[¢] 205 spectrometer. To avoid deep
u It i op I e

reflected radiation shows a spectrum similar t
( that oi a very thin surface layer (2 to 5 |im depth, d p
( Theinlra-red spectra ol lhe treated f m rellection metliod was e m ~ d
:penetration o( the IR radiaBon "> spectroscopy allows to analyse about 5

r:S'Lrar:S”~slce~Ssrr®”,ect.andave,ageda.,res.ut,on.”

SEM. Scanning Electron Microscw (S » Tte V'hfte S S 'IS *>2fe gold-coated before
. surlaces « re analysed using ~ 20w,

: analysis and the energy ol the elect

r-pee, Strang./, tneasure.ents T

- P « ’ . 30 mm). The 7'~ vTto
with latex njbber and leather s."P 3.e* and leather) using a I>rusti_ spectoens and on the
was appliisd to each last adhesive turns on the * ".t®.'™ were then placed in
.evaporate for 20 mm, the dned po ™ infrared radation. ~

-~.peel strength was

teather were melted lor '» f* '?=was applied lor 10 s to achieve a s"laWe |»nl.
(1751,a.e =

j »nlacl and a pressure ol 0.8 MPa Kyj,, The

the T-peel test. The evolution

| measured using a Shimadzu un

detemiinalions
average of three expenmentalt P

~amKiity before unde

24h alter loint “Wisely assess the loci of failure o» the
-p.jp spectroscopy- lo more p

adhesive joints were kept at 2 ®
in T-peei strength values was m
= failed surfaces were analysed using



RESULTS AND DISCUSSION

As-recetved vulcanisad lateces

Two diflereot commemal vulcanised telsces lormulalions vyere used in mis sludy.

iis 2 "29U 'om-ron lhe other hand, the'l«)ical tand at IM 1 cm ' due to rlhc
distinguished in the ATR-IR specttum ot Figuio 1. The typical band J f ™ altbd
Its relative intensity is Quile iox. Considering the low relative inlensitias o the latex and silica bands ij
ATR-IR spectnjm. it can be concluded that patallin wax and zinc stearate migrate to the latex 1 s,J
imparting antiadherert properties because the creation ol a weak boundary layer. In tact, the water co”3
angle value (25"Cl on the as-raceived latex 1 Is quite high (107 degrees) indicating a poor wettability. f,,
2 shows the SEM micrograph of latex 1 surface. The surface is quite heterogeneous and is covered bj
layer o( wax. Finally, the peel strength value ol as-received latex 1/PU adhesive * 5
poiyiSQcyanale/leather is 0.8 kN/m (an adhesion failure is obtained). Therefore, the poor adhesion of laiexj

1S due to the existence of a weak layer of paraffin wax and zinc stearate. 3

Figure 1. ATR-IR spectrum of vulcanised latex 1,

Figure 2. SEM micrograph of as-received vulcani
ised latex 1
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partial removal of zinc stearate from Ihe vulcanised lalex 2 suijce of RoL 6 MFK

from the laleces surfaces by MEK wping is evidenced in the ®EM micriraphs rf A

romoves lhe weali layer but rounded particles bloom to the vulcanised late* 1 surfre (FAure 6a), ED

analysis ol these particles shows that they contain zinc and silicon, indicating the nligralicn ol zinc stear®

and the exposition ot silica liter particles to the fcilex 2 surface. However, Figure 6b shows a smooth surtaci,
fulty covered by small holes. Therelore, the degree of cleaning by MEK wiping is more eljeatve m vulcanise,

lalex 2. Peel strength values ol MEK wpe<l latex/PU ive + 6 wl% p joints are lo,

(1.4 and 1.8 kN/mfor laiex 1 and 2. respectively}, and always an adhesion fallure was obtained.
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Figure 6,a. SEM mictgraph of MEK w,pe<) vulcanised latex 1. b. SEM micrograph ol MEK w,pejj
vutoanised latex 2

Treatment of vulcanised lateces with ethvt acelate solutions ol 3 w>% TQI

The L»e of chtorinalion in shoe industry is due to its high effecliveness in improving the adhesion of several
type and formulations of rut)bers. it is cheap and easy to apply. Furthermore, chlonnation makes the rubber
surface compatible with many (epoxy, poly \ane, acrylic); removes contaminants and
antiadherent moieties from the surface avoiding their migration lo the rubber/adhesive interface; improved
durability and ageing resistance are imparted to the joints: and the treated surfaces remain reactive with ihe
adhesive for at least three months after surface preparation {7). Chlorination of rubber soles also shows
some limitations : i). Poor stability of the solutions (chlorine evolution with (ime is produced); n) Organic
solvents are necessary to react with the chlorinating agent and to facilitate the wetting of the rubber surfaces; ~
Hi). Polychloroprene adhesives are incompatible with ihe chlorinated rubber surfaces producing low peel f

strength values: (v). Treatment is not restricted to the outermost surface but penetrate into the rubb™!
decreasing its mechanical properties. The extent of penetration of the chlorinating agent into the rubber
depercjs on its concentration and rubber formulation, Oldfield and Symes [3] show that a depth between 1 7
and 5 pm is reached bytreamientc” drfferent rubbers with acidified sodium hypochlorite aqueous solution. «

Several chlorinating agents have been used in shoe industry lor rubber soles bonding. 3n the 70s, aqueous |
soiulions of chlorine were successfully used. Later acidified sodium hypochlorite aqueous solutions were
also used to improve the adhesion of rubt>er soles. Although successful, neutralization with ammoniufT"
hydroxide and extensive washing of the treated rubber sole with water are necessary, followed by
furthermore, the stability of the chlorinating solutions is relatvely poor [B]. The mechanism of rubber chlorinat-"
wrth acidified sodium h~~hlorile aqueous solutions has been established [8-12]. The dominant electrop™~
species depends on the pH of the solutbns. Thus, between pH 10 and 11 ihe weakly electrophiiic hypoclofous <
acid dominates.

NaCiO + HzO ~ HCIO + NaOH



By decreasing the pH (HOI addHton) the sleclrophte fW 10 * is (om w1 and linaily the actual chlotinaSnq spec:
(chlorine) is produced.

HCO +H' M HjCIO
4HCIO -.2Clj+2H”" +0!

Chlome is added to daubte C=C bond in the rubber producir>g chtorinated hyd«>cartx>n rmieties and sc
crosslinking [12]

ketones, whereas acid chlorides are formed in TCl/ethyl acetate sohjtions [1 ]-

cl
c - t, >
0
Figure 7. Chemical structure ol tnchioroisocyanuric acid (TCI) - 1,3 5--trichloro-1 3.5-Iriazin-2 4 .6*tfior
Figure 8.

Photograph showing the cohesive failure in 3 wt% TCI-EA treated latex 2/PU adhesive .
polyisocyanate/leather joints.

Halogenation ol vulcanised lateces results in a noticeable increase in peel
treated latax/PU adhesive + 5 wt7. poiyisocyanate/lealher joints (6.5 and 5.3 KN/m for late«
iBspectively). and a cohesive failure in the vulcanised iatex was obtained (Figure B).
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Figure 9,a. a™ nh spaclrym of 3 M% TCI/EA treated .ulcanised latex 1. b. ATR-IR specMrum ol 3
TCIlEA treated vulcanis«i latex 2.

1



The improved adhesion ot vulcanised lateces arter hatogerwtion can be ascribed lo jhe kriDrnvftm-rtt
several mechanisms erf adhesion : uvemem

Ib ftfmodynamical adhesion. Trealmem with TCI solution decreases the water contact angle v;
on vulcanised lateces (from 107 and 98 degrees on the as-received to 90 ar»d 67 degrees on
surface chtorinaled lateces 1 and 2. respecbvety). i.e. improved wettability is oblainad. This decre
IS more marlted for vulcanised latex 2 due to the abserrce of paraffin wax on Hs surface

decrease in contact angle values can be ascribed to the creation of surf«» chemistry
roughness on vulcanised lateces surfaces. In fact, an earlier study |51 shows that a consequenc
halogenalion of natural rubber is the increase in its surface energy whk:h in turn promotes adhe
lo various polar substrates

2- Chemtcal a<jhes”™n. The on lateces produced by chlofination
evidenced by ATR-IR spectroscopy. Similar chemical modrfications are produced in both vuican
late”~.~tina g~ter extent in lalex 2 (this one without paraflin wax on its surface). Chkarinatu
produced in the C*C bonds of isoprerw creating chlorinated hydrocartxjn - 1232 and 1372 cm*’ -

- nweties. C=0 groups - 1705 cm™ - are created doe to oxidation read
and deposition of TCI r~ 0 n by-products (mainly isocyanuric acid) (Figures 9a and 9b). Furtherrr
paraffin wax (barids ai 726, 2851 and 2920 cm ‘) are removed (only in vulcanised latex 1). Chlorin;
also produces he formation of C-N moieties <1709 and 3214 cm'} due lo the formaUon of reactior
frurthefmore, the ir«rease in the relative intensity of the siiica
C-Stonds is an i*icatron of the removal of anUadherent moieties from the vulcanised lateces surfi
by chlorination. Zinc stearate is not d by i of i latex 1 (Figure 9a)

® ~ '~'ned. Therefore, the lack of adhesion of vulcanised latex 1 can be m;
ascffced to the existence of a weak layer of paraffin wax.

Meghgn'cal adhesion. Although chlorination with ethyl acetate solutions of TCI removes the w
bou~ary layer on both vulcanised lateces, noticeable differences in surface morphologv
produced. For the surface chlorinated latex 1 (Figure 10). some holes and unreacted TCI parti
can be rvoiiced on the surface; furthermore, silica particles arise to the surface as a consequenc
the treatment. For the surface chlorinated latex 2 (Figures 1la and 11b) smaller and more nume,
TCI parftdes and deep cracks appear, and surface is more highly degraded as a consequence oi

treatment. Therefore, the mechanM”i adhesion is favoured in chlorir«ted vuican

Figure 10. SEM micrograph of 3 wt% TCI/EA treated vulcanised latex 1,



Figure 11. SEM micrograph of 3 wt% TCI/EA treated vulcanised latex 1. a. X 500. b, X 2000.

The imprDved adfteskxi between the surface chlorinated iayer and the urethane adhesive has been ascnbec
the creation o( hydrogen bonds between the urethane group and the chlonne [15], An alternative reo
explanation (16] suggests that residual unreacted chlorinatins agent on the rubber surface reacts with'
polyurethane producirig <“kwinated moieties at the interface.

Treatment o( vutcani&ed laleces with UV radiation

Several envronmenlal-friendly surtaca preparation involvina Ihe Irealmenl ol sole materials wilh rad-a«

clear, (no chemicals or reactions by-pioducBj
lurthermore on-line bonding at stioe lactory can be produced, so the lulore I'>:j

SsimmT. rnr ot ey will be likely directed to the industnal appl.catio™ ol
Lt“so™ scaleloi S o ® " M t m e n t s have been successluw



However, from a technical point of view, the us© of 0 xy A plasma requires ttmt the treatment takes place in
avacuum, which is a senous limitation for some rubber awtications.

UV treatment is economical and environmentaHy friendly. It is aiso easily applicable to the surface
fikAjification of three-difriensional objects and can be carried out at atmospheric pressure without the neec
tor chemical agents. UV treatment has been used for a long t»ne as a method of cteanirvg and purif*nc

water supplies, and in the iast few years it has been used as a surface treatrnem to clean and modrf’
poiymer surfaces, including rubbers [20].

Several types of UV sources have traen investigated and described in previous literature. Low pressuri
mercury lamps are commonly used to produce tJV radiation. In this case, the arc is formed in mercur
vapour at pressures of the order of 10 Torr. The resultant radiation is composed mainly of two narrow
Intense lines at 165 and 254 nm. The UV radiation produced at 185 nm generates ozone arvd ground stat
nxvaen atoms O ( P) from oxygen in the air. By irradiating materals with UV if is posstbte to break moteculi
bonds because the energy produced can be as high as 155 kcal/mol, w¥ich is sufficient to break the typK-
bonds in polymers; HaC-H 102 kcal/mol, CHy«CH-H 105 kcal/mo!. HjC-H 86 kcaymol and CH3-CH3 8
vr.ilmol [21],

The UV radiation produced at the wavelength of 254 nm is absort>ed by lhe ozone mcrfecule caussng it
photodecompose to molecular oxygen and 0 ('0). This 0('D) species is a very reactive form of atom
oxygen. It is able to oxidize the molecules creating polar moieties such as hydroxyl and caitroxylic group
which increase the wettabitsty of the polymer surface. The O ('0) may also react with contaminants on it
polymer surface, so cleaning is also a result of treatment with the UV radiation [21]. The (ollowif>g reactoi
have been proposed [21] for the phoio-oxidation of polymers at 254 nm by atomic oxygwi;

03{'A) + hv(254nm) 0o~ (\or'r,) + 0(D)
P-H o+ 0('D) f + OH
p-+ 03(A) PC 0 z(\or'rg)
P + 0('D) po-

Two different UV treatments of the vulcanized lateces were carried out: one “mild" treatment at a distance
15 cm for 2 minutes; other “aggressive" treatiryenl at a distance of 5 cm for 5 min. Immediately after |
treatment, the water contaci angles on the treated vulcanized lateces surfaces were measured. UV-15 cn
min treatment does not noticeably decrease the contact angle values of vutaanized lateces (mainly for la'
2) and thus wettability is not increased (Table 1). However, the UV-5 cm-5 min treatment strongly increas
the wettability of both vulcanized lateces.

Table 1. Water contact angle values (25X) on UV treated vulcanized lateces

Vulcanised latex Treatrnem Contactangle (degrees)
Latex 1 i As-received 107
UV-15 cm-2 min 86
UV-5 cm-5 min 50
Latex 2 As-received 93
UV-15 cm-2 min [ 91
UV-5 cm-5 min ! 49
The UV-5 cm-5 min treatment of vulcanised lateces creates 0-H bonds ba.~ at332Bc~ A
stretching) - Figures 12 and 13, A band at 1650 cm ' wh«h can be ascnb”to e tter
C=C or L n st?etch,ng ,n O.C=N groups (produced by .ncorporaton of "

also Drodoced A broader band at 1708-1713 cm ' is seen, ansing from Itw C=0 stretcliing in a numi*e



i* much Jess important, and the chemical niodificai«cw”
eHectiveness oJ tt» UV-1S cm-2 min vulcanized latex Z Zinc stearate {band at 1536 cm’} *
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Figure 12. ATR-IR spectra of UV treated vulcanised latex 1,
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Figure 13. ATR-IR spectra of UV irealed vulcanissd latex 2.

chemical changes in the vulcanised lateces surfaces produced by UV treatment can be foliowe
usina’ATR'IR spectroscopy the treatment must penetrate into me surlace on the order oJ appfoximateiy
(the esirm~ad depth™of IR radiafon penetration aliowed by the ZnSe c~tal .nder the expenmer

. ©anditions used in this study)

The mechanism ol the photo”oxidation reaction of c«-1.4-poiy.soprene [21] can be used (o understand tl
etfects of UV radiation on the vulcanised latecss:

CH, hv
-CH,-C=CH-'CH,-CH:-C=CH-CHj- - >
cH, Gh, o.
» -CH,-C =CH-CH-CH--C=CH-CH,- + H >
CH,
» -CH,-C=CH-CH-CHrC=CH-CH ;-
0-0
The pa. ical Intramclecular, ~ "
TO8P it B aEh&? Bxygen TSIl TS 2 seroxy Tadial. 1 nis raok~



CH, H <TH,

CH,-C-CH-C=0 + CHIi-CsO 0=c-cH2

C.-lu .
CH, ACH:-CX0-0 —_—
-CH,-C =CH-(~H CH-CH;-
0. 0

‘ 4 K 1y ritHiafion mav read with each other to pnv
The aikyt. alkoxy and peraxy radicafs produced by UV

crossiinkmg of  pofymef at the surlace;
CH,
-CH,-C=CH-CH -
|

~CH~-C=CH-CH- + -CH,-C=CH-CH -
-CH,-C=CH-CH-~

CH,
CHA
CH,
“CH.,-C=CH-CH -
“CH,-C=CH-CH - o
cH. SCH.CACH-CHA

CH,

The UV treatment also aHects the morphology of the vulcanised lateces suriaces, and in a different way lo
the two materials. The SEM micrograph of the UV-5 cm-5 min treated latex 1 {Figure 14) shows a relative}
snrooth surface on which several filler particles and paraffin wax agglomerates are disseminated. The UV-15
cm-2 min treated latex 1 (Figure 15) shov/s a noticeable surface crosslinking giving a hard layer and several
cracks. On fop of Itite hand layer, some paraffin wax agglomerates can be also distinguished. Therefore, tha
UV treatment produces surface cleaning and noticeable crosslinking, favouring the migration of paraffin viax.

Figure H. SEM micrograph oVuvTcm-s'ml'n treated vulcSEed13f<1”



Figure 15. SEM micrograph of UV-15 cm-2 min trealed vulcanised latex 2. a. X 100. b. X 2000,

UV treatment is more aggressive for vulcanized latex 2, Whereas not«:eaWe surface ablation is
UV-15 cm-2 min treatmen! (Figure 16), extensive surface crossltnking and formation of cracks are produced

by the UV-5 cm-5 min treatment of latex (Figure 17)
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Figure 16. SEM micrograph ol UV-IS cm-2 min treated vulcanised latex 2.

Figure 17. SEN< micrograph ol UV-15 cm-2 min treated vulcanised la«ex 2. a, X 100. b. X 2000



The inHuence ot the surface modificatcns on ihe adhesion properties of the two vulcaniwd iateces trsaiefl

UV radiatton was rronrtored by T-peet tests on UV-ireated lateVPU adhesive+5 wit%
. Aytgocyanale/leathGr tonls. The joints prepatod with the as-received lateces show a very low peel strength
frie 2). and the treatment with UV radstion leads to a moderate increase in the T-peel slreogth. The
L>crease »ikely arises from improved wettability and the surface chemistry produced by UV treatment, but the
Qfesence of antiadherent moieties and surface crossliriking
Aferences in peel strength in the
» different loci of failure of the joints.

inhibit adhesion ot the two lateces. The
jointe p with the two

lateces also correspond

Table 2. T-pee! strength values of UV treated vufeanized iateces/ PU adhesive+5 wt%
polyisocyanate/leather k

Treatment Peel strength {kN/m)
Latex 1 As-r»etyed 0.8

UV-15 cm-2 min 15

UV-5 cm-5 min 1.0
Utex 2 As-received 11

UV-15 cm-2 min

UV-5cm-5 min 17

Alladhesive joints of vulcanised iatex 1 show an adhesion failure, whereas for vulcar~ed latex 2, the laihjre

was produced in the UV modified surface layer. In fact, the ATR-IR spectra of twth failed surfaces of the UV-
5 cm-5 min treated latex 2/PU i wt% polyi:

ly joint (Figure 18) are similar between
them and corresponds to the ATR-IR spectrum of the UV-5 cm-5 min treated latex 2. Figure 19 also confirms
this kind of failure

aiE-

0-»4

1S. ATR-IR speCra o, m . ,ai,sd s..aces o«a,ned a,e, pa..s, o, UV-Sc.-S .in Kea.e. ,«ex a.

PU adhesi»e+5 wtd% polyisocyanale'teather jomt.



Figure 19. Photograph showing the faiiure oJ UV-5 cm-5 min treated latex 2/ PU adhesive+5 wi%
poiyjsocyanataineather joint

CONCLUSIONS

Pex5r adh~ion of vulcanised lateces sol” is mainfy due to the presence d ~tiadherent moieties {paraffin wax,

anc stearate) on the surfare. Hatogenalion with etiiyl acetate of 3 wt% TCI removes ihe

antiadherenl moieties, creates roughness and surface chemistry, and also improves wettability. As a’
consequence an adequate adfirion lo polyijrethane adhesive is obtained. UV treatment is not as effective in
the surface modification of vulcanised lateces soles.

Acknoviredgemenis. Financial support of the Spanish Research Council <MCYT) (MAT2002-024B3~
project) is acknowfedged.
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abstract

Natural rubber (NR), polyurethane rubber (PUR) and NRyPUR-based nanocomposrtes were produced from
the related latices by adding a pristine synthetic layered silicate (LS; sodium fiuorohectorite) in 10 parts per
hundred parts rubber (phr). The dispersion of the LS iatices inthe composite was studied by X-ray diffraction
(XRD) and transmission electron microscopy (TEM). Further informafon on the rubber/LS interaction was
received from Fourier transform infrared spectroscopy (FTIR) and dynamic mechanical thermal analysis
(DUTA). Tensile and tear tests were used to characterise the performance of the rubber rianocomposites. It
was found that LS is more compatible and thus better imercaiated by PUR than by NR. Further. LS was
oreferably located in the PUR phase in the blends which exhibited excellent mechancal properties in

the uncompatibility between NR and PUR. Nanoreinforcement was best reflected in sttffress- and strength-
related properties of the rubber composites.

ot

INTRODUCTION

| Nowadays rubber ranocor.pcsites containing layered stoles (LS) as

dispersed in water which acts as swelling agent via

stable aqueous dispersion ol finerubbe
Note that several rubbers are available in latex form w

(allowed by coagulation is therefore at

partcles (particle size usually below 5 pr,.) ~ for natural (NR) 14
interesting way to produce rubber carbo«ylaled NBR (8). On the othe
3 » e

YRS RIS SPBRLAR Lsmremorcea a ex " ! T as latex cirtoinations o
widely used to improve some ~ 9.101 in order to improve the resistance to solven
Bed/reinforced owing to its moderate laar strength .g. J % »  tilerided with polyurelban
(specially towards hydrocarbons), to oduce LS-reirforced NR/PUR-base
AA L IIA Trtefut STCOMPOrdARAAAA L d A o " oA

°av-dependent r.echanical properties
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EXPERIMENTAL

Malrrials, As LS a synthetic sodium tluofot>ectorita (SomsBif ME-100) ot Co-op Ctlemcals {Tokyo, Jap
was aelectBd. Tt»s LS had a cation e«chango capacity ot I00meq/ICX™ and an interaallery distant,
0 95nm. Note ttiat this LS exhibits a very high aspect ratio, va.>*00C [4,11).

sultur prevulcanizea NH latex was procured Irom Rubber Research Institute ol India (Kerala India), t
concent.aled. high-ammona (1 %) NB latex contained 60% dry rubber. For preyu car.ization this latex » ,
mixed unth the ingredients listed in Table 1 with slow stirnng. The compounded latex was then healaj i
TO"C tn a water bath with low stirring lor 4h. The prevulcanijed latex that obtained was cooled to ro
temperature and the initial ammonia content was restored by adding ammonia solulron. The NR iatex w

then stored m tight piaslic bottles unliJ use.

PUR latex (Impranil DLP-R) containing ca. 50?i, polyesler-baseO polyurethane was supplied by Ba

(Leverkusen. Germany).

Rim casting. The prevuicanized NR latex was mixed with the aqueous dispersion of LS (10%) and stirred
well. The din and coarse parlides were removed by filtering through a sieve {opening 250pm) and the latex] !
compound was cast in a nwld build of glass plates (dimensions; 130mm x 100mm x 2mm). The casting wasj?
alkjwed to dry in air till transparent and post vulcanized at 100°C for M minutes in an air circulated oven.jl
Fully vufcanized samples v<«ere then cooled and packed in sealed potyethylene bags for testing.

Aqueous dispersion of LS was added to the PUR iatex stirred and cast as indicated above and air dried fill]
trat"sparenl. Note that PUR has not tieen cured

Latex blends with various PUR/NR ratios (viz. 1/1 and 8/2] with and without LS were produced in a similar!
way as descnbed above,

Morphology detection. The dispersion of LS in the latex films was studied by X-ray diffraction (XRD) and ~
transmission electron micrcrecope (TEIA). XRD spectra were obtained in transmission mode using IMi-fiKered i
CuKo radiation {X=0.i542nm) by a D500 difractometer (Siemens, Germany). The samples were scanned in
step mode by 1.5"/min rate in the range of 20<12°. For comparison purpose the XRD spectrum of the LS
povitier was atso registered, however, in reflection.

TEM images were taken in LEO 912 Omega microscope with an accelerator voitage of 120keV, Thin
sections (ca. 100nm) of the specimens were cryo-cut with a diamond knife at ca. -120@C and used without
stainmg

In order to get a deeper insight in the possible interaclion between LS and mbber Fourier transform infrared
spectroscopic {FT(R) meaajrements were also done. FTiR on the films was performed in attenuated total
reflKrtron mode (AIR) at a resolution of 4cm” using a Nicolet P 510 spectrometer. LS powder was pressed
with KBr powder for FTIR measurements in transmission mode

Property assessment. Dynamic mechanical thermal analytic (DMTA) spectra of the films were recorded by
an Epiexor 25N device {Gabo Oualimeter. Germany) in tension mode at 10Hz frequency The complex
elastk: modulus, its constituents (viz. storage, E'and loss parts. E”) along with the mechanical loss factor
tans) were determtned as a function of the temperature (T = -100"C...+60"C). The static and dynamic tensile
load applied were 2 and £ 1N. respectively and the heating rate was set to 20C/min.

IIs s ftionf ==>"9=""") ~ong with the moduli at selected
sSSmin ™ ih«H ~ dumb-bells according to ASTM D 412 using
creK~tThars tl»I»minBd according to ASTM D 624 usinS

S ~ed”o arreragt;g%”reTo?;d%"
RESULTS AND DISCUSSJON

compos,tbnl NWe"that ?beTs'show*w~"Ser°*o "'’k LS-conlaining films ol various
correspond to the following interlayer distances b a S nnih“ n These pea”
the US used contained soLsm Il | s equation: 1,22, 1.10 and 0.95nm. »

been inlercalated by NR in the related comno 1t ‘ntergallery distance than the bulk material. LS tix®

mHr@Me o mposs Ihcinte,layerdistanceoflheLSIncreasedlo1.19nn"
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TEM futures in Figure 2 evidence the good intercalawn ol LS by PUR. One may oel llw imprsMion Ihal a
pgrtof LS has been even exfoliated. Pictures in Figure 2 demonstrate iurther ihe high aspect ratio of the LS
8("3 is becoming obvious when Ihe size of the flat-one laying platelets (disks) in Figure 2b are considered.

The dispersion of LS in PUWNR (1/1) lalex bland diiiers considerably Uom thal of the PUH. TEf~ picture in
Figure 3 show hat NR and PUR are not corripatible. Note thal particles from the sulfur prevulcanized NR
, appeaf dark in these TEM images. Layered siiicaJe stacks can I» located at the boundary of the PUR (light)
+ jntj NR (dark) phases. Pronounced inJercatetion and possible exfoliation look place only in ihe PUR phase *
| ses Figure 3b. The silicale layers and aggregates cover the NR particles resultirig in a skelelon {house of
: cards) structure. This pecuiiaf morphology is rather specific for Nfl nanocomposites produced by the iatex
route if Ihe length of the LS is commensur~e with that of the rubber particle size in the latex. Based on the
TEM results we can i>ow explain the diHerence in the XRD spectra of the PUR arxJ PUR/NR latices. Recall
~ (hai LS is less intercalated by NR than by PUR. So. in the case of the PUFI/NR blend. PUR should
sintercalate the double amount of LS due ihe volume excluded by NR. Bearing in rrend that there is an
« oplifrum in the LS content in respect to intercalaiior phenomena, a st irkirease in the LS
fnay cause its reaggregaiion (confinement). However. lhis does no! yiek] nec~sarily a delenoration in the
~irechanical properties. Recall thal the prevukamzed NR particles force the silicate aggregates in the
na~hboufing PUR phase to cover their surface. This resufis m a skeleton morphology as the length of the
~cate layers is higher than those of ihe (Sametsr of the particles (Figure 3). The formatbn ol this skeleton
structure may yield improved mechanical properties.

- inlereslirjg information can be derived from the FTIR analysis, loo. Several attempts to characterise
EAPURI/clay (12-14) or NR/clay [15-16] nanocomposites using FT-IR spectroscopy have already been made. In
V most of the cases just Ihe verification of the incorporation o the clay into Ihe malnx was the outcome.
~ Oiflerences between the spectra ol unfitted material and nanocomposile were searched among peaks
~ corresponding to vibrations ol the macromolecular chains of either PUR or NR. Chen et al. [12] tried to

»'«slimale the degree of interaction between ihe silicate layers and the PUR segmenits evaluating the ratb of

LSie absorption peaks of the hydrogen bord&d and the free groups of NH or C=0. Recently. Loo el al

rmonitored the stress-induced peak shift in the Si-0 stretching vibration of monimoriltonite clay in nyton-

i- ffnanoclay nanocomposile (171. The vibration of the St-0 bond was fourxl lo be seristlive lo stress showing a
- shiftto lower wavenumbers with increasing level of strain

I" The absorption bands in the infrared (IR) spectrum of varrous layered silicates depend on their chemical
C j-conposilion [18j. fn case of fluoroheclonte the IR spectnjm presents mainly two peaks corresponding to the
t Si-0 stretching vibration al the 1005 cm ’ and fhe Si-O bending vibration at the 476 cm' (13, 17, 18], The
I-jfty i~ ty of these peaks to intercalation/exiolianon phenomena is an aspect observed m the current paper

As presenled jn Figure 4, the Si-0 stretclwng vibration at the 1005 cm” m the case of PUR.'LS system ts
Ajpearinaas a shoulder around 990 cm’ superposed lo the 967 cm' peak of PUR. Moreover, the ShO
= Wtding vibration al the 476 cm™ is shifted to the 467 cm ' presenting a clear peak due to the fact that al Ihat
region the PUR does not present any peak. Considering the fact that ihe PUR is capable of intercalating the
‘ayers of LS (i.e. TEfvl and WAXS experiment), the peak position is likely due to the mieracl.on of the
~macromolecular chain with the silicate layers

Rgure 5 presents the spectra in the case of NR/LS system. The Si-0 stretching vibration at the 1005 cm *
the Si-0 bending vibration at the 476 cm ' are shifted to 996 cm and 470 cm re s ~ |~
«hs TEM and WAXS findings. Ihe NR/LS syslcm shove<d less signrficant .
t«pansion) than PUR. This means lhal the interaction between the NR macromoteular cha”~ar~the
Siltote is ralhet low Respectively, the t«ak shift in the IR spectra tor the NR/clay nanpcomposite
»as also slighter than the shill for PUR/cla/ nanocomposite.



PUR. Constdarmg the TEM tmages. lhe componerrt mat worked as intercaiarrt in the biend was the

ratt>ar than the NR

ComuBing Ihe above mowoned resulK. il ts clear IM PUfl has Mo lavourabte paaks in the case a ,
XBD sf«cira This means mat there are two favourable and possible distances between the layers of g
stficaie dunng irtercalation. In ihe case oi the spectra from Ihe faend these two peaks are also appearing ~
with totally opposite intensity. The volume dunng the mixing of the matenafs (glass plates) was each time th
same and PUR is obvious that intercalates moch better than NR (XRD spectra). Considehng that in the cai

ot the btend Ihe volume that possess the two components is the half that they were possess alone in tf
gtass prfate. excluded volume phenomena should be present (also restricted mobility of macromoleculg
chains). The LS is mainly in the PUR area (TEM images), so the amount of LS that should be intercalated b
PUR is not actualty IOphr but something less than 20phr. Having in mind that there is an optimum in Lj_
content m order inter i iialion phenomena to take place (enhanced properties at low filler level) [~ i
19-205. the irKrease of LS content in the PUR area should act reversal to the phenomenon. The NR- ' '
system gives raise to a peak in the XRD spectra around 7 degrees. Thus, the main peak for the t
around 7 degrees is quite kjgical. presenting also a smooth peak around 4.5 degrees.

Thermomechanical propertfes. Ftgure 7 shows the course of the storage modulus (£’, Figure 7a) arx
mechanical toss factor (tanS, Figure 7b) as a function of temperature for the latices studied. Comparing i
DMTA traces of the plain rubbers with that of the blend one can notice that PUR and NR are fun
incompattbie. This is based on the fact that no change in the related glass transition temperatures (T.
occurs due to bfending and the stiffness follows the composition at ratio. This finding is in harmony with TEf,
results. The nanoreinforcement pnsved to be very ellicient below the Tg of the matrix (plain rubbers) am
below the component with the higher Tg (blend rubbers), respectively. The stiffness of the plain rubbers wai
increased by 1200-1500fi4pa (depending on the temf>erature) owing to 10% LS. One can notice that
formation of a skeleton stmcture in NH and PUR/NR blend is as efficient as ihe markedly better intercalation
however, wfrthout skeleton structure in PUR, Figure 7b demonstrates that nanoreinforcement caused i
dramatic decrease in the tan6. This finding is in concert with the expectation: the molecular mobility isj
strongly hampered owing to the strong LS/rubber interaclions. Note that in Figure 7a the major reason ofi
blending NR with PUR is obvious; the biend exhibits a markedly higher stiffness than NR up to T=10®C (T.00
PUR). ~

Tensile mechanical properties. Table 2 lists the mechanical properties of the rubbers and thei
nanocomposttes before and after heat aging. Note that LS nanoreinforcement was very effective for PUR

The ultimate tensile strength as well as tear strength strongly increased (more than 3 times) and a dramatii

improvement was fourxl in the moduli at different etongations. As expected, the LS reinforcement strongl)

decreased the ultimate elongation. A similar scenario, however, with less improvement in the stiffness ai*

strength was found for the NR, The most interesting results presented the PUR/NR (1/1 and 8/2) blen(

based nanocomposites due to their excellent fnechaaical pedormance. So. part of the expensive PUR laten

can be replaced by inexpensive NR latex without cac.ificing the mechanical response of m

nanocomposites. A further advent of compounding NR with PUR is reb*-d to the aging of the latter. Heal
aging of PUR accompanied with crosslinking (via interchange reactions) which :-..ances ihe stiffness andl
strength data of PUR. PUR-containing blend and related nanocomposites

CONCLUSIONS

pnp* “A,"*'Pholo9y dependent mechanical praperties ol layered
Sjinr— nanocc. po. 1, es by .he lalex ro.le, l«J
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Figure 1, XRD of the layered s-icaB (LS) rainlorced late* na-«c=mpos,tos ol various compo,|,K..,

tor ac«,pa,iscn purpose fgur. comains m . XBD .pectu-m of tM LS (sodium ftaroh.a, i.e j,



am cast of PUR latex containing tOptir LS
Figure 2. TEM images taken at various magniticalions from the



Figure 3b.

Figure 3. TEM pfclurcs taken Irom the film cast ol the PUR/NR (1/1) latex blend containing 10phr LS

PBpefv



4. FT-.R spectra of PUR, LS and PUR .Oph,

Figure 5. FT-IR spectra of NR, LS and NR reinforced with LS IOphr.
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Figure 6. FT-IH spectf. of PUWNR ()/1) blood, LS and PUR/NR (1/1) blend minlwced w«h LS 10phr
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Tw»bte I. Fem,uWion of NB pre»lca™ r«! Wex, DeB,gna.ion: ZDMC is zl«:dimethyldi,hiccarba,.ate

NR latex (60%)

10% KOH sotulion
50% ZDMC dispersion
50% suijor dispersion

Formulation

Tabis 2. Mechanical properties ot the lubber nanocDmpositss sludisd

Property

Tensile sirengih
fMPal
Tensile modulus
(MPa)
100% Elong,
200% Eiong.
300% Elong

Elongation at
break

Tear streogSi
{KNAR)

Tensile strength
(MPa)
Tensile modulus
(MPa)
100% Elong-
200% Etong
300% Etong

Elongation at
break o)

4Q

0.8
0.9
1.1

1.1
1.4
1.8

Before aflina

PUR+LS NR
10phr
15.9 19.6
5.6 0.7
7.8 0.9
10.1 1.1
543 881
54.5 28.0

After afling at 70“C for 7 days
20

17.9

7.6
10.7
1”5

NR+LS
10phr

21 m
31
45
697

36.7

235

dy

PUR/NR
(1/1)+LS
10 phr
12.4

4.3
5.9
7.5

6.7
9.4
11.6

PUR/NR
(812) +LS
10phr
11.4

4.9
6.7
8.4

7.4
10.4
13.Cc
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Iffinternational STANDARD VS. REAL-TIME AGEING STUDIES
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ABSTRACT

~afds products made from natural njbber lawx, the ageing process and - in connection with rt - the
heif iife is deemed an important aspect. Condoms fa!) within the r*ulations lak) down in the Medical Device
-)ifective 93/42/EEC, in which special requirements have been sel forth witfi regard lo the storage; period
ind evidence provided for it. For {hat reason, after several years of i heid in the ini i
Qsunlries, an Arrhenius method mdetermirration of the burst volume and the burst pressure after an artificial
aoeinQ carried out in an ageing oven mwas added to the ISO standard to determine the period lor which a
J~rn type complies with the minimum requirements. At Ihat time, the m ethod was not validated, tn the
fflsantime, it has, however, been shown by means oi test results presented from real-time studies and those
fflceived - both with anti-oxidants and wilhout - from ageing oven tests that the real processes devetop ina

more complex way. Owing lo the faci Ihat diiferent temperatures at wrhich the tests are perform~

" entail comDletely different reactions, the Arrhenius method cannot be applied without any restnclions. It has

f lamed out that, on condition that the ageing is carried out a high temperature, the burst
S’ mdecrease more remarkably than in reality, whereas the burst volume lertds to decrease less remarkably ton
'S lim e measurements Moreover, sorrre ludher aspects, such as the lorm cl the condom t”~e lubr«am
and the packing format wili have lo be taken into account. It is Ime that this way, by
#' S oS tion condoms can specihcally be modified to be 'in conformity ™th the standards , butlh,s does

not result in any addiliona! benefit for the user.
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I: HISTORY OF THE CONDOM STANDARDS

The purpose of this lecture .s to g.ve
behaviour of natural rubber latex condoms and to descnoe

Ihe standard quality tests

n

~ When AIDS came into the mind ot a wide J DIN 58993 [D mwas released in

important as well. In Gemiany, the first
1993. condoms have been considered as me 1 P
E2], and since that t.me. a lot of r>ew regulatve requirements

g also for condoms.

v

c
ANIT >

r 1 iha safety of condoms became more and more

Europe (Mednral Device Directive 93;42/EEC)



If> 1996 She European standard EN 600 (3j supersed&ad the naiional standards. The consensus incfucjg™
acceteraied ageing lest (test of force af break after 2 days | 70°C, minimufn 39 N) wsth partly
requiremerns |han those that were stipulated in the lormer standards. The former German standard inciu,j,
a lensile strength test to be earned out after 7 days / 70*C with a limit of 17 MPa. which approxi
equals 40 - 50 N force at break Real-Time tests were not carried out.

The CEN decffiionlo draw up a condom standard that should worldwide be valid resulted in a lot of chL,
The work regarding the next revision of EN 600 was in accordance with the Vienna agreement delegated
an ISO committee, which resulted in a clash of interests. It was decided that the tensile test carried out afi
artffictal ageing shoukd be replaced by the borst test after artificial ageing. This test is performed by fining {
condom with airitow, and recording the volume and the difference in pressure between the inside and i
outside ol the condom, in the United Slates, this test used to be carried out already before the curre
rewston of ISO 4074 for condoms came into force.

To observe both national laws and international regulations, the members of the ISO Technical Committf

157 also strived at finding methods to perform reai-time ageing tests and also methods to estimate the shaj:
life of condoms. In EN 600. the sheff ISe was defined to 5 years, which was just a period taken trofjj
experience. After several years cd discussions, 1SO 4074:2002 [4] was finally released and adopted as EN. h
includes a method to estimate the shelf life of condoms by performing buret tests after artificial ageing am
caiculating the shelf life by means of an Arrhenius approach. ~

TENSILE STRENGTH VS. BURST VOLUME AND PRESSURE

It is a widely used method in rubber industry to test the material prc~erties by performing tensile tests witj
derfined bodies like the weit-known S2 body. The advantage of the method is that you can compare i
{Mtjperties of many different rubber articles. Since condoms are much thinner than S2 bodies, ring sample
were used tor tensile tests. They can easily be cut off the condom and either the thickness, which i
independent from the tensile strength ot the force at break can be measured simultaneously with th(
etongalion. This was an established test method in nearly all the standards in European countries before EN
600 came into force. The ageing test v./as a tensile test carried out with artificially aged condoms and tume<
out to be advantageous to find out possible vulcanisation faults, but it was not possible to find a correlatior
between the shetf life and the tensile results before and after ageing.

tn the USA. the ageing behaviour was tested by means of a burst test (see above) carried out with artificialij'
aged condoms as stipuialed in former editions of ISO 4074. tt is also a stress/strain lest, but there are marr
more parameters influencing the results, such as the shape of the condom (for example: contoured condoirt
and dotted condoms have tower burst volumes, small condoms have a relatively high burst pressure). Tha

results of the burst tests are more deperident on film inhomogenities. as these are possible reasons foi
bursting.

Some experts argue that this test is a better test for the realistic performance of a condom as the entii

corxlom is tested. However, there is a limit to the test. The tip area, which is (he part undergoing the highest!

“"hereas most parts of the condom are elongated by abou(|

lensfe tesi is more complicaled kj pertorm. as the resulls of the tesis are remarkably influenced by

el"°sveteX "btaL Ters"

in«ever, twas decided to take Itte burs, test as a basis lor ageing s.irdies and an estirrat.ng ol the she«l

THE ARRHENIUS APPROACH

Sra*hrrtbm I"priLIrJddbirttran i° 'osuH' « was postulated tM1 H

T .. method was success,ul, applied for .esu,>rorrreTesTs

lerem ageing times. In theory, the time values of different temperatures can K



mit-'d to equrvaient times a\ a referefkKe temperature by muHipiying them by a factor given by the
equation

f Where-
is the activalion energy (in J/mot)
is the uni>/efsal gas constant (8,31 J/mor'K *)

is the reference temperalure (in K, here; 303 K)
is the temperature at which the ageing is carried out {in K)

The Arrhenius energy was taken Irom the literBture 16) and set to I>e 83 KJ/mot. ~
r~ren, ageing temperau”_at_dmArAacn

P«
aiing temperatures should then theoretically superpose in one single master curve.

of the properties rrtinus 2 - 3 standard deviations shall be hishe, than the n,,n.mum I,m«
The method was not validated before it was Included in the standard. There were very lew published deta at
that time.

results of accelerated ageing burst tests

Burst Pressure

Figure 1- Burst Pressure



Jhe mMntme. «» have d.c«enl measunng dala avatebla that ™ «

st«w s”nll«nt results, Il we calculate w,th the postulated ™

shift laaofs fto<n ISO 4074). we (M ttiat ttie buret pressure strongly tiKreases at nign tm ~
tr"reasTdecreases nruch L e stowly at lower temperalu.es I*e 50 'a w

(or temperatures between 50°C and 60-C. For each f

mean values ol the bunit pressure and the burst volume the next

30-0 values are those obtained from real time studies, which w 1be tTh,
coodom IS a cyfindrkal smooth condom wah lip. coloured and llavoured ~ -

described behaviour was stated in nearly every batch that was examined. The curves resulting from Il
Single measuring data points are exponential fittings.

AS regards the burst volume (figure 2). we stated the opposite behaviour. =
volume values is higher and there is a higher variety in the results, we tad thal at ihj
burst volume decreases more slowly than it does at low temperatures. The “ o
60-C are nearly the same as those obtained lor 70-C and 80"C. Again exponential Ifflings are used. In ihsj
case the results are obtained from a contoured smooth uncoloured condom with tip and silicone lubricant.

Calculated Time (d)

Figure 2 - Burst Volume

Experience has shown that the curves do not superpose for different temperatures. Furthermore, m ISO"
4074. the product o< txjrst pressure and burst volume is also taken into consideration, although this value is
of no physical importance, tt>e more so as the behaviour is different, because the graphs so not superpose.

The next step in our work was to examine if the superposing of the temperalure curves could be realized by
using a different Arrhenius energy. In case of the burst pressure, this will theoretically be possible (figure 3) if
the Arrhenius energy is remarltabiy higher (about 120 KJ/mol).

But does this make a physical sense? If yes, the burst volume must show superposing of the temperaiuf®
cunles at the same Arrhenius activation energy. The results we obtained were not sufficient.

As the method described is not mandatory and it is allowed to vary the method, we tried to estimate the she*
life by extrapolating the decreases of the curves at different temperatures (figure 4) to 30 “C. It 'S
theoretically possible o calculate the shelf life from the decreases at 30 "C But the result extremely dependsjj

on the fming that is used. It is not applicable for the standard, because the user has a lot of freedom lo owa'f1
the results he prefers.

paper'!



Burst Pre«*of»

Figure 3 - Burst Pressure al Different Acth/ation Energy

Etecrease Presswe

Rgure 4 - Decrease of Pressure at Different Temperatures
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Before drawis>g any conclusions, we compared the accelerated ageing resutts lo real-time ageing
coined from the same batches. They ara also included in figures i and 2.

RESULTS OF REAL-TIME BURST TESTS

ISO 4074:20CC requires that real-tifne ageing measurenT~nts are perfonned af 30*C m order to simulate if

storage condittons given in n\any southern countries. As this method is new and since we started o
real-time studies at 30*C in 2CX)1 only, we have al pnesenl no resuHs for the proclaimed maximum shelf i
of 5 years (a lor~er pehod is not altowed). But the results obtained from tests carried out with samples 2 ~
years after production at 30*C that the tendency from the accelerated ageing studies continues: (i
'C. the burst pressure nearly shows no degradation within 2 li years. On the other hand, the mean vay

to 25 % compared to the originat test resuj

oi the burst volume is decreasir® significantly by about M
obtained after the production. Problems concerning non-compliance of the condom Aj|h the requirerrier
set forth in the standards can thus be expected alter some time only with regard to t!~ [prst volume

ff we revert to the standard ageing test of 7 days | 70°C, we see that in this case, the burst pressure is thgjfl
cmicai value. The h”~her the lemperaturBS are, the more the burst pressure decreases. The conclusion Isf'l
that the test carried out at 7 days / 70“C can be used as a crash test for the stability of the batch undej |
special conditions, but it is not a good prediction of the real-time behaviour of the batch, i

There was a consensus made at the last iSO TC 157 meeting in Denver about this point (7]. Severajl
presentations of data showed that an estimation of the shelf IIf© cannot be done in this way.

The Arrhenius equation is normally valid for one detined reaction. But in this case, several chemicajl
reactions influerwe the product. The vulcanisation leads to different results depending on the reactiofif
temperature, the accelerator system and the concentrations of sulphur and zinc oxide. The most imponantl
factor is the chain length of the sufphur in the bonding between different polymer chains (figure 5),

Figure 5 ~ Different Sulphur Chains

'iu'Pl'ur chains have eight atoms: a. higher temperalurss the chains

r J Oacause”ol deyadalion. This has an influence on the flexibility ol Ihe (xjlymer. The ratio of

mono-, di- and polysutfid bondings s a characteristic value for the physical Dropeites of the Dolymer.
because this ratio is different at different accelerated ageing temperatures ol the poiyr

™ Rpd



When aco'iJtom '*sTealldIM o10X ~ 08"*
*®Shai> «i a rectangular package in which onrSd~il
"2 BS B widely used format|» cendoms Bu, MWs “
eft'ects also infl,=™:e the ageing

>s signiteanlly

— PV

. iw lensae test the stress that t™ undergoes is delined and uniaxiai, whereae. as regards the
Ki,sl test, the stress behaviour is Inree-dmeraional and complicated, which is one rtiore roason tor the tact

Ihat an Aritienius app is not su ful. As betore. special shapes have a significant
inlluence on the burst lest results, but not really on the results of the tensile tel,

ihfluence of anti-ageing chemical

Influence of A«i-Agetng Chemicsls

With AAC 90 €50°C With AAC 7 470°C With(XITAAC90d5CrC AACT7d 707

Figure 6 - Influence of Anti-Ageing Chemicals; Burst Pressure

The new .«,,i,en,en, set forth ,n ISO 4074:2~2J0 the e||-> |Ja.
30-0 instead of room temperatures lead”o

m “urer
by changing the sulphur/accelerator

wants to stipulate tt>e same shelf life as betore. ~ A f e  word artioxidants. as te
>a«.orbyusingantiadeir.9Cham,cas. Ant, age” «
Pfocess in question is not an oxidat*n - o»en noi A

A3 regards our
European manufacturers. However, me ""~P~52h?ahlv active potyphenolc additive arxJ

_»¥ieriments. we used a well-dispersed mixture of a highy against both oxidation and

HiRufSeR SR YR £ FYSHNE SiliYesuts can be seentor  smoo e.-pigr.ented condoms

J ./ enT~hirh is obviouslv closer to the conditions that
The ageing conditions were 7 days / dipping line under neatly the same conditions,
stkuld be simulated. The results were obtained at the * “MNNess seem to be the main reasons
imt a different batch ol latex was used. This fact an ~  possible to improve the
for the d'tfferent burst pressures in the Oegmnmg. r-hsmicals are used, it seems that also reat-time
f.p«~bility of complying with the staridards if age-ng ¢ ~ ~ influences on other
ageing rssults will get belter, but this needs lur*e ™ Is ,he bio-burden test that has not been

properties have been found. Another ? ,;cals used was very low. il should be no problem,
done yet, but as the concentration ol the anti-age<ng



Sefora drawmg any coriclusions. we cixnparad Ih® acceiaratecl ageing resuUs to real-lime ageing r

from ihe same baiches. They are also included in figures 1 and 2.

RESULTS OF REAL-TfME BURST TESTS

ISO 4074:2002 requires jhai real-tim® ageing measuremerrts are pefformed at 30“C in order lo simulate tf
stora”™ conc#tlons givsn in many southern coumries. As this method Is new and since we started oi«

reaMime studies at 30®C in" 2001 only, we have al pfesent no results for the proclaimed maximum shell

(A5 years (a longer fwriod is not atlowedj. But the results obtained from tests carried out with samples 2 jT
years after production at 30*C show that Uie tendency from ihe acceleralKi ageing studies continuRs; "
30 °C, the burst pressure nearly shows no degradation within 2 W years. On the other hand, the mean vaiy.

of the buret volume is decreasing significantly by about 20 to 25 % compared to (he original lest resyj
o< the with the nt

obtained after the production. Probl«ns concerning n
set forth in the standards can thus be expected after some time only with regard lo the burst volume

If we revert to the standard ageing test of 7 days / 706C. we see that in this case, the buret pressure is tha
critical value. The higher the temperatures are. the more the burst pressure decreases. The conclusion is
that the test carried out at 7 days / 70“C can be used as a crash test for the stability of the batch under

special condilicKis, but itis nota good prediction of the real-time beha'.iour of the batch.

There was a consensus made at tha last rSO TC 157 meeting in Denver about this point [7J. Sevetajl
presentations of data showed that an estimation of the shelf life cannot be done in this way.

The Arrhenius equation is nomially valid for one defined reaction. But in this case, several chemical
reacttorts influence the product. The vulcanisation leads to different results depending on the reaction1
temperature, the accelerator system and the concentrations of sulphur and zinc oxide. The most important™
factor IS the chain length of the sulphur in the bonding between different pol>~er chains (figure 5).

Sg Si

Figure 5 - Different Sulphur Chains

because .his ratio is different at different accelerated ageing tempe,aluref™

from foil, consisting of different polymers and an aluminium h ~ Pac~'ages that are usually made
protection from he-

That is why we can assume that the degradation of poXsulfiyhnnrt

s4r~gsS ;rh ™ -~ -
ased in c*sad packages,. At higher temperatures, a~c”~rnrof'~IScrborn”~sl'n~"r"rnn



Hifbaam s Package mwhich one side is ramatkably smaBsr Ihal Ihe other one. 30 X 70 mm
used to a vmiGly usod lomial tor condoms. But m this case, the condom is lofced into a special positran,
and vi ic effects also i the ageing performance

in the tenste test, the stress that (he condom undergoes is defined arxj uniaxial, whereas, as regards the
burst lest stress i is thri i 1sonal and i which is one more reason for ihe fact
that an Arrtien.us app is not st As i before, spec«l shapes have a sigrifican!
influence on the burst test results., but not really on the results of the tensile test.

INFLUENCE OF ANTI-AGEING CHEMICALS

Influence of Arrti-Ageiog Chemicals

WIimAAC90dSO*C Witti AAC 7d70°C Wrthout AAC 90 d 50°C Wilfvx* AAC 7 d 70*C

Figure 6 - Influence of Anti-Ageing Chemicals; Burst Pressure

The new requiremeni set forth in ISO 4074:2002 to the effect that real time ageing shouW be performed at
30°C instead of room temperatures leads to higher requirements regarding the condoms ri a manufacturer
wants to stipulate the same shelf life as before. This can be influenced by changing the sulphur/accelerator
ratio or by using anti ageing chemicals. Anti ageing chemicals - we do not use the word antioxidants, as the
process in question is no! an oxidation - were often not used in the condom compounds, especiaify by
Europear® manufacturers. However, the importartce of these chemicals has come to grow. As regards our
expenmenls. we used a well-dispersed mixture of a highly active poiyphenoiic additive and alkylated phenols
that does not have any colouring effect on the product and that is well effective against both oxidation and
thermal rrsechanisms. In figure 6 some results can be seen for smooth, cylindrical non-pigmented condoms

The ageirig conditions were 7 days / 70°C and 90 days/50*0. which is obviously doser to the conditions that
should be simulated. The results were obtained at the same dipping line under nearly the same conditions,
but a different batch of lalex was used. This fact and a different wall thickness seem to be the mam reasons
for the dtfferent burst pressures in the beginning. As a result, we can see that it is possible to improve the
probability of complying with the standards if aati ageing chemicals are used It seems that aisc real-time
ageing results will gel better, but this needs further investigations. So far no negative influences on other
properties have been found. Another impohant test for condoms is the bio-burden test that has not been
done yet. but as the ion of the getng used was very low, it should be no problem




CONCtUSfONS

Wa wanted to show tn «i» that oofy vai»cte(*3 mettxxJs or aa least J»>osewhere a long-time expenetw.
i« av«~te shoufel t» made parts of sitndards. In «S0 4074, there is a method described fof
estimaiKKi of the «e that may resufl m wmng predictions and lead lo recalls or claims regafcjjrJ
condoms mai ccBiif* with all Jlie rmjuirements reganding reaJ-tkno t~sls. A second disadvantage of
method ts Thai ioma prot3(«ms. such as neittive effects on the burst volume, might noi be found,
scienliftcaHy sartous estimation ot the shelf lifs is not posstwWs. Ccwidom suppliers usually have a qua(jly*
management system according to fSO 9001. This standard requires that ail new processes, including testing m
procedures - be validated before they are estaWished. Bu! in this case, the testing standard is not validated

The {SO standard will be revised. Owing to the fact Ihat there is no other validated mefhod for the time being

we thinit Ihat the ar)ty reasonable method is lo estimate the shelf ifle from real time data by extrapolating real’ *
time data to the indK"ated she« life. The ageing test for a batch can be regarded as a crash test. It is no "
predfCticHi for the real time behawour, tnjt tl can be a slatemenl about how the properties of the batch react to"
adefined inpul of heat. Therefore the nurr4«r of san>ples can be reduced.

Anti-ageing chemicals become more important than they used to be. because the condom standard
demands that the indicated shelf life must be verified by means of real time ageing at tropical temperatures.

1) DIN 58993:1991; Kondome aus Naturkautschuklatex, Anfordeiungen wund Prufuna Din

Beuth-Veriag. 1991

(2)  fedical Device Directive 93/42/EEC; http:Weuropa.eu.im. Baissels, 1993

(3} EN 600:1996, Natural Rubber Latex Male Condoms, CEN, Brussels, 1996

{4 EN fSO 4074:2002. Natural Latex Rubber Condoms - Requirements and Test Methods ISO

Geneva, 2002
51 (SO/rC 157/WGIO. N100, 7.1.1, iniernal document
16] Grimm W., Drug Dev. Ind. Pharm., 19(20}, 1993.2795- ~ 30

17) iSO/rC 157, N 599, internal document
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ABSTRACT

This paper will discuss the impact of inter-rr»aterial ition on the net ion volumes of syntheti
latexes and emulsions used in paper, paints and coatings, and adhesive appltcatiore in Japan and China. A
comparative analysis of industry structure, pricing trends, raw material issues and end-use market rteeds will
be presented, along with differences In future growth prospects for styrene butadiene, acrylic-based

mulsions, and vinyl b d emulsions. The impact of inter-material competition on the long-term
value of selected latexes and pulsions and projected changes in market position for these products will
also be examined.

Introduction

In2002. the Asia-Pacific region represented about 20% ol global SLP demand, with more than two-thirds of
this total coming from Japan and China. North America and Western Europe generated 75% of worldwide
demand. (Figure 1)

Through 2007. global SLP demand will closely track the growth of key regional economies, and similar to
forecast GDP in the highest consuming regions, is expected to grow at about 3% per year. During thts time,
growth in the Asia-Pacific region is expected to outpace that of North America and Western Europe by more
than 60%. Although North America and Western Europe will continue to dominate global SLP demand,
these regions are expected to tose market share to the Asia-Pacific region. (Figure 2)

Following industry growth, SLP suppliers with global market positons have increased activity in the Asia-
Pacific region In the process, differing business objectives from multinational, regional and kscal suppliers
are converging to create an increasingly competitive marketplace. As divergent suppliers devekjp and
earmark more products for the same end uses, a highly favorable environment for .ntermalenal competnon
is created, which is driven by the following factors:
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«  Rtsing and falling growth prospects tn key end use martcels
«  Acnievrng economies of scale
+  GosiF«flormanc«iradeoffs
«  Concentralion and balance among suppfiers
ARhough simiJar bndameniate dnve intermaierial compeWnjn in Japan and China, dtfferences in industry
structure and market condtlions prescribe diHereiilial impacts on synthetic latex polymers wdh respect to

product consumption votumes and their related market values. (Figure 3)

Drivers of Intermaterial Compelition

The drivers ot irnermatenal corr>petftion and related impacts on different categories of synthetic latexes and
emulsions consumed in Japan arxJ China will be examined below.

Rising and Falling Growth Prospects in Key End Use Markets

In paper, paints and coatings a/>d adhesive end uses, one or two core synthetic latex polymers typically
account for the lion's share of total demarwi. (Figure 4) Notwithstanding i in end use
market demand always impacts the growth of consumption volume and/or market value of associated
synthetic latex polymers. For example, in Japan, styrene butadiene recently experienced net gains in general «
adhesives as a result of intermaterial competition stimulated by slow growlh in traditional paper markets.
Likewise, as the nonwovens and textiles markets contracted, styrene acrylic emulsions accrued gains in
paints and coatings over vinyl acetate-based emulsions. (Figure 5)

Against a ijackdrop of robust economic expansion ifJ China, intermaterial competition between styrene
butadiene and styrene acrylics in paper and styrene acrylics, pure acrylics and vinyl acetate-based
impact” the markei value of styrene butadiene, styrene

in paints and X{ has neg
acrylic and vinyl acetate etfTytene emulsions. (Figure 6)

Achieving Economies of Scale

SLP capacities fend to be added in large increments, resulting in supply cycles that alternate between
periods of excess capacity and insufficient supply. In 2003, both Japan and China experienced periods ol
excess capacity. While Japan’s excess capacity can be associated with reduced demand ina sluggish
economic environment, China’s can be directly linked to capacity overbuilds in anticipation of increased

In both countries, as suppliers with high fixed costs try to i4llize a significant fraction of full capacity

demand.
In 2003. average

to achieve breakeven economics, price wars and intermaterial competition are triggered
operating rates for synthetic latex polymer plants operated by the top nine suppliers in Japan and China
were 74% and 70%. respectively. Plants operated by small local and regional suppliers tended to have
capacity utilization rates t>elow 70%. (Figure 7)

Cost-Performance Trade-offs

Acceptable perfoiroance ata given price level is another critical factor in intemialerial competition, since
latexes are freq price L g

typically offer non-core products at lower price points, As

increasing ihe

For example, price

many customers m key end use markets for
the of price . SLP supplier
customers within a particular end use market gain experience. switching:osts decline
r~at.ve ease by which oistomers can choose differentiated products based on price
dif erentials for pure acryhc and styrene acrylic emulsions with comparable % solids range from 30% to 51%

differentials for styrene butadiene and vinyl acetate
ethylene emulsions range from 42 % to 44% in the paper market in Japan. (Figures 8 & 9)

Concentration and Balance Among Suppliers

“ PRSI " in WgWy fragmented markeB,

SiTfaclef intematehal compelrtion is a
have raised the bar on

of synthetic latex polymers in alternative end use markets,

product P 1t and il



Alltiough at dtfferent sutaes nf

iy e ian

degree of inle,material compeWlon. i;,j i r f h |
A *onnaleriai compeHior, irkludes low growth

praspMs incore end urn rrarkets, relaliveiv

growth and a (ragmenled base of siippliers prospeols for erx| use markel

wony
""fi «erent classes
in China, the

suppliers target H M re afe
of synthetic latex products. Longer lerm as m Sorn«h °

prospects for continued intermalarial co~netilim ) _
compelilron appear to be highly favorable. (Figure 12)



In 2001, Asia-Pacific represented about 20<* of global SLP
demarrd, with more than two -thit*s of this total coming
from Japan and China...

~Kline

Figure 2

+Oirougti 2007, sustai ned consumpUon i n Nortfi Amerl ca
and Western Europe will balance slower growtll but these
regions wiil ios« market shaie to Asia-Pacifi

5Kline

Figure 3



OMav<ng market growth, global SLP supptoer* have
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Diverse suppliers in fractured end use markets must
leverage market ami manufacturing optiwis to gaifv

S'Kline
Figure 5

In Japan and China, where paper, paints and
coatings and adhesives account for over 7Wa of
total SLP demand, intErmaterj*! cotnpeOtton is
driven by the following key factors ...

» DiffefertHterondi plospeasn keyend  martets
+ Acnewng eowivies of soie
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NANOCOMPOSITE BARRIER COATINGS

Morris A Goldberg, Came A. Feeney. DMglas P. Karim, JM M F W
InMat Inc, USA

biographical note

297f a k* “““ "VKom the U, ivers»y of Massachuse«s ,n
I ® Toronlo. he tegan an MustJ research career at
Celantsete S e tL S S h f""" "ouxrg » “a*="
science areas includino cartjon a,S h» ““Silness devetopment teams It) numerous material

° ">«=alaled graphite, aptical recording, twn-Itnear opt.cs,
£ M authOTL~IwSv I matenals, and dielectric composites. He has over twenty patents, and
fsern leolmical papers as well as a book entitled Tfte Physics cf Carbcn and Graphite

team. InMat has continued to lead the ijevel<*ment of nanocomposite barrier coatings, and had its first
commerci” success when Wilson Sporting Goods introduced their Double Core tennis ball, the officia) ball of

2003, InMat ULC became InMat inc. with Pangaea Ventures,
NGEN Partnere, and OSM Venturing making a significant financial investment.

InMat has developed a unique family of nanocomposite barrier coatings based on aqueous dispersions of
several polymers. Its first commercial product line (Air D-Fense6) is commercially used by Wilson Sporting
Goods in its Double Ck)reO tennis ball (the officiai ball o! the Davis Cup) to improve the air pressure retention
of that product. That product is 30 times less permeable than the unfilled butyl rubber on which it is based.
Up to 300 times reduction in permeability has been act«ev@d while still n”~intaining the flexibility required of
most rubber products.

inMat has also developed rvanocomposite barrier coatings based on several other elastomeric and glassy
matrices. All adiieve large reductions (up to 6000 times) in oxygen permeability relative to tiie unfilled matrix

of the i ion of exfoliated clay in the coating. Applications that are currently targeted
of InMafs

include sports balls, chemical protective gloves, tires, and packaging. The
technology will be reviewed, along with the key advantages of InMaCs coating technology for each

application.

1. INTRODUCTION

The addition of large aspect ratio plates of inorganic filler to polymer in order to reduce the permeation rat®
of gases and other chemicals has been known for marly years' . Nano-disper~ed ctey minerals are often
used as the filfer because of their large aspect ratio, awd because they are only about 1 nanometer thick.
This means that the particle size can be kept small enough to iacilitate processing and to maintain important
secondary properties such as clarity. In coatings, the small particle size is critical to obtainir~g uniform
coatings

Most of the reported work on clay polymer nanocomposiies has targeted the productton of resin suitable for
thermal pr ing. In such i both i and barrier properties are signflicamiy
modified. A coating approach enables one to separate the mechanical characteristkrs of a product from the
barrier properties by providing the barrier in a thin layer. This means that product redesign can be minimized
while stili providing large improvements m barner properties

There are two fundamentally different approaches to nanocomposite barrier coatings. The most
straightforward is to dissolve the matrix in a solvent, artd use exfoliated clay that has been functionalized so
that it can be dispersed in the same solvent. Such organically mcxJified clays are also used in the

thermoplastic approach to clay polymer nanocomposites, as they are cntical to obtaining good dispersion of
the clay in the polymer. One of the eariiest coating examples of this approach was described by Ward et. al.



inMafs appmach is lo slan wrth an aqueous d«persk>n d a polyrnerihal ~ lu tj6 .n«aler. Many
fayered siikatas can be exfoliaied and tarm reasonaWy stable dispefsions in water. We have found hai

exfohajed clay and suspended polymer can be formed into a srngle stable drspersion and thai tne clay will
rerrain weH dispersed m the pofymef when these dispersions ate dried into cAHngs. In ihis paper, we wi)

desaibe the performarKre of coatings developed by InMat using tins approach,

2. TECHNOLOGY BACKGROUND

The initial issue we addressed was the high permeability of rubber in products thaf require flexibility but
wh«;h also function as barriers, either to gases or fo chemicals. The most important example was tires, which
continuously tose air pressure because of the high permeability  the njbber. The t<re industry uses butyl
rubber iRneriiners in order lo mininTize the air pressure toss in fires. They spend Si billion / year on the
innediners. and have expJored numerous approaches to developing alternatives. We set out to develop a
coatifig that could provide the same barrier as the currently used' butyl innerliners, but at lower cost and

weight.

since butyl aibber is the teast pemieable rubber that remains flexible a! low temperatures (see Figure 1)
we used itas the matrix (or our first formulations. We then chos& vermtculile as the first nano-dispersed

Figure 1: Permeability of Elastomers
£1 RuDber

Natural Rubber
-

SBR
3 ."1000
«-N<»preni
*acfytftubt)er-
TPE Urethane
o s 1

clay because it has the largest aspect ratio of any commercially available siticale. The aspect ralio of

erfoliaied vermiculite is approximately 10.000. This means (hat Itie plates are locally aligned even at
he nature of exfoliated vermiculite

reiatft'ely low cork: inour
suspensions is demonstrated by viewing itbetween cross polarizers as shown in Figure 2.

If one simpty mixes exfoliated vermiculite with a commercially awailable butyl rubber dispersed in water one
weAfd find that the butyl rubber and the vermiculite agglomerate quickly. Carelul attention to formulation
details such as solid content, surfactants, and other additives, as well as proprietary modifications of the
inrtta clay aAd polymer suspensions has enabled InMat to produce stable formulations over a wide range of

Armisithevdnasan formulations are typically sprayed onlo polypropylene film for initial oxygen



Figure 3:

«lucUon in PwmMitrility DuF«e  AdviCion ot FUbr
Compa,»™ iV ceUngs vt. MnPracwd fhmt

3- The numberol limes r*vOion in oxygen permeaMity

to hLo T .h ~ AT
~lraotio,,ol

Hried n* T3 b

Ihe fiuabnfachLvei “ =“"9 tBctaol09y "a,6 compared to

1 processing using the same weight percetvt tiller. This sho»ni that
the filler remains well dispersed in not only the coating tormulalion but alsiihe dded film

that we control the surface interactions of

In addillOii to getting large per s, itwas
A~ r nanocomposJas would be flexible enough tor applicaliohs in elastomeric
prhucts Many elastomerK products must withstand limited strains of no more than 15%, This includes tires
and most protMive gloves. Fiber re-enlorcament always limils the strain that a product can undergo.
Nonetheless, itwas still a to develop for that could have high loadings of nano-dispersed
clay and still not be damaged by strains in the 10-20% range. InMal has achieved that through proprietaty
treatments and formulations, and the results have been presented in eartier articles®.

We believe that the large reductions in permeability are our best evidence that we maintain good dispersion
not only in the formulation, but also throughout the drying process. Significant efforls to obtain micrographs
of these nanocomposite coatings have not been succAsful

3. TARGET MARKETS

InMat ts currently targeting the four market areas shown in Figure 4. The first two, sports taits ar>d tires use
butyi nanocomposite formulations. Because of the need in the chemical protective industry for improved
resistance to solvents, oils and flames, new nariocomposites based on other eiaslomers are being
developed.

Packaging applications require lower cost ar>d much better oxygen bamer than that provided by the
elastomeric nanocomposite formulations. Starting with non-elasiomeric matrices dispersed in water. InMat
has been able to make coatings with much kawer permeability that will be cost effective altematives lo
currently used banier materials in the packaging industry

exldatad



Current Markets for InMat Technology

Sports Balls: The bounce and fe?l oi nalurai rubber with

the sir retftnlion of butyl
W.ison-s Doubia Cof*-"-eal!;me official ban o< the Oavis Cup)
1,$.ng irMal Air 0-f MS#* coalmg is available wojtdwida

Improved Tires; Air retention without weight, rolling
resistance and cost penalties of butyl rubber Innerliners
CoaKftos are bshig tesled by many oi tha loatliog 1i*6 companies
Ct>emic8l Protection: Improved dexterity and flexibility
Phase 2 SBtR tor Army - impfoved solvent, oil,
and tiame resistant protect've gloves
Packaging; Improved protection with thinner coating

A Superior oxygen barnsr *hen compajed to commercially
available products

Figure 4

4. PERFORMANCE
BUTYL NANOCOMPOSITES
Figure 5:

InMat's butyl nanocomposite coatings provide a unique
cornfaination of moisture and oxygen barrier for elastomers

Lcasf

-Mosi

The periormance of InMafs butyl nanocomoosifP~ ac =Ir
discussed prev>oustl. in Figure 5. we show how the oxvnAn h

commonly used elastomers, in addition we shnw fha performance relates to Ihat of other
Sion. we Show he Mosture barridy performance for the first Irme. If 5

®
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targe improvefnents in moisture te~«rSh?p?n humidity) environmentwe observe the
~flvinment we £ coating is in a h.gh humidity
the molslure absofDtion of | mpravement in moisture tamer. This is presumable due to

e St e R 2orption of the nano-disperBed agy. and Ihe tact tat i will ABSOrt, B TayeR ol woter on s

OTHER ELASTOMERS

ijer ii ! L is ery ibie to oil. luels, and
TreTabierlow showsAuSAAAA »«elore reqmred.
2vJISm*“ byl,iSm attemative eiastomerk; matrices. These Iomlulallons are stili under

LAm ™ «latMh*~ iJ" n® * '1?2'° " formulations. They are merely shown to
iminsin eiastomeric matrices have been produced,
and that ueing InMat's approach, bamer coatings can be developed 107 & (A1a6 Varicws 0f spicatone,

Table; InMat Nanocomposite Technology Utilized in Aqueous Eiastomeric Latices

Talex Type % Filled* Permeability" Reduction’ % Key secondary
properties

30 15 83 12 Ozone, UV, oil. and
Neoprer>e 0 125 solvent resistance
NHrile 30 23 57 14 Solvent, oi! and fuel
Nitnie X resistance
EPDM 20 17 1n 15 Ozone. UV, sunlight,
EPDM 0 185 steam, brake fluid,

and weak add
resistarx»

1. Weight % of dried film-

2. Permeability is oxygen permeability reported in units oi cc mm/m2 day atm @ 23C and 0% relative
humidity.

3. Reduction is the times the oxygen permeability is reduced frwri the unfilled elastomer.

4. % Strain is reported as the strain to first damage ur>der biaxially elongation and evaluated under a
microscope.



NON-ELASTOMERIC NANOCOMPOSfTES

As shown in Figure 1. there <s a typical iradeoH between tr>e llexibiliry of a potymer and its permeability, in
applKatwns that do not require elastomeoc ftextbility. one typically gets improved barner propert.es by usmg
higher Tg and partalty crystallins poiymere. The permeabiWy oJ fnMal’s butyl nanocomposite fitted with 2q.

30% Ttarw-dGpersed « comparable to unfrtled polyester.

JnMafs new hfgh barrier nanocompositcs provide a superior 02

Figure 6 barrier when compared to the best available thermoplastics and

polj~er coatings

Inasl
* ESTal New NmooomfKKilei

A (undo devclopmenl)
oot 100 1000 i
Most . . N
Wstei Vapw Ttansmissnn (gm-mniyiTi2-day) at23C i

Thus, if one wants to obtain superior tjarrier properties for applications that do not require large deformations
o( the coating, one should start wth polymers that are good barriers, and further improve them by adding
nano-dispersed clay. Th>s approach has been examined by numerous companies. For example. Honeywell
has commercialized its Aegis polymers that contain nanocomposites of nylon’*.

InMat has extended its approach for making aqueous based nanocompostte coatings to several non-

elastomeric matrices. The data shown in Rgure 6 represents results on formulations under development

~ed on i of PVDC and p The impr b d in oxygen barrier are
to date in moisture barrier properties have been

large, reaching several times. Tlie improvement
much smaller, but development work continues.

5. APPLICATION PROCESS
The ooaCngs described in M's pape, can be applied using mos, standard application processes Spray
induslries. It provides thickness control while enabling

unpfonr, coatngs to be applied to relative complex shapes (tires and tennis balls, lor example).

"Mat lorntulations can be applied
using a stmttar process, and often using the same equipment,



e. SUMMARY AND CONCLUSIONS

anrf n»n°-<<’SP8rsad erfliteeil diafemions of polymers
pnJduct line based on buM elLtom S~ « " ereially manulactured. BuMing on its first
siMtomers and norvelaslottwric polymersh av ~ S rs °” utilizing a variety ol

the applicability of InMafs approacht~solving a
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QUANTUM LEAP POLYMER INNOVATION PERFORMANCE
THROUGH ADVANCED TECHNOLOGY MANAGEMENT

Dr Wolfram Keller. Principal Gennan Managem&ni Tsam
Producl Development Practice Area. P R T M. Germany

BIOGRAPHICAL NOTE

Wolfram Keller is a core member of PHTW's Gem\an management leam and ot the
European Product Development Practice Area. He has over eight years consoning
experience, hfis work at PRTM has focused on the assessment, design and
implementation of innovation and business strategy processes. His experience inciudes
strategic and c/erational innovation processes, e.g. R&D and techncriogy portfolw
managemenl. resource management. IP management, and R&O conlrolling, WoHram
also facilitated numerous project teams managing specific tKihnology and product
development {xojecls in the phar i, and engineering
industry. He also facilitated several project teams in supply chain management
engagements, mainly in the sourcing area.

Prior to joining PRTM, Wolfram spent eight years in the chemical and pharmaceutical industry In Germany
and Taiwan. He inittally focused on R&D in the area of uHra-pure chemic”. before he joined the
management team of a German-Japanese-Taiwanese joint venture in order to set up a high-tech electronic
chemicals plant in Taiwan taking responsibility for the manufacturing and quality assurance processes. Back
in Germany he focused on new business development at the tnteriace ol the chemk”l and semka*nduclor
industry.

Wolfram has a PhD in biochemistry and a diploma in chemistry from the Technical University in Darmstadt,
Germany. He is a certSied DIN ISO 9000 auditor for quality assurance systems by the TUV Rheinland, a
certified six sigma black bell and amorg the first certified Next Generation Product Development consultants
across PRTM.

Industry Focus

Wolfram's experience spans a range of industnes including chemicals, pharmaceuticals, medical devices,
engineering, semiconductors, electronics, and telecommunicatkin devices. He has been working in projects
in 12 European countries and in the U.S.
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UK, 2001 - -
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Presentations
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"Managing Elastomer Technology Platforms™ RAPRA-HPE. Cologne, Germany 2002

Technology Management & Benchmarking -Ingredient and Catalyst to Improve Innovation Performance’.

Euro Med Foaim Capn, October 2003

.Technologiemanagerrent als Innovationsmotor der Medizintechnik*. Medica Oussektorf, November 2003
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Project Experience

+ Led the assessment, design arid implefTtenlatton of next generation product devetepment at a leadinn '
inlemationa< manufacturer of sweets. Focusing on advanced product devstopmenl. portlolio .
resource management ihe client achieved a 30% TTM reduction, a 250 increase in R&D productivity

and a IC'c increase in Operating Profit .
Led the implementstion of frar~h.se life cycle managemenl. (a long-term strategic planning process) ata
leading vaccines manulacturer. E)esign™ management process to define, manage, and control the
franchise's lechfKrfogy ar>d market playing fiedd. their mutual interfaces, and the approptiatg
organizatron. Developed a Efertorm appnMCh lo new vaccine development (saving pcHential >S 50
miHion) and identified and valuared new market <“portunities suited lo close the major pari of a $ 1
bHfk>n+ ga”j the client was facK>g due to formeiiy poor business planning and lack of controJd

Led the post-merger alignment of technologies ai a medical devices client. Implemented an approach to
valuaie current and future lechnologies to effectively facilitate the required rationalization. Shifts in
technology strategy and kxations are expected to result in R&D savings of approximately 10% or Sin

milltarvyear.
Led the if iion of an strategy prricess
Responsible for process design, subsequent tmplemeniation and management of
committee. Results included a best-m-class industry oriented innovation strategy cofruibuting to a
revenue growth of tvoce of that of the mam competitors. New IT enabled portfolio management and new
inteMectual pr</rty process helped achieve these strategic objectives

Led the pnaduct platform strategy project in a muHi-billion telecommunication company. Supported the
deffnrtion and implementation of an initial platform based product slrategy. The new way of working in
platform and platform element teams is saving the company $100 million over the next decade in R&n

in a multi-bilion chemical company
the .

investments
Established a rc”~sj approach for the product develc"ment department at a leading semiconducior
manufacturer, targeting to reduce time-to-market by 40% and improve pipeline throughput by 30-40%

in large-scale biochemical processes

Led a project at a major engineering company specializing

Facilitaled the client through the cliange from a pure line R&D organization to a matrix organizaiion

Ultimately leading 10 a cycle lime reduction for the processes of up to 50%

Rwlesigned the supply line of a major telecommunications company and four of its key suppliers. The
improvements resulted in a reduction of

supply chain operations reference-model (SGOR) based
sourcing c~ts of $20 million through a highly effective inventory management process and introduction

of IT based ortler management systems

® pha'maceulical plot plant new planning process and significant improvements ,n the
go-m~plant, procKsing and transfer phases resulting in throughput improvements of up to 50% and
cost reduction per batch m the magnitude of 30%

~ e 9@™="" S iKhnology management sun,ey in the chemical industry
tenohma*,ng survey m the chemical industry on IP/palent management practices

Conducted a tenchmarkmg survey on order processing costs in Ihe chemical industry
Conducted a benchmarking survey on pilot pianj effectiveness

Overview

Historrally product devetopmenl has be™ a major locus (0 heS Z 1Pt management,

emphasis on lach~togy and performance m anageS thasieh I™ rn
in place to adequately define, manage and measure IhSr tSlinolm~ Iramewcrk
are therefore under utilizing their existing resources i~ majorlly of companies

~ f "9 acti'evmg

a strong technology position tfe "esu~ X rl? /r

Pfoducrrevenue. mprovemehts and the doubling ol new

Understanding Performance

prod.”,3 due to the technology development being beAnd .ched TSrargTs rpfeSASLtArf



performance nanagemfint ornuiH'
understanding ofthep r o f a cornpan/s innovation perforrnarwe. and an
pclemlal cfproducls (ha!are the derivatives of itie underlying technotofiies
Framework
~@*P® pofymer companies improve R&O
project pipeline tliroughput, teadino mAddmlnaflv resources to support addrttonal projects, increases

benchmamlng provideste transSr 50%. In this cortfext,
es me lransparency for managementto evaluate the significant .mproverrwnts made.

productivily by up to

Commitment to Change

«PP™c" ' change- *
®  imestmenl in skilled resources,
n“nagemenisupport. This commitment is vital to
increased prodiiciivity and

Suenily
progress Iracking, lacilitalion by process s pk S S s
drive through the implementanon of tarhn, S~
revenue wiH ensure thatthe investment

Conclusion

rreT ™Mo ' 'echnology mata9BrT.ert practkies
'T-Eyslems. companies can

~ pertormance rninnovation. Overall this lecture will
approach to innovation management in the

Xmtedby o'*go'!*p~ATsTSrs's" ri
achieve technology leadership and improve ih S
show how lechnology rrianaQ eiSsSz~~"rj!
polymer industries, and boost business reL At~

Jel™ an* " “> management

JJdL ctri? b Jrirh "™ 2/2K"): '‘m<'«=>"»" of technology management: Revenues (rom new
?21SihoT~* f ~'Sher for the lop 20% polymer companies than for average companies

Il oTr, I~ competitive gap before it increases any further*Their H 2 0

productivity is currently 50% lower than that of their competitors that operate besl-in-dass technology
managemen already. The challenge for them is finding the best way to re-allocale freed-up resources for
proSs pro|GCls, to increase pipeline throughput, and generate morB new product revenue and

2. The need to increase return on capital investment, a more strategic issue: The mark« cycle is

d an equi for ir in

gradually tummg niore favorable. CapitaJ ing, wfisch can be consider
new technologies (i.e., plants and equipment), will rise again. Those who systematicaHy get better returns on
their capital ej~enditures will find themselves in fundamentally stronger positions than their competitors
Especially important in today’s business clin~te is to understand how to achieve high returns on CAPEX.

3. The need to adhere to requirements implied by politics (“politicat needs’): The European
Commisston's white paper charts a new strategy for chemicals policy: changes to existing procedures
should limit R&D costs and er ge tect novation.” What may sound as a very posttive mission
in the first place is in fact a threat to more than 36,000 Europe-based chemicals companies, a significant
number of which are in the polymer business. Early estimates from within that industry indicate the
manufacturers will have to spend ca. Euro 8 billion on 30,000 substances whose production volume exceeds
one ton. and on 5.000 products manufactured m quantities above 100 tons. To match the new regulatory
requirements, we expect polymer manufacturers to make massive changes to their processing technologies.

These three needs are closely interrelated. Political needs define some of the busir>ess boundary conditior;s.
Within these boundaries a polymer company has to find and maintain most feasible way— technically and
eainomicaily— to manage its technologies. In other words, a company has to decide what technologies to
invest in, why, and how to do it

While the needs to significantly improve the way of managing technologies are clear, few polymer
companies are managing technologies along their lifecycle effectively enough yet.



Begin wilh a definition of holistic technology management

Wa deiwie lecfHioksgy management as;

o Defining anfl selecting the tecSxrfogws needed to sustain business success (ischnology and capiiai

asset strategy)
Developng. ma.nlaining, and replacing lhosa I&chnologies as direcled by the technology straiegy

( y m

o Selecling and pulting in plaM th» best otgarazation foi

management organizatron)

o Measuring  costs and benefits ol Ihe technofogtes you own (performance managefnent)

IT-enablement of technok”y planning, decision-making, execution, and monitoring through
advanced web-based IT systems

From a Jxianess perspeclrve, we distinguish two aspects of technology management

o The strategic comporwnt or 'strategic capital deiivery”
o The operational side of te<*nofogy management or its “execution,' what I refer to as technology
management in the narrow sense

1 of nianag tis a key driver of R&TD productivity that is becoming increasingly
important, as the frontnjnners of technology management in the polymer industry have begun to show over

the fast five to fen years.
Poiymer companies have spenta lot of lime and money creating better polymer manufacturing technologies
and products over lhe Jasl two decades, and performance improved dramaticalfy. This was mainly due to the
emergence of the stage-gate process in the late 1980s, and to a ~ift in focus from individual projects to
project portfolio and resource managemenl,
Because of these achievements, time to market for new polymers decreased quite marl<edly between 1997
and 2000. ftimproved by

o0 10% for high-complexily projects

o 28% for projects vwth medium complexity

o 17% for projects with lowcomplexity
Companies were able la gel polymer products out ttie door 27 weeks (aster on average. This was excellent
progress.

However (rom a business perspective, technology management was tnaditionally much less valued than
B o this overriding (ocus on product

what appeared to be the more product
development, today relatively lew polymer companies do a good job o(technology managemenl and capital

spending management and miss a great opportunity to achieve superior business pertormance
Since there isa~ s e correlation between the complexity o( a new technology and the time to market ol the
0 improved by only
10% between 1997 and 2000, BeHer product development practices alone aren't enough when you're
teH»-™ kel posmon (or new, complex products. W e estimate that ca. 20% ol time-to-market
"t development. In other words every (iilh produci

IS not launched on lime. Since the technology is no! ready.

1" m er companes with strong technology management capabilities don't only hit Ihe window o( opportunity

(~raa onlvo t oil B ‘Mhriologies 100% more o(ten in product development than average

s wasleTretu"<cecS" " '~ «eyelopmen.t

RiTD productivity and efficiency does improve by 40% to S0%, if a company is able to:

o Execute 20% more technology projects with the same number o( resources

o Utilize the ne«Hy devetoped technologies 50% more ofte., to create new products

o Accelerate time to market o their technology-based producls by 20%

a



Benchmarking data and
do Ihis. experience show that very few polymer companies have already managed to

Once the developed technolQo' h

«hen itcomes lo capital inve8ttiv.rtThe« 1'° I*®@" " companies ouiperfomis their peers
Bxed Assets) companies b iS S h ly g«

related (plants and equipmeiitl TiSi 3 "Astmsnts in faed-technology
or. as ws phrase it, strategic ciital deliv”® o "“ "osemont in the povmer iiKlustry
company performance, such as hiohsr Bal2i performance is a iundamental dnver ot overall
shareholder returns. growth, better margins, higher asset productivTty, and higher

in particular, High ROGFA polymer companies

average pppoltion, S T a

5%, trom O ctobeM Sthra!~r'Aote7/3 W orage company return ol
ol capital invS°ment°Cmita M are able lo run their businesses with a lower level
polymer compan™ been steadily decreasing over the past live years lo,

spending 'rends have S ™ nilomaLS"~""~ i*nsiveness during this period, xhile capital

companies decreased spending by W °“ hte~e~to'h pd Tc T~ Average-pertorming polymer
42%. y“y High ROGFA companies’ spending decreased by

° a"dreX ~'hatrond?"” generate more cash flow

r ~ = —

manage both components equally well applying a holistic technology ~nagemen, fram e Irr
" es aseven-step technology tnanagemenl
Terformans “*ap improvemenls in technology

o Portfolio ol technologies is on average only 60% as old as that of competitors
o0 CapEx Intensiveness Ratio (Capital Expenses per Sales) is only hall that ol average competitors
o Productivity per employee is 20% to 25% higher

o Cumulative shareholder return is three times that ot others over the five year period from October
1998 through October 2003

Those companies are the true technology leaders. Let's now try to understand how the technology leaders
achieve this superior performance.

Step 1: Technology strategy definition. In this step, you outline which technologies to invest in. which
technologies to keep, and which ones to retire—and why. This Js documented ki technology portfolios,
technology roadmaps, mid- to long-term resource requiremenf~ and long-term business goals Technoloav
strategy definition addresses both;

ROGFA. mainly through the selection of and decision for the nght technologies

R&TD productivity, mainly through providing the organization with the budgets and infrastructure lo create
and maintain the technologies

Step 2; Trend scouting helps identify technology threats and opportunities arising fnwn science,
,or in i ion using technology mapping and patent m ap f~ techniques.” This step
is airning al identifying the right technologies required in the future, whether fay in-house devfopment or by

Step 3: Technology planning effectively optimizes both the efficient creation of a technotogy and its high
return on investment (or ROGFA). It facilitates a company's utilization of its planned and existing assets in



the most l«:hf»clly and eco™>m«ally leas*la way. CDraoLdalna aandsrcfced plans for IffihMlooy
pti«om«. ndivcual ladinotog K. and technology elements nto technotooy roadmaps is instrumental to

tjefter manage tectinotogy cos( drivers such as the;

o0 Design ioi re-use

r  Technotogy leverage across entrt«s. iocations, and producl plakorms
Periormar>ce improvement programs atmed at tncreasing yield, process cycle lime, and quality while
rsducfr>g the amount of side products, energy. pRJcess down time, or money

o

Most of <he savings achieved here directly improve the company's bottom line.

Step 4: Technology portfolio management operationalizes the company's technology strategy. It applies

to both existing jachnologies and ihose planned and indevelopment. Il coordinates ali technology
development, acqutsition, and technology lif«:ycie projects to minimize duplication of effort, better using
resources, improving R&TD produclivHy and. again, the return on these investments. Probably the strongest
lever m technotogy porrfobo m~agement is fact-based decision-making, a key principle in strategic capital

delivery.

Step 5; Technology development ts similar to new product development, but has a higher level of
uncertainty or “entropy.” It spans a wide range of differ~t ing technology, process
d Iin the right

technology, product technotogy. and appfi t gy. Executing p
way, l.e.. on time, on budget, and with the desired project results, is an ultimate technical and economical

success factor. There is a direct correlation between the ot y d lop! 1t
and R&TD productivity
Step G: Technology transfer in the polymer industry includes three types of transfer:

o First is the scale-up from 1~ to production via a pilot plant to confirm product parameters and set
process paramelers for m ~'s production

The second type of transfer is across different companies through mergers or acquisitions. They
don't usually require that the technology be physically moved

tofa y (where cost and

o The third type ol transfer includes a p
practicality become crrticaf issues) and is simplified if the technotogy is deslgned for re-use and has

a modular structure that can be easily taken apart, moved, and rebuilt

Up-scaling is part of lechrtology developmenl and. thereby, belongs lo technology management in the
narrow sense, whereas transfers across businesses are mainly driven by business strategy and thereby are
part of the strategic capital delivery process.

Step 7: Technology lifecycle management does offer huge financial benefits for leading polymer
companies, since they take the total cost of ownership throughout the lifecycle of their technologies into
account. They manage the ongoing use, upgrade, replacement, or ramp-down of their technologies in a
more cost-effective way and do so without disrupting their supply chain (or onqoing business) and
productivity.

If you want to measure how well you are managing your technologies and what the impact on your
companies P&L / Balance Sheet is, you need to measure your y process perf . If you don't
measure, you'll have a hard time knowing if the yield, reliability, cost, and timelines of your technology
projects are competrtive. where your performance gaps lie. and what improvement targets are realistic

The latest benchmarks abo'ut m are widely already. By the
summer of this year we expect to finalize a comprehensive, first-of-its-kind. worldwide benchmarking survey
that will descnbe the strategic capital delivery performance across the chemical and polymer industry in

much more detail than outlined here already.

To summarize:
practices have greatly matured over the lasl lew

Technolr®y mar and strategic asset
‘rahl'unners are adopting these practices as part ol a
~ "« ladvantage, Ihe n»te the gap between the top tier
artil™ s?h~ h *“ Apanies w,n w.den, simply because Ihe top-tier companies grow taster and
nd. hni ", polymer companies it is lime to measure
STolihL i causes and the impact of any performance gaps, Mak*

ctices available. Taking the impressive results

.nloa2.r!,, Pra
N9 aacoun! they help achieve, they have truly deserved the Servused AttHBuUtE of "Bosl praCices.
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Rapro Technology offers a comprehensive collection of poiymer-relofsd
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information ond general reference works, there islikely to be somettiing of use
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related research. i J
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