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P R EFA C E

A n a tte m p t has been m ade in th is boolc to  sim plify the  m any facets o f  
ru b b e r  co m p o u n d in g  and  p rocessing  p la n t in  use th ro u g h o u t the 
w orld . T h e  em phasis  th ro u g h o u t is o f  a  p rac tica l n a tu re  an d  on 
p rob lem s enco u n te red  in the  d ay -to -day  ru n n in g  o f  a  typical ru b b er 
facto ry .

Scientific ex p lan a tio n s  an d  desc rip tio n s  have , how ever, been 
inc luded , b u t on ly  w here essential fo r u n d e rs ta n d in g ; no  a tte m p t has 
been m a d e  to  en te r in to  w ider th eo re tica l aspects. T he re  are  already  
m an y  excellent w orks in  th is field, an d  these shou ld  be referred  to  if 
fu r th e r  in fo rm a tio n  is requ ired . In ad d itio n , all th e  m a jo r chem ical 
an d  ru b b e r  supp lie rs  to  the  in d ustry  will be on ly  to o  pleased to  assist if 
requested .

I w ould  like to  th a n k  my co m p an y  an d  colleagues fo r the ir help and 
advice, an d  a lso  my secretaries M rs H elen F ie ld ing  and  M rs Leslie 
M ad d iso n  fo r th e ir  invaluab le assistance; a lso  th e  p lan t and  
m ach in ery  m a n u fac tu re rs  w ho have supp lied  p h o to g ra p h s  (acknow ­
ledgem ent is m a d e  in the  text). G ra ti tu d e  is a lso  expressed to  m y m any  
friends  w ith in  the IS O , BSI, an d  the  B ritish  an d  A m erican  R u b b er 
M an u fac tu re rs  A ssociations. In  ad d itio n , I am  also  g ra tefu l to  them  
fo r perm ission  to  use in fo rm atio n .

In co n c lu sio n , 1 w ould  especially  th a n k  m y wife fo r her usual 
en co u ra g em e n t, go o d  h u m o u r and  u n d e rs ta n d in g , d u r in g  the long  
m o n th s  o f  th e  b o o k ’s p rep a ra tio n .

C o l in  W . E v a n s  
L ow  Fell 
G ateshead
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C H A P T E R  1

P O LY M E R S AND RAW  M A TER IA LS

R u b b e r  co m p o u n d in g  as we know  it tod ay  is the  resu lt o f  the 
co n s id e rab le  w o rk , efTort, an d  co n trib u tio n s  o f  countless w orkers in 
th is  field, since th e  discovery o f  vu lcan isa tion  in 1839. It covers alm ost 
a  ce n tu ry  an d  a  h a lf  o f  app lied  research  and  developm ent, an d  the 
h ea lth y  s ta te  o f  th is  science an d  the ru b b e r in d ustry  today , is in no 
sm all m easu re  due  to  this.

T o d a y ’s co m p o u n d er o r  ru b b e r chem ist m ust be com peten t in the 
use a n d  app lica tio n  o f  b o th  n a tu ra l an d  synthetic  m ateria ls , an d , to 
d o  th is  to  best advan tage , requ ires the  follow ing:

(1) A n  u n d ers ta n d in g  o f  the  p la n t and  p rocessing  m ethods 
availab le.

(2) A th o ro u g h  know ledge o f  b o th  th e  chem ical and  physical 
p ro p erties  o f  the  raw  m a teria ls  available.

(3) A  know ledge o f  these m a teria ls  an d  th e ir  m odifications 
c o n tr ib u tin g  to  sa tisfac to ry  service life o f  the com pound  and  
the  final p ro d u c t.

(4) A  know ledge o f  the  vu lcanising  system s availab le  in o rder to  
b rin g  o u t, develop  an d  m axim ise the  u ltim a te  p roperties o f  
th e  m a teria ls  used.

(5) A n u n d e rs ta n d in g  o f  the in -p rocess and  final testing  o f  the  
finished p ro d u c ts , so as to  ensure  consistency.

(6) L ast, b u t by no  m eans least, th e  capab ility  o f  p roducing  
m a te ria l th a t will process well in the  fac to ry , and  at the right 
p rice  to  be com m ercially  viable.

T h e  p o lym ers  an d  e las tom ers  listed  in T ab le  I a re  widely used in 
everyday  a n d  specialised  ru b b er g oods m an u fac tu re . F o r  ease and 
conven ience they  a re  show n also  w ith  th e ir  general p roperties  and 
cha rac te ris tic s.
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C A R B O N  BLA CK

Perhaps at first glance, the lists o f  the various ca rb o n  b lacks av a ilab le  
to  the rubber co tnpounder is ra th e r con fusing  an d  tr ig h ten n ig . It 
could even be argued tha t there are  far to o  m any  types av a ilab le , an d  
that some rationalisation  is long overdue. T h e  ca rb o n  b lack  
producers would be the first to  agree w ith th is , a n d  indeed  a ttem p ts ' 
are currently being m ade in this d irec tion  by them . U n fo rtu n a te ly , in 
the past, to  give the industry  and  the user w hat in d u s try  h d i n v s  it 
requires, the carbon black p roducers  have been  over co -o p era tiv e . 
Subsequently, because o f  th is the p resen t p ro life ra tio n  h a s  o cc u rre d .

H ouever. the following h isto rical b ac k g ro u n d  in to  th e  ava ilab le  
types o f carbon black will be o f  in terest (C ou rte sy : C a b o t C a rb o n  an d  
.Ashland Chem icals) and  it is tru s ted  will help c la rify  th e  s itu a tio n  
somewhat.

Classification o f Carbon Blacks

The form er ‘industry  le tte r ' classification system  o f  ca rb o n  b lack  
grades for rubber, which is still used , is co n fusing  an d  even lud ic rous . 
As each new grade w as in troduced , its sp o n so r gave it a  d e s ig n a tio n  
difierent from  prevailing grades an d  descrip tive o f  its d is tin g u ish in g  
characteristics. Thus, we have classification  in ac co rd an ce  w ith  levels 
o f  abrasion  resistance— high ab ras io n  fu rnace  (H A F ), in te rm e d ia te  
super abrasion furnace (IS A F ), and  super a b ra s io n  fu rn a c e  (S A F ); 
classification in accordance to  re in fo rcem en t sem i-re in fo rc in g  
(urnace (SRF); classification based on vu lcan isa te  p ro p e rty  h igh  
m odulus furnace (H M F ); classification based  on  a ru b b e r  p rocess ing  
p roperty—fast ex trusion  lu rnace  (F E F ); c lassification  based  on  
usefulness— general purpose fu rnace  (G P P )  and  a ll-p u rp o se  (A P F ); 
classification based on 'p artic le’ size— fine fu rnace  (F F ) . a n d  large 
particle size furnace (L P F ): and  a classification  based  on  electrical 
conductive properties (X C F). W ith in  som e o f  these  b ro a d  g rad es  
there are  a  variety o f  subgrades hav ing  d ifferent ‘s tru c tu re ' levels, an 
exam ple being H A P . with a high s tru c tu re  su b g rad e  (H A F -H S I a n d  a 
low structure subgrade (H A F -L S ). O th er fea tu res have been used  to  
designate v anous subgrades. T he obv ious inadequac ies  o f  th is  
unwieldy classification p rocedu re  led the A ST M  C o m m ittee  D -24  on

^ i b l e ,  il lu s tra ted  in
Id sn  ni 1 as  iod ine
adsorp tion  values o r surface areas  decrease. T h e  S A F  g rad es  have
designated num bers from  NlOO N 199; the IS A F  g rad es , N 200-



PO LY M ERS A N D  R A W  M ATERIALS 

TA B LE  2
C A R B O N  B L A< K ASTM  f iR A D E  N U M B tR S

'fik ick s Iodine adsorption ran^e

N ! 140 maxim um
N 2 iOO 139
N 3 75-99
N 4 55-74
N5 41-54
N6 32 40
N 7 20-31
N8 15 19
N 9 B dow  15

N 299: th e  H A F  g rades . N 300 -N 3 9 9 ; the H M F , G P P , and  A P F  
g rad es , N 600- N 6 9 9 ; the  S R F  grades, N 7 0 0 -N 7 9 9 ; fine therm al (FT) 
h as  been  designa ted  as N 880. and  m edium  therm al (M T) N990. 
Q u a lity  v a ria tio n s , such  as differences in struc tu re , a re  given arb itrary  
n u m b e rs  w ith in  a g rade. T ab le  3 lists a selected g roup  o f  ca rb o n  black 
g rad es , th e ir  A S T M  num ber, the ir type ca tegory  an d  som e im portan t 
typ ica l ana ly tica l p roperties .

A first g lance a t  T ab le  3 leads one  to  question  the need fo r so m any 
A S T M  g rad e  n um bers, som e o f  them  being ra th er close in 
d is tin g u ish in g  p ro p ertie s . T h e  answ er is th a t iodine adso rp tio n  and  
D B P  d o  n o t in them selves classify adequate ly  ca rb o n  black 
p erfo rm a n ce . T h u s, im provem ents o r  changes in process technology 
m ay  p ro v id e  a  p ro d u c t w ith sim ilar values o f  iodine adsorp tion  and 
D B P  value  to  an  ex isting  g rade  b u t w ith perfo rm ance features 
d iffe ren t en o u g h  to  requ ire  a new num ber. T he finest particle size 
g rad e  is d esigna ted  by the  N 100 series o f  num bers and  the num bers 
inc rease  w ith  in c reas in g 'p artic le ' size o r  decreasing  surface area to  the 
largest p artic le  size g rades w hich are  the  N 900 series. A new grade 
m a y  be in tro d u ced  to  fill a  gap  in the  q uality  range, to  satisfy a 
c u s to m er need o r  to  p rov ide  a  low er cost p roduc t. It is obv ious th a t 
the se  d iscre te  partic les have resu lted  in such  a p ro lifera tion  o f  grades 
th a t ru b b e r  co m p o u n d e rs  find them  difficult to  u n ders tand  and 
expensive to  eva luate  an d  s tock . A lso , the larger n um ber o f  grades 
inc reases m a n u fac tu rin g , s to rag e  an d  d is tr ib u tio n  costs. In  recent 
years  th e re  has been  an  effort on  the p a r t o f  bo th  suppliers and 
cu s to m ers  to  ra tio n a lise  th e  ca rb o n  black g rade  d ilem m a. It will be 
seen th a t as  well as b lack  num bers  being in an  N -series, the re  are  a few 
b lacks  w ith  the  prefix 'S '. T h e  prefix 'N ' s tan d s  fo r no rm a l cu re and  'S'



TA B L E  3
T V P .C A t A N A L Y T IC A L  I-R O H IR T .IIS  O F R U B 1«  B O R A D t C A R B O N  B L A C K S

S o m e n c h iu r c  
A S T M ‘ T y p e

T y p ic a l
iod ine

a J so rp lio n
.Wuifther D I 5 l ( t

T yp ica l. T y p ic a l  p o u r  T im in g  
P B P  d e n s i lx .  k g 'm ^  s ir v n g ih ' 

N u m b e r  D I S H  I R B n o . 3
D 2 4 I4

NI I O SA F 
N12I SA F HS 
N156 
S212

(45
120

113
130

335 (2 1 0 )  
320 (20-0)

128

150 135 320 (20 0) 122
117 86 400 (25 0)

N219 ISA F-L S 118 78 440 (27-5) 124

N220 ISAF 121 114 345 (21-5) 114

N231 ISA F LM 125 91 390 (24-5) 117

N234 118 125 320 (20 0) 130

N242 IS A F 'H S 123 126 330 (20-5) 119

N270 102 124 345 (21-5)

N285 102 126 335 (2 1 0 ) 104

N293 C F 145 100 375 (23-5) 119

N294 SC F 205 106 370 (23 0) 119

S300 105 102 350 (22 0)

S301 115 99 350 (22-0) —
S315 86 79 450 (28-0) —
N326 H A F -L S 82 71 465 (29 0) 109
N327 86 60 510 (3 2 0 ) 120
N 330 H A F 82 102 375 (23-5) 104
N332 84 102 375 (23-5) 118
N339 H A F  HS 90 120 345 (21-5) 114
N347 H A F  HS 90 124 335 (21 0) 104
N351 67 120 345 {21-5) 100
N356 93 150 305 (19 0) 103
N358 SPF 84 150 290 (18 0) 99
N363 66 68 480 (30 0) 110
N 375 HA F 90 114 360 (22-5) 116
N440 F F 50 60 480 (30 0)
N472 X C F 270 178 255 (16 0)
N539 . 42 109 385 (24 0) —

N542 44 67 505 (31-5)
N 550 F E F 43 121 360 (22-5) —

N568 F E F  HS 45 132 335 (21-0) —

N60I 35 84 425 (26-5) —

N650 G P F  HS 36 125 370 (23) —

N660 G P F 36 91 425 (26-5) —

N683 A P F 30 132 335 (21-0) —

N741 20 105 370 (23-0) __

N754 25 58 495 (31 0) __

N762 SR F  LM 26 62 505 (31-5) __

N765 SR F  HS 31 111 375 (23-5) __

N774 SR F HM 27 70 495 (31-0) —
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I ' A H L l i ?  n m u t .

N om vncla furc Tvpical
A S T M "  Type iddinv

itdsorpuon

N 785 25
N787 31
N 880 F T  13
N881 F T  13
N 907 M T  7
N908 M T  7
N 990  M T  7
N991 M T  7

Typical rvp h  a i pour Tiniinf^
DHF ilcnsilv, M mtfith'

Num hi'r D lM .i IRH n o . j
1)2414

126 335 (21 0)
81 4 5 0 (2 8  0)
35 605 (38 0)
35 605 (38 0)
33 655 (410)
33 655 (41 0)
33 655 (41 0)
33 655 (41 0)

" A S TM  desig n a tio n s  a re  determ ined  accord ing  lo  Recom m ended Practice 
D 2516, N o m en c la tu re  for R u b b er-G rad e  C arb o n  Blacks.

In genera l. M eth o d  D 1510 can  be used to  estim ate  the surface area  of 
fu rn ace  b lack s  b u t n o t channel, oxidised, o r therm al blacks.

In d u stry  reference H A F  black taken  as 100.

ind ica tes  a slow cu rin g  b lack . A t one tim e, the  slow blacks were 
chem ica l b lack s , b u t these a re  no  longer availab le  an d  any  ‘S’ b lack  is 
now  an  ox id ised  fu rnace  one. In  the ‘N ’ series the num bers increase as 
io d in e  a d s o rp tio n  values decrease, b u t no  range o f  values are as  yet 
specified, T h is  is u n d e r very active con sid e ra tio n  w ithin the ca rbon  
b lack  co m m ittee  o f  IS O  TC 45 an d  will very shortly  be specified. T he 
suggested  ran g es  a re  show n in T ab le  2.

P ro p erties  o f  C arbon  B lack/R ubber Com pounds

T h e  gene ra l effects o f  ca rb o n  b lack  on  ru b b e r p roperties  a re  sim ilar in 
all ru b b e rs , be ing  d o m in a te d  m ain ly  by su rface area , 'p a rtic le ’ size 
an d  'structu re*  level o r  aggrega te  size. H igh surface area , small 
•particle’ size ca rb o n  b lacks im p art h igher levels o f  rein fo rcem ent as 
reflected in tensile s tren g th  and  resistance to  ab ras io n  and  tearing . 
H ig h er hysteresis  an d  p o o re r  dynam ic  perfo rm ance are  the  price paid 
fo r these  im provem en ts. H igher ‘s lru c lu re  o r  aggrega te  size gives 
im proved  ex tru sio n  b ehav iou r, h igher stock  viscosities, im proved 
■green' s tren g th  an d  h igher m odu lus  values. A sum m ary  ot the  effects 
o f  c a rb o n  b lack  ‘s tru c tu re  an d  'p a rtic le ' size o n  ru b b e r  processing  and 
v u lcan isa te  p ro p erties  is listed in T ab le  4.
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R u b b e r  p ro p e rty  changes p roduced  by ca rb o n  black addition  
d epend  o n  the  loadii>g level. R ein forcem ent increases w ith increased 
lo ad in g  to  an  o p tim u ’m , and  then  decreases. T he op tim um  is norm ally 
in th e  ran g e  o f  40 to  60 p arts  per h u nd red  o f  the  rubber phase, usually 
co m p o sed  o f  a co m b in a tio n  o f  ru b b er po lym er an d  softening oil. 
In c rea s in g  the  lo ad in g  level from  35 to  80 parts  per hund red  produces 
m o re  o r  less linear increases in  hardness an d  m odulus. The m agnitude 
o f  these changes  increases w ith  's tru c tu re ’ and  the specific gravity o f 
the  ru b b e r  p h ase  (e las tom er plus oil). .

A N T I OX ID A N T S /A C C E L E R A T O R S

T a b le s  5 a n d  6 list the m ost widely used m aterials in the above 
classifications. O th e r m a jo r ingred ien ts  used in the rubber industry  
are  d iscussed  in C h a p te r  2.

____________________________  Retarders

C hem ica l nam e

C hem ica l fo rm u la

Specific grav ity  
M eltin g  p o in t 
S upplier

A/-(cyclohexyl th io jphtha lim ide

C hem ica l nam e

C hem ica l form ula

Specific grav ity  
M elting  p o in t 
N o rm al usage levels 
S afety  h an d lin g  code 
S upplie rs

I -25/1-35 
90 °C 
M o n sa n to

Blowing Agents

D in itro s o -p e n ta m e th y le n e te tra m in e

(D N P T )
C H ,- N ------ CHj

ON—N CHj N—NO
I I I

CHj—N----- CH,

1-4
120 °C—decom poses 
I 5 p h r  
B
Bayer
V ulnax
D u P o n t ___________
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C H A P T E R  2

M IX AN D CO M PO U N D  DESIGN

T h e  m o st w idely used a n d  cu rren tly  availab le polym ers and 
co m p o u n d in g  m a teria ls  used in the ru b b e r  industry  and  the ir general 
ch a rac te ris tic s  have been item ised in C h ap te r 1. A t first sight, no 
d o u b t, the  im pression  gained  is perhaps  one o f  confusion , especially 
to  an y o n e  being  in troduced  to  the  ind u stry  fo r the first time.

B efore th e  W a r, the  in itia tio n  w as m uch less pain fu l, as in the m ain , 
n a tu ra l ru b b e r  accoun ted  fo r the largest percentage o f  ru b b er used. In 
o rd e r , the re fo re , to  sim plify m a tte rs , the  fo rm u la tio n  design o f  mixes, 
recipes o r  c o m p o u n d s  will be considered  fo r n a tu ra l ru b b e r first. T hen 
th e  d ifferences an d  com m on  cha racte ris tic s  o f  the  o th e r rubbers  a t a 
la te r stage . T he re  is a  lo t o f  com m on  g round  as will u ltim ately  be seen, 
in d eed  all the  ingred ien ts  o f  ru b b e r m ixes can  be b roken  dow n in to  
genera l g roup ings.

In th e  very early  days o f  the  industry  the  s ta rtin g  p o in t w as n a tu ra l 
ru b b e r  an d  th is behaved in a th e rm op la stic  m anner, i.e. the m aterial 
so ftened  and  becam e tacky  w hen h ea ted ; h a rd  and  b rittle  w hen 

frozen .
T h u s  in itia lly  w e have:

R U B B E R

S ubsequen tly , w orldw ide  research  an d  investiga tion  show ed th a t 
by the  ad d itio n  o f  su lp h u r, m ore  'ru b b e ry  p ro p ertie s  w ere achieved 
an d  th u s  vu lcan isa tio n  o r  cu ring  w as d iscovered . (G o o d y ea r U SA , 
1839; H ancock  U K .)

W e now  the refo re  have:

R U B B E R
S U L P H U R



W ith ju s t these tw o m ateria ls  vu lcan isa tio n  w as ex trem ely  slow , b u t 
w ith the add ition  o f  m etallic  oxides, such  as  zinc ox id e , a n  inc rease  in 
the ra te  o f  vulcan isation  becam e a p p a re n t. T h u s , th e  p rocess  o f  
activation  w as discovered.

T he position  now is:

R U B B E R
S U L P H U R
A C T IV A T O R

W e now  m ove m uch n ea re r to  p resen t tim e, in fac t ju s t  befo re  
W orld W ar II, w hen ce rta in  o rg an ic  co m p o u n d s  ( to  be ca lled  
accelerators) were d iscovered . T hese m a te ria ls  n o t on ly  in c reased  the  
cure ra te , b u t also  gave the cu red  ru b b e r  (vu lcan isa te ) vastly  im proved  
an d  superio r physical p roperties .

T he s itua tion  now  becom es:

R U B B E R
S U L P H U R
A C T IV A T O R
A C C E L E R A T O R

C om p o u n d s such as these , how ever, a re  very  d ifficu lt to  p rocess , an d  
are extrem ely  nervy, i.e. sh o rt o f  m a stica tio n .

It is, the refo re, necessary to  ad d  fu r th e r  in g re d ien ts  kn o w n  as fillers 
to  help sm oo th  o u t the m ix. W hen  la rge  q u a n titie s  o f  fillers a re  added  
(they m ay be e ither black o r  w hite) it is n o rm a l p rac tice  to  ad d  
so fteners, w hich help to  d isperse th e  fillers an d  a lso  c o u n te ra c t , to  a 
degree , the harden ing  elTect o f  th e  filler, especially  w ith  som e ca rb o n  
blacks.

T he recipc now  looks like th is:

R U B B E R
S U L P H U R
A C T IV A T O R
A C C E L E R A T O R
F IL L E R
S O F T E N E R

A b o u t th is tim e also , it w as fo u n d  th a t by the  ad d itio n  o f  o rg an ic  
an tio x id an ts , the ageing  p ro p erties  o f  the  co m p o u n d  w ere im proved .



T h u s, th e  basic ingredients o f  m ost n a tu ra l rubber com pounds are:

(1) R ubber
(2) S u lphu r
(3) A ctivato r
(4) A ccelerato r
(5) Filler
(6) S oftener
(7) A n tiox idan t

T he re  a re  o f  course m any  o th e r ingredients w hich m ay be added and  
w hich con fe r special p roperties  to  the mix. T hese will be included in 
the  d iscussion  la ter, w here ap p ro p ria te .

I f  the  above basic co m p o u n d  is tak en , it is possible to  sub-divide 
fu r th e r  an d  inc lude o th e r cu rren tly  availab le m aterials. H ow ever, as 
will be seen la te r the  above basis applies to  the m ajority  o f  p resen t day  
po lym ers:

(1) R u b b e r (hy d ro carb o n )

(2) V ulcanising  agen t

(3) A ctivato r

(4) A ccelerato r

(5) F iller

(6) S ofteners

(7) A n tio x id an t

(a) N a tu ra l
(b) S ynthetic
(c) Reclaim
(a) S u lphur
(b) O th er m aterials  (depend ing  on 

polym er)
(a) Inorgan ic
(b) O rgan ic
(a) Slow
(b) M edium
(c) F a s t (u ltra)
(a) Black (i) R ein fo rcing

(ii) N on-re in fo rc ing
(b) N on -b lack  (i) R einforcing

(ii) N on-re in fo rc ing
(c) E x tenders
(a) P rocessing  a ids
(b) P lasticisers
(a) S tain ing
(b) N on-sta in ing
(c) A nti flex crack ing



(8) O th er m aterials  (a) P ep lisers
(b) R e ta rd ers
(c) StitTeners
(d) F lam e re ta rd a n ts
(e) C o lo u rs  a n d  p igm ents
( f )  T ack ify in g  agen ts
(g) B low ing a g e n ts  fo r sponge
(h) B o nd ing  agen ts
(i) R e o d o ra n ts

A rm ed now with these basic facts , the  vario u s  ra tio s  o f  the  in g red ien ts  
w ithin the recipe m ay  be conside red . H ow ever, b e fo re  even 
a ttem p tin g  to  fo rm u la te  a co m p o u n d , the  fo llow ing  p o in ts  m u s t be 
very carefu lly  considered :

(1) T he finished article  m ust m eet the  service c o n d itio n s  req u ired  
and  it is, th e refo re , im p o r ta n t to  o b ta in  th is  in fo rm a tio n  
accura te ly , r igh t a t  the  s ta r t  o f  the  o p e ra tio n s .

(2) It is a lso  very im p o r ta n t th a t th e  c o m p o u n d  is designed  a t the  
right co st, o therw ise the  p ro d u c t w ill n o t sell. T h is , how ever, 
is a tw o w ay co n d itio n . It cou ld  w ell be th a t  th e  service 
cond itions  are  very severe, so  a c o rrec t selling  price  is a lso  
requ ired , co m m en su ra te  w ith  th e  co n d itio n s . It is q u ite  o ften  
easy to  design if price do es  n o t m a tte r . It is a lso  easy  to  sell, by 
giving the m ateria l an d  g o o d s  aw ay!

(3) H aving designed the  c o m p o u n d  a t th e  co rre c t price level, th e  
m ateria l m ust now  be c a p ab le  o f  be in g  p rocessed  sa tis fa c ­
torily  on availab le  fac to ry  m ach ines  a n d  eq u ip m en t. T h is  is 
c ssm iia l fo r good  fac to ry  p rac tice  to  be m a in ta in ed .

(4) F inally , any  specified physica l p ro p e rtie s  m u s t be o b ta in e d  
consisten tly  in the fin ish ed p i odiicl. an d  allow ances m a d e  fo r 
the low er levels o f  d ispers ion  o b ta in ed  in th e  fac to ry  (even 
un d er superv ised  con d itio n s), w hen  co m p a riso n  is m ade  w ith  
results from  la b o ra to ry  w ork . It is a go o d  idea to  allow  fo r an  
app ro x im ate ly  10"„ fa ll-o ff in p ro p e rtie s  betw een the 
la b o ra to ry  an d  fac to ry  m ixed m ateria ls .

In o rd er to  m eet the specified req u irem en ts  it is o f  co u rse  essen tia l to  
becom e fam iliar w ith all th e  basic  p ro p e rtie s  o f  the  v a rio u s  po lym ers  
cu rren tly  availab le  an d  to  b lend as a p p ro p ria te . Q u ite  o ften  it is 
necessary  to  arrive a t com prom ises  o f  the  above few p o in ts  a n d  if 
ab so lu te ly  necessary  to  d iscuss th e  specification  w ith  the  cu s to m er.



Very often  Ihese specifications are  not com piled  by rubber chem ists or 
techno log ists, an d  un fo rtu n a te ly  im possible and  diam etrically  
o pposite  p roperties  are  w ritten  in a t one an d  the sam e tim e. If  the 
co rrec t ap p ro ach  is m ade and  once m utual confidences are 
estab lished , these difficulties can be ironed out w ith  the custom er.

It is a  widely used p ractice to  base and express all the various 
ingred ien t qu an titie s  as p a rts  per hund red  o f  ru b b er hyd rocarbon . 
T h u s, as a  general guide the u ltim ately  derived basic recipe, discussed 
prev iously , w ould  be as follows:

R u b b er 100
S u lp h u r 2-5“ 3 '5 -
A ctiv a to r 1 5
A ccelera to r 0 -5 -1-5
F iller A s requ ired
S oftener 5 -10
A n tio x id an t 1-2

It becom es im m ediately  a p p a re n t th a t an infinite num ber o f 
p e rm u ta tio n s  becom e possib le between the  ra tio s  an d  am o u n ts  o f  the 
v a rio u s  ingred ien ts an d , indeed , this is the  case. T he reason  fo r th is is 
th a t service cond itions  o f  m ost o f  the indiv idual p roducts  are  also 
infinite in possib ilities, and  a  glance a t the typical fo rm u la tions  shown 
la te r  will give a guide and  basis from  w hich the exact cond itions  
requ ired  ca n  be derived.

A t th is s tage it is considered  pertin en t also  to  m ention  th a t the vast 
m a jo rity  o f  supp liers  o f ‘ru b b e r chem icals ' an d  synthetic  rubbers, etc., 
to  the  tra d e , p rov ide technica l b ack -up  to  the ir m ateria ls  in the form  
o f  lite ra tu re . S ubsequen tly  they shou ld  be consu lted  for advice at an 
ea rly  stage if difficulties arise.

M A T E R IA L S

T h e  m a te ria ls  used in these ca tego ries all have finite du ties to  perform  
w ith in  a ru b b e r  fo rm u la tio n . T h e re lo re , each  will be discussed in  the 
sequence  a lread y  listed ea rlie r in  this chap ter.

Rubbers (Hydrocarbon)

R eference shou ld  con tin u o u sly  be m ade to  C h ap te r  1 w here the 
genera l p ro p erties  an d  types o f  the m a jo rity  o f  cu rren tly  available



polym ers are listed. In general all o f  these req u ire  m echan ical 
breakdow n  on conven tional eq u ip m en t (see C h a p te r  4) a n d  a re  m ixed 
an d  co m pounded  using  one o r m ore  o f  the  tech n iq u es  o u tlin ed  in 
C h ap te r 3. dependen t upon  the  c ircum stances.

Reclaim  ru b b er can  p lay an  im p o rta n t p a r i in th e  fu n c tio n  o f  
senera l o r specialised co m p o u n d s  especially  as  a so ften in g  ag e n t w ith 
n atu ra l rubber. Before the  W a r it w as used as  an  ex ten d er o r 
cheapen ing  agen t, b u t a t the  p resen t tim e it is used in its ow n righ t to  
confer special processing  ch a rac te ris tic s  to  specitic c o m p o u n d s , e.g. 
to  reduce nerve d u rin g  processing , to  im p ro v e  ad h e sio n  in ce rta in  
ru b b er to  m etal bonds, an d  also  to  achieve go o d  tack  in  fric tion  
com pounds for use in belts, hose. e tc . T h ese  p ro p e r tie s  a re  co n fe rre d  
because m aterials  such  as m inera l ru b b e r  (M R X ) p e tro leu m , coa l ta r  
residues and  fine oils a re  used in its m a n u fa c tu re , o r  w ith in  the 
orig inal ru b b er fo rm u la tio n  from  w'hich it w as rec la itned . P resen t day  
reclaim  co n ta in s  a fairly  h igh  percen tage  o f  sy n th e tic  ru b b e rs .

\'u lcan ising  .-Vgent,s

A s previously m en tioned , su lp h u r w as firs t used by G o o d y e a r  in 1839, 
but n o t su rprisingly  o th e r elem ents from  th e  sam e g ro u p  in the 
periodic tab le  as su lp h u r, such  as selen ium  a n d  te llu riu m  (an d  th e ir  
derivatives) will a lso  function  in a sim ilar m a n n e r. T h ese  a re  used  in 
specialised ap p lica tio n s  w here  goo d  h ea t res is tance  is req u ired .

V ulcan isation  is the  in d u s try  te rm  used  to  desc rib e  the  p rocess 
w hereby ru b b ers  are  reac ted  w ith  chem ica ls , usually  in  the  p resence  o f  
hea t, to  convert the th e rm o p la stic , u n cu red  s ta te , in to  th e  genera lly  
accepted  'ru b b e ry ' o r ‘elastic’ s ta te . N a tu ra l (N R ), S B R , po ly iso p ren e  
(IR ), butyl (H R ) an d  n itrile  (N B R ) ru b b e rs  ( ju s t to  n am e a few) all 
reac t w ith  su lp h u r and  su lp h u r  b ea rin g  chem ica ls  to  achieve th is. 
How'ever, w ith neoprenes (CR) m etallic oxides such  as zinc ox ide and  
m agnesium  oxide serve as the  vu lcan ising  agen ts .

.\ctivators

Zinc oxide, s tearic  (o r o th e r  fa tty  ac id) a re  genera lly  fo u n d  in all 
recipes based  upo n  N R , S B R , IR , H R , w here they  a re  used  as 
ac tiva ting  m aterials  an d  p ro d u ce  a u n ifo rm  ra le  a n d  s ta te  o f  cu re  in 
the com p o u n d .

H ow ever, they also  a p p e a r  in C R  c o m p o u n d s  b u t fo r dilTerent 
reasons. In  th is case, the  fa tty  acid helps as  an  a n ti-ro ll s tick ing



add itive , w hereas the  zinc oxide is the  vulcanising  agent. As well as 
zinc oxide, the  oxides o f  ca lcium , m agnesium  and  lead  (w hite, yellow 
and  red respectively) m ay  also  be used , to  confer special properties, 
such  as  increased w ate r resistance in  the case o f  the lead oxides.

Accelerators

A s a genera l guide syn thetic  ru b b ers  require m ore  accele ra to r an d  les^ 
su lp h u r th a n  does  n a tu ra l ru b b er. T h is is because in the polym er 
cha in  th e re  is a  p ro p o rtio n  o f  non-vu lcan isab le s tru c tu re  w hich does 
n o t requ ire  su lp h u r an d  in say , SB R , th is  reduces the  reactivity  o f  the 
bu ta d ien e  sections o f  the  cha in . T he re  is a lso  an  im p o rtan t and  
no ticeab le  d ifference betw een SBR an d  n a tu ra l rubber w ith regard  to  
th e  sm aller difference o f  speed  betw een various  classes of accelerator. 
T h is  is w hat cou ld  be described  as u ltra fas t in N R  and  becom es 
m ed ium  fas t in  S B R . T hese po in ts  have to  be carefu lly  w atched  when 
using  b lends o f  N R  an d  SBR.

T h e  accele ra to rs  discussed an d  listed in C h ap te r 1 shou ld  be 
ad e q u a te  fo r the  vast m ajo rity  o f  o p e ra tio n s  likely to  be encoun tered  
in  everyday  use. H ow ever, w here exceptions to  th is  are  encoun tered , 
o r  if special cha rac te ris tic s  a re  requ ired , then  the various  accele rato r 
supp lie rs  and  m a n u fac tu re rs  shou ld  be consu lted . A general 
c o m p o u n d e r  c a n n o t be expected to  know  everyth ing  ab o u t each 
p a r tic u la r  process he uses, a n d  shou ld  seek the  advice o f  specialists in 
the  field concerned . M uch  valuab le  tim e and  perhaps u ltim ate 
p rocess ing  difficulties in the  fac to ry  can  be saved by ad op ting  this 
policy.

T h e  m a jo rity  o f  ru b b e r  recipes in use, in co rp o ra te  organic 
acce le ra tio n , b u t o th e r  ru b b ers  especially  C R  types and  especially the 
•G ’ types, use ino rgan ic  oxides, such as  zinc oxide, to  achieve a s ta te  of 
v u lc an isa tio n . O th e rs  such as  E P D M  occasionally  use organic 
perox ides b u t these are  the  excep tion  ra th e r  th a n  the  ru le and  w ith full 
tim e everyday  use, these excep tions will soon  be m em orised . In  the 
m ean tim e , it is alw ays adv isab le to  check  the  lite ra tu re . Indeed even 
w hen experienced  it is good practice  to  d o u b le  check, as erro rs  can 
a n d  d o  c reep  in on  occasion .

Fillers and Extenders

A s a g ene ra lisa tion  fillers can  be te rm ed  rein fo rc ing  and  non- 
re in fo rc in g , an d  a lso  fall in to  b lack  and  non -b lack  types. T he black



grades cu rren tly  availab le  in  bu lk  a re  listed  u n d e r  raw  m a te ria ls  in 
C h ap te r  1, an d  in co m p o u n d in g  a re  o f  co u rse  selected e ith e r singly  o r 
blended  to  m eet and  give the  desired  p ro p e rtie s  req u ired  o f  the  
po lym er an d  p ro d u c t in question .

D ilu tion  w ith non-b lack  m a te ria ls , such  as ch in a  clay , ta lc  a n d /o r  
w hiting  is also  p rac tised  w ith  genera l ru b b e r , a n d  m a n y  in d u s tria l 
goods. T h is is n o t only  to  keep  th e  co s t dow n , w h ich  is very  im p o r ta n t , 
bu t a lso  as a device to  ‘sm o o th ’ o u t th e  co m p o u n d  to  help  its 
p rocessability , especially in ex tend ing  ca len d e rin g  o p e ra tio n s . 
P ractical experience soon ind ica tes  ju s t  w h a t is necessa ry  to  achieve 
p rocessability , a t  the r igh t co s t levels.

If  non-b lack  re in fo rcem en t is req u ired , th e n  th e  p u re  silica type 
m aterials  are  cap ab le  o f  very g o o d  physica l p ro p e r tie s  a n d  a re  w idely 
used fo r th is pu rp o se , especially  w ith  the  sy n th e tic  ru b b e rs . H ow ever, 
it is still o f  in terest to  know  th a t c a rb o n  b lack  as  a n  in g re d ien t is still 
th e  o u ts ta n d in g  re in fo rcem en t m a te ria l fo r  g en e ra l a p p lic a tio n , an d  
especially in tyres, to  q u o te  H en ry  F o rd  ‘you  can  have a n y  c o lo u r  you 
like, p rovided  it is b lack!'

O th e r m ateria ls  w hich  very  loosely  co u ld  be ca lled  fillers (a lth o u g h  
ex tender is perhaps  a be tte r  o r  ra th e r  th e  co rre c t w o rd ) a re  fac tice  an d  
m ineral ru b b er. B oth  o f  these m a te ria ls , in th e ir  v a r io u s  w ays ex ten d  
the  h y d ro ca rb o n  co n ten t, th u s  h elp ing  to  kill nerve a n d  assist 
b reakdow n  o f  the  po lym er d u rin g  m a stic a tio n  an d  o n ce  ag a in  m a k in g  
the  co m p o u n d  subsequen tly  m u ch  ‘sm o o th e r’ to  p rocess.

W hen considering  the cho ice  o f  filler, it is necessary  to  en su re  its 
su itab ility  in  the service en v iro n m en t o f  the  p ro d u c t. A s an  o b v io u s  
exam ple, if chem ical res is tance  is req u ired , a n d  in p a r t ic u la r  
resistance to  acid co n d itio n s , th e n  w h iting  (ca lc ium  c a rb o n a te )  is 
unsu itab le , w hereas inert m a te ria ls  such  as  silica a n d  silica tes (ch ina  
clay , talcs) are  ideal. F o r  ex trem e acid co n d itio n s , th e n  b ary tes  
(b ariu m  su lphate) is m ore  su itab le . T h is  la tte r  m a te ria l does , 
how ever, have a high specific g rav ity  a n d  its v o lum e co s t sh o u ld  be 
closely exam ined.

P rocessing Aids

R u b b e r chem icals w ith in  th is  g ro u p in g  inc lude p ep tis ing  ag en ts , 
so fteners (oils and  w axes) and  p lastic ise rs. A p ro cessin g  a id  p lays one  
o r  m ore o f  the  ro les inc luded  in th e  fo llow ing  list:



(a) j  Speeds u p  th e  ra te  o f  po lym er b reakdow n and  also con tro ls
the degree o f  b reakdow n.

(b) H elps to  d isperse the o th e r co inpo u n d in g  ingredients 
especially  blacks.

(c) H elps to  reduce nerve w ithin the  com p o u n d , and  also 
sh rinkage d u ring  subsequen t processing.

(d) C an  im p art bu ild ing  tack  to  the  com pound .
(e) Im proved  and  m ore stab le com p o u n d  processing , especially 

in the  co m p o u n d  p rep a ra tio n  (b lank ing) and  m ou ld ing  areas.

N a tu ra l ru b b e r  is greatly  assisted  in its b reakdow n  during  
m astica tio n  by the  ad d itio n  o f  pep tising  agents. T hese chem icals act 
as ca ta ly sts  fo r ox idative b reak d o w n  d u rin g  the  milling and  in ternal 
m ixer m astica tion  operations. M any  o f  the various prop rie tary  m akes 
o f  p ep tiser co n ta in  o r  consist o f  oil so luble su lphon ic acids in selected 
pe tro leu m  bases. G enera lly  speak ing  peptisers  are  n o t requ ired  for 
SB R , C R  o r  E P D M  rubbers.

In  o rd e r  to  help in  the  sm o o th  processing  o f  rubbers, especially 
ch lo ro p ren es  an d  a t sa tisfac to ry  tem pera tu res , m ineral an d /o r 
vegetable oils, p e tro leum  jelly , paraffin , o th e r sim ilar w axes, and  
ch lo rin a ted  paraffins (fo r fire resistance) m ay be add ed ; the quan tity  
a n d  m a te ria l type obviously  d epend ing  o n  the  end p roperties 
requ ired .

T ru e  p lasticisers ra th e r  th a n  so fteners w hich a re  used in the m ain 
to  im p a rt p rocessab ility , a n d  assists in ad d in g  im proved low 
te m p era tu re  cha racte ris tic s  to  the  co m p o u n d . T h is princ ip le applies 
to  m ost po lym ers, b u t is obviously  d ependen t on  the properties 
req u ired , su itab le  m ateria ls  inc lude p h th a la tes , sebacates. a lizara tes 
an d  o rg an ic  p h o sp h a te s, etc.

Antioxidants/Antiozonants

It is a lm o st universa lly  necessary  to  add  an tio x id an ts  a n d ,o r  
a n t io z o n a n ts  to  any  po lym er to  im p a rt im proved  and  satisfactory  
ageing  p ro p e rtie s  in the  cu red  co m p o u n d . Som e po lym ers, such as 
p o ly ch lo ro p ren es  (C R ) a n d  especially  bu ty l an d  E P D M  already  have 
goo d  to  excellent 'b u ilt- in ’ ageing  cha racte ris tic s, but even here it is 
u sual an d  adv isab le to  add  sm all q u an titie s  o f  these rubber chem icals 
fo r m ax im um  results. A  very im p o rta n t po in t, n o t o ften  realised by 
ru b b e r  co m p o u n d e rs , is th a t w hen a  co m p o u n d  is debased , to m eet



price requ irem en ts, it is very necessary  to  be g en e ro u s  w ith 
an tio x id a n t in o rd er to  o b ta in  rea so n ab le  serv ice life, especially  
w hen flexing an d  bend ing  co n d itio n s  m ay  be e n c o u n te red . I f  som e 
d irec t sun ligh t is expected to  be e n c o u n te re d ,' th e n  a d d itio n a lly , 
sm all quan titie s  o f  paraffin  w ax m ay  be added .

T he earlier an tio x id an ts  used to  help  n a tu ra l ru b b e r  life 
p ro longa tion  w ere based  on  vario u s  a ro m a tic  am in es  a n d  pheno ls, 
and  even tod ay  such m a teria ls  a re  still u sed . I t is u su a l to  use 
q uan tities  o f  the  o rd er o f  1 p a r t  to  100 p a r ts  o f  p o ly m er, b u t the 
am o u n t obviously  m ust a n d  d o es  d ep e n d  o n  th e  serv ice req u irem en ts  
o f  the p rp d u c t and  a lso  u p o n  the  ac tu a l b as ic  p o ly m er in  th e  
fo rm u la tion . Som e a n tio x id a n ts  a re  specific to  th e  type  o f  p ro te c tio n  
w hich they im p a rt, and  can  be used  to  im p ro v e  h e a t res is tan ce , flex 
c rack ing , o r  im proved  resistance  to  w ea th erin g , w h ich  co v e rs  the  
a ttack  o f  oxygen an d  ozo n e , p lu s  u ltrav io le t ligh t, te m p e ra tu re  
varia tions an d  m oistu re .

In add ition  to  organ ic m aterials , v arious  b lends o f  m icrocrysta lline / 
paraffin w axes m ay  be ad d e d , an d  in th e  co rre c t q u a n tity , d e p e n d en t 
u p o n  requ irem en ts, will b loom  to  th e  su rface  an d  fo rm  a  p ro te c tiv e  
s u r fa ie  film on  the p ro d u c t. P ro v id ed  th e  film  is n o t b ro k e n , even 
som e ozone resistance is im p arte d  to  th e  p ro d u c t.

O zone a ttack , how ever, is m o re  severe th a n  oxygen  a t ta c k , an d  
w hilst m ost an tio x id a n ts  im p a r t som e o zo n e  res is tan ce  to  a 
c o m p o u n d , if ozone is know n to  be p resen t {i.e. in a re a s  o f  u ltra -v io le t 
light co n c en tra tio n s , a ro u n d  a rea s  o f  elec trica l d isch a rg e , a n d  n e a r  to  
electric m o to rs, especially  if they  a re  sp a rk in g ) th e n  e x tra  
a n tio x id a n t/a n tio z o n a n t p ro te c tio n  sh o u ld  be given. A d d itio n a lly , it 
is a  p rac tica l fact, d esp ite  a rg u m en ts  to  th e  c o n tra ry , th a t  in a rea s  o f  
con cen tra ted , exposed seaw eed, th a t e x tra  a n t io x id a n t/a n t io z o n a n t 
p ro tec tio n  is requ ired  an d  advisable.

M iscellaneous O th er M ate ria ls

Peptisers
T his class o f  ru b b e r chem ical can  loosely  be te rm ed  a  p ro cessin g  a id , 
as it speeds up  the ra te  o f  po lym er b reak d o w n  an d  a lso  c o n tro ls  the  
speed o f  b reakdow n. T h u s  it d ecreases nerve w ith in  the  co m p o u n d , 
and  also  sh rinkage d u rin g  su b se q u en t p rocessing . A tru e  p ep tise r is, 
in rea lity , a  non -pers is ten t so ftene r, a n d  w hen  used w ith  n a tu ra l 
ru b b er especially , cu ts  m illing  an d  in te rn a l m ixer tim es, th u s  reduc ing



energy. T h e  ac tion  takes  the form  o f chem ical scission and 
depo iym erisa tion , b u t the  ac tion  is con tro llab le , as it ceases in the 
p resence o f  zinc oxide.

R etarders
O ccasiona lly , in  o rd er to  m eet specific and  difficult requirem ents, 
c o m p o u n d s  a re  p roduced  w hich a re  extrem ely ‘scorchy’ in their 
p rocessing  cha racle ris tic s . and  m aterials  know n as re ta rders  m ay be 
a d d e d , w hich  can  be o f  assistance in th is area . Such ingredients are 
usually  acidic in n a tu re , an d  one well know'n re ta rd er is based  upon 
salicylic ac id /c lay  d ispersion . H ow ever, if  a t all possible it is b e tter to 
re fo rm u la te , as scorchy  c o m p o u n d s  are  indeed a serious m enace in a 
ru b b e r  fac to ry , an d  really  shou ld  n o t be to lera ted ,

S liffeners
O rgan ic  stifTeners are  o f  g rea t assistance w here the plasticity o f  the 
c o m p o u n d  is low , and  very sm all qu an titie s  m ay be added , w hich in 
m an y  in s tances  app rec iab ly  im prove upon  th is very undesirab le  state. 
S uch  a m a te ria l is d ihyd razine  su lphate , and  is very effective at 
co n c e n tra tio n s  o f  H ° o  >n instances.

Flam e R e la rdan ts
C hem icals  w hich  a re  useful in th is  ca tego ry  include highly chlo rinated  
m a teria ls  (b o th  viscous liqu ids and  waxes), an d  also  selenium . W ith 
C R  ru b b e rs  an tim o n y  ox ide  is very useful. G rea t care m ust, however, 
be exercised w hen u sing  som e o f  these m aterials  because o f  their 
p o iso n o u s  n a tu re , a n d  d ispersions o f  m any  o f  them  are  available, 
w hich can  be ad d e d  d irec t to  the  m ixers w ith o u t handling .

C olours a m i P igm i’n ls  ,
T h e re  a re  a g rea t n u m b e r o f  co lo u rs  ava ilab le  w hich  are  su itab le  lo r 
ru b b e r , a n d  the  supp lie rs ' m an u a ls  sho u ld  be consu lted  for m axim um  
p erfo rm a n ce  fo r each  ap p lica tio n . T h e  type o f  po lym er in use m ust be 
co n s id e red ; genera lly  speak ing  n o n -s ta in in g  an tio x id an ts  should be 
u sed , an d  the  c o m p o u n d  base  o f  sufficient w hiteness on w hich to  build 
a go o d  co lo u r. S uch  w hite  bases m ay  be o b ta in ed  by the use ol 
li th o p o n e  (Z nS /B aS O ^) o r  b e tte r  still, if  co sts  perm it, titan ium  oxide.

M an y  co lo u rs  an d  p igm en ts ava ilab le  are  o f  cou rse  o rgan ic, bu t 
ino rg an ic  m a te ria ls  a re  still w idely used , an d  inc lude oxides o t iron .



ch rom ium  and  s tro m iu m , an d  th e  su lph ides  o f  ca d m iu m  and 
an tim ony .

T m k ifr in g  A gents
T he widely used m aterials  in th is  field inc lude  w o o d  resins and  
co u m aro n e  resins. T here a re  a lso  w o o d  d is tilla te  res id u es, such  as 
pine ta r  and  Stockholm  ta r , an d  the ir 'so -ca lled ' su b stitu te s  (w hich 
basically  are coal ta r  residues). T h e  la tte r  a re  very  w idely  u sed , b u t in 
ce rta in  processes, the ir h igh  a ro m a tic  co n te n ts  can  cau se  m ou ld  
sticking, if  care is n o t taken  w ith  th e  m ou ld  lu b rican ts .

Blou ing A gcnis
These m aterials  are  an  essen tial co m p o n e n t o f  a sp o n g e  rec ipe , an d  
norm ally  evolve a gas at vulcanising  te m p era tu res , w hich  p ro d u ces  the 
sponge o r  foam  struc tu re . S uch  m a te ria ls  inc lude  so d iu m  b ic a rb o n a te  
(In the  p resence o f  excess fa tty  ac id , o r  o le ic type) w h ich  libera tes  
ca rb o n  d ioxide. T h is p ro d u ces  a  co n tin u o u s  o r  o p en  ce ll s tru c tu re , 
w hereas n itrogen  p ro d u ced  from  o rg an ic  b low in g  ag e n ts , usually  
p roduces  unicellu lar o r  closed  cell s tru c tu re s . S o m etim es a m m o n iu m  
ca rb o n a te  pellets a re  used, a n d  th is p ro d u ces  cells fro m  th e  lib e ra ted  
am m on ia  gas. T h e  cell sizes a re  c o n tro lle d  by th e  ty p e  o f  b low ing  
agen t and  speed o f  blow ing.

B onding A gem s
T his is a specialised a rea  itself, an d  th e  a p p lic a tio n s  a re  o fte n  so  
specific th a t they  a re  n o t o f  genera l in te res t o r  va lue . Suffice it to  say 
th a t  if m a teria ls  such as m anganese  o r  co b a lt r ic in o lea tes  a re  a d d e d  to  
the co m p o u n d  in  so lvent adhesive fo rm , th e n  b o n d s  to  b ra ss  a n d  zinc 
p la tin g  can  be im proved.

A dd itionally  the  b o n d ing  betw een ru b b e rs  an d  ra y o n s , po lyesters , 
e tc ., can  be helped  by tre a tm en t w ith  re so rc in o l-fo rm a ld e h y d e /la te x  
on  the  fibre, o r  by the  ad d itio n  o f  silica w ith  p h en o l resins an d  
fo rm aldehyde d o n o rs  w ith in  the  ru b b e r  fo rm u la tio n s .

It is strong ly  suggested th a t fo r  an y  specific p u rp o se , the  
reco m m en d a tio n s  o f  the  specialist supp lie rs  o f  these  m a te ria ls  sh o u ld  
be sough t.

R eodoronts
V ulcanised rubbers  all h ave ch a ra c te ris tic  o d o u rs , a n d  a f te r  a  life­
tim e in the ind u stry , these tend  to  be ign o red . In  the  m a in , they  a re  n o t



u n p le asan t, b u t n o t everybody w ould  agree w ith this, especially if 
inha led  in a confined area , a t  an  elevated tem peratu re.

Indeed , each  po lym er can be identified by practice, and  even 
m ix tu res o f  polym ers m ay be detected  and  identiiied by an 
experienced  chem ist in  m any instances sim ply by the ir distinctive 
o d o u r.

D e o d o ra n ts  are  m ateria ls  w hich m ay  be added to  some 
co m p o u n d s, an d  w hich neu tralise  the characte ristic  o d o u r o f  the 
c o m p o u n d , im p a rtin g  a clean  fresh scent. Even floral and  fruity 
o d o u rs  m ay  be conferred  if desired.

In the  case o f  b rea th in g , w ine o r  food hoses (w hich are m ade o f  high 
g rade  ru b b e rs , inc lud ing  pale crepes) the  finished p ro d u c t is usually 
'sw eetened ' by th e  passage o f  low  pressure steam  for a  sh o rt lim e, thus 
p ro d u c in g  a perfectly  accep tab le , su itab le  and  safe product.

Typical Formulations

T h e  fo llow ing recipes a re  given as a guide only, b u t m ay be used as a 
basis from  w hich  th e  u ltim ate  co m p o u n d  p roperties  required  m ay be 
derived .

Cables
l im ila lk m  recipe

N R  100
S tearic  acid '
M R X  '0
A n tio x id an t '
Z inc  ox ide ^
Talc
W h iting  50
M B T S
S u lp h u r



Sheath

N R  >00
C arb o n  bliick 45
R ubber process o il 3
S tearic acid 3
A n iio x id an t 1
Z inc oxide 5
M B T  1
S u lp h u r 3

161

Conveyor belts
NR conveyor heh friction recipe

N R 60
Reclaim 80
Peptiser 1
S tearic  acid 1
P ine ta r 2
A n tio x id an t 1
Z inc ox ide  . 5
Black 30
M B TS 1
T E T 0 1
S u lphu r 2

1831



N R  conveyor bell cover recipe

N R 80
Reclaim 40
P ep tiser 1
S tearic  acid 2
Pirte ta r 2
A n tio x id an t 1
Z inc oxide 5
R ein fo rc ing  black 30
M B T S 1
T E T 0-1
S u lp h u r 2-5

164-6

Ebonite
H ard  rubber (ebonite) ba ttery  box  
recipe

N R
R eclaim
P itch  (M R X )
P etro leu m  jelly
Talc
B arytes
M BT
S u lp h u r

25 
150 

25 
5

150 
27 

0-50 
4 5 ^

427-50



Flooring
Base flo o rin g  recipe

N R 100

Peptiser 1
10Z inc oxide

S tearic  acid 2

C h in a  clay 300

M B TS 1-50

T E T 0 1 5
S u lphu r 4

418-65

C o lo u rs  an d  p igm en ts  m ay  be ad d e d  as 
necessary.

Footwear Recipes
Black so les and heels

R eclaim 100
M RX 4
Pine ta r 2
C arb o n  b lack 50
Zinc oxide 5
A n tio x id an t 1
M BTS 1-5
S u lphu r 1-25

1-5

166-25



Brown sole

N R 100
Antioxidant 1
Stearic acid 2
Zinc oxide 10
C oum arone resin 10
China clay 150
M agnesium carbonate 40
Red iron oxide 10
MBTS 1-5
TET 0-15
Sulphur 4

328-65

Crepe sole

Pale crepe rubber 100
Zinc oxide 1
MBTS 1-5
Sulphur 2-5

1 105-0

While sole

Pale crepe rubber
M agnesium carbonate
Zinc oxide
Lithopone
China clay
Stearic acid
M ineral oil
N on-stain antioxidant
MBTS
Sulphur

100
100
20
50

100
1
3
1
1-25
2-50

378-75



Balking shoe

N R 100
S tearic  acid 1
Z inc oxide 5
A n tio x id an t 1
S tearin  coa ted  w h iting 25
M BTS 1
I b l 0 1
S u lp h u r 2

1351

C o lo u r p igm en t as  req u ired .

G eneral P urpose H ose  F ric tion
C om pound

S m oked  sheet 30 00
Refined reclaim 30 00
P eptiser 0-25
C alcium  c a rb o n a te  flour 21-50
C h in a  clay 10-75
R esin oil 2-25
P ine ta r 2-00
Zinc oxide 2-25
S u lphu r 1-00

100 00

Specific g rav ity— 1-23.



NBR (medium) 37-50
SRF black 40-00
Soft black 8-60
Zinc oxide 2-25
Antioxidant 1-00
Rubber process oil 2-75
D IO S/D A P 3-00
D ark factice 3-00
Stearic acid 0-50
MBTS 0-75
Sulphur 0-65

10000

Specific gravity— 1-31, T /S (M P a) 10-0
(approx) and E/B (% ) 250 (approx).

General Purpose CR Hydraulic Hose 
Lining (Extrusion)

CR (type W) 30 00
SRF black 2100
Soft black 10-50
C hina clay 22-30
Silica ‘‘■00
O ctam ine 0-50
M icrocrystalline wax 100
M agnesium  oxide ' '25
D PG 0-25
Stearic acid 0-25
R ubber process oil 5-50
Plasticator 
Zinc oxide 
TM T  
Sulphur

1-50 
I 00 
0-25 
0-70

10000



CR (type W) 37 00
SRF black 42-00
Magnesium oxide I SO
Octamine 0-75
Stearic acid 0-20
D IO S/D A P 8-25
Light brown factice 7-50
Plasticator 0-25
Zinc oxide 1-50
TM T 0-35
D PG  0-20
Sulphur 0-50

10000

Specific gravity— 1-40, T /S (M Pa) 10-0 
(approx) and E/B (% ) 220 (approx).

General Purpose Steam  Hose Lining and 
Cover (Extrusion/Calendered)

Smoked sheet 1000
SBR 240 0
SRF black 2000
Soft black 3000
China clay 8-65
Zinc oxide 2 0 0
Antioxidant 0-75
Stearic acid 0-25
M icrocrystalline wax 0-50
Rubber process oil 1-50
MBTS 0-25
TET 2 0 0
Sulphur 0 1 0

10000



High Pressure Steam H ose Lining and 
Cover ( Extrusion)

Chlorobutyl rubber 4300
MBTS 0-50
Zinc oxide 200
Calcium carbonate flour 23-45
Stearic acid 0-50
M agnesium oxide 0-20
SRF black 25-50
Petroleum  jelly 3-50
TET 0-50
Sulphur 0-85

10000

Specific gravity— 1-34.

General Purpose Moulded H ose Lining 
and Cover ( Extrusion)

Smoked sheet 5 00
SBR 2400
Paraffin wax 3 00
M agnesium oxide ''25
A ntioxidant 0-50
M BTS 0-30
Calcium  carbonate flour 49-95
SR F black '4  00
R ubber process oil '  00
Sulphur

10000



Ceneral Purpose H ose Red Cover 
(Extrusion)

U m k r  lead cure

Sm oked sheet 20 00
SBR 2 0 0 0
S tearic  acid 0-20
Z inc oxide ! '5 0
C alcium  c a rb o n a te  flour 46-30
Red iron  ox ide 8-50
Paraffin  wax 0-75
M icrocrysta lline  w ax  0-75
A n tio x id an t 0-50
D P G  0 1 0
M B TS 0-20
T E T  0-20
S u lp h u r 1 0 0

100 00

Specific g rav ity— 1-52, T /S  (M P a )  6 0  
(app rox ) an d  E ;B  ( “„) 400 (ap p ro x ).

Proofing
T yp ica l genera l purpose  sp read ing  recipe  
(healer cu red )

R ubber 100
Zinc oxide 16-5
F ine w hiting 80
S tearic  acid 1
A n tio x id an t 1
S u lphu r 2-5
M B TS 0-5



Low rubber conient proofing recipe 
(heater cured)

Rubber 100
Reclaim 150
D ark factice 100
Stearic acid 3
Zinc oxide 7-5
Fine whiting 300
Lithopone 20
Sulphur 2'5
M BTS 0-5

683-5

Sponge

Brown crepe (well
prem asticaled) 100

Peptising oil '0
R ubber process oil 30
Stearic acid *
Zinc oxide ^
A ntioxidant '
Stearated whiting ^5
Soft black 35
Sodium  bicarbonate . ' 5
Sulphur 
M BTS 
TET

I
0-2



T yres
N R  lyre tread recipe

(A) (B)
NR to o 75
Reclaim — 50
Peptiser 1 1
Stearic acid 3 3
Pine tar 1 1
Zinc oxide 3 3
C arbon black 45 40
Antioxidant 1 1
M BT 3 3
Sulphur 1 1

158 178

Cycle tread recipe

Reclaim 100
MRX 5
Black 15
Pine tar 2
Stearic acid 1
Zinc oxide 5
MBTS 1
A ntioxidant 1
Sulphur 1

131



N R  solid lyre recipe

N R 100
Black 90
Zinc oxide 10
Process oil 3
Stearic acid 2
Accelerator 1
A ntioxidant 1
Sulphur 3

210

H ot w ate r bottles
H ot water bottle recipe

NR 100
Zinc oxide 5
A ntioxidant 1
Stearin coated whiting 75

M BTS 1

TET 01

Sulphur 2

C olour (pigment) as necessary

1841



C alcu la tion  o f  Specific G rav ity

Ingredient

NBR (Medium)
SRF black 
Soft black 
Zinc oxide 
Antioxidant 
Rubber process oil 
D1 O S/DAP 
D ark factice 
Stearic acid 
MBTS 
Sulphur

Specific gravity Q uantity

1-00 37-50
1-80 40-00
1-80 8-60
5-55 2-25
1-21 1-00
0-91 2-75
1-00 3-00
1-05 3-00
0-85 0-50
1-54 0-75
2-05 0-65

100-00

(1) Divide each ingredient quantity  by the specific gravity:
NBR (M edium) 3 7 - 5 0 I 00 =  37-50
SRF black 4 0 - 0 0 i -80 =  22-22
Soft black 8 - 6 0 - 1 - 8 0 =  4-78
Zinc oxide 2 -2 5 -^5 -5 5 =  0-41
Antioxidant 1-00h- I - 2 1 =  0-83
Rubber process oil 2-75 0-91 =  3-02
D IO S/D A P 3-00 H-1-0 0 =  3-00
D ark factice 3 -0 0 -^1 -0 5 =  2-86
Stearic Acid 0 -5 0 -^ 0 -8 5 =  0-59
MBTS 0 -7 5 ^ 1 -5 4 =  0-49
Sulphur 0 -6 5 -^ 2 -0 5 =  0-32
Total 76-02

(2) Sum these figures ( =  76-02).
(3) Divide total batch weight by the sum from (2) =  specific

gravity o f com pound, i.e. 100 -^76 -02=  1-31. T he specific
gravity of the com pound is 1-31.



C H A P T E R  3

M IXING TEC H N IQ U ES

G E N E R A L

T h e  energy  an d  raw  m a te ria ls  p rob lem s in the rubber industry 
o r ig in a te d  in  th e  ea rly  1970s, m ain ly  as a result o f the oil crisis and 
seem likely  to  co n tin u e  fo r the  fo reseeable fu tu re . In reality, however, 
the  p ro b le m  h as  been  p re sen t fo r a  m uch longer period than this, and 
p e rh ap s  really  s ta r te d  d u rin g  W orld  W ar 11 due to  the fall o f M alaya,

now  p a r t  o f  M alaysia .
B efore th e  W a r, n a tu ra l ru b b er was cheap  and plentiful. There was 

little o r  n o  need  to  conserve  m a teria ls  o r indeed, w ithin reason, to 
w orry  lo o  m u ch  a b o u t full u tilisa tion  o r w astage and scrapping  ol 
m ateria ls . F u r th e rm o re , th e  on ly  o th e r h y d rocarbon  av a i^b le  m 
q u an tity  w as C R , w hich  w as in tro d u ced  in the mid 1930s as D uprene. 
and  la te r  to  be kno w n  as N eo p ren e  (D u P o n t de N em ours U S A ^ 

W hen  su pp lie s  o f  these  ru b b ers , and  especially natu ra l rubber 

becam e res tr ic ted  d u r in g  th e  W a r, the
h y d ro ca rb o n  in th e  co m p o u n d s  w as progressively ed on a
phased  b asis , d ic ta ted  by  g o vernm en ta l decree. T h 's  obviously m . d . 
m ixing  by  c o n v e n tio n a l m e th o d s extrem ely d ^ fe u ll  o m d .e  
im possib le , an d  new te chn iques  w ere developed 
u n k now n  p ro b le m s as  they  developed. M any
presen t to d a y , n o t on ly  because  o f  sho rtages, b u t  a  so because o 
cost p ro b le m s b ro u g h t a b o u t by inflation , as a result ol the

! : X r e f o r e  conside red  

te ch n iq u es , som e p e rh a p s  now  fo rg o tten . wUl certam ly  have p



once m ore  in the fu tu re  o f  the  ru b b e r  in d u s try , in  th e  ligh t o f  energy 
an d  m a te ria l conservation .

It is pe rh ap s  tru e  to  say th a t th e  basic  p rin c ip le s  o f  m ix ing  have 
changed  very little over the years, w herever the  c o m p o u n d s  a re  mixed. 
H ow ever, due  to  local c o n d itio n s  an d  th e  ad v e n t o f  m o re  a n d  m ore 
syn thetic  polym ers, coup led  w ith  th e  o b v io u s  need fo r grea ter 
p roductiv ity  and  efficiency, new  te ch n iq u es  an d  m e th o d s  are 
con tin u o u sly  being reviewed a n d  in tro d u c e d . In d eed , the  techn iques  
necessary fo r the satisfacto ry  m ixing  an d  co m p o u n d in g  o f  the  qualities 
used are  ce rta in ly  very varied . T h is  is in  th e  m a in  d u e  to  th e  fact tha t 
m any  polym ers are  used w ith  a w ide ran g e  o f  h y d ro c a rb o n  c o n ten ts .

R A W  M A T E R IA L  S T O R A G E

It goes w ith o u t say ing  th a t c ru d e  s to ck s  s h o u ld  be s to re d  in a 
conven ien t position  fo r easy  tra n sfe r  to  th e  w eigh ing  o u t a rea  o f  the 
mill room . In ad d itio n , the  s to rag e  te m p e ra tu re s  s h o u ld  be u n ifo rm  
(n o t too  low) an d  the  a tm o sp h e re  o b v io u s ly  d ry . Ideally  a h o t box 
shou ld  be p rov ided  fo r ce rta in  g rad es  o f  p o ly m ers , p a rtic u la r ly  
n a tu ra l rubbers . It is co n sid e red  p e r tin e n t to  m e n tio n  these 
e lem en tary  b u t im p o rtan t p o in ts  a t th is  s tag e , as su b se q u en t 
o p e ra tio n s  c a n n o t be g u a ran teed  tro u b le  free , i f  they  a re  n o t used.

Pow der room s a n d  w eighing  a rea s  a re  gen e ra lly  p o s itio n ed  
a cco rd in g  to  the local g eog raphy  o f  b o th  the  b u ild in g s  a n d  th e  lie o f  
the  su rro u n d in g  land . E x trem ely  eflicient o p e ra t io n s  have  been  seen 
w here the s to res  and  a rea s  a re  at g ro u n d  level, a n d  th e  w eighed 
b atches  tran sfe rred  to  tfte in te rn a l m ixers v ia  lifts, h o is ts  and  
conveyo r belts. P erh ap s  the  best p o s itio n in g  is fo r  the  m a te ria ls  to  be 
s to red  an d  w eighed on  an  elevated  p la tfo rm , o r  in  a ro o m  level w ith  
an d  beh ind  the  m ix ing  equ ip m en t.

T h e  am o u n t o f  m ech an isa tio n  an d  a u to m a tio n  th a t  can  be used  fo r 
these p a rticu la r o p e ra tio n s  d ep en d s  aga in  on  local co n d itio n s . In 
som e p lan ts  it is possib le , because  o f  th e  large vo lum e o f  m a te ria ls  
used, to  have , fo r exam ple, th e  ru b b e rs  an d  ca rb o n  b lacks , all h an d led  
a n d  w eighed au to m atica lly . O n  th e  o th e r  h a n d , in a sm all fac to ry , th is 
is m o re  difficult because o f  th e  vast varie ty  o f  ru b b e rs  an d  d ru g s  u.sed, 
an d  a lso  because o f  the  fairly  la rge  n u m b e r o f  m ixed qu a litie s . It is, 
how ever, considered  th a t w ith  a little  th o u g h t an d  p la n n in g , m uch  
m ore  s tan d a rd isa tio n  an d  ra tio n a lis a tio n  co u ld  be ach ieved  th a n  is



currenl-ly ev iden t in  m an y  d ru g  room s. If for exam ple the carbon 
blacl( types w ere exam ined , an d  also in conjunction  with the white 
fillers (such  as the  clays and  w hitings) then it w ould, m ore than likely, 
becom e ev iden t th a t a large degree o f  rationalisation  could be 
achieved, w ith  m an y  h id d en  an d  also d irect savings in cost and 
inventories. T h is  w ou ld  then  allow  som e bulk  handling  and  autom atic 
w eighing to  be in tro d u ced .

In the  v a rio u s  h an d lin g  system s used w ithin the  rubber industry, 
the basis is genera lly  to  b reak  dow n the mix in to  several constituent 
p a rts . T h ese  co n s titu e n t p a r ts  are;

(a) P olym ers.
(b) F illers  (b la ck s  an d  w hites).
(c) S m all pow ders  inc lud ing  waxes.
(d) V u lcan is ing  m a te ria ls .
(e) O ils  an d  p lasticisers.

T he o ils m ay e ith e r be fed d irec t to  the m ixers or may be pre-blended 
w ith the  fillers d e p e n d in g  on  the  p ro d u c t and  the process. In  the case 
o f  th e  ca rb o n  b lack s , an  in term ed ia te  bulk handling  weight o f 
a p p ro x im ate ly  1 Io n  (o r  1000 kg) h as  been in troduced  between the 
s tan d a rd  b ag  a n d  th e  bu lk  delivery tanker. This has m ade possible a 
sem i-m echan ised  w eigh ing  system . In the  case o f  white fillers, where 
now p ro p e rtie s  a re  n o t go o d , v ib ra to ry  an d  o r a ir flotation systems 
are in use, b u t these  a re  n o t as  yet 100%  satisfactory, and 
deve lopm ent w o rk  is still being  ca rried  ou t.

M ixing  K quipm cnt, C ycles and Techniques

A s a very sw eep ing  s ta tem e n t, th e  equ ipm ent used for mixing the 
co m p o u n d s  m ay  be b ro k e n  do w n  in to  three categories.

(a) O p en  mill m ixing .
(b) In te rn a l m ixing .*  . .
(c) C o n tin u o u s , au to m a tic  a n d /o r  high speed mixing.

It goes w ith o u t say in g  th a t th e  coo ling  o f  the  m ixing
m ost s tages o f  the p rocess is o f  p a ra m o u n t im portance, and  much

• B a n b u ry  F a rre l-B rid g e . C astle ton .
F rancis Shaw , M anchester, B o lh n g  Cleveland,
P fle idercr- S lu U g arl. W . G erm an y .



deve lopm ent tim e has  been devo ted  by th e  v a rio u s  m a k ers  o f  the 
m ixing  equ ip m en t over the  years. T h is  w ith o u t d o u b t h as  m ade the 
cu rren t and  faster m ix ing  cycles possib le .

F o r  reasons, o f  speed , o u tp u t a n d  ec o n o m y , th e  in te rn a l m ixing 
o p e ra tio n s  are  the ones m ost w idely u sed , b u t in the  G R G  field, open 
mill m ixing is still p rac tised , an d  n o  d o u b t will be fo r m a n y  years to  
com e. Tlifs is because o f  the  sm all p ro d u c tio n  ru n s  o f  ce rta in  
p roduc ts , an d  also  w here p recision  d isp e rs io n  is v ita l, to g e th e r  w ith 
the need fo r no  co n ta m in a tio n . B o th  o f  these  im p o r ta n t fea tu res 
can n o t be g u aran teed  w ith  in te rn a l m ixers.

Open Mill M ixing

Very briefly, the  open  mill m ix ing  p rocess  is to  m a stica te  th e  po lym ers 
until an  even an d  sm o o th  b a n d  is fo rm ed  a ro u n d  the  f ro n t ro lle r. T he 
fillers an d  oils a re  ad d ed  a lte rn a te ly  fo llow ed by  a n y  sm all ad d itio n s  
and  finally the  vu lcan ising  m a te ria ls . D u rin g  th e  w ho le  o p e ra tio n , 
c u ttin g  and  b lend ing  by h an d  ro llin g  is c a rr ie d  o u t. A s the  pow ders 
d ro p  in to  the  mill tra y , they  a re  sw ep t to  th e  f ro n t b y  th e  o p e ra to r  and  
added  back in to  the  mill n ip. T h e  m ill tra y  Is u su a lly  s ligh tly  s lo p in g  to  
help  the o p e ra to r , an d  a very  usefu l a id  is to  fit a  v ib ra to ry  
m echan ism , so th a t the  pow^der is c o n tin u o u s ly  bein g  re tu rn e d  to  the 
o p e ra to r , th u s  sav ing  physica l effort.

W ith  those  co m p o u n d s  c o n ta in in g  m ixed  p o ly m ers , th e  best 
d ispers ion  and  b lend ing  is o b ta in ed  by ind iv id u a l b reak d o w n  o f  each  
po lym er, a n d  then  b le nd ing  them  to g e th e r  w hile still h o t. T he 
ad d itio n  o f  the fillers, etc .. th e n  fo llow s in th e  u sual w ay . In  o rd e r  to 
assist w ith b reak d o w n , special pep tise rs  m ay  be ad d e d  d u rin g  
m astica tio n , an d  in the  case o f  p o ly c h lo ro p ren es , re ta rd e rs  a n d  o th e r  
processing  aids m ay  be added  very ea rly  in  the  m ix ing  cycle.

Internal .Mixing

D ealing  next w ith  in te rn a l m ixers, th e 'id e a l ' se t-u p  is to  have  tw o m ills 
in th e  cha in . T he first is used  to  rem ove the  h ea t from  the  co m p o u n d  
rap id ly , p rio r to  the  ad d itio n  o f  th e  v u lcan is in g  ing red ien ts  on  the  
second m ill. T h is also  has the  ad v a n ta g e  o f  keep ing  the  in te rn a l m ixer 
free from  curing  m a te ria ls , w ith  fa r  less ten d en cy  to  sco rch  p rob lem s. 
It cou ld  be claim ed th a t  such  a system  is expensive fro m  th e  p o in t o f  
view o f  in itia l cap ita l co st o f  p la n t, b u t on  balan ce  the  ease o f



p rocessing  o f  the  re su ltan t co m p o u n d  du rin g  subsequent operations 
m ore th a n  justifies th is. M an y  facto ries a re  indeed installed in this 
m a n n er. A s w ith  o p en  mill m ixing cycles, the  general rule is to 
m astica te  in  the  m ixers, an d  w hen  the  polym er has reached the desired 
s ta te , th e  pow ders, e tc ., a re  then  added , fo r m ixing and  dispersion to 
take  place. T h e  b a tch  is now  d ro p p ed , passed th ro u g h  the first mill 
several tim es an d  th e n  the  cura tives are  added on the second mill as 
s ta ted  above. I t c a n n o t, how ever, be over-em phasised, th a t the exact 
m ixing  p ro ced u re  used , w hether it be open  mill or in ternal mixer, 
d epends o n  local c o n d itio n s  pecu liar to  the particu lar factory , and 
indeed  u p o n  the  w ishes and  experience o f  the factory  com pounder. It 
is very necessary  to  be ab le to  keep  an  open m ind on  the exact 
te chn ique  to  be u sed , a n d  to  select the  best com bination  of 
circum stances  fo r th e  o ccasion . T h e  follow ing techniques, which are 
w idely u sed , w ill illu s tra te  th e  p o in t.

Direct M ixing Process

T his m ean s  exactly  w h a t is s ta ted , in  the sense th a t the com pound is 
m ixed an d  is th e n  fed d irec tly  to  the  next o pera tion , e.g. either to an 
ex tru d e r o r  ca len d er. T h is  process obviously  requires the accurate 
p la n n in g  o f  th e  m ixer cycle an d  subsequen t opera tions, and  has lairly 
w idesp read  use. It is very necessary  to  have tigh t quality  con tro l in 
o p e ra tio n  fo r  several reasons , such  as cu ring  and dispersion 
p ro p e rtie s , an d  a lso  th e  in itia l m astica tion  is extrem ely im portan t 
because o f  su b se q u en t ‘n e rv in ess , as  the re  is no m aturing  tim e in the 

cycle.

Indirect M ixing Process

in  th is cycle, th e  co m p o u n d  is m ixed and  slabbed off and  stored p r ^ r  
to  the nex t o p e ra t io n . T h e  cu rin g  m ateria ls  may be ^ d d t h  r 
befo re  s lab b in g  o r  ju s t  p r io r  to  th e  next opera tio n  
sto rag e , d e p e n d in g  on  th e  p a rtic u la r  co m p o u n  . com pound
th is system  (a p a r t  from  o pen  mill m ixing) gives the best com pound

from  a p ro cess in g  angle.

Prcm astication

In ce rta in  in s tances , p a rticu la rly  m  co m p o u n d s where
high  h y d ro c a rb o n  c o n te n t, it is necessary to  prem ast,ca.e



50

po lym ers (to  rem ove nerve), s lab  o ff  a n d  c o o l, a n d  then  mix in 
the  n o rm a l w ay w ith  th is p rem aslica ted  m a teria l. A lte rnative ly , if  the 
co m p o u n d  co n ta in s  a fa irly  h igh  filler c o n te n t, be it e ith e r  b lack  o r 
m inera l, a 'm as te r b a tch ’ o r  'm o th e r  s to c k ’ m a y  be first o f  all m ixed, 
s labbed  an d  coo led , an d  th e n  fina l m ixed .

O il Extension

In the  case o f  n a tu ra l ru b b e r  c o m p o u n d s , it is p o ss ib le  to  o il-ex tend , 
w ith o u t und u e  loss o f  su b se q u en t p ro cess in g  o r  physica l p ro p ertie s , 
by the  selection  o f  a  su ita b le  oil a n d  p re -b len d in g  th is  w ith  the 
requisite  ca rb o n  b lack . T h e  'c a rb o il’ so p ro d u c e d  is a d d e d  to  the 
in ternal m ixer w ith  the  ru b b e r  r ig h t a t  th e  b eg in n in g  o f  th e  cycle, and  
the  w hole is then  m a stica ted  to g e th e r. T h is  te c h n iq u e  p rev en ts  un d u e  
cha in  scission due  to  m a stic a tio n , a n d  th e  resu U an t p la stic ity  so 
o b ta in ed  is very sa tisfac to ry . T h e  a d d itio n  o f  d ih y d ra z in e  su lphate*  
to  the co m p o u n d  a lso  help s su b se q u en t p ro cess in g  o f  such  oil- 
ex tended  n a tu ra l ru b b e r  co m p o u n d s.

D um p M ixing

W here  the  co m p o u n d  co n ta in s  a fa irly  h igh  p ro p o r tio n  o f  filler, it is 
som etim es difficult to  get the  ro to rs  o f  th e  m ixer to  'b ite ',  a n d  in  such 
cases it is n o rm a l to  lite ra lly  d u m p  th e  w ho le  o f  th e  ing red ien ts  
(ru b b e r an d  fillers) in to  th e  m ixer a lto g e th e r , an d  th e n  c a rry  o n  w ith 
thecycle . C o n tra ry  to  o ld  th eo ries , e tc ., th is  te ch n iq u e  d o es  w o rk , an d  
p roduces  a  sa tisfac to ry  c o m p o u n d  fo r  its p u rp o se .

L'psidc Down M ixing

T his te chn ique  consists  o f  a d d in g  the  po w d ers  first to  the  m ixer and  
fo llow ing th is by the  p o lym er. T h is  n o t  on ly  p ro d u c e s  a  sa tisfa c to ry  
m ixed m a teria l, b u t also  m akes  it po ssib le  to  m ix  ce rta in  difficult 
po ly ch lo ro p ren e  recipes, w hich  h ith e r to  had  to  be c a rried  o u t o n  open  
m ills because o f  e ith e r sco rch  a n d /o r  s tic k in g  p rob lem s.

Seeding

T h is  is an o th e r  extrem ely  usefu l m ix ing  te ch n iq u e , w hich  w as 
deve loped  d u rin g  W orld  W a r II because  o f  sh o rtag e s  o f  n a tu ra l

* StilTener DSC A n ch o r C hem ical C o m p an y , M an ch ester.



ubber and  o th e r  h y d ro ca rb o n s . It consists  o f the addition  o f a small 
™ rtion  o f  th e  p rev io u s  b a tch  o f  th e  sam e m aterial, and allowing the 
P b a tch  to  ‘seed’ o n  it d u rin g m ix in g . T his is particularly  effective in 
"nixing ex trem ely  low  h y d ro ca rb o n  co n ten t com pounds.

Batch S ize

It is ex trem ely  im p o r ta n t period ica lly  to  check the w ear on  both  the 
o to rs  an d  shells o f  th e  m ixers, and  to  increase the batch weights 

slightly from  tim e to  tim e to  co m pensate  for this, otherwise various 
m ixing d ifficu lties w ill o cc u r such  as dispersion , lack o f m astication, 
etc It is su rp r is in g  ju s t how  m uch  m ore good com pound can  be 
o b ta ined  by  th e se  ad d itio n s , as  ex tra  p roduction , before the machine 
requires reco n d itio n in g .

Cycles

T here a re  tw o  sch o o ls  o f  th o u g h t on  the  techniques to  be used in the 
m ixing cycle o f  an  in te rn a l m ixer. O ne is to  mix to a fixed time cycle 
and igno re  th e  u lt im a te  te m p era tu re  reached ; the o ther is to mix to  a 
f ix c d lm p e ra tu r e  rise o n  m a stica tio n , and  ignore the to ta l time. Both 
o f  these system s p ro d u c e  un ifo rm  an d  econom ic m aterial from  a co t 
•ind p ro d u c tio n  ang le , b u t it w ou ld  be very unwise to  say categorical y 

w as b e t te r^ h a n  the  o th e r. In  fact^ it - n  >,e 
o p era te  b o th  system s (in  d .lle re n t m achines o f  course) to  suit

particu la r a n d  ind iv id u a l recipe. neirlv
W herever possib le  it is now  cu rren t practice to n " “ J  > 

co n tinuously  as  is p rac tica b le . F u rth erm o re , 
ro to rs  is in c reas in g . T h is  consid e rab ly  re uces '• 
increases th e  te m p era tu re s . Because ot this, ^
carried  o u t on  very efficient w a te r Z
d ischa rg ing  o f  the  m ixed  c o m p o u n d . T  is me u (|^,.j,^,„ect

In o rd e r  fu r th e r  to  speed u p  op e ra tio n s  an y 
m ixing p ro ced u re , co u p led  w ith  acce 'f'''* °  ‘ ^  j^er. This
possible to  d irec t p rocess  im x the  w hole >n the
w ould n o t h ave  been possib le  a com parative  > ^
A dd itionally , by m o th e r s to ck in g  certain  
a c c e le ra to r ,  it is a lso  possib le  to  add  these .md 
w ithou t sco rch , r igh t a t tire end  , „ e d  M o n s a n t o

Very recen t te ch n o lo g y  involves use



pow er in teg ra to r w hich  ensu res  th a t  the  m ix ing  is ca rried  o u t by 
m o n ito rin g  an d  using  the  e lec trica l en e rg y  efficiently , in  the  co rrec t 
p lace, an d  a t  the  r ig h t tim e, th u s  en su rin g  u n ifo rm  an d  co n s ta n t 
p lastic ity  from  b atch  to  batch .

C olour M ixing

■Ideally' (once aga in  it is necessary  to  use th is  w o rd ) co loured  
c o m p o u n d s  an d  a lso  ligh t co lo u re d  artic les  s h o u ld  be m ixed  on  open 
m ills o r  in te rna l m ixers in a  s e p a ra te  a re a , a n d  w ell aw ay  fro m  any 
black batches. U n fo rtu n a te ly  'id ea l ' c o n d itio n s  a re  n o t always 
possib le, an d  the  fo llow ing p ro c e d u re  is o n e  co m m o n ly  u sed , w hich 
p roduces  com m ercia lly  ac cep ta b le  c o lo u red  co m p o u n d s  fro m  an 
in te rna l m ixer used  a lso  fo r b lack  ru b b e rs . In  fac t, in som e p la n ts  the 
m ixers are  also  ca p ab le  o f  P V C  m ix ing , be in g  p ip ed  u p  w ith  steam  
lines to  give the  necessary  te m p e ra tu re s  needed  fo r gelling . T h e  'c lean ­
o u t' p ro ced u re  briefly co n sis ts  o f  c lean in g  o u t  th e  m ixer w ith  several 
ba tches  o f  p rem as tica ted  ru b b e r , w hich  a re  used  la te r  fo r b lack  mixes. 
T h e  co lo u r m ix ing  now  follow s, o n  a sequence  o f  lig h te r c o lo u rs  first, 
go ing  d a rk e r  th ro u g h  th e  range.

Syn thetic  M ate ria ls

P o lych lo rop renes  h ave  been m e n tio n e d  ea rlie r , b u t it is conside red  
w o rth y  o f  n o te  to  m e n tio n  a fa irly  new  p ro cess in g  m a te ria l*  (specially  
p rep are d  m agnesium  ox ide , in  's t ic k ' fo rm ). T h is  co n s id e rab ly  helps 
d ispers ion  o f  the  m agnesium  ox ide , a t the c ritic a l s tag e  o f  m ixing, 
w ith  a  red u c tio n  in m ix ing  an d  te m p e ra tu re  rise. T h u s  d esirab le  
p rocessing  p ro p erties  a re  co n fe rre d  to  th e  m ix.

N itriles are  fairly  s tra ig h tfo rw ard  o n  o p en  m ills, b u t a re  ra th e r 
d ifficult in  the u su a l type  o f  in te rn a l m ixer as  ex trem ely  h igh  electrical 
energy  is requ ired . H ow ever, by  using  specially  designed  ro to r  b lades, 
even th is  m a te ria l can  be m ade to  p rocess  well.

W here bu ty l ru b b e rs  are  p rocessed , it is d e s ira b le  to  have th e  m ills 
so p ositioned  as  to  be able  to  w ork  safely on  the  b ac k  ro ll, d u e  to  the  
affinity o f  th is  po lym er fo r  the  fa s te r  ro ll. In  la rg e  u se r fac to ries , it is 
possib le  to  keep bu ty l ru b b e r  con fined  to  its ow n  line, so th a t it is then 
p rac ticab le  to  ad ju st the  m ill gea r ra t io s  so th a t  th e  ru b b e r  is b an d e d  
a ro u n d  the  'f ro n t' ro ller.

* Scorchguard 'O ’ —Newalls Insulation.



C o n t in u o u s  an d  S e m i-C o n lin u o u s  M ix in g

In  the period  before the m id’ sixties the re  had  been very little change in 
the  m e thods o r the  equ ipm en t used w ithin the  m ixing room s o f  the 
ru b b e r  industry . Indeed , the  principles and som e o f  the  system s used 
over 100 years ago  w ere still cu rren t. It is only perhaps over the past 
five years o r  so  th a t system s anyw here nea r ap p roachm g  the u ltim ate 
goal o f  co n tin u o u s m ixing have been in troduced , and  w ith varym g 
deerees o f  success. A lso in m any  cases, perhaps  a t to o  high a cost 
w hen co m p ared  w ith  the m ore estab lished  m ethods. Because o f  the 
n a tu re  o f  the  vario u s  po lym ers used, the  m ixing equ ipm ew  m ust o f 
necessity  be very s tro n g  and  ro b u s t to  take  care o f  the very high loads 
and  stresses developed d u rin g  processing . F o r  exam ple, it is slated  
th a t the  energy requ ired  to  com p o u n d  toge ther all th e  ingredients of 
an  average passenger ty re  tre ad  com pound  is o f  the  o rder of 
230 290 J /k g  ( 12 15 horsepow er m in per pound ) o f  slock. This l y ^  
o f  q u a lity  is very sim ilar to  a high ab ras io n  resistan t hose and cable

“ t o  m ake  e ith e r sem i-con tm uous o r fully co n tinuous system s o f 
m ix ing  v iab le, it is very necessary  fo r obv ious reasons to  have long 
ru n s  o f  a lim ited n u m b er o f  stocks, and  therefore 
p la n n in g  ra tio n a lisa tio n  and  s tan d a rd isa tio n  are e s sen tia l Shor 
fu n s T n  balan ce  are  best ca tered  fo r using  the n o rm a  and o de 
techn iques , as  described  ea rlie r in th is ch ap te r. P erhaps the P™Wems 
a s s o c iL d  w ith  co n tin u o u s  m ixing, and  fo r th a l m a tte r  conventional 
m ix ing  a lso , m ay  be sim phfied and  identified as tw o: (a) d 'spe rsion , 
and  (b) te m p era tu re  co n tro l o f  the stock  d u rin g  ' " ‘' '" S '  
re su ltan t scorch  p rob lem s if the la tte r  is n o t con tro lled .

i r  it is assum ed  th a l the m ixing  equ ipm en t is 
te m p era tu re , an d  w ith no  lu r.h e r
all th e  energy necessary heat w ithin the
various  d rive m echan ism s, will b  obviously the
s tock . I f  n o  co n tro ls  ^esl,'^

" ■ '■ 

- I - -  “
fo llow s;
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w here / =  stock  te m p era tu re
E  =  to ta l energy  co n su m ed  expressed  in a p p ro p r ia te  hea t units 
/ /  =  hea t lost to  th e  co o lin g  system
II =  tim e

A u to m a tic  w eighing o f  pow ders  a n d  o th e r  in g red ien ts  h as  heen in use 
lo r  som e years, an d  m a n y  very efficient system s have been advised, 
w hich  w hile they  are  n o t fully c o n tin u o u s  system s in th e  tru e  sense, in 
th a t th e  mi.King is o f  a b a tch  n a tu re , they  a re  nevertheless very 
econom ical in tim e, o u tp u t , co s t a n d  q ua lity .

A typical system  in c o rp o ra te s  an  in te rn a l m ixer ( th e  size o f  w hich  is 
chosen  to  su it the o p e ra t io n a l co n d itio n s  in q u es tio n ) , an d  th is  is fed 
by the au to m a tic  ad d itio n  o f  th e  in g re d ien ts , u sua lly  m in u s the 
cu ra tives. T h is  is because  d esp ite  th e  m o d e rn  an d  im p ro v ed  system s 
now  in use. th e re  is still m ore  th a n  stitlic ien t h e a t b u ild -u p  in the 
c o m p o u n d s  d u rin g  m ix ing  as to  p ro d u c e  sco rch  c o n d itio n s  in  m any  
cases. T h e  m ixer m ay  then  d isch a rg e  in to  a  re f in e r/ex tru d e r a fte r  
w hich  the  cu ra tiv es  are  ad d ed  o n  a m ill a n d  s lab b e d  otT from  a  second 
m ill.

A lte rnative ly , th e  stock  m ay  be d isch a rg ed  in to a  T ra n sfe rm ix *  an d  
pelletised  still o f  cou rse  w ith o u t the  cu ra tiv es . By th e  use o f  such a 
m ach ine , it is possib le  to  reduce  th e  tim es o f  m ix ing  in th e  in te rn a l 
m ixer and  fini.sh off. in  the  very ap tly  n am ed  T ra n sfe rm ix . A t th is 
s tage th e  stock  m ay  e ith e r be m illed an d  th e  cu ra tiv e s  a d d e d , an d  then  
finally  b a tch ed , o r  if  pelletised , th e  cu ra tiv e s  m ay  be ad d e d  via 
a n o th e r  T ra n sfe rm ix , co o led , b lended  a n d  b a tch ed  o lT by  a n y  o f  the  
well kn o w n  techn iques.

T h e  T ransferm ix  consis ts  o f  a specia lly  sh ap ed  screw  a n d  b arre l, 
w hich  m akes the  m ateria l pass b ac k w ard s  a n d  fo rw ard s  th ro u g h  the  
m ach ine , betw een th e  screw  an d  the  b a rre l w all, th u s  p ro d u c in g  shear. 
T h e  n u m b e r o f  passes m ay  be designed  in to  the  m a ch in e , d ep en d in g  
o f  co u rse  on  the  p ro p erties  req u ired  from  th e  c o m p o u n d . B ecause o f  
the  closeness o f  the  co o h n g  passages  w ith in  the  m ach in e  an d  the 
c o m p o u n d , excellent te m p era tu re  c o n tro l is possib le  an d  a n o th e r  
go o d  design  fea tu re , is th a t th e  m ach in e  is co m p le te ly  self-em pty ing , 
th u s  en su rin g  th e  m in im um  o f  b a tc h  c o n ta m in a tio n . M ach ines  have 
been  m ade u p  to  ap p ro x im a te ly  500 m m  (20 in) screw  d ia m e te r, w ith 
ap p ro x im a te  o u tp u t speeds o f  u p  to  1 5 0 0 0 k g /h  (330001b).

* T ra n s fe r m iX '- -U n iro y a l  p a te n t .



H ow ever, on  the deb it side, being a single-screw m achine, and  when 
used as a m ixer, it c a n n o t accom m odate  large add itions o f fillers and 
o r rein fo rc ing  m aterials  to  give satisfacto ry  dispersion in the  available 
tim e in the  m achine. It is the refo re , best used to  advan tage either with 
an in ternal m ixer set-up , for add ing  accelerators and o th e r curatives, 
o r indeed as a form  o f  b reak ing  o r crack ing  un it for the feeding o f
ca lenders, etc.

A n o th er type o f  co n tin u o u s m ixer is th a t designed by F arrell. This 
can best be described  as a s tretched  B anbury  m ixer and its design 
includes feed screw s, m ixing  ro to rs  and a variab le  discharge orifice. 
O nce aga in , the  tim e in the  m ach ine to  give m axim um  dispersion  is 
one o f  the  po in ts  requ iring  close a tten tio n , and  hence the m ethod  o f 
feeding is very im p o rta n t indeed. T he ro lo r  speeds are  variable, which 
gives a  degree o f  flexibility o f  m astica ting  and  m ixing w ithin the limits 
and  confines o f  availab le  tim e in the m achine. T he internal pressure is 
con tro lled  by the  orifice size. T h u s  it can  be seen th a t, by careful 
co n tro l and  p e rm u ta tio n  o f  these fea tu res, a large degree o f flexibility 
is possib le. It is p e rh ap s  tru e  to  say th a t this is the  best m achine ol its 
type  fo r th e  fu rth e r deve lopm ent o f  tru e  con tinuous m ixing with 
ru b b er and  rubber-like  polym ers despite a prob lem  w ith black 

d ispersions.

G EN E R A L H A N D LIN G  OF M IXED C O M PO U N D S

A fter m ixing , it is ad v an tag eo u s to  blend several batches “ f i b b e r
toge ther, an d  it is genera lly  speak ing  necessary to
c o m p o u n d  a m in im um  dwell t im e o f  24 h for m a tu ring
m ay sound  a little old fash ioned , but experience has n hat the be
fu rth e r p rocessing  p ro p erties  o f  the  com p o u n d  are ob ta ined  this
tim e can  be spared . Som e processes m ake it
a n d ,o r  ca len d er g rind ing  (refining) ot the com pound  °
p rio r to  Its final o p era tio n s . T h e  system s used obv ious y d e ^ n d s
upon  the p ro p ertie s  o f  the  co m p o u n d  and  its pre-requisites

^ ^ C ; e ^ . S ; : - - - t o f t h e c o l d . e d i n g o f — ^  
q uestion  o f  the  best m e thod  o f  feeding  these " ’ “ ^ ' n e s  a r i s e  . O nce 
aga in  th is can  on ly  be answ ered  locally , ow ing to  the m any variables

•  F arre ll C o n tin u o u s  M ixer F arre ll, B irm inghiim , LISA.



p resen t. !s Ihe c o m p o u n d , from  a  p la stic ity  ang le , h a rd  o r  so ft?  Is it 
ta cky  o r  d ry ?  If  to o  tacky , can  it be d u s te d ?  A nd  if so , w ith  w h a t?  etc., 
etc.

T h e  p ro b lem  rea lly  resolves itse lf in to  s tr ip  feed ing  o r  pellet 
feeding. T h e  la tte r  is frau g h t w ith  m a n y  d an g e rs , an d  a universa lly  
sa tisfa c to ry  system  has yet to  be seen. T h e  fo rm e r, i.e. s tr ip  feeding , is 
p e rh ap s  the best genera l system , an d  m ay  be  co u p led  to  the  d irect 
mi.xing process prev iously  m en tio n ed  by  ap p ly in g  ro ta ry  kn ives to  the 
sheeting  m ill, an d  ta k in g  o ff  th ro u g h  a  co o le r a n d  finally  e ither 
festo o n in g  on  palle ts  o r  d ru m m in g  off. W o rk  w orldw ide  co n tin u es  in 
th is connection .

L IQ U ID  R U B B E R

T h e  fu tu re  p a th  o f  c o n tin u o u s  m ix ing  co u ld , how ever, d ep e n d  very 
m uch o n  the  success o f  th e  re su rrec tio n  o f  the  'so -ca lled ' new er 
te chno log ies  o f  liqu id  ru b b e r  p rocessing  a n d  a lso  o f  pow dered  
ru b b ers . O ver the  yea rs , these te ch n o lo g ies  have h ad  lim ited  success, 
m ain ly  due  to  deficiency in m a te ria ls , m e th o d s  a n d  p rocessing  
m ach inery . H ow ever, they  cu rre n tly  s ta n d  a m uch  g rea te r chance  
th a n  h ith e r to , a n d  c o n s id e rab le  w o rk  is g o in g  o n  in  the se  fields 
(R A P R A , S haw bury . S h ro p sh ire , E ng land ).

T h e  ru b b e r  in d u s try  has  alw ays been bese t by th e  physica l difficulty  
o f  m ix ing  an d  p rocessing  ru b b e r , i.e. th e  fo rces necessary  d u rin g  the 
m ix ing  s tage , to  b reak  dow n  the  m a te ria l be fo re  th e  fillers a n d  o th e r  
ing red ien ts  m ay  be in c o rp o ra te d  an d  b len d ed  in . T h e re  is a co n tin u a l 
sea rch  fo r an  easy  a n d  c h e ap e r w ay  o fa c h ie v in g  th is  p rocess. O n  m ore  
th a n  o n e  occasion  la tex  tech n o lo g y  h as  been  looked  a t . as  th is 
ap p e a rs  to  be a  co m p ara tiv e ly  easy  w ay o f  g e ttin g  d isp ers io n  and  
goo d  m ix ing  w ith  th e  m in im um  o f  s h e a r  (an d  h ence  low er pow er 
co n su m p tio n ). T h e re  h as , o f  co u rse , a lw ays been th e  sam e s tu m b lin g  
b lock  “ the  presence  o f  w a te r an d  its rem oval. T h is  led to  th e  use o f  
so lven ts, w ith  the  assoc ia ted  p ro b le m s o f  fire a n d /o r  h ea lth  h az a rd s  
d u e  to  th e  presence  o f  toxic m a te ria ls . F in a lly , the  ru b b e r  w as 
hquefied  by m elting , th u s  p ro d u c in g  depo lym erised  ru b b e r , w ith  a 
v iscosity  o f  ab o u t 5000 po ise a t 20 ’C . In  th e  1930s, fillers w ere added  
to  th is  m a te ria l o n  ru b b e r  m ills, a n d  excellen t in su la tio n  m a te ria l 
(reg istered  tra d e  nam e K a la n o id , B lC C  L td , L eigh , L ancs.) w as 
th u s  p ro d u ced . M ore  recen tly  low m o lecu la r w eight SBR m a te ria ls  
have been p ro d u ced , w ith  viscosities oi a ro u n d  500 poise a t 25 °C.



T he p resen t difficulty is still to  o b ta in  dispersion  (and  o f  th e ca rb o n  
b lack  in pa rticu la r)  w hilst, a t the  sam e tim e, re ta in ing  a pourable 
m a teria l. A n o th e r filler is nylon  fibre, a ro u n d  6 m m  in length, b u t in 
b o th  cases so fa r  the  flex resistance is in ferio r to  those o f  solid rubber. 
F u rth e rm o re , w hilst it  is possib le to  disperse in Z  blade m ixers, the 
b lack  in p a r tic u la r  rem ains  in  large aggregates even after prolonged 

m ixing.

P O W D E R E D  A N D  P A R T IC U L A T E  R U B B ER

P ow dered  ru b b e r  m ix ing  is becom ing  a reality  now th a t nitriles. 
S BRs n a tu ra l ru b b e rs , an d  o th e r synthetic  m aterials are  becom ing 
ava ilab le  in  pow der, c ru m b  an d  sim ilar form s." All the  com pounding  
m a te ria ls  a re  b lended  to ge ther in  pow der b lending  m achinery. They 
m ay th e n  e ith e r be  final m ixed in in te rn a l m ixers, open mills or even 
d irectly  fed in to  ex tru d ers, w ith  an  obv ious saving in m ixing lim e and 
w ith  the  ad d e d  ad v a n tag e  o f  grea ter cleanliness. The la tter is an 
extrem ely  im p o r ta n t m a tte r , in view o f  the present effort at

co n tro llin g  po llu tio n .
T h e  m ore  im p o rta n t ad van tages  o f  pow dered  rubbers are outlined 

la te r  a n d  w hilst they a re  specially  discussed relative to  hose, cables 
and  ex tru s io n , nevertheless, all are app licab le  to  m ost b ranches o f  the 
ru b b e r  in d u s try , an d  shou ld  be viewed and  considered  

T h e  p lastics in d u s try  h as  been using  polym ers in P ««der 
p a rticu la rly  those  o f  th e  th e rm op la stic  type , ^mce the m id  930s. The 
first o f  these to  be used in  any q u an tity  w as PVC '^ i ^  
ava ilab le  as  a  w hite , free-flow ing resm
size. T h is  inc iden ta lly  is th e  sep ara tin g  po in t, d e f i n ^ .o " ^  tw^e
pow ders  a n d  g ranu les. I t is the re fo re . W
h is on lv  very recen tly  becom e o f  in terest to  the rubber industry
desp ite  th e  fac t th a t the  first reference to
D u n lo p  p a te n t d a ted  1930.^ an d  pow dered
availab le  fo r som e tw enty  years. I t w as first P ro d u ^ d  m >h>s form  by
G o o d ric h , in  the  U SA , basically  fo r b lend ing  w ith  PVC as a dry

“ “ « ::;n o tsu rp r is in g th a tm u c h o ft« ^ ^
the p re p a ra tio n  o f  pow dered  “ / d
them . Indeed  m uch  o f  th e  cu rren t b ib liog raphy  deal 8
m a teria ls  in  p o w d er fo rm  has been a ttr ib u ted  to  and  published by

them.'* ■



T h e  a u th o r , ever since en te rin g  the  in d u s try , has  co nside red  it 
s tran g e  th a t tlie co n v e n tio n a l an d  tra d itio n a l m e th o d s  o f  processing  
w 'ithin ru b b e r  fac to ries in th e ir  m ill ro o m s, ov er m a n y  decades, has 
been  to  th o ro u g h ly  m astica te  o r  r a th e r  'k n o c k  to  pieces' th e  s tru c tu re  
o f  the  po lym ers , e ith e r o n  m ills o r  in in te rn a l m ixers, an d  then  
h opefu lly  to  in c o rp o ra te  fillers, so ften e rs , a n t io x id a n ts , acce le ra to rs , 
cu ra tiv e s  an d  a h o s t o f  o th e r  item s, in  an  en d e a v o u r  to  u n d o  the 
d am ag e  a lread y  don e . T h e n , su b se q u en tly , an d  h opefu lly , to  build  
the  ru p tu re d  c h a in s  to g e th e r by c ro ss lin k in g . T h e  energy  used  to  do 
th is  is o u t o f  all p ro p o r tio n  to  the  ac tu a l needs, and  it is n o t really  
su rp ris in g  th a t m any  o f  th e  s tran g e  proce.ssing variab les  and  
p ro b lem s th a t occu r w ith o u t w a rn in g  in th e  fac to ry , an d  then  
d isa p p e a r  ju s t  as qu ick ly , can  still rem ain  unso lved  m yste ries. All 
th o se  em ployed  w ith in  the  in d u s try  w o u ld  a d m it to  th is  a n d  it is 
co nside red  th a t energy  usage in th e  very  n ea r fu tu re  w ill becom e a 
very c ritic a l fa c to r  in m ix ing  ru b b ers .

W hy. th e n , the  tim e la g ‘> P e rh a p s  it is d u e  to  a s ta te  o f  'egg  and  
ch ick en ' a p a th y . T h e  ru b b e r  in d u s try  ov er th e  yea rs  has  been , an d  still 
is, very co nservative . B ecause o f  th is , to  a ce rta in  deg ree , th e  supp lie rs  
have been  in a  p o s itio n  to  p e rsu ad e  th em  to  ta k e  an d  use w ha t is 
ava ilab le . T h is  s ta tem e n t is o f  co u rse  on ly  a very  b ro a d  g ene ra li­
s a tio n , an d  fo r tu n a te ly  th e re  a re  m a n y  n o ta b le  ex c ep tio n s  to  the  rule. 
In d eed , if it w as tru e , p o w dered  p o ly m ers  w o u ld  n o t cu rre n tly  be 
ava ilab le .

In  a d d itio n  to  the w ork  o n  n itrile s ca rr ie d  o u t by G o o d r ic h , B ayer 
A G  (L everkusen , W . G erm an y ) h as  a lso  been very  ac tive, n o t only  
w ith  n itrile s  b u t a lso  w ith  p o ly -c h lo ro p ren e  ru b b e rs , an d  a  co m p lete  
ran g e  o f  th is  la tte r  po ly m er is av a ilab le  in p ow der fo rm .

N itrile  po lym ers a re  now  also  av a ilab le  in p o w dered  o r  p a r ticu la te  
fo rm  fro m  the  m a jo rity  o f  th e  m a in  m a n u fa c tu re rs , e.g . C hem igum  
from  G o o d y e a r  C hem ica ls  L td  an d  B reon  from  B P  C hem ica ls  Ltd.

P R E P A R A T IO N  O F  P O W D E R E D  R U B B E R  C O M P O U N D S

T h e  p rocess w idely used fo r p re p a r in g  a pow dered  ru b b e r  p re-b lend  is 
very  s im ilar to  th a t used in th e  k itch en  w ith  a h igh  speed  b le n d er, and  
indeed  m uch o f  th e  ea rly  la b o ra to ry  w o rk  w as d o n e  w ith such 
eq u ip m en t. It is recom m ended  th a t the  lid sh o u ld  be fitted  securely in 
p o s itio n , un like th e  experience o f  th e  a u th o r , som e o f  w hose  early  
tr ia ls  filled the  k itchen  w ith  ca rb o n  b lack  all, o f  co u rse , in a very



aood  c a u se ! P ow dered  ru b b er co m p o u n d s lend them selves ideally to 
M to m a tic  pow der h and ling  system s, and  it is therefore necessary for 
all the ingred ien ts  o f  the mix to  be in pow der form  before weighing 
and  p re-b lend ing  com m ences: th a t is. approx im ately  1 - 2 mm particle 
size w ith factice and  w axes, etc .. if used, in fine crum b  o r flake form. 
O ils a re  added  d irec t to  the mixer.

F o r som e a fte r-o p era tio n s , such  as com pletion  o f  the  pre-blend by. 
say. the  in te rn a l m ixer ro u te , p arlic tila le  technology sized granulated  
rubber m ay  be used , up  to  a  particle  size as high as 12m m . with 
perfectly  sa tisfac to ry  results.

M ixing

Ju st as w ith  P V C  an d  o th e r  th e rm op lastics , the com pounding  process 
for pow dered  ru b b er m ixing  consists  literally  o f blending together all 
the ingred ien ts  in the  recipe, in an  intensive rap id  mixer. Suitable 
m ach ines inc lude  those  m an u fac tu red  by W erner & Pfleiderer.
T  K F ie lder, P ap en m eie r. H enschel, and  Lodige & D rosna.

T hese m ach ines have been designed to  enab le intensive mixing to  be 
ca rried  o u t an d  to  gain  th e  full effect o f  the m .xm g action . The 
equ ipm en t is ja ck e te d  so th a t ad d itio n a l hea tm g o r coolm g may be 
used as necessary , d epend ing  o n  the polym er bem g used.

P R O C E S S IN G  O N  O P E N  M ILLS

W ith  the  n ip s  set tigh t, it is possib le  to  'trick le  feed
the sto rag e  b in  in to  th e  m ill, an d  p roduce
u n ifo rm  m a te ria l in a rem ark ab ly  sh o rt s p a c e  o f  tune .
has been observed  in several mill room s, b u t the
to  be d u s ty , an d  efficient d u s t ex trac tio n  is essential. ^
because thi- mill n ip  is o f  necessity set tigh t, the
g reater th a n  co n v e n tio n a l open  mill m ixing is still no t as high as

using  the c o m p a c to r  rou te .

Open M ill M ixing C o m p a c t o r  R o u te

T his system  involves th e  use o f  a co m p ac to r unit*
c o n t in L u s  s trip s  o f  com pressed  mix Irom  the pre-blend s to rag .

•  Bayer A G , Leverkusen , W. G erm any .



c o n ta in e r  an d  delivers th is  m a te ria l to  the  m ill, w ith  n o rm a l nip 
se ttings. V ery sa tis fa c to ry  an d  rap id  m ix ing  now  ta k es  p lace , so m uch 
so  th a t o u tp u t ra te s  o f  u p  to  4 0 0 %  increase , w hen  c o m p ared  w ith 
co n v e n tio n a l o pen  mill m ix ing  te ch n iq u es , a re  com m onp lace . 
F u rth e rm o re , d ispers ion  is excellen t, w ith  g re a te r  rep ro d u c ib ility  o f  
resu lts , to g e th e r w ith  im proved  physica l v u lc an isa te  p ro p erties .

Powder M astication Principle

ElTectively, th e  basic  s tep s  invo lved  in  th e  co n v e rs io n  o f  pow dered  
ru b b e r  p re -b len d s in to  u sab le  c o m p o u n d e d  ru b b e rs  a re  as  follow s:

(a) C o m p a c tio n  o r  co m p ressio n .
(b) D e fo rm a tio n  to  es ta b lish  r u b b e r - ru b b e r  co n tac ts .
(c) D isp ers io n , especially  o f  th e  fillers.
(d ) U ltim a te  m ix ing  an d  h o m o g e n isa tio n .

T hese  b asic  sequences fo r p o w d ered  ru b b e rs  ap p ly  to  o pen  m ill 
m ix ing  o r  in te rn a l m ixer sequences, o r  w ith in  o th e r  u lt im a te  p rocesses 
such  as d irec t ex tru sio n  o r  in jec tion  m o u ld in g .

Internal M ixer Process

If  the  p ow der p re-b lend  is fed d irec tly  to  an  in te rn a l m ixer, the  speed  
o f  m ix ing  ju s t  as in th e  case o f  o pen  m illing , is su b stan tia lly  increased  
o n ce  aga in  w ith  cycle tim e sav ings o f  as h igh  as  4 0 0 % , d ep en d in g  
u p o n  th e  c o m p o u n d , the  po ly m er, a n d  a t  n o rm a l r o to r  speeds, noi 
h igh  speeds. F u rth e rm o re , in m a n y  in s tances , tw o-s tage  m ix ing  can  
be com p le te ly  e lim in a ted , w ith  o b v io u s  an d  im m ed ia te  re d u c tio n s  in 
e n e rg y  usage. T h is  to o , is reflected in  low er d u m p  te m p era tu re s .

A s prev iously  d iscussed , it is n o t essen tia l to  use 1 m m  ru b b e r  
partic les  in the  p re -b len d , if the  in te rn a l m ixer ro u te  is used . It is 
possib le  to  o b ta in  sa tis fa c to ry  resu lts  w ith  a p artic le  size u p  to
12 m m  in the  p re -b lend . In d eed , som e p a r ticu la te  m ixes can  even be 
upside-dow n  m ixed , d irec t in th e  in te rn a l m ixer w ith o u t p re -b lend ing , 
so versatile  is th is  techno logy .

O nce aga in  the  p a t te rn  o f  excellen t d isp ers io n , w ith  g rea ter 
rep ro d u c ib ility  o f  resu lts, is show n  as well as, in m ost cases, im proved  
physica l p ro p ertie s .
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C O N T IN U O U S M IX IN G  A N D  P R O C E S S IN G  E Q U IP M E N T

T he u ltim a te  aim  o f  pow dered  rubber technology m ust be either to 
con titiu o u s  m ix o r  process the pre-b lend m ateria l, and to  a large
ex ten t th is  has  recently  been achieved.

In  the  U S A , the  S tew art B olling M ix tru m at m achm e has been 
rtpvelooed (S tew art-B o lh n g  Inc ., C leveland, O hio). T his was 
I m o n s t r a t e d  a t the A CS R u b b er D ivision 1973 Sprm g M eetm g, 
w here it m ixed p ow der ru b b e r com pounds.

F arre l-B ridge , C as tle to n , R ochda le , U K  have in troduced  their 
M V X  m ach ine , w hich  co n tinuously  m ixes and extrudes pow dered 
an d  p a r ticu la te  p re-b lend  in fou r stages, nam ely , feed, m>x, vent and  
ex trude  All fo u r  stages a re  au tom atica lly  synchronised and
controlled  by the speed o f  th e  ex truder screw. ^

W erner & Pfleiderer, S tu ttgart, W. Germany, have developed the 
FVK mixer basically a continuous machme capable of mixmg 
powder pre-blends, either direct or compacted, as appropriate, or 
even extruding as the case may be.

Advantages of Powdered and Particulate Rubbers

T h e  m ain  ad v a n tag es  are:

, n  T h e  e lim in a tio n  o f  th e  bale cu ttin g  opera tion .
(2) M u ch  s h o rte r  m ix ing  cycles th a n  w hen using  either

co n v e n tio n a l in te rn a l m ixer o r  open  m ilhng techniques. In  the 

case o f  som e o f  the  h igh  M ooney  value ‘
now  possib le  to  use the  in te rn a l m ixers, w hereas previously 

o n ly  o p en  m ills co u ld  be used.
(3) L ow er pow er co n su m p tio n .
(4) Less pUinl m ain ten an ce .
(5) L ess cap ita l-in ten siv e  p la n t possible.
(6) B etter u ltim a te  d ispers ion . heine
i7) P ossib ility  o f  m ore  rap id ly  accelerated  com pounds being

hence less sco rch  tendency . m oulding

: ^ " - r m i x e r a n d ; o r ^

milling operations.



(101 N o  need fo r p re m as tica tio n  a n d  m a ste rb a lc h in g ,
(11) E asier co n tro l in th e  fac to ry .
(12) C o n s id e ra b ly  low er d u m p  te m p e ra tu re s  a fte r  m ixing.
(13) B etter e n v iro n m en ta l c o n d itio n s .

T hese  ad v a n tag es  are  d ea lt w ith  in m o re  d e ta il below .

Bale C u tting  E lim inated

Bale cu ttin g  o f  th e  v a rio u s  po ly m ers  is p a r t  o f  th e  ev e rd ay  p rocessing  
in all ru b b e r  fac to ries , an d  is b o th  fa ir ly  h igh ly  cap ita l- in ten siv e  and  
la b o u r  and  tim e co n su m in g . F o r  o b v io u s  rea so n s , if the  p o w d er ro u te  
is being  u sed , as  the  po ly m er is a lread y  in  a d irec tly  a n d  easily  usable 
fo rm , th e  bale  cu ttin g  o p e ra t io n  ca n  be e lim in a ted .

S h o rte r  M ix in g  C ycles

A n o rm a l G R G  type  o f  in te rn a lly  m ixed  c o m p o u n d , by d irec t 
p rocess, tak es  a p p ro x im a te ly  lO m in  to  m ix , in  say  a  N o . 3 B anbu ry  
m ixer, d ep e n d in g  u p o n  th e  fo rm u la tio n  an d  th e  po ly m er. S om e m ixes 
can  ta k e  u p  to  12m in  a n d  even lo n g e r if  tw o-s tage  o r  m a ste r  ba tch  
p rocesses have to  be used . A s a g enera l s ta te m e n t, u s ing  pow dered  
p o lym ers , n o t  on ly  can  m a ste r  b a tc h in g  be e lim in a ted  b u t th e  m ixing 
cycle ca n  be d ras tica lly  red u ced . S a tisfa c to ry  m ixes u s ing  p re-b lends 
ca n  be  d ro p p e d  from  the m ixer in a m ix ing  tim e o f 2 m in  an d  in  a  tim e 
as  low  as 3 m in  by th e  use o f  n o n -p re -b le n d ed  m a te r ia l, an d  w ith  
sa tis fa c to ry  physica l a n d  p ro cessin g  p ro p e r t ie s  (T a b le  7).

F ro m  T a b le  7 it can  be seen th a t  in te rn a l m ixer o u tp u ts  ca n  be 
in c reased  a t least th ree -fo ld  by th e  d ire c t m ix ing  o f  pow dered  
p o ly m er, w eight fo r w eight, w ith  ba led  p o ly m er, o r  o u tp u ts  o f  a t least 
fo u r-fo ld  w ith  p re -b len d s o f  th e  w ho le  m ix  via th e  in tensive  m ixer 
in itia lly . T h e  physica l p ro p e r tie s  a re  a lso  a t least eq u a l to , o r an  
im p ro v em e n t o n , th e  c o n tro ls . T h e  im p ro v em e n t o f  physica l 
p ro p e rtie s  occu rs  in b o th  T /S  a n d  E /B , a t th e  sam e tim e. T h is  is a 
c o m m o n  occu rren ce  w ith  p o w d ered  ru b b e r  co m p o u n d s.

P ow er C onsum ption

W ith o u t d o u b t  th e re  is less pow er u sed  in th e  in te rn a l m ixer, w hen 
pow ders  ra th e r  th a n  bales a re  u sed . F o r  exam p le , the  fac t th a t m ore  
b a tch es  per u n it tim e ca n  be m ixed , as is sh o w n  in the  ‘sh o rte r  m ix ing



T A B L E  7
M IX IN G  C Y C L E  CO M P A R ISO N S

Polynwr Inlernci! m ix e r

^ •s lu f’e  m ix  p re-h lencl n o n -p re -b lem l s lr a i^ h l  m ix  
' ( c o n t r o l )  2 m ill S m in  lO m in

T IS ^^  E IB  T !S  E iB  r;s E lB  T !S  E B

NBR
CR
NR /SBR

109 160 118 180 116 175
_  —  113 240 114 240 112 235
_  —  95 590 98 585 87 560

T/S = kg/™ ^

cvcles’ section  above , is one  p ro o f. F u rthe rm ore , the  lower dum p 
tem p era tu res  p rove  th a t less energy  has been used, and  this is also 
confirm ed by th e  in te rn a l m ixer electrical load  charts  (Table 8).

P erh ap s  one  o f  the  m o s t g raph ic  d em onstra tions  o f the value ol 
pow dered  ru b b e r  te chno logy  w as seen du rin g  the energy crisis m the 
earlv 1970s, w hen  a  th ree -d ay  w eek had  to  be opera ted , w ith only 65 
o f  n L m a l  pow er req u irem en ts. By the  use o f  pow dered rubber, rather 
than  ba led  ru b b e r, 9 5 %  o f  th e  norm al five-day bale 
achieved, w ith o u t exceed ing  the  65 \  energy restriction , and  in three

days o f  o p e ra tio n .

LCS.S P lan t M ain tenance

As has been m e n tio n e d , it is a  fact th a t  m ore batches may ^  mixed per 
un it tim e; as a  sim ple exam ple , it is possib le to elim inate at

T A B L E  8
P O W tR  C O N S U M P T IO N  C O M P A R ISO N S ____________

Polvm cr C o n tr o l

(werage m u x . a m p s  “e e ro g e  m a x . am p s  
d u m p  tem p .

d tm tp  te m p . V X
c n  '

145

CR 145 l™  I f j
N B R 140 220 115

170 " 5

N R /S B R  150



shift from the three norm ally operated , and still achieve the same 
volume ou tput. Thus, there is an im m ediate m aintenance saving of 
33% , plus many o ther fringe benefits. The whole mill room 
operations should be closely exam ined to  see where savings o f time, 
etc., can be achieved, with the obvious ultim ate savings in plant 
maintenance.

Les.s Capital Intensive Plant Possible

This is a very obvious fact, that as m ore ou tpu t is achieved in unit 
time, less heavy mixing p lant is required than  h itherto , on a weight for 
weight basis, with obvious processing cost im provem ents. Further­
more. if the direct pre-blend powder route  is in operation , then there 
will be an obvious reduction in the very heavy processing equipm ent 
norm ally used in the mill room .

Better U ltim ate Dispersion

Rheograph traces confirm  this, and physical tests taken from factory 
mixed m aterial correlate m uch m ore closely with those obtained from 
laboratory  mixed batches. It is custom ary , with bale mixed m aterial, 
to apply a factor o f  approxim ately 10% to allow for fall-off in 
properties due to  the dispersion being lower from  the factory 
com pound. This is not necessary with powder based com pounds.

G reater .Acceleration o f  the Curing System  Possible

This is an established fact, with heavy loaded com pounds, plus high 
acceleration which norm ally m ust be m ixed on open mills because of 
the high tem peratures reached, can now be mixed in the internal 
mixer. This particularly applies to NBR loaded com pounds, and also 
to some CR qualities.

Less H eat M em ory— CR Rubbers

Polychloroprene is a polym er which has a heal mem ory. This means 
that at all stages o f processing, the heat so developed is additive and 
accumulative within the polymer. Thus, unfortunately, particularly 
in high-loaded type com pounds, the basic and already difficult scorch 
properties are aggravated. Since powdered rubber com pounds mix 
and process cooler (as has been discussed), the accumulative build-up



o f  h ea t in the  co m p o u n d  is considerab ly  reduced, and  hence scorch 
tendencies are  alm ost elim inated  an d  subsequent processing properties 

im proved.

Direct Feed to Extruders/M oulding Presses

W ork  has  show n  th a t th is is now  an  estab lished  processing fact.^ ' “

Possibility o f Elimination o f  Premastication and Masterbatching

I n d i c a t i o n s  are  th a t ce rta in ly  several m asterbatch ing  opera tions can 
be e lim inated , d ep en d in g  u p o n  the  polym er and the end product. 
A dd itionally , th e  resu lts  o f  th e  w ork show n u n d er 'sh o rte r  m ixing 
cycles’ are  very ap p licab le . O bviously , each  set o f local conditions will 
requ ire  e x a m i n a t i o n ,  b u t th e  resu lt o f  the  exercise will be very 

w orthw hile .

Easier Control in the Factory

Because o f  th e  co m p ara tiv e  sim plicity  o f  the pow der rou te  process, 
easier fac to ry  c o n tro l is an  im m ediate  and  obvious frm ge beneht. 
Indeed , the  dev e lo p m en t o f  th e  d ispersion  m easurem ent test from  t t e  
A ST M  T /5 0  m e th o d , as  a p rocess co n tro l test, has already proved 
itself in bu lk  fac to ry  m a n u fac tu re ."

Lower Dump Temperature from Internal M ixer Route

T his very  ad v a n ta g e o u s  p ro p e rty  o f  the pow der 
m ixers, is linked  closely  w ith  th e  fac t th a t low er pow er " P  ‘ 
needed d u e  to  th e  physica l fo rm  o f  the  po lym er ^
m ixing m ach ines. T a b le  9 using  exactly  th e  sam e com pound  b u t either

TABLE 9
rF .M P E R A T U R F. C O M P A R ISO N S

Polymer Dump lempL-raliire ( “O ^  

control (hale)

NBR ' ‘*0
115

CR
NR/SBR >50

145 115



in b a le  o r  p ow der fo rm , con firm s th is  p o in t. B ecause o f  low er dum p  
te m p e ra tu re , th e re  are  a lso  less fum es on  d ischa rge .

Better Environmental Conditions

T h e  m ix ing  an d  m ill ro o m  a rea s  o f  m a n y  ru b b e r  fac to ries  a re  dusty , 
an d  th is  is obv iously  n o t d es irab le . In d eed , in  th e  U K , as  a  resu lt o f  
the  H ea lth  an d  S afety  a t  W o rk  A ct 1976. m ax im u m  a tm o sp h eric  
th re sh o ld  lim it values a re  la id  do w n  fo r th e  v a r io u s  m a te ria ls  used  in 
ru b b e r  fo rm u la tio n s.

T h e  use o f  pow dered  ru b b e r  p re -b len d s  en a b le s  all th e  m a te ria ls  to  
be bu lk  han d led  in  a closed  sy stem , th u s  m a k in g  p ossib le  ex trem ely  
d e a n  a n d  d u st-free  w o rk in g  co n d itio n s . F u r th e rm o re , because 
pow dered  ru b b e r  p rocesses m u c h  co o le r th a n  the  bale  c o u n te rp a r t  o f 
th e  sam e recipe, th e re  a re  less fum es d u rin g  th e  v a rio u s  p rocess ing  
o p e ra tio n s .

Energy and Econom ic Considerations

T ra d itio n a lly , the ru b b e r  in d u s try  h a s  used  very heavy  a n d  ro b u s t 
m ix ing  eq u ip m en t in th e  m ill-ro o m  a rea . T h is  h as  been necessary  
b ecau se  o f  th e  need , r ig h t fro m  th e  ea rly  o rig in s  o f  the  in d u s try , to 
m a stica te  the  n a tu ra l ru b b e r , to  th e  r ig h t v iscosity , p r io r  to  the 
a d d itio n  o f  the  o th e r  co m p o u n d in g  ing red ien ts. O bv iously , th e re  has, 
th e re fo re , been a  very  h igh  ene rgy  u sage . R eg re tfu lly , th is  ene rgy  has 
alw ays been  th e re , irrespec tive  o f  co s t, a lth o u g h  u n til th e  ea rly  1970s 
it h as  usually  been relatively  ch e ap . T h e  co s t o f  th e  energy  used  w ith in  
a m ixed co m p o u n d , in genera l, h as  been a very sm all p ercen tage  ol the 
to ta l m ixed co s t. H ow ever, the  tim e (a lth o u g h  lo n g  o verdue) is now  
o p p o r tu n e  fo r e x a m in a tio n , n o t on ly  b ecau se  o f  th e  ac tu a l p resen t 
h igh  p rice  o f  e lec tric ity , b u t a lso  because  o f  p red ic ted  fu tu re  sh o rtag es  
an d  th e  real need fo r  ene rgy  c o n se rv a tio n .

W ith o u t d o u b t, one  o f  the  very  fertile  a re a s  to  exam ine, w ith  regard  
to  ene rgy  savings, lies in the  field o f  p o w dered  an d  p a r ticu la te  
ru b b ers .^  T h e  use o f  p o lym ers  in  th is  fo rm  h as  been  ra th e r  slow  to  
gain  ac cep ta n ce , b u t is now  g a in in g  m o m en tu m  w orldw ide , an d  
especially  in  E u ro p e , I t h a s  a lread y  been show n  th a t because  ol the 
sm aller p a rtic le  size o f  p a r ticu la te  ru b b e rs , m o re  b a tch es  ol 
co m p o u n d  can  be m ixed per h o u r , a n d  u sing  less energy.

l l  is o ccasionally  a rgued  th a t  th e  ene rgy  sav ings achieved a re  less 
th a n  c la im ed  because  o f  the  g r in d in g  o p e ra tio n  used  m  som e cases.
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for o b ta in in g  the  p a rticu la te  m a te ria l, and  this obviously has to  be
taken  in to  accoun t.

H ow ever, th e re  a re  m an u fac tu rin g  rou tes available, which do  not 
nvolve the  d ry ing , ba ling , and  subsequen t grinding o f  the coagulum  
t the la ter s tage , b u t ra th e r use to  advan tage  the  small particle size 

already p resen t. T h is  c u rren tly  does n o t apply to  all polym ers, b u t it is 
confidently  an tic ip a ted  th a t in th e  fu tu re  this rou te  will be widely

^^°'so^called friab le  bales are  already available, which are an 
in term ed ia te  s ta te  betw een full bale and  particu lates, and  these are 
also energy  savers in th e  m ix ing  processes (SBR and  NBR).

C losely allied w ith  cleanliness, and  energy savings, and  the 
co iau lum  ro u te , is th e  so-called  polyblack  process (Polyblack, BP 
C hem icals B arry , S o u th  W ales). T h is involves the m troduction  of 
ca rb o n  b lack  in w et fo rm  to  N B R  latex, thus p roducing  a very clean 
black  m a ste rb a tc h  in friab le , an d  clean crum b form . This ,s then 
capab le cl' p rocessing  e ith e r th ro u g h  the  in ternal mixer route or other

d irect p a rticu la te  ro u te . ,
T h u s it can  be seen th a t g rind ing  is n o t always necessary, but ,f 

grind ing  has  to  be used , then  a  m uch sm aller sized particle starting 
p o in t th a n  a  ba le , is possib le , w ith a very obvious reduction m

i? th T 'f in - il g rin d in g  o p e ra tio n , i.e. from  particu late  to  true 
pow der (1 m m ), th a t  a d d s  tim e, co st, and  energy to  the 
C onsequen tly , un less a d irec t process ro u te  "
,0 be o p e ra ted , p a rticu la te s  o f  u p  to  10 m m  size should  beconsidered 
in co n v en tio n a l in te rn a l m ix ing  equ ipm ent.

F u rth e rm o re , o n e  m a jo r ad v an tag e , o f  a new f  "

v iilcam sed (T ab le  a p a r t  f r o m  cleanliness, it is
R e tu rn in g to th e u s e o lp o ly b la c K iN D iv ,.^  elsewhere to

possib le in  th e  ease  o f  hose  c o m p o u n d , and  
com pletely  e lim in a te  th e  tw o-stage m ixing op  ‘ . j 
p r e v L s l y  been  essen tia l, bccause - ; ^ ; ; ; : ; : ' : : ^ ! : ; : ^ . a b l e
the slocks w ith  reg ard  to  v iscosity . T h u  . ■ ^^^d physical
energy sav ing  p o te n tia l, a n d  once again  w ith im prove i

p roperties  (T ab le  11).



TABLE 10
MVX COMPARISON 

Polrmer Control M V X  processed

TIS E'B TjS EjB
(kglcm^) (%) W c m ^ )  (%)

NBR 109 160 129 204
CR 112 235 117 244
NR-SBR 87 550 99 590

W o rk  w ith in  the  m ill ro o m  a rea s  h a s  show n  co n s id e rab le  energy 
savings by th e  use o f  p o w d ered  a n d  p a r t ic u la te  ru b b e r  (u p  to  
ap p ro x im a te ly  10 m m ). T y p ica l ene rgy  u sages a n d  sav ings a re  show n 
in T ab les  12 a n d  13 fo r  each  o p e ra t io n  in b a le  an d  p a r tic u la te  fo rm , 
an d  in  typ ica l ex tru sio n  ro u te s  respectively . I t m u s t o f  co u rse  be 
realised  th a t  m an y  o f  these  resu lts  h ave  been  o b ta in e d  from  very  h igh  
M o o n ey , h y d rau lic  and  o th e r  h o se  c o m p o u n d s . H en ce , som e o f  the  
ene rgy  values q u o te d  cou ld  w ell be h ig h e r th a n  o th e r  b ran ch e s  o f  the 
ru b b e r  in d u s try . H ow ever, irrespec tive  o f  th e  ty p e  o f  c o m p o u n d  used, 
the  co m p ariso n s  a re  very valid , a n d  show  sav ings w ith  the  use o f  
pa rticu la te s .

T a b le s  o f  each  p ro cessin g  o p e ra t io n  s h o u ld  be co m p ile d  fo r b o th  
bale  a n d  p a r tic u la te , over say  a t  least o n e  typ ica l w eek 's  p ro d u c tio n , 
an d  the  to ta l k W h  o f  elec tric ity  u sed , p lo t te d  ag a in s t th e  to ta l w eight 
(kg) o f  c o m p o u n d  p rocessed . It is th e n  a sim p le  m a tte r  to  o b ta in  a 
very ac cu ra te  k W h /k g  read in g  fo r each  o p e ra t io n ; a n d  u n d e r the 
co n d itio n s  p revailing  in each  p a r tic u la r  fac to ry  a n d  o p e ra tio n .

TABLE 11
N B R /P O L V B L A C  K C O M P A R IS O N

Tesi

T;S (kg/cm^)
E;B(% )
Compression set (°;,) 24 h at 70 “C 
Relative density 
T;50 value 
Cabot rating

Control {hak‘) Polyblack
2-sia^e mix crumb

109 132
160 250
25-8 208

1-35 1-35
-IS -'C - 1 5 X

4-5 5-0



T A B L E  12
E N E R G Y  U S A G E — BA L E  RU BB ER

O peration  
Bale cu ttin g  
Banbury—Stage 1 
Biinbury—Stage 2 
O pen  mill 
C rack er mill 
W arm  up mill 
H o t feed ex truder 
C o ld  feed ex tru d e r 
C alen d erin g

P o w d e r  I P a r t ic u lu te  ( I  m f f l / 6 m n i )

In tensive m ixing
C o m p ac tin g
Milling
Blend (B anbury)
Blend (mill)
MVX
D irec t ex tru d e
D irec t in jection  m ould ing

k W h lk ^
0-32
0-97
0-97
902
0-52
0-52
0-39
0-64
0-77

006
0-13
006
052
2-26
0-64
0-90
0-32

T A B L E  13
ENERGY USAGE— EXTRUSION ROUTES

Bale route  
Bale cu ttin g  
B a n b u ry — Stage 1 
B a n b u r y -S ta g e  2 
M ill 1
M ill 2— S trip  
C o ld  feed ex tru d e r 
T o ta l

PoH 'derjFardculate route

In tensive m ixing 
B anbury  
M ill I 
M ill 2 
M VX
Cold  feed ex tru d er 
T o ta l

Banbury M V X
Strip

006 0-06
0-52 —
0-52 —
0-52 —

0-64
0-64 0-64
2-26 I -34

k  Will kg  
0-32 
0-97 
0-97 
0-52 
052 
0-64 
394

M V X
Dircct
006

0-64

0-70



Kconoiiiics

If  eco n o m ics  Lire ig n o re d , th e re  is n o  d o u b t th a t p a r tic u la te  rubbers 
co u ld  be used a t once , a n d  in  all b ran c h e s  o f  th e  ru b b e r  in d u s try , as a 
m a jo r  so u rce  o f  ene rgy  sav ing . I f  energy  becom es so  p rec ious  th a t it 
miixi he conserved, then  once  ag a in  p a r t ic u la te  ru b b e rs  w ou ld  be part 
o f  th e  answ er to  co m p o u n d  m ixing.

In the  m ean tim e , how ever, the  p rem iu m  co s t o f  pow dered/ 
p a r t ic u la te  ru b b e r  c a n n o t be ig no red . T h e re fo re , it is essen tia l th a t all 
asp ec ts  o f  the  o p e ra tin g  p ro cess  s h o u ld  be close ly  ex a m in ed ; and  
su b seq u en tly  ex isting  s tages can  be e lim in a ted  o r  speeded  up . T o  
es tab h sh  th is , flow c h a rts  sh o u ld  be d raw n  o f  th e  c u rre n t m e th o d s  in 
use. an d  then  c o m p ared  w ith  th e  system  w hich  co u ld  be used  w ith  the 
pow 'der rou te .

A usefu l fo rm u la  fo r th is  c a lc u la tio n  is:

M  + F +  y
C o n v ers io n  c o s t ;k g =  - —

A

w here  M  =  th e  m a n p o w e r (w age ra te  x  n u m b e r o f  m en) 
f  =  th e  fixed co sts  (o v e rh ea d s  =  d ep re c ia tio n  =  

m a in ten an ce) 
t ’ =  the  v a riab le  co st (en erg y , e tc.)
R =  th e  m ix ing  ra te  (kg  h)

I f  th is  exercise is c a rried  o u t fo r e a ch  p a r t ic u la r  p rocess, an d  the 
sav ings (if  any) set a g a in s t the  pow er, p a r t ic u la te  p rem iu m  o f  the 
po ly m er, it is then  qu ick ly  a p p a re n t w hich  ro u te  s h o u ld  be ta k en . In 
th e  m a jo rity  o f  cases, the  scales will be tip p e d  in la v o u r ol 
pa rticu la te s .

D IS P E R S IO N

In  an y  ru b b e r  co m p o u n d  it is e ssen tia l th a t  goo d  d isp ers io n  o t all th e  
c o m p o u n d in g  ing red ien ts  is ach ieved , in o rd e r  to  o p tim ise  the 
p ro p e rtie s  o f  the  p a r tic u la r  recipe.

T h e  m e th o d s  n o rm a lly  used fo r d ec id in g  th e  c o rrec t degree o f  
d isp e rs io n  in a c o m p o u n d e d  rec ip e  in c lu d e  m e a su rin g  tensile  
s tren g th  an d  e lo n g a tio n  a t b reak  a t  v a r io u s  stages o f  cu re , and  then 
p lo t tin g  the  tensile  p ro d u c t (T S  an d  E /B ) an d  exam in in g  the  -p la teau  
in  th e  cu rve. A d d itio n a lly , m o d u lu s  a n d  p e rh ap s  te a r  s treng th .



Irirdness, and  com pression  set m ay also be used as criteria . These 
tests give a  reaso n ab ly  accu ra te  m easure, b u t unfortunately  take 
r ilher a long  period  o f  tim e. T herefo re , they are n o t ideally suited as 
rou tine fac to ry  q u a lity  a n d  process con tro l checks in the high speed 
context o f  pow er b le nd ing  and  m ixing techniques.

O th er m e th o d s  a re  those  developed by C ab o t C arbon  Ltd (Cabot 
T o rn  R a tin g  C h a rt)  an d  D u n lo p  (H . Leigh-D ugm ore, D unlop  l,td . 
C en tra l R esearch  D iv ision , B irm ingham , U K ) using visual and 
t ra n s m i t te d  light s ta n d a rd s  to  co m pare  the to rn  surfaces. In d ee d , 
ihese are  qu ite  a c cu ra te , a lth o u g h  once again require time and a fair 
degree o f  skill o f  assessm en t d u r in g  the  fixing o f  the rating. Electrical 
and  o th e r m icro scop ic  techn iques have also been developed, but for 
obvious reaso n s  very few rou tine  co n tro l laborato ries have all these

facilities. • • j
It is th e re fo re  ev iden t th a t a  rap id  and  accura te  system is required 

to ensure ad e q u a te  m ix ing  and  its m easurem ent on a production 
basis Such a  m e th o d  deve loped  from  the old T /50  test, which was a 
m eans o f  m e asu rin g  the  s ta te  o f  cu re , by low tem peratu re techniques, 
is w orthy  o f  co n s id e ra tio n .

T he T '5 0  value is th e  te m p era tu re  a t which 50%  recovery ot the 
specim en h as  ta k en  p lace afte r  a  cu red  dum b-bell sam ple has been 
stretched by 100"„. frozen  in a b a th  o f  a c e t o n e  alcohol carbon
d io x id e  m ix tu re , an d  allow ed to  regain  tem perature.

T h is is a  very  rap id  a n d  accu ra te  m eans o f  determ ining  the  state  ol 
cure, and  w hile genera lly  used  fo r n a tu ra l rubber com posm ons u  is 
also app licab le  to  m an y  o th e r  po lym ers, incl^uding N BR .
CR, because o f  the  re la tio n  betw een the T, 50 value and  he t  -  
transition  p o in t o f  the po ly m er. T h is value is quite  clear, distinct and

rep roducib le  fo r each  co m p o u n d .
I t is assum ed  th a t in using  th is  techn ique, and  con trary  to  som 

theories, th is h as  been  show n  to  be so in p ractice <«hen 
with the  o th e r  d isp ers io n  m e th o d s); if the sm allest ^
com p o u n d  w eightw ise , nam ely  th e  curatives, 
ra to rs, a re  co rrec tly  a n d  evenly d ispersed , then  the state  ^
ap p ro p ria te  tim e a n d  te m p e ra tu re  m ust be, 'ndeed  ^

If, ih e re fo re . the  sm all item s a re  well d ispersed , it . 
assum p tion  th a t the  la rge  q u a n tity  fillers, m cluding h ^ U K k - ;™  
inorgan ic m a te ria ls , a re  a lso  well disperse - ‘
com pound , the re  is a tim te T /50  value, and  th is corre la te , ^^e 
C ab o t ra ting . T h u s , the  T /50  test can  be used as a very rapid and



T A B L E  14 
T  50— CABOT COMPARISON

Ri'siilis 
S a m p le  no.

3
4
5
6
7
8 
9 

10 
11 
12
13
14
15
16
17
18
19
20

A verage
S ta n d ard

d ev ia tion

N iir ile  P olych loroprcnc N a tura l 
ruh h erjS B R

T:50 value Cahoi T/SO value Cahoi TI50 value Cahot 
(°C) raling (°C) rating C C) ratinf!

- 1 5 0  
-15-0  
- 1 5 0  
-15-0  
- 1 5 0  
-14-9  
- 1 5 0  
.14-9 
-1 4 -9  
-1 5 -0  
-15-1  
- 1 5 1  
- 1 5 1  
-15-1  
-1 4 -9  
- 1 5 0  
-1 4 -9  
- 1 4 -9  
- 1 5 1  
- 1 5 -0  
-1 4 -9 9 5

0-074 5

4-5
4-5
4’5
4-5
4-5
4-5
4-5
4-5
4-5
4-3
4-3
4-8
4-5
4-5
4-5
4-5
4-5
4’5
4-5
4-5
4-5

- 2 2 -5
- 2 2 -5
- 2 2 -5
-2 2 - 4
- 2 2 - 5
- 2 2 - 5
-2 2 - 5
- 2 2 -5
- 2 2 - 5
- 2 2 - 4
- 2 2 - 4
- 22-6
- 2 2 - 5
- 22-6
- 22-6
- 2 2 -5
- 2 2 - 5
- 2 2 - 4
- 2 2 ’5
-22-6
- 2 2 -5

0 0 6 3

4-3
4-5
4-5
4-5
4-5
4-8
4-5
4-3
4 '5
4-3
4-8
4-8
4-5
4-3
4-3
4-8
4 5
4-5
4-5
4-5
4-5

- 3 3 - 0
- 3 3 -0
- 3 3 - 0
- 3 3 - 0
- 3 2 -9
- 3 2 - 9
- 3 3 - 0
- 3 3 0
- 3 3 0
- 3 2 -9
-3 3 -1
-3 3 -1
- 3 3 -1
-3 3 -1
- 3 3 0
- 3 3 1
- 3 2 - 9
- 3 2 9
- 3 3 -0
- 3 3 - 0
- 3 3 -0

handy practical contro l for dispersion. Table 14 shows the 
reproducibility possible under controlled conditions. The T/50 
m ethod is ideal for powdered and particulate rubber com pounds.

A D H ESIV ES A N D  D O U G H S

The usual m ethod for producing adhesive and dough materials is to 
m asticate the com pounds concerned to a very low plasticity so as to 
render them very soft. A fter slabbing and storage, the com pound is 
then w arm ed-up and given further m astication on a  two-roll mill, and 
then sheeted out very thinly to approxim ately 1 mm thick. The thin



heet is then earthed (to  remove static electricity), and is placed in a 
*ectangular metal box, complete with lid, and covered with the 
^m ropria te  solvent for that polymer. Layers o f polymer and solvent 
^re then alternated, until the bin is filled and then the lid is placed in 

ition. This operation in the process is known as ‘laying-down’. The 
''olvent now swells the com pound and after about 96 h the swollen
* ass is cut with a spade and transferred to a Z blade, ball mill paddle 
or^similar mixer for final mixing. At this stage more solvent is usually 
added to bring the final viscosity and/or the total dissolved solids to 
the desired levels o f consistency.

This particular branch o f the industry is an obvious must, for 
owdered rubber technology, as it is possible with a powdered rubber 

pre-blend to completely eliminate the laying-down procedure, thus 
L ab lin g  the pre-blend to be placed a t once in the mixer with the
solvent and com plete a satisfactory adhesive, solution, or dough
within hours, ra ther than  days. Also, if incorporating into the system 
carbon black/N B R  m ixtures (Polyblack— BP Chemicals Ltd), 
exceptionally sm ooth , rapid and uniform  doughs can be produced. 

Typical com m ercial solvents used in this industry are:

NBR Toluol or chlorinated solvents
CR T oluol o r chlorinated solvents
NR Petroleum  naphtha 
SBR Petroleum  naphtha 
EPD M  Petroleum  naphtha

„  is essential, when handling solvents, 'h a t great c » e  is taken with 
regard to lire hazards, static electricity and TLV limits, etc.
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g e n e r a l  p r o c e s s i n g  p l a n t  a n d  
EQ UIPM EN T

R-iw m a te ria ls , th e  b u ild in g  up  o f  ru b b er com pounds from  them  and 
the various  m e th o d s  o f  m ix ing  availab le  to  the industry  have been 
d iscussed in th e  p rev ious  ch a p te rs . T h e  ac tual heavy m achinery most 
used to  achieve th is  w ill now  be discussed. Before using any o f them, 
however it is e ssen tia l to  en su re  th a t adequate  guarding, m 
accordance  w ith  the  fac to ry  ac ts , is in position , and  operational. 
R ubber m ach in ery  ca n  be ex trem ely  dangerous if m ishandled, but is 
nerfectly safe if the  ru le  b o o k  is adhered  to  and  not treated with 
L n te m p t .  I t is a lso  very  irn p o rtam  and  lawful th a t adequate train ing  
“ given to  the  o p e ra tiv e s , so th a t safe hand ling  will autom atically

follow.

Open M ills
These consist o f  tw o  p ara lle l ro llers , ad justab le  for
setting. Sizes ran g e  fro m  app ro x im ate ly  12 in
la bo ra to rie s  to  as lo n g  as 8 4 in . C om m on  sizes are 6 0 in .md M n

mills, and  in s ta lla tio n  can  be either
several in line, d e p e n d in g  o n  o p e ra tin g  co n d itio n ,
p articu lar fac to ry  co n c c rn ed . R oller speeds vary „  j  f ^
n u io s  as h igh  as 1:1-2 fo r g rind ing  ^ t d  3
general p u rp o se  w ork  are  app iox im alL ly  I . -• & double
show la b o ra to ry  m ills an d  typical m ills ol the single and double

variety. T h e  safety  b a rs  ca n  he clearly  seen.

Internal M ixers

T he tw o types m ost w idely used , w o r l ^ ^ d .  
and  the In te rm ix  m ach in es . F-igure^ 4  to 
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F i g . 1

Laboratory mill. {Courtesy: Farrel-Bridge, Rochdale.)

F i g . 2



F i g . 3

D ouble mill. {Courlesy. Francis Shaw, Manchester.)

Fro. 4
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burys an d  In te rm ixes  respectively, rang ing  from  the laboratory 
size to  large scale fac to ry  m achines.

B-inbury an d  In te rm ix  m ach ines w ork on tw o entirely difi'erent 
inciptes. w hilst ach iev ing  th e  sam e objective, i.e. adequate mixing 

^nd d ispersion  o f  the  ingred ien ts a t satisfactory  mixing speeds.

F i g . 7

KO L a b o r a to r y  in te rm ix . { C o u r w s y :  F ra n c is  S h aw , M anch i-ster.)

Perhapsthebcst w a y t o d e s c r . b e  t h e t w c ^ l ^ h —

is to  q u o te  Irom  the  la tes t U teratu re i y reading, as
m akers, an d  w h ich  is h ighly  recom m ended  for lu rther g.
mixer cap ac itie s  an d  sizes a re  also  listed.

Banbury ( I 'a r r e l - B r i d g c ‘F  Series)

The B anbu ry  m ixer co n sis ts  o f  th ree  m ajo r assemblies,

m odule, the  m ix ing  m o d u le , an d  “ p  through
T he feed m o d u le  in c o rp o ra te s  the  teed i PI 

which m a te ria ls  to  be m ixed  are  in troduced , and  also
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B anburys an d  In term ixes respeclively. rang ing  from  the laboratory  
size to  large scale fac to ry  m achines.

B a n b u r y  a n d  In te rm ix  m achines w ork  on tw o entirely different 
principles, w hilst achieving  the sam e objective, i.e. adequate mixing 
and d ispersion  o f  the  ingred ien ts a l  satisfacto ry  m ixing speeds.

Fio . 7

KO L a b o r a to r y  in te rm ix . {Councsy. F ra n c is  S h aw . M a n c h e s te r .)

P erhaps the  best w ay to  describe the  tw o m achine mixing principles 
is to  q u o te  from  the  la tes t lite ra tu re  kindly provided by the two 
m akers, and  w hich  is h ighly recom m ended  for fu rther reading, as 
m ixer capac itie s  an d  sizes are  also  listed.

Banbury (K arrel-B ridgc ‘F ’ Series)

T he B anbu ry  m ixer consis ts  o f  three m a jo r assem blies, the teed 
m odule, the m ix ing  m odu le , an d  drive m odule.

T he feed m odu le  in c o rp o ra te s  the feed hopper section through 
which m a te ria ls  to  be m ixed are  in troduced , and  also the weight



cylinder and floating weiglit to force liiese m aterials in to  the m ixing

cham ber. . . .  , ,
The mixing m odule includes the enclosed m ixing cham ber, ro to rs  

and the d rop-door assembly for discharg ing  Ihe batch . T he ro to rs
turn in opposite directions and at ditfering speeds to  keep the  m aterial 
in constant circulation. M ixing is accom phshed by fou r different

F ig . 8

K.5 intcrm i.'i. {Courlesy: F ra n c is  S h aw , M a n c h e s te r .)

actions: milling, kneading, long itud ina l cu t-back  and  la teral 
overlays. M illing is the high shear ac tion  o f  the ro to rs  sm earing  
m aterial a round  the periphery o f  the cham ber bores.

D ue to  the helix angles o f  the ro to r  b lades, m ateria l is m oved 
tow ards the centre o f  the m ixing cham ber, the reby  causing  
longitudinal cut-back. Because o f  the different ro to r  speeds an



F i g . 9

K5 intermix, [Cauriesr: Francis Shaw, Manchester.)

intensive k n ea d in g  ac tio n  takes p lace between the ro to rs  and lateral 
overlays from  o n e  side o f  the ch am b er to  the  other.

T hese fo u r  ac tio n s , to ge ther w ith co rrec t tem pera tu re  con tro l o f 
the m ix ing  ch a m b er , resu lt in high q uality  com pounds w ith relatively 
short m ixing  cycle tim es. B anburys h a v e  b e e n  in use fo r approxim ately 
60 years, an d  som e 2500 have been m ade and  a re  in worldwide

Intermix (Francis Shaw M k3)

In  the  In te rm ix  the  tw o ro to rs  are  large and  have m terlocking 
p ro jec tions  (nogs) an d  they  run  at equa l speeds. E ach ro to r has one



larpe helical projection and Iwo small pro jections. D is tribu tion  o f  
stock a round  the cham ber is achieved by the screw action  o f  the 
helical projection, and these are  arranged  so th a t each ro to r  p ropels 
the stock longitudinally in opposite  d irections. D ispersion  o f  pow ders 
into the loose m aterial is achieved in the nips between the nog 
periphery and the adjacent ro to r body  d iam eter, where a fric tion  ra tio  
is present due to  the difference in peripheral speeds o f  the  hclical nog 
outside diam eter and the ro to r body  d iam eter. T he screw action  
caused by the helical nog, com bined  with the  small fric tion  ra tio  in the 
nip between the ro to rs, gives an ac tion  w hich sim ulates th a t ol a tw o 
roll mill: th a t is dispersion caused by the  friction  ra tio  in the  nips and  
d istribution caused by cu tting  and  ro lling  across the  mill face. The 
two roll mill has always been recognised as an  excellent m ixing 
m achine, and this arises from  the large area o f  cooled  m etal surface 
in contact w ith the batch , com bined w ith a low fric tion  ra tio  and  
narrow  nip. These characteristics are retained  in the In te rm ix  ro to r  
design. A dditionally , good heat tran sfer was kep t m view w hen the 
o ther mixing cham ber com ponen ts w ere designed.

Fio . 10



F ig . 11

Three slack calender 24in x 68 in. (Courtesy: Farrel-Bridge, Rochdale.)

Fi(i. i :

l-our roll Z calender 26 in x l l  m A O m rlo v :  Hrancis Sh;uv, M.nichesler.l



Calenders

C alenders are used for producing  rubber in sheet form  o r  wlien used 
with friction ratios to  friction fabrics. They are also used fo r doubling  
sheets together o r 'topp ing ’ sheet ru b b er on to  fric tion  o r  spread  
coated fabrics. Figures 10 to  12 show  typical ca lender bowl 
configurations and also give an  idea o f  size.

M O U L D IN G

Moulding Presses

Conveyor Bells
Figure 13 shows a typical press for vulcanising conveyor bells, w hile 
Fig. 14 is used for the con tinuous vulcan isation  o f  the ligh ter w eight 
type o f  flat belling.

Tyres
Figures 15 and 16 illustrate m odern  *Bag-o-M atic' ty re  cu rin g  presses.

F ig . 13

C onveyor belting press, {C ounesy. F rancis Shaw. M anchester.)



F k ;. 14

R o to cu re . (Counc.sy: F rancis Shaw. M anchester.)

F i g . 15



F i g . 16

42 in Bag-o-M atic lyre curing press. {Com it'.sv: F rancis Shaw . M anchester.) 

Mechanicals
Conventional com pression m ould ing  techniques requ ire  the  p re p a ra ­
tion o f  blanks in the p re-m oulding  opera tio n s , and  these are  m ade 
from  conventionally  mixed com pounds, and  then  ’clicked’ o u t from  
sheets or slabs, o r from  screw a n d /o r  ram  ex truded  sections.

F igure 17 shows a typical G R G  press for m echanical m ould ings. 
This branch o f  the G R G  side o f  the  ru b b e r industry  p resen ts an 
interesting challenge fo r pow dered ru b b e r technology. I f  pow dered 
technology principles, are applied to  these o p e ra tio n s , it is 
im m ediately apparen t tha t here is a possible area  fo r its use.

Early attem pts to  com pression-m ould  co m pounds d irec t from  
pow der pre-blend were unsuccessful, until com pacting  by pelleti- 
sation  had taken place. T he problem s w ere caused  by en trap p ed  air 
and  spillage o f  the pow der due to  m ovem ent w hen closing the press 
H owever, when pills (pellets) were fed to  the  com pression  m ou ld , 
satisfactory  m ouldings were p roduced  from  som e m ateria ls , having  
low M ooney plasticity characteristics. T his p a rticu la r o p e ra tio n  has 
parallels m the therm osetting  b ranch  o f  the  plastics m ould ing  
industry.



F ig . 17

G R G  m echanical g oods press. {Couriesy: Francis Shaw. M anchester.)

By co n tin u in g  the exercise a long  the sam e technical course as for 
d irect ex tru sion , i.e. co n tin u o u s  com paction , it should also be 
possible to  feed the  c o n tin u o u s  strips via a screw linked to either an 
injection o r tra n sfe r m ou ld ing  press. F u rth erm o re , by the design o f 
su itab le  m ach in ery  it will a lso  be possible in due course to direct 
in jection  m ou ld  from  pow der pre-b lend.

T he techno logy  o f  in jection  and  tran sfer m ould ing  irom  a 
co m p o u n d in g  ang le  has para lle ls  in ex trusion  technology.

This is an  a rea  w here conside rab le  w orldw ide effort is being carried 
o u t and  it goes w ith o u t saying  th a t w hen, u ltim ately , success is 
achieved, the rew ards will be m ore th a n  w orth  while. A lready, pilot 
scale p ro d u c tio n  has  been seen in o p era tio n  and  to  be viable (Bayer 
A G , L everkusen . W . G erm any).

In ihe  in jection  m o u ld in g  field. Buyer have show n th a t a horizontal 
in jection  m o u ld in g  m ach ine , fed d irectly  w ith pow dered rubber pre- 
b lend via a h o p p e r an d  m ixer screw, can be opera ted  fully 
au to m atica lly , w ith o u t personnel. Such a system  is also in factory 
q u an tity  p ro d u c tio n .



lAtrusion by Hoi Feed Techniques

This is the m ethod m ost widely used, and  basically consists  o f  tak ing  
m atured slab rubber com pound , and  if h a rd , passing  it th ro u g h  a 
cracker mill in order to  w arm  it up. H is then fed to  a ru b b er m ill, and  
may be fed to the extruder by rolling 'dollies' from  the m ill, o r  in cu t 
strips or by o ther au tom atic  m eans.

Despite being the oldest m ethod  o f  ex trusion , it is still perhaps  the 
best for consistent and  m ost rap id  ex trusion , a lthough  there  are 
technologists who w ould argue otherw ise. H ow ever, the answ er is to 
draw one's own conclusion by experience, and  then use the  m ethod  
which best handles the com pounds in use in one's ow n facto ry . T he 
chances are tha t it will be the hot feed m e th o d !

Extrusion by Cold Feed Technique.s

Cold feed extruders, as the nam e im plies are  fed by cold stock  w hich 
may either be in pellet, chunk , o r s trip  form . T h e  design  o f  the 
machines in use varies considerably  bo th  in barre l d iam ete r, screw 
length ratio , the shape o f  the flights and  indeed the m ethod  o f  ac tual 
feeding, which can include serrated  screws a t the inlet end , d irec t feed 
into the screw, o r slipping clu tch  rubber feed. T he choice, o r  use o f 
each o f these individual system s largely depends on  the type  o f  
polym er and hardness o f  the com pound  in question .

H ot Feed Versus Cold Feed

The m erits o f  hot leeding versus the  cold feeding o f  ru b b ers  has long 
been debated , and indeed has n o t really been resolved because o f  the 
variance o f handling properties o f  one com p o u n d  to  an o th e r. In  the  
end It really answ ers itself in the facto ry  by seeing how  a p a rticu la r 
recipe behaves. This is no t too  bad  w hen there are  several m ach ines o f  
both  types available, and  w ith the necessary p ro d u c tio n  capacity . 
U nder such circum stances, it is possible to  choose the m ach ine which 
gives the best results. U nfo rtunate ly , circum stances d o  n o t perm it 
such luxury in the average ru b b er facto ry , and  the p o o r co m p o u n d er 
usually has to  m ake com pound  changes w hich really  shou ld  n o t have 
to  be m ade, as m ore often than  no t. processability  sacrifices physical 
properties.



In  real te rm s, cold feeders are s ta ted  to  possess the following 
advan tages over h o t feed m achines:

(a) Less cap ita l co s t no  m ills, etc.;
(b) Less la b o u r  involvem ent;
(c) B etter te m p era tu re  co n tro l o f  the  co m pound ;
(d) C ap a b ili ty  o f  h a n d lin g  b o th  low and  h igh  M ooney 

co m p o u n d s.

If  each  o f  the  above claim s is closely exam ined . several s tartling  facts 
are  revealed . U is a fac t th a t no  m ills are  used in the vicinity o f  the 
ex tru d er, b u t these a re  still requ ired  in the p repara tion  areas for 
m ak ing  strip s , ch u n k s  a n d  diced m ateria l. M ills are also required  to  
s lab -o ff w aste e x tru d a te , scrap  in-process re tu rn s, etc. If  the capital 
cost o f  all th e  ex tra  eq u ip m en t requ ired  is added together, the  chances 
are  th a t the  se t-up  w ill be h igher th a n  th a t for h o t feed.

If  the  co s t o f  the la b o u r involvem ent is exam ined the so-called 
saving  o f  a mill o p e ra to r , is only  tran sferred  back in to  the prepara tion  
areas, p lus o th e r  h id d en  costs , and  n o t the least o f  which quite often is 
the in tro d u c tio n  o f  p rocessing  problem s. N o t all com pounds are 
cap ab le  o f  sa tisfa c to ry  g ran u la tio n , in th a t they stick together in 
sto rage . D u stin g  o r sp ray ing  w ith  an ti-tack  m aterials only partly  
solves th is  p ro b le m , and  in troduces strong  possibilities o f bad  fusion 
w ithin th e  ex tru d er.

It is ag reed  th a t w ith  m ach ines designed very recently  there is better 
te m p era tu re  co n tro l, b u t th is had  to  be in troduced  to  take care o f  the 
high fric tio n a l hea t developed , p articu larly  w ith  high M ooney stocks, 
as are fo u n d  in  hose  m ak ing . T e m p era tu re  con tro l is certainly no 
p rob lem  w hen  feed ing  such m ateria ls  via a  h o t feed extruder.

P erh ap s  it is th is  final p o in t th a t cou ld  well be the deciding influence 
in dec id ing  o n  new  o r  rep lacem ent eq u ip m en t; the versatility ol the 
cold type  m ach in e  is now here nea r to  th a t o f  h o t feed m achines, in 
th a t m uch  tig h te r  techn ica l m ixing co n tro l lim its such as storage times 
and  p lastic ity  a re  necessary . T h is  is p a rticu larly  the case when 
p rocessing  som e o f  th e  m ore  specialised polym ers an d , on m any 
occasions, it is necessary  to  have to  com p o u n d  to  su it the m achine, as 
well as all th e  ac tu a l p ro p erties  and  requ irem ents o f  the stock. This is 
com pletely  u n fa ir  an d  is an  add itio n a l burden  on  the lactory  
co m p o u n d e r w hose jo b  is a lready  difficult enough .

A n o th e r  fact n o t p e rh ap s  considered  sufficiently is th a t the use ot 
scro lls is n o t u n iversa l, an d  special designs are o ften  necessary for



certain  so-called 'd ilficu ir com pounds. These sam e m alerials . process 
in the main w ithout difficulty when led to the ex tru d er via a mill. 
Indeed, sometimes, it is nccessary to feed 'co ld  feed' ex truders  w ith 
hot rubber in order to get it to  process!

W hile on the subject o f  scrolls, the cold feeder types tend  to  w ear 
faster and need repair o r replacem ent m ore o ften  than  the h o t feed 
types, obviously because o f  the ex tra  w ork necessary to  w arm -up  the 
material.

Pressure build-up w ithin the head , and  especiklly w ithin a 
crosshead requires atten tion  w ith high M ooney  co m p o u n d s, and  this 
once again is no problem  with mill fed h o t com pounds.

Sum m arising, therefore, if  a mill is used fo r feeding the  ex truder, 
and if it can be used w ith carefu l p lann ing  to  feed m ore  than  one 
m achine sim ultaneously, then tak ing  in to  acco u n t all o f  the  afo resa id , 
there is no doub t at all which is the better system  either from  cost or 
processing angles.

One practical and fairly widely used set-up  w hich gives the  best o f 
both  w orlds is to  feed a sm all mill via a co ld  feed ex tru d er, and  then 
s tr ip c u ta n d  feed a hot fed ex truder from  th is mill. Excellent ex trusion  
control is so ob ta ined , a lthough  it could  be argued  th a t th is is too  
luxurious fo r an average ru b b er w orks.

In general, the barrel,screw  ra tio  o f  a h o t feed ex tru d er is 
approxim ately 8:1, and  can  be as low as 4 :1, w hereas the  abso lu te  
m inim um  for a m odern cold feed ru b b er ex tru d er is ideally 14:1, and  
indeed machines in excess o f  this ra tio  a re  in w idespread  use in the 
G R G , hose, and  electric cable fields, and  som e o f  these have screw 
designs which are em inently su itab le  fo r pow dered rubbers.

Some o f  the cu rren t available designs o f  ex truders  inc lude the 
transfer mix and the plastiscrew principles and  m achines A n d o u a rt. 
Berstoff, Farrel-B ridge {Fig. 18) Id d o n  (F ig . 19): M cilefer, Pirelli, 
Royle, Shaw. T roester, W erner & Pfleiderer, etc.

These are just som e o f  the m any m achines availab le  cu rren tly  and  
omi.ssion o f  o ther excellent m anu factu re rs  is n o t in tended  to  olTend, 
as It is obviously im possible to  list or describe all o f  the m ach ines: it is 
hoped tha t those m anufactu rers n o t included will u n d e rs ta n d . '

T ransfer .Mix

This m achine can be used fo r dual p u rp o ses  e ither fo r co n tin u o u s  
m ixm g or to r extrusion. In its la tte r app lica tion , the design o f  the



F ig . 18

F arrel-B ridge cold  feed ex truder, (Courtesy: Farrel-Bridge. Rochdale.)

F ig . 19

Id d o n  cold  feed ex truder. {Courtesy: Iddon Bros, Leyland.)



screw and barrel allows the com pound  to  pass backw ards  and  
forw ards prior to final ex trusion, and  this ensures ad eq u a te  w arm ing- 
up. in the presence o f  w ater cooling, w hich is qu ite  efficient.

P lastisc rew  E x tru d e r

The basic design feature o f  this type o f  ex tru d er is in its  screw. 
M aterial is fed via the th ro a t o f  the ex tru d er in the  n o rm a l m anner, 
and along the scroll, the first function  o f  w hich is s im ilar to  any  o th e r 
conventional extruder. It then changes to  a  helical fo rm , w ith a  lead 
length double tha t o f  the screw flights a b o u t it. T he  p o rtio n  nea re st to  
the barrel forms with it a narrow  ap e rtu re , th ro u g h  w hich  th e  stock  
has to  pass. I f  required, a vacuum  system  m ay be added  a lo n g  the  
barrel, thus virtually ensuring  non -po rous  ex trudates.

Pirelli Extruder

The principle o f  this m achine is th a t the volum e o f  a con ical screw 
channel reduces progressively th rough  the  section , and  an  equ ivalen t 
volum e of stock equal to  this reduction  spills co n tinuously  backw ards 
over the screw flights and tow ards the feed. T h is ensures back 
blending and also vigorous circu la tion  w ithin the  screw.

Shaiv Extruder

T he design o f these extruders in c o rpo ra tes  th ree  very im p o rtan t 
requirem ents necessary for a large volum e o u tp u t o f  high quality . 
These are constan t feeding o f  the screw and  a screw o f  sufficient length  
to  adequately w ork the rubber, plus a specially  b alanced  head 
(Figs. 20 and  21).

Direct Powder Extrusion

The plastics industry  has been d irect ex trud ing  PV C  co m p o u n d  p re ­
blends for m any years, but there are  big dilTerences betw een these and  
pre-blends m ade from  pow dered rubber and the  co m p o u n d in g  
ingredients. The m echanism  with PVC is one o f  gelling w ith in  the 
extruder, w hereas w ith pow dered rubbers  trem endou.s hea t is 
generated, whtch w ithou t con tro l, p recures, a long  w ith the rm al 
d egrada tion , which can be quite  violent if care is n o t taken .
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Shaw co ld  feed e x tru d e r-  new crosshead , [Courlcsr 
M anchester.)

Francis Shaw,

E xperim en ts have show n th a t in such cases there has been 
co n so h d a tio n  a n d  som e shear behind  the dies in the ex truder head, 
and  th is  basic  ev idence has been the  s ta rtin g  po in t o f  m any w orkers in 
the field ol’ pow dered  ru b b e r , w ith  vary ing  degrees o f  success. F urther 
lo these basic facts , subsequen t w ork  has show n th a t if the pow der 
p re-b lend  is co n so lid a te d  w ith  'p ill-m aking ' techniques, and  if the 
pellets so  m ade  a re  fed in to  an  ex tru d er, then  satisfacto ry  extrusion is 
possib le w ith  m o s t po lym ers. Very good and  sm oo th  extrudates have 
been p ro d u ced  w ith  barrc l/screw  ra tio s  o f  as low as 12-5:1, but ideally 
in o rd er to  ca te r  fo r m ost variab les w ith  pow dered  ru b b e r recipes, the 
ra tio  shou ld  be a t  least 18:1, w ith  o r w ithou t special screw 
con fig u ra tio n s  as c ircum stances  dem and .

Bayer Compaction System

H aving now  estab lished  ih c  fact th a t w ith conso lida tion  o f  palletised 
p re-b lends, d irec t ex tru sio n  is possib le, a co n tin u o u s com paction



F ig . 21

Shaw cold feed extruder. {Couriesy. F rancis Shaw , M anchester.)

lechnique is obviously desirable. This has been achieved and  
perfected by Lehnen o f  Bayer A G , w ho ascerta ins th a t the  bulk 
density o f  the pre-blend was approx im ate ly  3:1, so th a t a com p ac tio n  
factor o f  three was decided upon  fo r the  co n tin u o u s co m p ac to r. A 
com pacto r has been developed w hich is horizon ta l in fo rm a t and  this 
produces twin strips o f  com pact pre-b lend m ix, in a fo rm  su itab le  for 
feeding the extruder.

Direct Powder Extruders

Parallel to the developm ent o f  the com paction  techn ique Bayer, 
together with extrusion m anufac tu re rs  (inc lud ing  B ersto ff (W  
G erm any), Farrel-Bridge (U K ), Iddon (U K ), S tew art-Boiling (U SA ), 
T roester (W . G erm any), and  W erner & Pfleiderer (W . G erm any)), 
were also involved in various m achine and  screw designs.

Wo^rk showed tha t very high levels o f  d ispersion  are  o b ta in ed  by 
ex trudm g pow der pre-blends w ith o r w ith o u t com p ac tio n , u n d er 
ideal and  correct cond itions, so th a t the physical p ro p erties  so



ob ta ined  a re  a t  least equa l to  and  often better than  the control 
com pounds m ade from  baled  rubber using the  sam e recipe.

The EVK M ixing Extruder (Werner & Pfleiderer)

T he designers say th a t the  EV K  is a con tinuous single screw mixer/ 
ex truder, w hich  differs from  conven tional deep extruders because of 
its specially  designed  m ixing  and  knead ing  capabilities. T he operating  
principle o f  the m ach ine is due  to  the  design o f  the screw geom etry 
w hich h as  sh earin g  an d  com pound  d istribu ting  sections along its 
w hole length . T h is  in tu rn  ro ta te s  in a  sm ooth  cylindrical barrel.

T he fact is. th a t m ax im um  shearing  stress is the sam e for each 
volum e p artic le , desp ite  the  ditTerences in  d istance travelled by the 
c o m p o u n d  p artic les, and  the  m achine can opera te  when only partly  
filled because o f  the  shearing  barrie rs  d is tribu ted  along the whole o f 
the leng th  o f  the  screw.

The M ixtrumat (Stewart-Boiling)

T he m ach ine  o p era tes  co n tinuously  by feeding tw o o r m ore 
ingred ien ts, o r  a  p re-b lend  in to  it. T he in-feed screw conveys the 
m aterials  to  the m ix ing  cham ber, w here m ixing and  fluxing occurs 
p rio r to  tra n sfe r to  the  transverse extrusion  screw. V acuum  vent and 
forw ard  end  d ie  a re  ad d itio n a l o p tiona l variations.

M VX M achine (Farrel-Bridge)

M ixing, r e n t in g  an d  eA tru d in g  a re  the designating  letters o f the 
m achine 's nam e. T h e  m ach ine is capab le  o f handling  pre-blends o f 
particu la tes  o f  up  to  a t least 10 m m  rubber particle size, as well as 
conven tional pow dered  rubber pre-b lends. C on tinuous venting 
ensures freedom  o f  ex tru sion  voids and  porosity , and  the extrusion 
section can  be fitted  w ith  a crosshead  to  either d irect extrude or 
s trip  ex tru d e  fo r feed ing  ex truders  in the conven tional m anner. 
C onsiderab le  energy savings a re  also possib le w ith this technique 
(F ig -22).

T his m ach ine  b rings the  flexibility o f  opera tio n  ol the tw o roll-mill 
and  B anbu ry  m ixer in to  the  precision  extrusion  o f finished rubber 
sections, w hilst reduc ing  ca p ita l expend itu re , floor space and  energy 
usage, an d  a t the sam e tim e im prov ing  the q ua lity  o f  the finished 
p roduc t.



The M VX is led with p an icu la lcd  rubber; pow der p re-b lends which 
have been prepared in a high speed pow der mixer. T h e  pre-b lend  
contains all the ingredients polym er, fillers, re in ro reers. softeners, 
accelerators and curatives, all uniform ly  pre-h lended . (P re-b lends 
can be stor ed for m onths before use and  allow  a conven ien t m ethod  o f 
storage and d istribution o f  com pounds a ro u n d  the factory .)

Fio. 22

MVX mixing c.xtruder. {C ounesy: Farrel-B ridge, Rochdale.)

The MVX first m asses this pre-b lend , then  mixes. D u ring  m ixing, 
m oisture and o ther vapours are vented to  the a tm o sp h ere . A fter 
tnixing, the com pound is transferred , via a sh o rt passagew ay , to  the 
extruder screw section. A vacuum  un it rem oves a ir to  en su re  a 
porosity-free ex trudale.

T he M VX has two separa te  variab le speed drive m o to rs  in o rd e r  to  
achieve optim um  cond itions fo r b o th  m ixing  an d  ex tru sion . 
Independent ad justm en t o f  the m o to r speeds enable.s a w ide range o f  
com pounds to  be processed on the sam e m achine w ith o u t chang ing  
the screw or mixing ro iors.



A t p resen t tw o sizes o f  m ach ine are available:

(a) 134/120 ‘Profiler- M V X ~ 1 5 0 /7 5 k W  drive m otors for 
o u tp u ts  from  200 to  6 0 0 kg /h  o r  ex truded  section. O utpu t is 
d ep en d en t o n  th e  d ie  size and  form ula.

(b) 240/150 ‘C o m p o u n d e r’ M V X — 200/75 kW  drive m otors for 
o u tp u ts  o f 400 to  1000 kg /h  o f  com pounded  strip  to  feed other 
co ld  feed ex truders.

T he m ixing  section  o f  th e  M V X  in c o rpo ra tes  ro to rs  w ith a patented 
‘D elta ’ profile , b ased  on  the  highly intensive shear, sm ear and  blend 
ac tion  o f  th e  B anbu ry  m ixer.

M V X  Advantages
T he follow ing advan tages  are  justifiab ly  claim ed by the m anufacturer:

co n tin u o u s  p rocessing  
co m p ac t size
electrical ‘peak  lo a d s ' considerab ly  reduced
big savings in m ix ing  energy
b etter p ro d u c t un ifo rm ity
im proved  physica l p ro p ertie s
fully a u to m a tic  o p e ra tio n
processes very  h a rd  co m p o u n d s
‘sco rch  tim e’ p ro b lem s elim inated
precise te m p era tu re  co n tro l
c lean-dow n tim e reduced
ideal fo r m ic ro p ro cesso r con tro l.

O T H E R  V U L C A N IS A T IO N  PR O C E SSE S

Hose

T h e  vu lcan isa tio n  system  used in the  hose industry  depends very 
m uch on  the  type  a n d  m e th o d  o f  m anu fac tu re . A useful com parative 
c h a rt co rre la tin g  cu re  tim e and  sa tu ra ted  steam  pressure is show n in 
Fig. 23.

I t c a n n o t be over-em phasised  th a t co nso lida tion , especially during  
v u lcan isa tion , is o f  p a ra m o u n t im portance . It is, therefore, not 
su rp ris ing  th a t th e  system s now  to  be described  in  the m ain  and to
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varying degrees, em body  th is  principle. These systems include:

(a) M ou ld ing  techn iques,
(b) C o n so lid a tio n  by c lo th  w rapping,
(c) O pen  steam  an d  w ate r system s,
(d) C o n tin u o u s  an d  sem i-con tinuous m ethods.

Som e o f  these system s can  be used either singly o r com bined. 

Moulding Techniques

M oulded  long  leng th  hose is one o f  the types m anufactured  by this 
m ethod , an d  th is  is achieved by vulcanising under an encapsulated 
lead tube  o r sheath . It is a t  th is stage th a t the hose meets the lead. A 
sheath  o f  lead  is m ade  to  su rro u n d  the  cover and  this is carried o u t by 
passing  e ither th ro u g h  a  lead press o r lead ex truder (Figs. 24 and 25). 
(These o p e ra tio n s  will be described  in detail later.) T he lead sheathed 
hose is n ex t w ou n d  o n to  a  la rge d rum . The lining is now filled with 
w ater, p ressu re  ap p lied , an d  the  ends o f  the hose and lead are

Fi(i. 24

Lead ex truder. (C onrlesy: D un lop  Ltd.)



F[G. 25

Lead extrudcr/curing line. {Couriesy: D u n lo p  L td.)

clam ped. T he drum  and  con ten ts  a re  p laced  in large vu lcanising  pans 
(steam  autoclaves) and  curing  is ca rried  ou t. T he w ate r inside the  hose 
in fact expands and becom es superheated . T he hose is pressed aga in st 
the lead, which acts as a m ould -h en ce  the  nam e o f  the process. If  the 
inside o f  the lead is fluted then such a finish is im parted  o n to  the hose. 
If  sm ooth  dies are used to  form  the lead , then  o f  course  a sm oo th  
finish is produced.

A fter cure and cooling  th e  clam ps a re  cu t from  the hose an d  then 
the lead .s rem oved from  the hose by slitting  a lo n g  its leng th  in  a 
s tnppm g  m achm e. The cured hose is coiled up , tested  an d  inspected 
and the scrap lead is re tu rned  to  the  m elting  p o t fo r re-use. I t will, 
therefore, be seen th a t the lead is in fact circu la ting  in a  closed circu it 
and  IS  thus som ew hat different in usage to  its p a r t in the m a n u fac tu re



o f electric cab les w here a fair percentage o f  lead o r lead alloy is -lost’ 
by leaving it w ith in  the cable construc tion .

W hen m a n u fac tu rin g  long  length  hose on a lead press, this 
c ircu la tion  does  n o t really  p resen t a p ro b le m ; the re  can be no  slippage 
within the  press as th e  ex trn sion  p ressure is applied continuously by 
m eans o f  ram  pressure. W ith  a co n tinuous lead ex truder, i.e. whereby 
the lead is ex tru d ed  by  m eans o f  a screw o r scroll, it has been found 
tha t m uch c leaner an d  chem ically  pure  lead  is needed. Indeed, it is 
necessary to  keep  th is  c lean ing  and  purging  opera tion  under tight 
lab o ra to ry  co n tro l.

Control o f  Lead Quality

Investigation  has show n th a t  in itia lly  virgin m etal o f  99-997 purity 
is best a n d  sho u ld  be  very low indeed  in copper and  b ism uth  content.
D ue to  rec ircu la tio n  inh e ren t in  the  process, however, contam ination  
o f  the  m e ta l occu rs  in a t least th ree  ways.

(a) By the  ac tio n  o f  s team  o n  the lead-producing  hydroxide, which 
in tu rn  becom es ox ide  in the  m elting  pot.

Pb + 2H30->Pb(0H)2 + H2 
P b (O H ) j-» P b O  +  H jO

(b) By th e  ac tio n  o f  th e  su lp h u r in  th e  ru b b er com pound  reac tinga t 
the  inner lead  su rface.

Pb + S ->  PbS

T his is p a rtia lly  so lub le  in h o t m o lten  lead.
(c) By the  usual ac tio n  o f  the  a tm o sp h ere  on  the surface o f  the 

m olten  lead  in  the  m elting  po t.

2Pb +  0 2 -> 2 P b 0

T he fo rm a tio n  o f  lead  ox ide  (d ross) is n o t new , and  m uch w ork has 
been d o n e  on  th is  a spect o f  co n tam in a tio n . Indeed, there are m any 
theories as to  w h e th e r o r  n o t th e  d ro ss  shou ld  be to tally  rem oved from 
the su rface o f  the  m e lting  p o ts . H ow ever, several successful ways and 
co m b in a tio n s  o f  th e  fo llow ing system s have proved  to  be o f  practical 
use in v a rio u s  p a r ts  o f  the  w orld .

(1) T h e  use o f  tw o m e lting  p o ts , w hich gives better separation  o f 
d ross.
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(2) T reatm ent o f  the lead by stirring  in a ca rb o n /am m o n iu m  
chloride m ixture. This reduces the d ro ss  chem ically  and  the 
am m onium  chloride helps to  flux the  system .

2 P b 0  +  C - > 2 P b  +  C 0 2

(3) G as heating for m elting the m etal w hich gives a reducing  
atm osphere across the  surface o f  the m etal.

(4) N itrogen gas which when bubb led  th ro u g h  the  lead purges 
well.

(5) R ather am using, b u t nevertheless scientifically exp lainab le, 
‘arts ' seen in opera tion  include the ad d itio n  o f  saw dust, 
onions and po ta toes to  the lead pots.

(6) C orrect tem pera tu re  con tro l o f  the p a rticu la r m elting  system .
(7) The use o f  ca rb o n  d iox ide  in the  au to c lav e  d u rin g  

vulcanisation .

All the com m ents referring to  d ro ss, app ly  equa lly  well to  a  press 
an d /o r con tinuous ex truder, b u t u n fo rtu n a te ly  the p ro b lem  o f  lead 
sulphide applies only to  the screw ex tru d er, in th a t th is  co n ta m in a n t 
deposits on the scroll and  after a  tim e causes surges in  the  ex tru sion  
and  gradual fall-off in w eight delivery perfo rm ances. U ltim ate ly  it 
becomes necessary to  strip  the m ach ine an d  clean the  screw. T h e  tim e 
between clean-down m ay be lengthened by several m e th o d s as 
described below.

(a) T he treatm ent o f  the lead by the  ad d itio n  o f  a  con tro lled  
am ount o f  sodium . This can ac t as a du a l pu rpose  system  help ing  to  
rem ove both  oxygen and  sulphide sim ultaneously .

P bO  4 -2 N a - >  P b -I-N a ^ O  

P b S - F 2 N a - > P b  +  N a jS

(b) T he cover com pound  vulcanising system  m ay  be changed  to  
w hat IS know n as a 'low  su lphur' o r 'su lphurless ' one. N o rm ally  a hose 
cover com pound con ta ins som e 2 -5 -3 %  o f  add ed , elem ental 
su lphur one o f lo w  su lphu r’ can  include accele ra to rs o f  the  th iu ram  
type with either very sm all am o u n ts  o f  su lphu r (0-3 V ) o r , if 
econom ics allow, to ta l rep lacem ent o f  elem ental su lp h u r in such  a 
system  by either elem ental selenium  o r  te llu rium . T hese la tte r  tw o



elem ents fo rm  lead selenide an d /o r  lead telluride which have less 
tendency to  ad h e re  to  the  scroll th a n  lead sulphide.

W ith the  th iu ram  system , the su lphu r is no t ‘free' b u t in am ounts 
w hich can  be libe ra ted  u n d e r con tro l.

H ,C , • c ,H ,
N— C — S— S—C —N 

H ,C / I I -C.H,
Teiraethylihiuram disulphide

This h b era tio n  o f  su lp h u r is ju s t sufficient to  vulcanise the polym er, 
w ithou t leaving  m uch  free su lp h u r to  react w ith the lead— hence 
cleaner lead.

Press Moulding

A nother w idely used  system  is to  cure in a long m ould contained 
w ithin a  co n v e n tio n a l bed  press as is used in  the conveyor belting 
industry .

T he m ou ld  usually  consis ts  o f  a  series o f  parallel and  hem ispherical 
g rooves, ru n n in g  the  leng th  o f  the press. T hey can be virtually any 
length, d ep en d in g  obv iously  on  the length  o f  the press. Presses have 

been seen in  use as  long  as  40 m  (130 ft), and  the hoses are m ould cured 
by a s to p  a n d  rep ea t princ ip le , in lengths up  to  250 m (820 ft), 
d epend ing  on  b o re  size a n d  to ta l w eight o f  the length.

T his process is ideal fo r sm all bore  sized hoses, especially welding 
industry  types, a n d  a lso  ce rta in  types o f  hydraulic hose which are 
m ade th is w ay  in  G erm an y .

Tw in w eld hose  o f  a  very high q uality  is also m anufactured  in the 
U SA  by th is  m e th o d . T h e  specification  covering  this hose calls for a 
very h igh  an d  s tro n g  w eb s tren g th  between an d  jo in ing  the two hoses 
toge ther (oxygen an d  acety lene) so  th a t they are not to rn  ap a rt in 
service. T h is m e th o d  is claim ed  to  be the  best.

Convoluted Moulding

H ose shapes especially  o f  the  convo lu ted  type are usually m ade in 
d iscre te, sh o rt leng th s  by m o u ld in g  an  ex truded  tube  (w ith o r without 
a fabric  in terp ly ), betw een m eta l form ers. Provision  is usually made



for the application o f  a low negative pressure, d u rin g  vu lcan isa tion , to 
assist the form ing operation .

Consolidation by Cloth Wrapping

(i) S traight w rapping for cure is ca rried  o u t by ap p ly ing  a b ro ad  
w rapping cloth lengthways dow n the unvulcanised  hose, and  
consolidatingin  a three-roll w rapp ing  m achine. T h e c lo th sw h ich  m ay 
be o f fine nylon, linen an d /o r  co tto n , o r m ixtures are  usually  applied  
dam p, so tha t deliberate and  con tro lled  sh rinkage  can  occu r d u rin g  
the cure cycle. This shrinkage o f  cou rse  then  con so lid a te s  the hose 
parts  into an integral and  hom ogeneous w hole d u rin g  cure.

(ii) Spiral w rapping, as its nam e im plies, encloses th e  u ncu red  hose 
in narrow  and  long c lo th  s trips, app lied  sp irally  e ither in a 
conventional three-roll w rapp ing  m ach ine o r  from  a ta p in g  head 
revolving a ro u n d  the hose, in a sun  and  p lanet p a tte rn . I t is norm al 
practice to  w rap  w ith a  50 % clo th  overlap , w hich in effect app lies tw o 
layers o f  cloth in one o pera tion . O nce aga in  the  c lo th s  are  dam ped  
fo r shrinkage to  consolidate , and  can  be o f  ny lon , linen, co tto n  and / 
o r a m ixture o f  these textiles. O f course o th e r  fibres can  be used , bu t 
the ones m entioned are the m ost w idely used.

Open Steam and Water Curing System s

Both o f  these systems are used m ainly  fo r the  low er p ressu re  ra ted  
mechanicals and hoses, w here m inim al conso lid a tio n  is needed for 
satisfactory use in service. T he system s used a re  va ria tions  o f  a them e 
in tha t either a flexible m andrel m ay be used , o r  the hose filled w ith 
w ater and  the ends sealed, o r even left o p e n . T h e  uncu red  ex tru d a tc  is 
coiled on to  trays, in single layers, and  separa te ly  s tacked  o n e  on  top  
o f  the o ther, rather like a g ram ophone disc m agazine . Ideally  they  are 
then placed in to  a vertical ra th e r than  a ho rizo n ta l au toc lave  and  the 
autoclave closed. Steam  is then very rap id ly  applied  and  the 
vulcanisation com pleted fo r the p rescribed  cycle. T h e  p an  is then 
cooled while still under pressu re, o therw ise b listering  o f  the  cover can 
occur.

In the so-called 'w ater’ cure, the pan  a fte r  load ing  w ith  the  hose, is 
filled with cold w ater and  then  the steam  is applied  and  the cycle 
finished olT as above.



C O N T IN U O U S  A N D  S E M I-C O N T IN U O U S  M ETH O D S

Cables

Sieom Tube Vulcanisation
The co n tin u o u s  vu lcan isa tio n  process used w ithin the electric cable 
industry  has been  in  use fo r m any  years and is a proven one. Indeed it 
has been deve loped  to  a  fine a r t  an d  has becom e so sophisticated tha t 
its use has been p u t to  specific sizes o f  types o f cable. Basically the 
process consis ts  o f  a  lo n g  steel tu b e  a ttach ed  to a crosshead extruder. 
E ither in su la tion  o r  sh ea th  m ay  be applied  by the extruder depending 
on the type . T h e  cab le  passes from  th e  ex truder in to  the steel lube 
which co n ta in s  h igh  tem pierature and  high pressure steam . The steam 
is con ta ined  w ith in  the  tu b e  by  a te lescopic seal a t the extruder end. 
and  e ither ru b b e r  o r  w ate r seals a t the o th e r end. T he length o f  the 
tube  an d  hence the  cu re , is de term ined  by the line speed o f the cable, 
toge ther w ith  th e  p ressu re  an d  tem p era tu re  o f  the steam in it. It is 
usual fo r a tu b e  to  be a ro u n d  7 5 m  (250ft) in length, but this 
obviously d ep en d s  u p o n  local an d  env ironm ental circumstances.

T he ea rly  tu b es  deve loped  w ere basically  horizontal, and m any are 
still in o p e ra tio n . H ow ever, th is system  has cable size o r rather cable 
w eight res tric tio n s  a ro u n d  the  0-23 kg (0-5 lb) per foot m ark , in tha t if 
this w eight is exceeded , the  cab le is d ragged  a long the tube bottom , 
with d isa s tro u s  ab ra s io n  resu lts. T o  overcom e th is, vertical tubes were 
developed an d  in tro d u ced . T h is  necessitated  the building o f  high 
tow ers, a n d  in s ta lling  th e  ex tru d er on  a p la tfo rm , a t  the top  o f the 
tube, so  as to  ex tru d e  vertically  dow nw ards and  in to  the tube.

Fo llow ing  th is  th e  c a te n a ry  system  w as b rough t in to  use, as a part 
com prom ise, p a rticu la rly  from  a p la n t cost and  installation angle. In 
this system , the  ex tru d e r  is m o u n ted  on  an  elevated platform  
som ew here in  th e  ro o f  o f  the  bu ild ing , an d  the tube has a curvature 
over a d is ta n ce  o f  ap p ro x im a te ly  18-24 m (60-80 It), o r even longer, 
depend ing  on the  w eight a n d  size o f  the  cable, and  o f  course the tube 
length. T h is  lu b e  c u rv a tu re  enab les  the  cable to  take its natu ral curve 
(due to  w eight) w hen p ass ing  th ro u g h  the  tube  and w ithout touching 
the early  a n d  c ritic a l s tage  o f  vu lcan isa tion . It does no t then m atter, 
w ithin rea so n , if  the  ca b le  does touch  the lube bo ttom  along the 
h o rizon ta l p o rtio n , as  an  adequa te ly  vulcanised skin has already been 
fo rm e d .

It is th u s  seen th a t an y  o f  these th ree  tube  m ethods is an extremely



efficient w ay  o f  vulcanising an electric cable, b u t it goes w ith o u t saying 
tha t extremely long runs are necessary fo r econom ical reasons , as 
valuable tim e is lost in set-ups on only a sh o rt ru n . Indeed , in  a well 
planned factory, short runs a re  n o t considered . T hese are  ta k en  care 
o f by the already well know n and earlier estab lished  cable m ak ing  
techniques.

Thus, it can be seen tha t one o r  o th e r o f  these processes cou ld  well 
have possibilities fo r the co n tinuous vulcan isation  o f  the fairly 
recently developed long length flexible m andrel h yd rau lic  hose 
process, and indeed this is the case, as the system  is already  in use. 
O nce again, long runs are very desirable.

The main differences o f  course between cab le an d  hoses in this 
m ethod o f  cure are tha t the ru b b e r co m pounds fo r hose have to  be 
cured tighter, and in add ition  to  insu la tion  o r cover in a  cab le , the 
lining and  cover have to  be cu red  sim ultaneously  in a hose. T his 
necessitates very special and  difficult co m p o u n d in g  techn iques. Very 
recently a system has been in troduced  in w hich the  steam  has been 
replaced by pressurised hot a ir o r ine rt gas under high velocity.

Fio. 26

PLCV curing system. (C o u m sy :  G eneral Engineering Ltd.)



Pressurised L iquid C ontinuous V ulcanisation (PLCV )

A pressurised L C M  version  has been developed and proved to  be 
satisfactory  u n d e r p ro d u c tio n  cond itions  for the m anufacture of 
electric cables.

T his consis ts  o f  a s tra ig h t tube , installed a t a slight angle, bu t not 
inco rp o ra tin g  a  ca ten a ry . T h e  tu b e  is pressurised w ith air or inert gas 
a t the ex tru d er en d , an d  the  cab le passes th rough  this into the molten 
salt. T he  eng ineering  design  ensures th a t the m olten salt and the 
pressurised w ate r an d  seal a t  th e  ou tlet end  are separated.

A dvan tages o f  th is  system  a re  th a t unlike steam  tube curing, the 
vu lcanisation  te m p era tu re  is in dependen t o f  the system pressure, and 
this p ressu re ca n  be app lied  com pletely  independently o f the 
tem peratu re.

A ca ten a ry  is n o t necessary  due  to  the buoyancy support given to 
the cable because o f  th e  specific gravity  o f  the m olten salt (Fig. 26). 
A dditionally , to u c h in g  o f  the  w alls o f  the  tube w ith uncured m aterial 
is n o t as critical as  w ith  th e  s tra ig h t steam  tube techniques.

G E N E R A L  M E C H A N IC A L S

M icrowave C uring

This system  h as  ap p lica tio n  in the  ex truding  industry and low 
pressure a p p lica tio n s  w ith in  the  hose Industry. The use o f microwave 
curing  w ith in  the  hose in d u s try  Is genera lly  speaking limited to non- 
metallic hoses because  o f  the  m etallic Interference. However, 
investigation  Is cu rre n tly  being  ca rried  o u t by som e p lant m anufac­
turers In th is la tte r  respect. Because o f  the lim itation , coupled with the 
necessary use o f  c ro ssh ead  ex tru d ers, high plasticity  com pounds and 
conso lida tion  o f  the  re in fo rcem en t po rtio n s  o f  a hose, it is considered 
tha t w ith in  the  hose  in d u s try  on ly  processes involving plain tubing 
and low p ressu re  service a p p lica tio n s  such as garden  and  autom otive 
heater hoses, e tc ., will be o r  are  viable.

In th is  co n n e c tio n  m icrow ave cu ring  is neither better nor worse 
than  LC M  an d  nu ld lsed  bed  techn iques, b u t It does have advantages 
over the la tte r  tw o  w hen  It com es to  cleanliness. T he heatm g is lar 
m ore u n ifo rm  th ro u g h o u t a n d  the re  Is no need fo r the latter cleansing 
o pera tions  o f  e ith e r the  L C M  salt o r fluid bed balotini (sand-Hke 
m ateruil). It is, th e re fo re , very  su itab le  for the con tinuous production 
ol m echanical ru b b e r  goods.



Fliiidised Bed

In this syslem, the vulcanisation cham ber o r trough  c o n ta in s  a bed o f 
heated tiuidised particles, th rough  which co n tin u o u s  ex truded  rubber 
sections may be easily passed w ithou t resistance. T h e  bed o f  particles 
o f  balotini, a sand-like m aterial, is heated  by electricity  an d  the 
balotini is fluidised by passing air o r superheated  steam  th ro u g h  it. 
O perating tem peratures o f  up to  2 4 0 "C (4 6 4 '’F) m ay be o b ta ined , 
thus m aking possible an extrem ely sh o rt cu ring  cycle. O f  co u rse , the 
length o f  the bed unit is quite easily varied  to  su it specific 
m anufacturing conditions, and  the tem p era tu re  m ay  a lso  be varied 
accordingly.

To prevent porosity  o f  the co m p o u n d s w hen vulcanised  a t these 
high tem peratures, caloxal m ay be added  d u rin g  the  m ix ing  stages o f 
the slocks. This curing  process is ideal fo r co n tin u o u s ly  ex truded  
sections, and con tinuous hose lines have also  been developed  using 
this sysiem. C urrently  only com parative ly  low pressure  hose, such  as 
garden o r ca r heater hoses and ex tru sions, a re  in p ro d u c tio n  ow ing to  
the fact tha t consolidation  canno t be achieved in o pen  fluidised beds. 
However, production  developm ent is well advanced  in several 
countries for a pressurised bed, w hich  in c o rp o ra te s  a special w ate r 
seal and  this enables (he pressure to  be re ta ined  w ith o u t a m echan ical 
seal. This should enable hoses o f  even h igher pressu re  ra tin g s  to  be 
vulcanised by this m ethod , and  it will be in te res tin g  to  see how  fa r this 
can be achieved while still re ta in ing  the  h igh  line speeds necessary  for 
econom ical hose p roduction .

Liquid Curing M edia

This process is also know n as salt ba th  cu ring , as special easily 
m eltable salts are  used in the vulcan isation  tro u g h . T hese consist o f  
various ratios and m ixtures o f  salts  o f  sod ium  and  p o ta ss iu m  usually  
n itrates and nitrites and  vary acco rd ing  to  the  p ro p rie ta ry  b ran d s  
available and also the wishes o f  the  fac to ry  c o m p o u n d e r  concerned . 
T he process is extrem ely efficient and  is fairly  w idely used, once again  
for ex truded  plam  tubing  and  low pressure hose. A salt b a th  m ay  also 
be used in conjunction  w ith a co n tin u o u s lead ex tru d er fo r  ce rta in  
h igher pressure types o f  long  length hoses.

Safety and  fire p recautions are  obviously  needed and  a re  indeed 
qu ite  s tringent for o pera tion  o f  LC M  system s, an d  a fu rth e r



d i s a d v a n t a g e  is the  necessary  rem oval o f  excess salt by washing in 
w ater after v u lcan isa tion .

H elicurc P rocess (D u  P on t)

This is a n o th e r  ex trem ely  in teresting  process, and is suitable for 
tubing , low p ressu re  hose, m echanicals and  sim ilar m aterials. This 
process consists  o f  e x tru d in g  the  hose o r tubing  in to  a helical and 
vertical co il, co n ta in in g  h o t c ircu la ting  fluid. T he ex trudate is carried 
along by th e  velocity  o f  the  fluid, and  the length o f the coil and 
tem pera tu re  o f  the  fluid u ltim ate ly  determ ine the state o f cure. This 
process is su ita b le , how ever, only  fo r the lower pressure types of 
hoses, w here app lied  p ressu re  is o f  little im portance.



C H A P T E R  5

TESTING AND QUALITY A S S U R A N C E

Statistics can be used extensively in m ost m a n u fac tu re  as a m e th o d  o f 
quality  contro l, and have proved extrem ely  valuab le . T h e  ru b b er 
industry is no exception to  this. A confidence level o f  3 is 
recom m ended, which includes the  testing  e rro rs . R a n d o m  saitipling 
and  contro l charts o f  m ean values m ay be used b o th  as  a co n tro l over 
the interm ediate stages o f  the processes and  a lso  to  check the  finished 
product.

The am ount o f  statistical testing  o f  the  end  p ro d u c t d ep e n d s  upon  
w hat it is. P roducts which are  easier to  m ake and  w here fa ilu re  is fairly  
un im portan t, such as say lengths o f  low -pressure g ard en  hose, are  
infrequently tested fo r ’bu rs t'. O th er m a teria ls  w hich  a re  m ore 
difficult to m ake are tested m ore o ften . Y et fo r a irc ra f t co m p o n en ts , 
where there is no m argin fo r e rro r, s ta tis tica l check ing  is n o t used at 
a l l - e a c h  item m ust be tested o r  checked indiv idually .

The con tro l ch a rt m ethod  m ay also  be used fo r the  ana lysis  o f  
experim ental results and  in the experim ental investiga tion  o f  new 
com pounds.

m a t e r i a l  t e s t i n g

It IS suggested tha t the m ain testing  is o f  the  m ateria l as it com es oflfthe 
mil Each batch is sam pled and  tested  fo r p lasticity , u sing  the 
W allace R apid P lastim eter, M ooney  o r  R heom ete r, an d  fo r co rrec t 
specific gravity, using say, the L 'H om m e and  A rgy balance . 
Borderline specific gravities are  rem easured , u sing  an  accu ra te  
balance and the weighm g in and o u t o f  w ater m e th o d . A p o rtio n  o f  the 
sam ple may be cured  in an open  pan  o r press, depend ing  o n  the  cu ring



procedure in Ihe tiKinufactii ring  process, and  hardness measured with 
a W allace R ap id  H ardness  m cler an d  the results plotted. The control 
charts affo rd  a visual check  on the  processes, and  it is easily possible to 
detect anom alies an d  la k e  cu ra tive  ac tion  in time.

The ru b b ers  a re  a lso  checked for m oisture and  ash. It is found that 
checking the  B anbu ry  o r  m ill o u tp u ts  in this v^ay gives a very 
good co n tro l over the  ex tru sion  p roperties o f  the material. The 
m easurem ent o f  specific grav ity  as a check on com pounding accuracy 
is quite sa tisfac to ry  w hen the  specific gravity is m easured within 
+  0 02. F illers a re  tested  fo r m o istu re , m anganese, copper and iron 
con ten t. A ccelera to rs  and  an tio x id an ts  are checked by moisture 
con ten t and  m elting  p o in ts.

T he co n tro l c h a rts  a re  co n s tru c ted  with the two control lines at the 
3 % p o s itio n , an d  con t rol lines fo r in s trum en t erro rs are also included. 
All the testing  in s tru m en ts  are  them selves tested and their errors are 
evaluated fo r se ttin g  u p  c o n tro l lim its. The variation in results 
between diffe ren t ass is tan ts  using the sam e instrum ents should also be 
investigated-- th is  is o f  p a rticu la r im portance in hardness testing. 
Even in the  use o f  m ic ro m e te rs  it is im p o rtan t to  check the errors; the 
sam e o p e ra to r  sh o u ld  d o  all th e  m easurem ents. Changing of 
o pera to rs  has been show n to  cause  discrepancies o f  up  to  0-18 mm 
(0 007 in) on  a  h an d  m icrom eter.

In general th e  w idest possib le  c o n tro l lim its should be used tha t will 
meet the  specification : co n tro l hm its  should  n o t be set just for their 
own sake. A ll co n tro l te sts  m ust have a real m eaningw ith  reference to 
the process they  a re  co n tro llin g . Technological progress and the 
increasing em p h as is  o n  im proved  m a nufactu ring  tolerance over the 
years have b ro u g h t a b o u t a  rap id  developm ent o f  the techniques of 
quality  co n tro l, m a k in g  it v irtua lly  a new industry  in itself.

P rocess /Q ua lity  c o n tro l can  conveniently  be divided into five 
sections: (a) P re -p ro d u c tio n  co n tro l o f  raw  m aterial; (b) control of 
basic ing red ien ts  an d  co m p o n en ts  m ade up  from  these raw m aterials,
(c) co n tro l o f  physica l m a n u fac tu re : (d) con tro l o f  curing or 
proces,sing; an d  (e) final ch eck ing  o f  the  com pleted  product.

R igh t a t the  beg inn ing , all types o f rubber com pounding 
ingredients m ust be rig id ly  con tro lled  as they reach the factory, in 
term s o f  a specifica tion  ag reed  w ith  the  supplier. F u rth e r tests need to 
be applied  w hile th e  ru b b e r  is being com pounded  and  the product 
m an u fac tu red . W hen  m a n u fac tu re  is com plete  the finished m aterial 
m ust be exam ined , ca re  being  taken  th a t the tests applied bear a



sensible relation to the service any  p a rticu la r artic le  is requ ired  to  
give. Nevertheless, this is not the end as fa r  as the  te s t o rg an isa tio n  is 
concerned. It is m ost im p o rtan t th a t test resu lts  a re  correc tly  
interpreted. T hai is to  say the significance o f  the  figures m ust be 
known in relation to  any m argin  o f  e rro r , so as to  avo id  d raw ing 
conclusions which are too  optim istic , o r  ta k in g  rash  dec isions on  a 
few unrelated figures w'hich m ight resu lt in a  se rious  d is loca tion  o f  
production. This calls fo r a s tatistical a p p ro ac h  to  th e  p ro b lem , so 
tha t the final decision is soundly  based.

R U B B E R  B L E N D IN G

R ubber blending begins with tests on  cru d e  ru b b e r, p a rticu la rly  in  the 
case o f  na tu ra l rubber. T he m an-m ade p ro d u c t, be ing  itse lf p roduced  
under closely contro lled  cond itions  in a chem ical fac to ry , can  usually  
be relied upon to  meet a specification w ith in  set to lerances. O n  the 
o ther hand, the n atu ra l p roduc t, com ing  as it d o es  from  d iffe ren t trees 
grown on different soils and  subject to  local v a ria tio n s , c a n n o t be 
expected to  have the sam e un ifo rm ity . R u b b e r  g row ers have m ade 
great strides tow ards a m ore elfective co n tro l o f  ce rta in  essential 
p roperties, such as speed o f  vu lcan isa tion  an d  w o rk ab ility , b u t it is 
still desirable to blend incom ing lots to  mix th o ro u g h ly  deliveries 
from  different estates.

Ingredients for com pound ing  w ith the  ru b b e r  usually  com e from  
the suppliers w ith a test repo rt, but if n o t, te sts  a re  ca rried  o u t in a 
factory con tro l labo ra to ry . This shou ld  be well eq u ip p ed  w ith  bo th  
standardised  and specialist in s trum en ts  fo r chem ical an d  physical 
tests. In the case o f  cu red  rubbers, te sts  are  ca rried  o u t fo r m o istu re  
and ash. F o r com pounding  ingredients, the  tests  inc lude  m icroscop ic 
ones on the size a n d  shape o f  particles, m o istu re  co n ten t, m etallic 
im purities for certain  ingredients and  m eh ing  p o in ts  fo r o the rs.

U sually, no raw m aterials are  released  fo r m a n u fac tu re  un til the 
contro l labora to ry  is entirely satisfied and  has issued a certificate . 
W ith m any large firms this type o f  la b o ra to ry  is ap p roved  by A l D  and 
o ther M inistry D epartm en ts. A dd itionally , p rocedu re s  as per 
•Ministry o f  D efence 05/24, etc. m ay  be u.sed.

C ontro l norm ally s ta rts  w ith the  adm ission  o f  raw  m a teria ls  to 
stores. W here no certificate o f  p u rity  is issued by the m a n u fac tu re r 
w ith his m aterials, o r w here the re  m ay be reason  to  suspect



co n tam ination  d u rin g  delivery . It m ust n o t be released from  the stores 
for p ro d u c tio n  unless tests  p rove it satisfactory. This procedure 
applies to  all in co m in g  raw  m ateria ls . There will be a num ber of basic 
rubber co m p o u n d s, b o th  n a tu ra l and  synthetic, plus the usual 
•accessory' co m p o u n d in g  ingredients, including carbon black, sulphur, 
acceleratiors an d  an tio x id a n ts .

T o  ensure  th a t a  h igh  percen tage  o f  o u tp u t falls w ithin the product 
specification, th e  m a n u fac tu re  o f  bo th  rubber and plastics products 
must be ca rried  o u t  u n d e r close superv ision . This is particularly 
im portan t in th e  case  o f  c o m p o u n d  m anufactu re  and  it is complicated 
by the fact th a t th e re  a re  a  very  large num ber o f different com pounds 
to consider, p e rh ap s  n o t fa r  sh o rt o f  a hundred  in a large production 
unit. T h e  c o m p o u n d  an d  process instructions for m aking it are 
usually reco rded  on  a read ily  availab le  ca rd , and it is the function o f  a 
process c o n tro l la b o ra to ry  to  see th a t these instructions are carried 
ou t. T o  th is end  te chn ica l officers are  a ttached  to  the production 
d ep a rtm en t to  w atch  fo r  an y  signs o f  app roach ing  difficulties. They 
ensure th a t sam ples o f  all co m p o u n d s  m ade are systematically passed 
back to  the  la b o ra to ry  fo r tests o n  processability  in the subsequent 
shaping  o p e ra tio n s , to g e th e r w ith  physical tests on the properties 
after v u lcan isa tion . A s in the  case o f  the separate  m aterials, mixed 
rubber co m p o u n d s  will only  be released for the next stage in 
m anu fac tu re  w hen the  c o n tro l la b o ra to ry  has certified their quality.

F L E X IB L E  SY STEM

A co n tro l system  w hich  is sufficiently precise but which retains the 
necessary flexibility  to  co p e  w ith  com plex  p roduction  utilises progress 
cards. A ca rd  is issued  fo r each  scheduled  p roduction  item and  must 
accom pany  th is  item  th ro u g h  every stage o f  m anufacture . Production 
is so a rran g e d  th a t no  stage o r process can proceed until an 
experienced techn ica l in sp ec to r is satisfied, first tha t the preceding 
o pera tion  w as c o rrec t, a n d  second th a t the op era to r has clear 
in struc tions an d  th e  a p p ro p ria te  m ateria ls  lo r the next stage. Where 
the stage in q u es tio n  is a c o n tin u o u s  run such as extrusion or 
ca lendering , the  e q u ip m en t sho u ld  be slopped  lo r a technical check 
near the  co m m en cem en t o f  a  ru n , a fte r  a  few feet have been produced, 
to  allow  fo r in itia l s tab ilisa tio n . I f  th is p rocedure is rigidly enforce 
and the opera tives  m ade to  app rec ia te  its practical value, t e 
p ro d u c tio n  p rocess becom es m uch m ore elTective and  reliable.



A t no Staff level, however, can  the h u m an  fallib ility  facto r be 
ignored. Even if it were possible, c o n tro l system s o rgan ised  and 
instrum ented to  exclude this fac to r cou ld  well be uneconom ic , but 
steps can be taken to reduce the  p ro b ab ility  o f  h u m an  e rro r. If 
production data  o r test results can  be a u to m a tica lly  presented  in 
graphic form, the necessity fo r w ork ing  w ith  la rge  n u m b ers  o f  similar 
figures can often be rem oved. T he p rogressive p ic tu re  presented  by a 
graph facilitates the early  detection  o f  d ev ia tio n a ry  trends  in a 
process, enabling correc tion  to  be app lied  befo re  specification  limits 
are  reached —a question o f  p reven tion  ra th e r  th a n  cure.

A pproved com pounds next pass th ro u g h  th e  vario u s  processing 
operations such as ex trusion , ca lendering , m o u ld in g  a n d  vulcani­
sation. These are  supervised by pa tro llin g  in sp ec to rs , to  en su re  that 
the process is being correc tly  follow ed an d  to  so lve any  p ro d u c tio n  
problem  tha t m ight affect the q ua lity  o f  the  final p ro d u c t. Special care 
is taken with con tinuous processes such as ex tru sio n  a n d  vu lcani­
sation to m ake a thorough  check o f  the  c o n d itio n s  a t  th e  s ta r t  o f  a run, 
followed by periodical checks to  en su re  th a t no  v a ria tio n s  ta k e  place 
during the run. It is often the prac tice  fo r each  ru n  to  be m etered  by a 
p roduction  card , which is initia lled a t  su itab le  s tages by the  officials 
concerned, to  ensure th a t p ro d u c tio n  c o n tin u es  acco rd in g  to 
specification.

The culm ination o f  all raw  m ateria l an d  m a n u fa c tu r in g  c o n tro l will 
be seen in the finished p roduct, and  it is o f  p rim ary  im p o rtan c e  tha t 
this shall be so tested as to  leave no d o u b t th a t bulk  p ro d u c tio n  can  be 
relied upon to  m eet specifications. T he tests app lied  vary  co n ­
siderably. according to  characteristics an d  service req u irem en ts  o f  the 
p roduct and  are usually specified in the a p p ro p r ia te  B ritish o r 
International S tandard .

SER V IC E S IM U L A T IO N

W ith such a wide range o f  p roperties  the types o f  p ro d u c t testing  
called for are very diverse. In ad d itio n  to  s tra ig h tfo rw ard  tensile.

'-“ hb er o r  plastics
mu r  L  h P™ P^«ies o f  the rein fo rc ing  m a te ria l if any
nrobablv  fh I  f  H ow ever, the  m ost im p o rta n t tests are 
p roduct *  sim ulate service co n d itio n s  on  the  finished



W here an  artic le  has  to  m eet solvents, its resistance to  the swelling 
action o f  the so lven t m ust be know n w ithin certain  limits. Where the 
m aterial han d led  is co rro sive , resistance to  the acid or alkali 
c o n c e r n e d  m ust a lso  be verified. Such properties are  checked by 
e x a m in in g  th e  ch a ra c te r  o f  th e  p ro d u c t after service conditions have 
been s im u la ted , n o t on ly  by exam in ing  the  in ternal o r external surface 
conditions an d  a p p e a ran ce , b u t a lso  by dism em bering the article to 
check how  service c o n d itio n s  have affected the bonding between 
com ponent pa rts .

The p rocess c o n tro l p ro b lem  is one which ‘snowballs’. A large 
num ber o f  basic ing red ien ts  beget an  even larger num ber o f working 
com pounds w h ich , in tu rn , a re  used in a still greater number of 
different types o f  p ro d u c ts . P rov id ing  care is taken  to ensure that all 
staff do  ap p rec ia te  th e  very real benefits o f  quality  control systems, 
they p rovide th e  best possib le  in su rance  against production loss due 
to n a tu ra l m a n u fac tu r in g  v aria tio n s. H ow ever accurate are the tests 
of raw m a te ria ls , fa c to ry  p rocess ing  o r  finished product, they are of 
little value un less  co rrec tly  in te rp re ted . W ith each test the probable 
m argin o f  e r ro r  m ust be know n . T h is tells the contro l staff just how 
significant is the  in fo rm a tio n  they  get from  instrum ent readings and 
enables them  to  ta k e  th e  r ig h t decision  ab o u t the ir future action.

F O L L O W  U P

This now  leads in to  th e 'fo llo w  up ' p rocedu re  necessary to  ensure that 
once the system  h as  becom e estab lished  and  accepted, it continues to 
do so. T h is  o f  co u rse  d o es  n o t happen  w ithou t effort. Every action 
m ust be m o n ito red , fo llow ed u p  an d  recorded. A t set periods certain 
actions m ust be checked , rechecked  un</ /■«■(»•(/«/to  ensure that these 
key ac tions a re  indeed  function ing . This particularly  applies to 
ca lib ra tion  in s tru m en ts , so  th a t item s such as m icrom eters, pressure 
gauges, th e rm o m e te rs  an d  tem p era tu re  recorders, etc. are very 
regularly serviced an d  checked . If  such fundam entals were not 
co rrec t, then  inev itab ly  d isas te r  will occur.

C O N S U M E R  D E T E R M IN A T E S

M any o rg an isa tio n s  in ad d itio n  to  M inistry  D epartm ents^ who 
operate  Q A  schem es, such  as  the  o ld  A ID , (now replaced by M U U



05'24. etc.). BS 5750. also have the ir ow n p rocedu res. In general these 
are based m ainly on the old system.s, and  in p rac tice  inc lude ‘on the 
spot' and 'in p lan t' inspection.s to  ensure  tha t the  laid dow n 
procedures, follow ups. record ing  and  ac tions  ta k en , a re  in fact in line 
with QA m anual procedures, fo r the m a n u fac tu rin g  a rea  in question. 
In ihis la tter connection it is essential th a t the  p rocess details 
correspond exat llr  with the p lan t o p e ra tio n s , an d  th a t from  lim e to 
time, as changes (m inor as well as m ajo r) becom e necessary , they  are 
recorded and notified to  all concerned , and  be seen to  be so, hv 
signuture. In such a shorl sum m ary  as  this, it is on ly  possib le to 
highlight key areas, bu t it is strong ly  advised th a t reference  shou ld  be 
m ade to the docum ents referred to  above.

G E N E R A L  M A T T E R S

Frequently , in factories all over the  w orld , an d  n o t necessarily  ru b b er 
factories, questions concern ing  the m a n ag em e n t’s a ltitu d e  (p a r ti­
cu larly  w ith regard to  p iecew ork .quality  bonuses, an d  th e  need for 
supervision) are being asked. W hose fau lt is it?  S hou ld  the  w orker be 
blamed'?

These are all very difficult questions to  answ er, an d  vary  o f  course 
depending on circum stances. I f  the  process an d  co m p o u n d s  are 
basically correct, and the o p era tio n s  a re  know n to  be u n d e r c o n tro l; 
then if som ething  has gone w rong, ii is fairly  safe to  say tha t 
somewhere the hum an elem ent is a t fau lt. T h is is one  good  reaso n  why 
quality  con tro l is necessary, as som ebody  has n o t in fact d o n e  the ir 
job . This, however, can  in tu rn  crea te  even w orse q u a lity  p rob lem s. I f 
true mass o r con tinuous p roduc tion  cou ld  be in tro d u ced  on  a w ider 
scale into the rubber industry , then it becom es a fact th a t the  incentive 
for higher ou tpu ts  and  productiv ity , does n o t necessarily  m ean  m ore 
quality  problem s. A t long last the re  are  signs th a t g rea te r 
m echanisation, w ith the rem oval o f  h u m an  fallibility , is now  tak in g  
place. The blam e attached to  the w orker o r the  q ua lity  m a n , w ho  m ay 
not have picked up the fau lt qu ickly  enough  (the  o th e r h a lf  o f  the  jo in t 
e llort) IS thus rem oved. This is as it shou ld  be, since in the vast 
m ajority  o f  cases, nobody  sets o u t de libera te ly  to  m ake o r  accept 
scrap, w aste, o r fauliy  p roducts.

Because o f  conflicting interests, an o th e r  very co n tro v ersia l m a tte r , 
IS to  w hom  shall the process co n tro l, q uality  c o n tro l/a ssu ran ce , and



inspection dep a rtm en ts  head? F o r  obvious reasons, irrespective o f to 
w hom  they  are  responsib le , it is essential th a t harm onious relations 
should  exist n o t only  between them selves, bu t also with the 
p ro d u c tio n  d epartm en ts.

W ithou t w ishing to  ap p ear biased o r  loo  paroch ial, bu t having had 
personal experience o f  opera tin g  bo th  types o f  system, and  seen them 
opera tin g  in various  p lan ts  w orldw ide, the best and  considered 
co rrec t, is for the  various  functions to  be channeled to  the  Technical 
D irec to r, w ho  n o t only  is in a neu tra l position (i.e. not being directly 
involved o r  responsib le  fo r d irect quan tities o f ou tpu t) but is also in a 
b e lte r  position  to  pass judgem en t, because o f  his technical 
b ackg round . P erhaps  the exception to this, is in areas where the 
fac to ry  and  w orks m anagem ent have had  m any years o f basic 
technical w orks p rac tice  before becom ing involved in production 
m atte rs.

This reason ing  has been endorsed  by the m inistry  systems over 
m any years. Indeed, it siill is. in th a t the person responsible fo r quality  
m ust not be in co n tac t w ith anybody  directly responsible for 
p ro d u c tio n . T h u s, any  possib ility  o f  bias is rem oved, an absolu te and 
obv ious necessity in the  case o f  say a ircraft, o r safety critical parts.

S T A T IS T IC A L  S IG N IF IC A N C E

T h e  s ta tis tica l m e thod  m ay be extensively used and gives valuable 
results. T he num ber o f  tests carried  o u t with regard to  any one 
p ro p erty  is de term ined  p artly  by the accuracy o f  the test and  partly  by 
the  s ig n itica n ceo f the lest in  relation  to  the perform ance o f  the hose. 
I t is im p o rtan t th a t all co n tro l tests have a real m eaning in reference to 
ihe process they  are  co n tro lling . T h a t is to  say no p roperty  should be 
con lro lled  m o re  closely th a n  is required  by sei-vice conditions, but 
w hen these have determ ined  the lim its, the con tro l system should 
ensu re  a long , tro u b le  free run well w'ithin these limits.

It is th e refo re  valuab le to  express test results in ch a rt form  and keep 
the  ch a rts  in co n tin u o u s  review. A n eflicient con tro l system , w ith up- 
to -the -m inu te  resu lts d isp layed  in graph ical form , will do  a  lot more 
than  ind ica te  th a t a ce rta in  batch  o f  m aterial is ou tside specification 
and  has to be scrapped . I f  the results a re  correc tly  in terp reted  with 
regard  to  the ir s ta tis tica l significance and  clearly  expressed in chart 
lo rm . they  will give am ple w arn ing  o f  'trends ' in production



conditions, so tha t corrective action  can  be taken  long  before  the end 
o f product has begun to stray  over the lim it lines.

Testing rubber and plastics p ro d u c ts  over the en tire  ran g e  deinands
a logical system for testing raw  m aterials , fac to ry  p rocessing  and the 
finished product. The testing equ ipm en t shou ld  be first class, 
effectively installed in a good w ork ing  s itu a tio n  and  o p era ted  by 
experienced stall’ who fully app rec ia te  the  significance o f  the work 
they are doing. I f  the results ob ta ined  a re  u n d e rs to o d  co rrec tly  and 
the appropriate  action  taken , elTective testing  an d  c o n tro l leads to 
sm oother p roduction  and  inspires th e  en tire  o rg an isa tio n  with 
confidence tha t the end p roduc t will fully m eet service requ irem ents.

S ta n d ard  T e s t  P ro c ed u re s

A procedure has been in ternationally  accepted  by IS O , based  on  work 
carried out w ithin A STM  (U SA ) BSI (U K ) A F N O R  (F ran ce) and 
o ther m em ber bodies w here s tan d a rd  test recipes have been agreed. 
Thus m inim um  requirem ents shou ld  be m et fo r  each  o f  th e  rubbers 
under exain ination . T he recipes a re  ex trem ely  usefu l co n tro ls  for 
factory acceptance o f  bulk deliveries o f  the  vario u s  ru b b e rs  and 
carbon blacks. O th er com po u n d in g  m a teria ls  a re  c u rren tly  being 
discussed w ithin ISO.

The procedures specify the o rd e r  an d  tim e fo r the ad d itio n  o f 
ingredients, and also the  type o f  m ixing eq u ip m en t used. T hese are 
clearly detailed in the relevant ISO  o r  A ST M  s ta n d a rd , and  for 
convenience a listing o f  these follows. (A cknow ledgem ent is m ade to 
ISO  and  ASTM  for the relevant ex trac tions  an d  references.)

ST A N D A R D  R U B B ER  R E C IP E S  A N D  M E T H O D S

A ST M  ISO
Reference Reference 

D 3 I8 2  2393 R ubber test m ixes, p re p a ra tio n , m ixing
and vu lcan isation . E q u ip in en t and  
p rocedures.

D 3 I8 4  2303 R u b b er- E va luation  o f  n a tu ra l ru b b e r
(N R )

R u b b er E valuation  o f  SBR 
Rubber- E valuation  o f  SBR m ixed w ith 

ca rbon  black



D 3187 R ubber— Evaluation o f  NBR
D 3188  2302 R ubber— Evaluation o f HR
D 3189  2476 R u b b er--E v a lu a tio n  o f  BR
D 3 I9 0  2475 R ubber -E v a lu a tio n  o f  CR
D 3 1 9 I 3257 C arbon  black in SBR
D 3192 C arb o n  black in NR

Evaluation o f N R (D 3 I8 4 )

N R  s ta m ia n i fo rm u la  Reference
lA 2A

{G U M ) 1[black filled)

NR 10000 100-00
Zinc oxide 6 0 0 5-00
S ulphur 3-50 2-25
Stearic acid 0-50 2-00
Oil fu rnace  black — 35-00
M BT 0-50 —

TBBS — 0-70

110-50 144-95

Evaluation o f  SBR ( D 3185)

Reference
lA : a

SBR o r  m a ste rb a tc h  100 00 100-00
Zinc oxide 3 0 0 3-00
S ulphur 1-75 1-75
Stearic acid 100 1-00
Oil fu rnace  black 5 0 0 0 35-00
TBBS 100 1-00

156-75 141-75

R eference lA  app lies to  general purpose  non-pigm ented rubbers. 
R eference 2A app lies to  the p artia lly  crosslinked and high-M ooney 
rubbers.



For Oil M asterbatch Types

R eference  
IB  2 B  3 B  4 B  SB

M asto b a tch  12500  137-50 15000  162-50 175-00
Zinc oxide 3-00 3 0 0 3-00 3-00 3-00
S ulphur 1-75 1-75 1-75 1-75 1-75
Stearic acid 1-00 1 00 1-00 1-00 I -00
Oil furnace black 62-50 68-75 75-00 81-25 87-50
TBBS 1-25 1-38 1-50 1-63 1-75

194-50 213-38 232-50 251-13 270-00

M asterbatch  parts  o f  oil fo r reference— 1B =  2 5 ,2 8 =  37-5, 3B =  50,
4B =  62-5 and 5B =  75.

Evaluation o f  SBR with Carbon Black or 
Carbon Black and Oil (D 3 1 8 6 )

M asterbatch  100-00 +  X  +  Y
Zinc oxide 3-00
S ulphur 1-75
Stearic acid 1 -50
TBBS 125

107-50+  X +  Y

X — P arts ca rbon  black per 100 p arts  
base polym er and  Y — P arts  oil pe r 100 
p arts  base polym er

Evaluation o f NBR ( D 3187)

N B R  siam lurd fo rm u la

NBR 100-00
Zinc oxide 3-00
S ulphur 1-50
S tearic acid 1-00
Oil furnace black 40-00
TBBS 0-70

146-20



Evaluation o f  H R (D 3188)

HR 10000
Zinc oxide 3 0 0
S u lphu r 1-75
S tearic  acid 10 0
O il fu rnace  black 50 00
T M T D 10 0

T 156-75

Evaluation o f  Solution BR (D 3 I8 9 )

B R  standard  fo rm u la

BR 100-00
Z inc oxide 3-00
S u lphu r 1-50
S tearic  acid 2-00
O il fu rnace  black 60-00
TBBS 0-90
A ST M  (103) petro leum  oil 15-00

182-40

Evaluation o f G eneral Purpose C R  (D 3190)

Su lphur m odified M ercapian modified

CR 100-00 100-00 100-00 100-00
S tearic  acid 0-50 0-50 —

P h eny l-bc ta -naph thy lam ine  — — 1-00 1-00
M agnesium  oxide 4-00 4-00 4-00 4-00
S R F  black — 30-00 30-00
Zinc oxide 5-00 5-00 5-00 5-00
2-m crcap to im idazo line — 0-35 0-35

109-50 139-50 110-35 140-35
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Carbon Black in S B R (D 3 I9 1 )

SBR 1500 1 0000
Zinc oxide 3 0 0
Sulphur 1-75
Slearic acid 1 0 0
C arbon  black 5 0 0 0
TBBS 1 0 0

156-75

Carbon Black in N R  (D 3192)

N R 1 0000
Stearic acid 3 0 0
Zinc oxide 5-00
Benzothiazyl d isu lphide 0-60
Sulphur 2-50
C arbon  black 50-00

16110



C H A P T E R  6

T E C H N IC A L  T R O U B LE SHOOTING AND  
P R O C E S S  CO NTRO L

T his ch a p te r  is w ritten  in general from  a technical angle and covers the 
v arious ro les played by the technical departm ent in attem pting  to 
ensure th a t p ro d u c tio n  is as troub le  free as possible.

In itially  an d  o f  p a ram o u n t im portance, it goes w ithou t saying tha t 
the process m ust be co rrec t (and  agreed as such by production). It 
shou ld  a lso  co n ta in  as m any built in safeguards as are technically 
s o u n d , so  as to  ta k e  ca re  o f  the hum an  elem ent content o f the 
opera tio n s . Ideally  as m uch m echanisation  as is consistent with 
econom ics shou ld  be bu ilt in to  the various operations, thus keeping 
the process as au to m a tic  as possible. This could well appear to be 
aim ing  a t u to p ian  cond itio n s , w hich o f  course are never possible 
w ithin a ru b b e r  fac to ry , b u t nevertheless, there is certain ly  no harm  
in a ttem p tin g  to  reach th is  goal.

M any  o p e ra tio n s  such as m ixing, calendering , ex truding, etc., are 
com m on  to  all b ranches  o f  the  d ry  rubber industry , irrespective o f 
p ro d u c t, so w here b e tte r  to  s ta rt the troub le  shoot than  in the mill 
room  area . It is an  estab lished  fact th a t if consistency from  the mixing 
ro o m  can  be achieved the m ajo rity  o f  processing problem s in the 
fac to ry  will d isap p ear.

It c a n n o t be over em phasised  th a t a com pound  should not only be 
designed fo r its physical an d  o th e r properties, a t o f  course the right 
cost level, b u t il ntiisl he capahic o f  processing with ihe miniiinm i o f  
pruh tem s through the various suhsequeni fa c to r y  operations, and this 
applies p a rticu la rly  to  scorch  characteristics. If  a com pound  shows 
scorchiness d u rin g  the early  stages o f  its design, it should  be rejected 
and  deve lopm ent w ork  recom m ended. It is ask ing  lo r trouble and 
to ta lly  u n fa ir  to  expect the  fac to ry  to  run  such a stock. H aving said 
this, it is n o t alw ays possib le to  elim inate this problem  in a 
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form uiation lha l som etim es has o p posite  p ro p e rty  requ irem ents 
necessary to meet a certain  specilication. W hen these co n d itio n s  exist, 
the specification should if possible be altered  in c o -o p e ra tio n  w ith the 
m arketing departm ent a n d .o r  custom er, and  these anom alies  sorted 
out diplom atically. If  agreem ent can n o t be reached , then  it shou ld  be 
very carefully considered w hether o r  n o t to  accep t the  jo b . o r  a t least 
build in a high scrap rate  in to  the cost. I f  h igh  p ro d u c tio n  is neces.sary, 
then even this la tte r point is ce rtain ly  no t recom m ended , as  the re  will 
certainly be regrets later.

The point has now been m ade th a t a  good an d  as easily  processable 
a com pound as pos-sible shou ld  be u.sed. H av ing  accep ted  th is, it goes 
without saying th a t batch  to  batch  consistency  is the  next im p o rtan t 
thing, and this is o f  course achieved by co rrec t cycling  lim es du rin g  
the various m ixing opera tions, and  also  by th e  use o f  co n s is te n t raw' 
m aterials and  drugs. These shou ld  be clearly  defined in agreed 
purchasing specifications, which shou ld  a lso  be rea lis tic  ra th e r  th a n  
theoretical. Im portan t poin ts  shou ld  inc lude m ax im um  m oistu re  
content and particle size fo r fillers, and  a lso  clean liness w ith in  the 
rubbers. O ther specific requ irem ents such as m anganese , co p p e r and 
iron con tam ination  depend o f  cou rse  on  th e  po lym er being  used and  
branch o f  the rubber industry  concerned . T h a t is w hy the  p o in t was 
m ade th a t the purchasing  specification shou ld  be realis tic  ra th e r  than  
theoretical. It is nevertheless lim e w asteful an d  expensive to  test fo r 
non-relevant properties. H aving the refo re  decided  th a t the  raw 
m aterials are  now consistent, regu lar te sting  e ith e r on  a 100",, o r  a 
statistical basis should be in s titu ted . A n o th e r system  is to  have an 
arrangem ent with the supplier to  subm it a te sting  ce rtifica te  w ith each 
batch o f  m aterial, and  having set up  m u tu a l confidence, on ly  spo t 
testing  is then necessary. T im e, experience and  su b se q u en t events 
show ju st w hat is necessary to  achieve the  objective.

Having thus  now  ob ta ined  bo th  sa tisfac to ry  raw  m a teria ls  an d  a 
recipe th a t is fairly scorch free, full scale tr ia ls  on  fac to ry  eq u ip m en t 
are  now necessary before full release to  the  fac to ry . It is alw ays 
necessary to do  this, despite the  fact th a t it m ay  ap p e a r  te d ious  M any  
points are throw n up  m the fac to ry  th a t a re  n o t alw ays a p p a re n t in 
the labo ra to ry , and  1 hus fu tu re  tro u b les  th a t ce rta in ly  cou ld  occu r arc

1, ' '  possib le  to  cut
ou t the la bo ra to ry  o pera tions  a lto g e th er and  to  mix d irec tly  in the

10 /„ fall o ff in p roperties such  as  tensile, e lon g a tio n , etc . shou ld



be allow ed between the lab o ra to ry  and  factory results, because 
fac to ry  d ispersion  o f  the com pound ing  ingredients is very rarely in 
line with lab o ra to ry  equ ipm ent. This how ever does not apply to 
pow dered ru b b er pre-b lends, w here full physicals are developed, 
because o f  the  b e tte r  d ispers ion  w hich is achieved." (See also 
C h ap te r 3.)

C o r m  i cycles m iisl he installed  and  checked regularly by
proccss and  quality  con tro l techniques. F urtherm ore, it is highly 
desirab le for the  in ternal m ixer to be w orking on at least sem i­
au to m atic , and  preferably  au tom atic  tim e.'tem perature control 
cycles, thus  m ak ing  them  independen t o f the operato rs. C ooling 
w ate r m ust a lso  be under co n s ta n t surveillance. W ith production  
requ irem en ts  h igh , it is only hum an n a tu re  som etim es to cut o r round 
ofV co rners . W ith  a process already designed to allow for only a 
m in im um  o f  th is, because o f  p roduction  requirem ents, disaster is 
inevitab le  if  th is  is allow ed to  go unchecked. N ot only can dispersion 
be very variab le, b u t m ore im p o rtan t the  com pound will be very 
•nervy', w hich  p resen ts  serious problem s in later processing opera­
tions. I f  such  cond itions  are  ever encoun tered , the tem pta tion  to  
alter the  co m p o u n d  m ust be strongly  resisted once a certain  
co m p o u n d  has been estab lished  and  given satisfactory service over 
hu n d red s  an d  th o u san d s  o f  batches. W hen trouble is encountered 
sudden ly , it is fairly  ce rta in  th a t som ething  has gone w rong in the mill 
room , an d  in p a rticu la r w ith the m astica tion  cycle (raw materials 
shou ld  a lso  be checked). In o th e r w ords, the troublesom e batches 
shou ld  be q u a ran tin ed  and  very closely supervised batches prepared 
in the mill ro o m . It is a rem ark ab le  fact tha t in 9 9 “ ,, o f  such cases, the 
troub les will be rec tified ! It is a lso  an o th er strange fact th a t m any of 
the tro u b les  tend  to  occur on the night shift, and  round  the clock 
process a n d  quality  co n tro l a re  abso lu tely  essential, despite the added 
cost. It is indeed m ore  costly  n o t to  cover fo r this.

A n exam ple  o f  th is m any years ago proves the poin t -severe 
nerviness o f  a fairly  high hyd ro carb o n  stock  w as experienced on the 
ca lenders  w ith  a co m p o u n d  th a t had  been troub le free over a long 
period  o f  tim e. T h e  fau lty  m ateria l was traced back to  the night shilt. 
and  a sp o t check  a t m idn igh t caugh t one o f  the  operatives red handed 
cu ttin g  the  m astica tio n  cycles. T he necessary ac tion  was then taken, 
u n fo rtu n a te ly  ra th e r  late!

Som e troub les  experienced  in the facto ry  are unfortuna tely  on 
occasions self-inflicted and  usually  occur in the nam e o f  higher ou tpu t



o r productivily. O ne wuy to  achieve these h itle r tw o in the mill room  is 
to  incorporate the curatives and accele ra to rs w ith in  the  actual 
internal mixing cycle, ra ther than  w ithin the  a fte r  m illing process. 
This obviously increases the scorch risk , and  a co m prom ise  is usually  
struck in the mi.xing procedure. If  how ever troub le  is experienced later, 
it is no use blam ing the com pound  (an all too  frequen t occurrence 
over the years)- there is only  one  answ er, w hich is to  cu t o u t the 
practice, as it is no t technically sound anyw ay.

Speaking o f  productiv ity , the re  was an  in s tan ce  o f  a so< a lled  
outside productivily expert, w ho advi.sed th a t con sid e rab ly  m ore 
ou tput could be obta ined  from  the  m ills (100 m ore  in fact), if the 
rubber was banded on both  rolls a t the  sam e tim e, instead  o f  only 
using one! He genuinely believed th a t the ro ller m ills w ere only  ,50/ 
utilised! The m oral here is, as alw ays, be p repared  to  listen , hut 
beware o f  pseudo experts, as these can  also  be p resen t in ru b b e r  w orks 
as well as o ther industries.

A nother practice which has crep t in, an d  n o t too  long  ago  a t  th a t, is 
to use mixed stocks alm ost as soon as they leave the  m ixers. W ith 
some com pounds this is o f  course possib le, b u t it is n o t always 
universal, and w here troub le is en coun tered  once aga in  th e  decision  
m ust be no. The principle o f  a  24 h m a tu rin g  an d  relax ing  period  afte r  
mixing is in general as necessary at the  p resen t tim e as  it w as in 1936, 
when the au tho r jo ined  the industry , and  it will a lso  be necessary  w ith 
m any com pounds in the f u tu r e - s o  once aga in  the  s tock  m u s t be 
chosen wisely when deciding to  cu t dow n m a tu rin g  lim es.

It is necessary to  m ake a la b o ra to ry  check on  all b a tches  o f  mixed 
com pounds fo r cure properties inc lud ing  h ardness , fo r obv ious 
reasons. A dditionally , by carefu l .selection o f  the  c o m p o u n d , a 
Irequency may be set to r plasticity  an d  specific g rav ity , to g e th er w ith 
rheom eter testing as necessary. O nce again  it all d epends on the 
com pound and its use, plus experience gained w ith th is  co m p o u n d  
over a period o f  time.

A no ther im portan t poin t in designing  a  co m p o u n d  is its specific 
gravity, li  is som etim es false econom y to  use loo  ch eap  a m ix, as its 
volum e cost will be higher than  one co n ta in in g  m ore  h y d ro ca rb o n . 
A lso, this latter-m ix will m ore likely n o t on ly  process be lter, b u t also 
aster, with a labour cost gain. It is the refo re  n o t only  m a te ria l co sts  

th a t have to be closely exam ined, but also  o th e r closely allied fac to rs.
P erhaps the greatest problem  in all ru b b e r facto ries is the sudden  

appearance  o f co n tam ination , and  this desp ite  the fact th a t every ca re



is taken  w ith raw  m aterials , mill room  cleanliness and subsequent 
shop floor tid iness, anfl even after using strained and  refined 
com pounds. G o o d  housekeeping  is a m ust w ithin a rubber w orks, and 
any sign o f  ap p a re n t relaxation  o f this m ust be immediately 
highlighted by process and  quality  con tro l sections, together with the 
shop  floor p ro d u c tio n  m anagem ent. This is the ir responsibility.

M alpractices o f  this na tu re  th a t im m ediately com e to mind are 
allow ing the  co m p o u n d s to  com e in con tac t with the floor, plus 
o p e ra to rs  w alk ing  all over the  rubber. A llowing the trays o f mixing 
units to  becom e co n tam in a ted  with tailings from  previous batches, 
m aterial trap p ed  on  B anbury  conveyors and in the mill cheek plates, 
etc. All too  o ften  these po in ts  are allowed to go on unchecked.

A ra th e r  am using  sto ry  w hen to ld  years later, although far from  a 
jo k e  at the  tim e, w as a  prob le in  o f  con tam ination  experienced on a 
large scale. T he re  w as no  set p a tte rn , however, as grit, broken bricks 
and  glass, c a rd b o a rd , m atches, even football coupons, were found in 
the ru b b e r  a t various tim es, a t irregu lar periods and  in dilTerent 
com pounds. T h e  question  o f  possible sabotage had also been 
considered  an d  had  not been to tally  ruled ou t, when to  cut a long 
story  and  investigation  sh o rt, an  over zealous floor sweeper was seen 
im m ediately  a fte r  lunch one  day  to  be tak ing  his m orning's sweepings 
up  the B anbu ry  sta irs. T h is was ra th e r odd. so he was allowed to 
proceed, w hereupon  he opened the B anbury upper doo r and  dropped 
his etVorts in to  the  B anbury! U pon  being questioned he said tha t he 
had  alw ays d o n e  th is, as b e th o u g h t the Banbury was a large dust bin! 
He genuinely  believed th is, and  it therefore goes w ithout saying that 
even rid icu lous  occurrences cart never be ruled out o f  an investigation 
such as this. O h se m m c e  m ust always be one o f  the by-words for the 
process co n tro l personnel. Som e chance, odd  occurrence can  often be 
the answ er to  som e inexplicable problem .

A n o th er serious in s tance  o f  co n tam in a tio n  experienced some years 
ago w as th a t o f  ch ips o f  w ood suddenly  appearing  in the com pound. 
T his becam e linked  w ith the  paraflin  wax portion  o f  thecom pound . In 
those days  the  paraffin  w ax w as m elted separately  on the Banbury 
p la tfo rm  in large ta n k s  and  was m easured  in liquid form  and added by 
hand to  the  m ix, dow n the  B anbury  th ro a t. U p to  this time, the 
paraflin  w ax had  been delivered in fine linen bags, but due to 
sho rtages, as  well as o th e r  reasons, the deliveries cam e in wooden 
barre ls, w hich had  to  be b roken  open. This was the source ol the 
troub le . T h e  sim ple so lu tion  to  th is was the  fitting  o f  a fine wire sieve



in the melting lank , b u t the po in t being m ade is a n o th e r  one  of 
ohsen am  c. w here a change o f  supp ly  had  been prev iously  no ted  and 
rem em bered, and then the tw o instances linked tog e th er. T he re  is no 
substitu te for this type o f  experience and  observance . It is essential to 
get on  to  the factory  floor and  observe, and  even develop  eyes in the 
back o f  one's head! Such h indsight can  be helped  and  a ided  by 
gaining the confidence o f  the respective opera tives  co n cern ed , w ho 
are norm ally only too  pleased to  co -o p era te , w hen they  see tha t 
people are  interested in the ir o p in ions  also.

Just a couple o f  o ther p o in ts  before leaving the  mill ro o m . M any 
slight irregularities in the  co m p o u n d s can  be rem oved  by batch  
blending, and  also frequen t cycling o f  the  m a teria ls  a f te r  m atu ring . 
P olychloroprene rubbers in p a rticu la r shou ld  be w atched  carefu lly  
with regard to  shelf life an d  storage.

O utside the mill room  opera tio n s , ca lendering  a n d  e x tru d in g  are 
perhaps the m ost widely used o f  the  o th e r im p o rta n t processing  
operations. P o in ts  to  observe on  the ca len d er a re  co rrec t bowl 
tem peratures coupled  w ith run n in g  speed. O nce aga in  m isuse o f  the 
la tte r is perhaps the m ost frequen t cause  o f  bad  w ork , an d  subsequen t 
problem s. A lso the ca lender shou ld  be fed w ith  sm all ro lls o f  m ateria l 
from  the w arm ing mill, little an d  o ften , ra th e r  th a n  w ith  large ro lls a t 
less frequent intervals. T he reason  fo r th is  is one  o f  te m p era tu re , as  a 
large roll will be m uch coo ler a t its fin ish ing  end th a n  w hen sta rted  
w ith subsequent variations in sheet gauge an d  bad  su rface  finish. Even 
holes m ay be produced in severe instances.

It the ca lender is being used as a m eans o f  p rep a rin g  sheet for 
subsequent opera tions such as ex trusion  o r as  a  g r in d in g  m edium , 
adequate  cooling  o f  the  stock is essential to  p reven t la te r  scorch  
tendencies.

W hen considering the ex trusion  p rocess, c e rta in  p o in ts  are 
com m on, w hether the ex truder is o f  the hot feed type o r  one  o f  the 
new er cold feed m odels. A lo t has been sa id , an d  will c o n tin u e  to  be 
said, as to  the pros and  cons o f  hot feed versus co ld  feed techn iques, 
and  the claim ed econom ies o f  the  la tte r  but a fte r  very  carefu l 
co tisideration  o f  all the m ain po in ts  the re  is genera lly  speak in g  very 
h ttie  bet^ween the two m ethods, a lth o u g h  if long  runs  are  possib le, 
a ho t feed mill system will give h igher o u tp u ts , w ith  g rea te r 
consistency.

The teeding o f an  ex truder in a c o n s ta n t and  even m a n n e r  is 
essential, and  a roller feed on the  ex tru d er g rea tly  assists this.



W hether th is  is d irec t drive o r propelled by m eans o f  a slipping clutch 
m echanism  depends as usual on personal choice coupled with local 
o p era tin g  co n d itio n s  and  the  processing properties o f the particular 
com pound . In general these poin ts  ap p ear to be better served by 
feeding from  a h o i m ill, as there isce rtam ly  less scorch tendency from 
a mill fed stock  th a n  w hen cold fed. This is particu larly  so when 
dealing  w ith high M ooney  com pounds.

F u rth e rm o re , it is essential tha t the clearances o f  the screws are 
carefu lly  w atched , as w hen w ear occurs the th ru st o f the com pound is 
severely im paired  w ith resu ltan t fall off in o u tpu t and again scorch 
tendencies. Screw  w ear is m ore rap id  on cold feed machines.

F inally , it is very necessary to  check regularly the waterft'ays for 
efficient coo ling  in an  ex tru d er, and  the cooling system o f the scroll in 
p a rticu la r as  th is  can  becom e blocked, m ore often than  is generally 
realised.

It is usual to  d u s t e ither the sheet after calendering (if a liner is not 
used) o r  the  ex tru d a te  e ither by a dry  o r wet technique. In either case it 
is essential fo r obv ious  reasons tha t the dusting  medium should be of 
a sm o o th  tex tu re  and  n o t ‘gritty ' in feel. This is a frequent source of 
grit co n ta m in a tio n , if  n o t carefu lly  con tro lled . It is a fallacy to use 
cheap  m a te ria ls  fo r th is opera tio n , and the tem pta tion  to do  so, 
desp ite  co st p ressu res, shou ld  be resisted strongly.

A n in stance  o f  th is  occurred  som e years ago in an electric cable 
p lan t w hich , a t  th a t lim e, w as bu lk  p roducing  small household cable 
by the long itud ina l process. Very severe rejections were occurring due 
to  failures a t  the  sp ark  test o p era tio n  im m ediately after vulcanisation. 
These failu res had  been exam ined and were obviously contam inated 
but the  difficult question  to  answ er was from  w here? The process 
co n tro l personnel concerned  in the investigation quite correctly 
sta rted  in the mill ro o m  an d  w orked  th rough  the process. The 
investigation  found  th a t the  dusting  ta lc  in the chalk boxes on the 
in su la ting  m ach ines was gritty  and  th is grit un fo rtuna te ly  had bedded 
in to  the soft an d  uncu red  rubber. O f course, during  spark  testing, 
failures occu rred  a t these w eak poin ts. T he sim ple operation  therefore 
o f  ch ang ing  the  ta lc  put the  m a tte r  right. W hen such an  investigation 
has been ca rried  o u t it is then nccessary to highlight the previous weak 
po in t in the  system  to  ensu re  th a t this does n o t occur again. It is by 
th is m eans th a t efficient processes are built up over a period o f  time.

A n o th e r  ra th e r con troversia l subject, but one th a t is nevertheless 
very pertin en t, is th a t o f  piece w ork and  sim ilar schemes. It is accepted



th a t some scheme is necessary to  ob ta in  sa tisfac to ry  o u tp u t, etc., 
p roduction  wise, but it is considered  th a t som e system  in c o rp o ra tin g  
m easured day work would n o t only  achieve th is, b u t w ould  also 
im prove the w aste and  scrap  problem s, w hich shou ld  alw ays be a high 
priority  on the trouble shoo ting  list.

V ulcanisation in general is, o r  shou ld  be, a co m p ara tiv e ly  troub le  
free operation , provided the co m pounds have been designed , mixed 
and processed correctly. T he m ajor fac to r to  look  fo r is th a t the 
steam  is not wet w hether the vu lcan isation  is p an  o r  press cu red . In 
this respect it is a fallacy to  ta lk  ab o u t cu ring  at say 45 psi s team . The 
term inology should be 145°C (293’’F) as te m p era tu re  is the  critical 
factor, no t pressure. Just to  be rid icu lous, the  p ressu re  gauge could 
well read 45 psi with cold w'ater. Indeed som e years ago , th is  very set 
o f  circum stances literally happened w hen one o f  the  bo ilers  sta rted  
prim ing badly and the tem pera tu re  d ro p p ed  m any  degrees, b u t the 
pressure gauge rem ained co nstan t!

A useful and  rapid  con tro l test fo r cu re  s ta te , a lth o u g h  strange ly  
little used today, is the T /50 m ethod . This is the  te m p era tu re  a t w hich 
the elongation  o f  a frozen specim en o f  cu red  ru b b e r  recovers to  50 ° „ 
o f  its e longation  after having been e longated  to  100% , frozen , and  
allowed to recover as the  cooling  bath  w arm s up . T h is  is a c o n s ta n t 
tem perature for a p articu lar com fw jund. and  is an  ex trem ely  reliable 
check on cure stale.

It goes w ithout saying tha t process co n tro l, q u a lity  c o n tro l and  
inspection departm en ts m ust w ork very closely to g e th er an d  in 
harm ony  w ith the p roduction  d ep a rtm en ts, in the  obv ious  jo in t 
interest o f  all. S tatistical con tro l is also  an essential fun c tio n  w hich 
should be geared to  m on ito r key and  im p o rta n t a rea s  in the 
m anufacturing  process and o pera tion . It is fo r th is reason  th a t it is 
essential for reaching agreem ent on  the co rrec tness o f  a p rocess w ith 
the p roduction  departm en ts at the  ou tse t. T he s ta tis tic s  fed back  to  
them  by the quality  con tro l d ep a rtm en t are  then  o f  value, an d  trends 
can  be seen and corrected long before troub les  arise.

Finally, it is essential in any investigation  th a t the  techn ica l 
departm en t personnel shou ld  listen to  the  shop  floor opera tives  as 
they are obviously closer to  the p rob lem . By do in g  so , m u tu a l 
confidence is achieved. H ow ever, it is equally  im p o rtan t th a t n o th in g  
should be taken for g ran ted , o r  fo r th a t m a tte r  accepted  a t  face value 
w ithou t further investigation , b u t th is m ust o f  cou rse  be d o n e  as 
d ip lom atically  as possible. Indeed, a process co n tro l m an  has a lso  to



be som eth ing  o f  a psychologist and  d ip lom at as well as a rubber 
technologist!

It is tru s ted  th a t in w h a t can  b u t be a b rief sum m ary o f the subject, 
som e o f  the  p itfalls  m en tioned  and  which are often encountered in the 
facto ry  m ay  be o f  use and  in terest to  the newer m em bers o f  the rubber 
industry  an d  will be o f  assistance to  them , in their future trouble 
shooting .
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C H A P T E R  7

SAFE HANDLING OF R U B B E R  
IN G R ED IEN TS

A parl from  the very obvious requ irem ents o f  safety  w hen processing  
rubber com pounds on conven tional equ ip m en t such  as  in ternal 
mixers, calenders, ex truders, etc ., and  en su ring  th a t these are  all fitted 
(and regularly checked) w ith in terlocks, safe ty  bars , etc ., and  the 
operato rs are fully conversan t w ith all safety  p ro ced u re s, the re  are 
also add itional and  very necessary safety  req u irem en ts  w hich a re  not 
quite so obvious. T hese include such item s as fire h az ard s , fum es, 
dust, noise, m aterials used, etc. These are  all o f  equa l im p o rtan c e , and  
the law will ultim ately require the  necessary  ac tio n s  to  be opera tive  
and  taken. It is therefore, im perative th a t an y o n e  co nnected  w ith  the 
w orking o f  a rubber fac to ry  is fully co n v e rsan t w ith  these 
requirem ents, w hether the indiv idual is a ttach e d  to  the  p ro d u c tio n , 
engineering, technical o r  personnel staff.

T he m ost im p o rtan t o f  the requ irem en ts  are  d iscussed  in this 
chap ter, b u t this is n o t, n o r  is it in tended  to  be, an  a lte rn a tiv e  to  the 
read ing  and understand ing  o f  the relevant requ irem en ts  as laid dow n 
by law.

RA W  M A T E R IA L S

T he British R ubber M anufac tu re rs  A ssocia tion  h a n d b o o k , dea ling  
w ith and  entitled 'T o x iii ty  and  S a fe  H andling  o f  R ubber C h em ic u ls . is 
available and  it is considered  essential th a t this pub lica tio n  shou ld  be 
under con tinuous perusal. By very k ind  perm ission  o f  the  BRM  A this 
extrem ely valuable code o f  p rac tice  has been ex trac ted  and  is referred  
to in th is chapter.

T he code o f  practice has been p repared  on  the basis o f  in fo rm atio n



know n as al 1st J a n u a ry  1978. There may be. throughout world 
industry  as a w hole, m any  facto rs ou tside the  knowledge or control of 
the BR M A  H ealth  A dviso ry  C om m ittee and they cannot accept 
liab ih ty  fo r any  m jury . d ea th , sickness, loss or dam age resulting from 
reliance upo n  the  code o f  practice; respom ihiliiy fo r  cvmplving  
with the relevant health  artd sa fe ty  km  rem aim  n ith the nihher 
num ufiu turers a t a ll tim es.

T h e  code o f  p rac tice  deals  w ith the  raw m aterials (rubbers and 
ru b b er chem icals) w hich  are  in general use in the rubber industry. 
P rovided th a t they  are  hand led  in accordance with reasonable 
s tan d a rd s  o f  in d u s tria l p ractice as referred, the vast majority o f raw 
m ateria ls  d o  n o t co n s titu te  any  significant hazard. On the other hand 
it sh o u ld  be clearly  u n d ers to o d  th a t a lm ost any chemical, can be 
hazard o u s if  sub jec ted  to  careless hand ling  or abuse.

In the  UK. an d  several o th e r  coun tries suppliers o f  raw materials to 
the ru b b e r in d u s try  a re  now  required  to  provide inform ation 
concern ing  an y  know n  hazard  w hich m ay be associated with the use 
o r  h an d lin g  o f  substances  supphed , and  users should always be well 
advised to  ta k e  ca re fu l no te o f  the  inform ation .

D E F IN IT IO N S

Toxicity

T he te rm  tox icity , w hen used in the context o f industrial processes, 
refers to  the  p ro p erties  o f  chem ical substances, and describes the 
adverse effects w hich  m ay  be experienced by hum ans as a result of 
skin c o n tac t, in h a la tio n , o r  ingestion. Since all chemical substances, 
even sugar o r  com m on  sa lt, m ay fairly be described as having a 
m easu rab le  toxicity , it sh o u ld  be understood  tha t it is the relative 
toxicity  and  the  ease o f  ab so rp tio n  which chiefly determ ine the 
elTective toxicity  o f  a chem ical substance, and  the extent and nature of 
any  p rac tica l h az a rd  w hich m ay resu lt from  its use. It follows that the 
eva luation  o f  a tox ic  hazard  in an  industrial proce.ss m ust take into 
accoun t the  know n  toxic p roperties o f  the substance in use. the 
c ircum stances a n d  co n d itio n s  o f  industrial usage, and also the 
possibilities o f  h u m a n  exposure  and absorp tion . Clearly, those 
substanccs w hich  read ily  p en e tra te  the in tact sk in , which arc volatile 
o r w hich easily  fo rm  resp irab le  dusts , constitu te  a inuch greater



polentiiil loxic hazard than those w hich lack these eharacle ris lic s. ll  is 
im portan t also to distinguish between acute and  ch ro n ic  t'orm s o f 
toxicity. A cute toxic effects are  those w hich follow  im incd iately  or 
shortiv  after a brief exposure to the chem ical. T hey will m ostly  occur 
with substances which are highly vola tile an d  ir r i ta n t o r  w hich  are 
potent systemic poisons. C hron ic effects occu r a fte r  a m uch longer 
period o f repeated exposure to  am o u n ts  o f  chetn ica ls  w hich are 
individually too small to  give acu te effects. S ubstances giving rise to 
chronic effects include cum ulative poisons an d  carc inogenic chem icals.

Exposure to  a toxic hazard  m ost com m on ly  arises from  
atm ospheric con tam ination , and the p rinc ipal m ode o f  en try  in to  the 
hum an body is by inha lation . Less com m only , a significant exposure 
hazard may result from  ingestion o r  skin co n tac t. P ro p e r  an d  carefu l 
con tro l o f the am ount o f  toxic substances in the a tm o sp h e re  is a t all 
tiines es.sential in o rder to  elim inate the  risk o f  ind u stria lly  induced 
toxic effects. T he decision ab o u t w hat m ay c o n s titu te  ad e q u a te  
environm ental con tro l will frequen tly  depend  up o n  th e  ex istence o f  
accepted threshold lim it values for p a rticu la r chem ical substances.

Threshold IJinif Value

The TLV  (threshold limit value) defines the  a tm o sp h eric  c o n ­
centration  o f potentially  harm fu l gases, vap o u rs , an d  d u s ts , to  w hich 
it is considered tha t the m a jo rity  o f  w orkers  m ay  be repea ted ly  
exposed day after day  w ithou t adverse effects. T h ree  ca tego ries o f  
TLV  are now quo ted :

( / )  T h m lio lc l  L im i t  l-'uliic T ’liic W oij>htcd A v e r a g e  [ T L V  T W A ) .  
This is the tim e-w eighted co ncen tra tion  fo r a n o rm a l 8 h w o rk d ay  o r 
40 h w orking week, to  w hich nearly  all w orkers m ay  be repea ted ly  
exposed, day after day , w ithou t adverse elTects.

( J )  T h re sh o ld  L im i t  I a h te  S h o r t- T e r m  E x p o s u r e  L im i te d  [ T L V  
S T L L ) .  T he m axim al c o n c en tra tio n  to  w hich  w o rk e rs  can  be 
exposed for a period up to  IS m in  co n tin u o u s ly  w ith o u t su lle ring  
from : (1) In to lerable irr ita tio n : (2) ch ron ic  o r irreversib le tissue 
change: o r (3) narcosis o f  sufficient degree to  inc rease acciden t 
proneness, im pair ‘self-rescue’ o r m aterially  reduce w ork  efficiency, 
provided tha t no m ore than  fo u r excursions per day  a re  pe rm itted , 
w ith a t least 60m in  between exposu re  periods, and  prov ided  th a t the 
daily  TLV  TW A also is n o t exceeded.



( j )  T hreslw M  L im ii Vahu- C e ilm a iT L V  C), Theconcem ration  that
should n o t be exceeded even m om entarily .

T he com m onest form  o f  T L V  available al present is the 
TLV  T W A , and  unless o therw ise stated  it is this value which is 
quo ted . T L V s are  based  on the best available inform ation from 
industrial experience , from  hum an  and  anim al studies, and when 
possible from  a co m b in a tio n  ot all three. Full inform ation on TLVs is 
published an nua lly  by  the H ealth  and Safety Executive (Guidmce 
Nuu> EH  /J /[y e a r ] , 'Thrcshok! Limil Values fo r  [year]') and all 
concerned  w ith  in d u s tria l health  should  obtain and consult the 
cu rren t ed ition  o f  th is docu m en t. M ost o f  the TLVs are derived from 
A m erican sources, h u t the re  are  a  num ber o f substances for which 
different values a re  used in the  U K . C om pliance with TLV  standards 
is generally  considered  to  be m an d a to ry , although not statutory.

L e th a l D o s e  ( L D ; , , )

W hen the tox icity  o f  a substance  is under investigation by animal 
ex perim en ta tion  it is cu sto m ary , in o rder to  determ ine its acute 
toxicity , to  ad m in is te r  d ifferent o ra l dosage levels to  discover at what 
level a single dosage  will resu lt in the dea th  o f 5 0 °„ o f  animals tested. 
This dosage  level is described  as the L D ,,, (or lethal dose 50 and it 
is expressed in te rm s o f  the  w eight o f  the substance adm inistered per 
un it body  w eight o f  the  particu la r species o f  experim ental animal (i.e. 
m g/kg bodyw eight). U sing  th is  m easure the EEC has adopted the 
follow ing classifica tion  fo r assessing toxicity.

E E C  C L A S S IF IC A T IO N

O ral Raring
Less th a n  25 m g /k g — H ighly toxic 

25 -200 m g/kg  - Toxic 
200- 2000 m g/kg— H arm ful

SubsiaiK cs w ilh  L D jo  values in excess o f  2000 m g/kg are unlikely 
to present any  ac u te  toxic hazard . This scale provides a uselul guide 
which ind ica tes how  p o iso n o u s  a substance m ay be if taken in a single 
dose on one  occasion . It does  n o t necessarily indicate the degree ol 
practica l h az a rd  un d er ind u stria l cond itions o f  use, and  it gives no 
ind ication  o f  the  possib le  effects o f  long-term  exposure to lower 
dosage levels o f  the substance .



Carcinogenicity, Teratogenicity and Mutagenicity

C arcinogenicity is the capacity  o f  som e agen t o r  chem ical substance  
to induce cancer in m an o r o tlier an im al species. T era to g en ic ity  is the 
capacity  o f  an agent o r chem ical substance  to  induce  ab n o rm alitie s  in 
the developing offspring du rin g  p regnancy  (an  im p o rta n t recent 
exam ple o f  teratogenic effect resu lted  from  use o f  th e  d ru g  
thalidom ide). M utagenicity  is the cap ac ity  o f  som e agen t o r  chem ical 
substance to induce genetic changes resu lting  from  ch rom osom al 
alterations, changes which m ay  be tra n sm itted  from  p a re n t to 
oll'spring.

These three specific effects o f  exposu re  to  a chem ical su b stan ce  are 
not directly related to , and  m ust be considered  sep ara te ly  fro m , acu te 
toxicity. Substances w hich are suspected  o f  ca rc in o g en ic  p roperties , 
and available evidence o f  ca rc inogen icity  m ay , on  occasions , be 
derived from  tests fo r m utagen icity . It shou ld  be n o te d  th a t only  a 
very small p rop o rtio n  o f  industria l m a teria ls  have ever been  tested  fo r 
carcinogenic, m utagenic o r  te ra togen ic  ac tiv ity , an d  even w here such 
testing has been ca rried  o u t by an im al ex p e rim en ta tio n , th e  results 
canno t be presum ed to  apply  w ith  equa l va lid ity  to  m an .

Skin Effects

Some substances used in ru b b er m a n u fac tu re  ca n  adversely  affect the 
skin. A p roduct described as a p r im a ry  irr iian i is one  w here c o n ta c t is 
hable to  result in a local inflam m ation  b ro u g h t a b o u t by d irec t ac tio n  
on the skin (e.g. the soreness o r  redness p ro d u ced  by  househo ld  
detergents) o r by friction. A n extrem e exam ple o f  p r im ary  irr itan t 
ac tion  could be ac tual burns p roduced  by c o n ta c t w ith ac id s and  
alkalis. Rem oval from  co n tac t by the  a d o p tio n  o f  a p p ro p ria te  
m easures usually effects a  cure.

W hen a p ro d u c t isdescribed  as a skiti sensiH ser. th e  in flam m ation  is 
caused by an allergic m echanism . In  such  a case the  body  becom es 
abnorm ally  sensitive afte r  exposure to  the  p ro d u c t an d  even slight 
fu rther exposure m ay p roduce  a severe sk in  reac tion . T his 
m flam m ation need not necessarily be restric ted  to  the  a re a  o f  d irect 
skin con tact. T hereafte r, avo idance  o f  any  fu rth e r exposure 
w hatsoever to  the chem ical (especially in  the  fo rm  o f  d u s t o r  fum e) is 
usually necessary. Skin patch -tes ting  m ay  help to  de te rm in e  w hether 
o r  n o t actual sensitisation has taken  place, b u t the  im p o rtan t 
observation  o f recurrence on exposure a t w ork , and  recovery  after



absence from  the  jo b , will usually  confirm  the diagnosis. A few rubber 
chem icals have b o th  sensitising  an d  p rim ary  irritan t potential The 
p robab ility  o f  sk in  sensitisa tion  tak ing  place under industrial 
cond itions  is difficult to  p red ic t fo r individuals.

Som e ru b b e r  chem icals  show  no indication  (either from  clinical 
tests o r  ind u stria l use) th a t they can  ac t as either irritants or 
sensitisers. T h e  p ro b ab ility  th a t som e o f  these chemicals will ever 
cause skin sensitisa tion  p o ten tia l a re  very likely to  cause problems 
w henever good  hygienic w ork ing  practices are neglected, others may 
only rarely  p ro d u ce  cases o f  skin sensitisation.

T he p ossib ility  a lso  exists o f  cross-sensitisation (sensitisation by 
one substance  resu lting  in  sensitisation to  a different substance) which 
can lead to  false positive  resu lts  on  subsequen t skin patch testing. For 
th is reaso n , w hile it is possib le to  say tha t certain substances are 
p o ten tia lly  ac tive sk in  sensitisers o r  irritan ts, it is not possible to 
guaran tee  th a t a  su b stan ce  will never cause sensitisation in any 
ind iv idual in  an y  circum stances.

S ta tem en ts  on  sk in  sensitisa tion  are. therefore, statem ents of 
p robab ilities  as  fa r  as  th e  m a jo rity  o f  organic chemicals are 
concerned ; an d  as w ith  all ru b b er chem icals, good industrial hygiene 
and  m in im um  co n lac i w ith  the  skin should  be the constant aim. Such 
practices will en su re  th a t an y  risk o f  a  harm ful effect on the skin is 
reduced to  an  ab so lu te  m in im um . U nder good operating conditions 
experience h as  show n  th a t less than  0 0 5 ”t, o f persons working in a 
large tyre p la n t w ere affected to  such a  degree th a t a change of job  was 
u ltim ately  requ ired .

T he In te rn a tio n a l C o n ta c t D erm atitis  Research G roup  has listed 
som e 20 ru b b e r  c o m p o u n d in g  ingredients as having some skin irritant 
o r  sensitising  p o te n tia l to  a  g rea ter o r lesser degree. Such listing 
shou ld  n o t im ply  th a t th e  chem ical concerned is invariably irritant to 
hum an  skin , on ly  th a t clin ical experience indicates that it might be.

IN D U S T R IA L  H Y G IE N E  A N D  S A FE  W O R K IN G  
P R A C T IC E S

Codes o f  P ractice

C odes o f  p rac tice  a re  designed  to  secure th e  safety, health  and welfare 
o f  people a t  w ork . T h e  general codes outlined  below define the



recom m ended w orking p rocedures fo r h and ling  co m p o u n d in g  
ingredients and o ther chem icals w ithin the  ru b b e r  industry . I f  these 
recom m ended procedures are  carefu lly  fo llow ed, a h igh  s tan d a rd  o f 
industrial hygiene will be ensured  w ith o u t in tro d u c in g  unaccep tab le  
restrictions in to  the m anu factu ring  opera tio n s .

T o  be eflw iive. recom m ended w ork ing  p ro ced u res  rely  u p o n  the 
understanding  and personal care o f  the  ind iv iduals w ho  have to  pu t 
them in to  practice. Everybody involved m u st, the re fo re , have 
adequate tra in ing , so th a t they have a  p ro p e r  u n d e rs ta n d in g  o f  the 
procedure, and its purpose. It can n o t be overeinphasised  th a t careless 
handling or abuse o f  chem ical substances can  be h aza rd o u s, ju s t  as 
misuse o f a norm ally  safe m achine can  resu lt in serious in jury . T he 
provisions o f  these codes shou ld  be m ade know n to , an d  app ly  equally  
to , m aintenance personnel, as well as to  all m an ag em en t and 
operative staff.

The codes will define co rrec t h and ling  p ro ced u res  a n d  techn iques; 
the requirem ents fo r the p rovision  an d  use o f  p ro tec tive  c lo th ing , 
washing facilities, and  w'here a p p ro p ria te , the  need fo r ad d itio n a l 
local e.xhaust ex traction  to  supp lem en t genera l ven tila tio n  m easures. 
The recom m endations con ta ined  in these codes o f  p rac tice  im ply a 
need for careful a tten tion  to  such basic co n s id e ra tio n  as  a  sound  
layout and building s tructu re , a  good s ta n d a rd  o f  eng ineering  and 
p lan t design, and  the co n s ta n t m ain ten an ce  o f  a high s ta n d a rd  o f  
general housekeeping. It is p a rticu larly  im p o rta n t th a t the  o p p o r­
tunity  for achieving these objectives in a new p la n t sh o u ld  be taken  at 
the design stage.

The success o f  the codes will depend  n o t on ly  up o n  a well presented  
and  com plete m anual o f  in struc tions, b u t a lso  o n  how  clearly  the 
procedures laid dow n and  techn iques requ ired  can  be com m un ica ted  
to the w orkforce. O peratives shou ld  be given clear, firm an d  precise 
instructions on the various hand ling  p rocedu re s  to  be observed. A 
pictorial display a t the w'ork post m ay  som etim es be p referab le  to 
w ritten o r verbal instructions. T he final p re-requ isite  fo r success is 
con tinu ing  responsible supervision w hich is vital if  th e  full benefits o f  
the codes are to  be ob ta ined .

Substantial advan tages can  be gained from  a logical flow line o f 
usage o f  chem icals. F o r  exam ple, w here co m p o u n d in g  ingred ien ts in 
the mitial stages are to  be processed u n d er the  s tric ter co n d itio n s  o f 
C ode B (see below) such chem icals m ight w ith  ad v a n tag e  be g rouped  
together both  for convenience and  ease o f  p rocessing . W herever



possible, c o m p o u n d in g  ingred ien ts  should  be used in a form which 
m inim ises d u s t fo rm a tio n  du rin g  handling. M ost rubber chemicals 
can  now  be o b ta in ed  as pellets, granules, flakes or oil-coaled powders 
which reduce th e  am o u n t o f  dust. M any o f  the m ore hazardous 
chem icals w hich req u ire  s tringen t handling  precautions are  available 
as conven ien t po lym er m asterbatches , o r as prepacked dispersions. 
These shou ld  be used w herever possible.

Codes

R eference is m ade  to  tw o codes described as A and B. Code A sets out 
the  basic req u irem en ts  and  m inim um  standards for handling any 
ru b b er chem ica l. C o d e  B sets o u t s tandards  for rubber chemicals 
w hich have g rea te r tox icity , and  therefore, require stricter control.

R ecom m endations for L im its o f A tmospheric Contamination

Very few o f  the  ru b b e r  chem icals used by the industry have been 
assigned official T L V s. R u b b er facto ries alm ost invariably experience 
co n tam in a tio n  o f  the w ork in g  a tm osphere  by dusts from powders 
and  fum es from  h o t ru b b e r  an d  solvent. T he BRM A  Technical Study 
G ro u p  has recently  ca rried  o u t an  extensive survey o f the environment 
in a n u m b e r o f  U K  ru b b e r  facto ries. The objective o f this study has 
been to  m easure the  level o f  dust and  fum e contam ination in particular 
w ork ing  a rea s, an d  re la te  it to  a visual assessm ent o f  the atmosphere 
in those area s. A ris ing  o u t o f  th is s tudy , the  adop tion  o f the following 
industry  hygiene s ta n d a rd s  is recom m ended.

Dusts

Code A M a leru tls
T he pub lished  T L V  fo r 'in e r t d u sts’ is lO m g/m ’ to tal dust. It is at 
present a p p ro p ria te  fo r th is level to  be applied to  Code A materials. 
N evertheless, it is recogn ised  th a t a t this level some o f these materials 
will give the  a p p e a ran ce  o f  an  unaccep tab ly  dusty  environm ent. It is 
therefo re recom m ended  th a t lO m g /m ’ should be regarded as an 
abso lu te  m ax im um , an d  th a t s teps shou ld  be taken to reduce dust 
exposures to  the  m in im um  practica l level below this.

C o ik  b  M a te ria ls
H o r m ost o rg an ic  rubber chem icals, a n t i d e g r a d a n t s ,  a c c e le r a to r s ,  e tc .



there are  no official TLV s in existence. F o r  those  m a te ria ls , w ith  an 
L D ,0 less than  2000m g/kg, and  classified as Iw rn ifu l by EEC 
regulations, it is recom m ended th a t the  to ta l du.st level is m ain ta ined  
below 2-5m g/m ’ . This is ind icated  in the  relevan t d a ta  sheets. 
F o r o ther raw m aterials, fillers, ca rb o n  b lack , etc ., T L V s are 
recom m ended.

Hot Rubber Fumes

It is recom m ended th a t the level o f  a tm o sp h e ric  co n ta m in a tio n  by 
fumes from  hot rubber shou ld  be m easured  as the  cyclohexane- 
soluble fraction  o f  m aterial collected on  a glass fibre filter. U sing  this 
param eter, atm ospheric  co n tam in a tio n  sh o u ld  be m a in ta in ed  below
0-25 m g/m ’ . This limit can be applied  on ly  in a rea s  n o t substan tia lly  
contam inated  by organ ic dusts.

Strict observation  o f  these reco m m en d a tio n s  will affo rd  th e  best 
practicable m eans o f  p ro tec tion  aga in st ac u te  o r  ch ro n ic  toxic 
hazards, and  any health  risk inheren t in the  h an d lin g  o f  ru b b er 
chemicals.

T he above recom m ended s tan d a rd s  a re  co n s ta n tly  u n d e r review in 
the light o f  experience.

Code A

C ode A sets out the m in im um  s tan d a rd s  requ ired  fo r h an d lin g  any  
rubber chemical.

Personal Hygiene

G o o d  personal hygiene at w ork  is d ep e n d en t o n : T he p rov is ion  o f  
app rop ria te  facilities, inc luding  ad e q u a te  w ash ing , show ering  and  
changing  room s, clean  and  d irty  sto rag e  lockers, an d  su itab le  
arrangem ents fo r the  consum ption  o f  food  an d  d rin k  aw ay fro m  w ork  
areas; an  apprec ia tion  o f  the  p o ten tia l sou rces o f  in d u s tria l health  
h azard : the careful app lica tio n  o f  recom m ended  p ro ced u re s ; a 
p lanned, clean and well o rgan ised  w ork in g  ro u tin e ; an d  special 
a tten tion  to  the s iting  o f  vend ing  m ach ines a n d /o r  d r in k in g  
foun ta ins.

C are m ust be taken  to  avoid the ingestion  o f  sm all q u an titie s  o f  
ru b b er chem icals, and  food and  d rink  shou ld  never be ta k en  in to .



Stored, o r  co n su m ed , in ureas w here chem icals are handled. Smokina 
should a lso  he fo rb idden  in such areas, since apart from th^ 
possibility o f  c rea tin g  a  fire hazard , it m ay facilitate the ingestion or 
inha la tion  o f  toxic chem icals.

IlHndlini^

Since chem icals  can  on ly  en te r the  body by being inhaled, swallowed 
or ab so rbed  th ro u g h  the  sk in , they should  always be handled in ways 
w hich m in im ise these types o f  exposure. D irect skin contact with 
chem icals shou ld  be  avo ided , and  app rop ria te  protective clothing 
should  be w o rn  w hen requ ired . C are should be taken to transfer 
m aterials  in w ays w hich  d o  n o t cause dust clouds or atmospheric 
v apou r c o n c en tra tio n s . O pera tive  personnel m ust be provided with 
proper u tensils  (e.g . scoops, ladles, buckets and knives) which should 
be reserved fo r the ir p rescribed  purpose.

Storage and Disposal

R ubber chem icals  sho u ld  only  be sto red  in well ventilated areas 
specially reserved  fo r th is  pu rpose . T hey should be protected from 
excessive h ea t, co ld  o r  d am p .

C are fu l n o te  m ust be taken  o f  any  local regulations which may 
app ly , such  as  th o se  concerned  w ith the storage o f highly flammable 
liquids. S to rag e  lo c a tio n s  m ust ta k e  accoun t o f fire regulations. They 
m ust n o t im pede the  escape o f  occupan ts  from  any building, nor the 
access o f  fire figh ting  services. T hey shou ld  be planned in such a way 
as to  m in im ise th e  risk o f  fire o r  com bustion  products spreading to 
o ther areas.

D rum s, c o n ta in e rs  an d  o th e r packages should be sound, purpose 
built an d  p re fe rab ly  supp lied  by the  rubber chemical manufacturer. 
They shou ld  alw ays be clearly  labelled, with a description o f the 
con ten ts  an d  a d isp lay  o f  any  a p p ro p ria te  h;tzard w arning. Lids and 
caps o f  all c o n ta in e rs  shou ld  be tight, well fitting and should be 
replaced im m edia te ly  a fte r  use.

A ny sp illages o f  pow ders  o r  leaks from  liquid containers should be 
cleaned up  im m edia te ly  in  acco rdance  with any recom m endations 
supplied by the  m a n u fa c tu re r  o f  the product.

S ubsequen t d isposa l o f  sp illage and  waste m ust take full account o 
any local o r  n a tio n a l regu la tions  (e.g. in the U K  the Control ot



Pollulion Aci 1974 and  ihe D eposit o f P o isonous W astes A ct 1972). 
Notification to the app rop ria te  local au th o rity  m ay  be requ ired  and 
disposal is norm ally arranged e ither by bu ria l on  an  ap p ro v ed  site or 
by burning  under eareliilly con tro lled  cond itions . It sho u ld  be noted 
tha t partly-used o r em pty  packages co n ta in in g  residues o f  cheinicals, 
may be subjected to  sim ilar regulations.

All rubber chem icals held in s to rage  shou ld  be hand led  or 
transported  only by properly  tra ined  and  au th o rised  personnel who 
are fully conversant w ith this code o f  p rac tice  an d  aw are  o f  any  special 
instructions provided by the m ateria l supp lie r o r  la id  dow n by 
transport regulations. It is sound  p ractice  to  keep a de ta iled  reg ister of 
all m aterials stored , together w ith any  reco m m en d a tio n s  re la ting  to 
them and to have this reg ister alw ays read ily  ava ilab le  for 
consultation.

General and Local Exhaust Ventilation

Inhalation  o f  chem ical p roducts  in the  fo rm  o f  m ists, fine dusts , 
pow der, o r fumes should  alw ays be m inim ised  by go o d  general 
ventilation. A t specific opera tin g  po in ts  the re  m ay  ad d itio n a lly  be a 
requirem ent for local exhaust ven tila tion  to  co n tro l th e  level o f  fum e, 
vapour o r airborne  dust a t the source  o f  em ission . It sho u ld  be 
rem em bered th a tex p o su re  to d u s to r  fu m e sm ay  be harm fu l to  hea lth , 
and  exposure levels m ust a t all tim es be kep t a t  a m in im um  an d  shou ld  
never exceed the ap p ro p ria te  T L V . In som e c ircum stances , an d  as  a 
tem porary  m easure to  avoid excessive exposu re , b rea th in g  a p ­
para tus, o r dust m asks, m ay have to  be p rov ided  an d  w orn . 
R esp ira to rs should , how ever, never be regarded  as  a sa tisfac to ry  long 
term  solu tion  o ther than  fo r very b rie f  exposu res , an d  p erm anen t 
m easures to con tro l dust and  fum es a t source  sh o u ld  alw ays be the 
prim ary  objective. '

Skin Protection and Protective Clothing

Prolonged o r repealed co n tac t w ith th e  skin sho u ld  be avoided . 
Accidental splashes w ith liqu ids o r  c o n tam in a tio n  w ith exce.ss dust 
should be washed oti w ith p len ty  o f  so ap  and  w ate r o r  special skin- 
w ashing so lu tions, w hich m ay  be prov ided  in first a id  boxes. The 
provision and  use o f  pro tective c lo th ing  (e.g. gloves, a p ro n s , h a ts.



overalls, w ith  long  sleeves, etc.) app rop ria te  to  the conditions of 
h a n d h n g  shou ld  be s tan d a rd  practice.

P rotec tive c lo th in g  o r  overalls should be kept in good repair and 
should be laundered  an d  replaced a t reasonable intervals. Clothing 
which is acc iden ta lly  heavily con tam ina ted  should be replaced at once 
and the  affected g arm en ts  cleaned  o r disposed o f  safely. When liquids 
or oils a re  being  h an d led , special protective clothing (such as 
im pervious PV C  co a ted  gloves o r aprons) is necessary. Adequate 
chang ing  facilities a n d  ind iv idual lockers (including separate lockers 
for clean an d  d ir ty  clo thes) shou ld  be provided.

A policy o f  go o d  skin ca re  shou ld  be im plem ented with appropriate 
in struc tion  a t  th e  in itia l tra in in g  stage. Suitable posters and advisory 
skin leaflets sho u ld  be p rom inen tly  displayed and issued as required 
to  em ployees.

A dequate  an d  conven ien t w ashing  facilities should be provided for 
the use o f  opera tives  h an d lin g  rubber chem icals. W ashing should be 
encouraged  befo re  ta k in g  food a t m eal breaks, when using toilet 
facilities and  a t the  en d  o f  the w ork ing  shift.

T he use o f  chem ical o r  abrasive cleaners is no t recommended for 
the skin o f  the  h an d s  o r  any  o th e r pa rt o f  the body, as it frequently 
results in th e  d eve lopm en t o f  skin irrita tion  and derm atitis. It may, 
how ever, be a p p ro p r ia te  to  provide suitable barrier creams and 
p ro p rie ta ry  c lean sin g  gels, an d  to  encourage operatives to use 
them .

W here so lven ts  a re  used in p roduc tion  processes there is a risk of 
degreasing  the  sk in , a n d  the  app lication  o f a suitable after-work 
cream  is recom m ended . T he use o f  such solvents for skin cleansing 
purposes sho u ld  never be perm itted . A ny injuries involving the skin, 
how ever triv ial, sh o u ld  receive p ro m p t and  efficient first aid and then 
subsequen t tre a tm en t u n d e r m edical supervision if required.

Kyc Protection

It is a sensib le  p reca u tio n  to  en su re  th a t the eyes are  always protected 
I'rom avo idab le  c o n tam in a tio n  by irritan t o r to.xic substances. 
N evertheless, th o se  substances  w hich appear in ihis code o f practice 
and w hich  have been g rouped  toge ther in Code A. are  not generally 
irr itan t, an d  d o  n o t n o rm a lly  requ ire  the use o f  specific eye protection. 
T he use o f  eye p ro te c tio n  is, how ever, always recom mende w en 
hand ling  chem icals  in  liquid  form .
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First Aid and Medical Facilities

Simple first aid facilities should  be kep t read ily  a n d  conveniently  
available, w ith tra ined  qualified personnel in a tten d an c e . W hen there 
is a need for fu rther skilled m edical assistance, th is  sho u ld  be sough t 
im m ediately from  the nurse, d o c to r  o r  ca sua lty  d e p a rtm e n t as  local 
circum stances and provisions d ic tate .

Code B

Code B relates to the hand ling  o f  chem icals  w hich possess a  know n 
toxicity sufficient to  crea te  a  hazard  to  hea lth  i f  in ad eq u a te  
precautions are  taken. In ad d ition  th e refo re  to  the  s tr ic t app lica tio n  
o f  Code A, fu rthe r m easures will be requ ired  as in d ica ted  below .

Personal Hygiene

T hose recom m endations listed in C ode A , app ly  equa lly  to 
substances listed under C ode B. It m u s t how ever, be clearly  
understood  tha t the consequences o f  any  fa ilu re  to  im p lem en t C ode A 
recom m endations will be po ten tia lly  m uch  m o re  serious w ith  C ode B 
m aterials. There should  the refo re, be th o ro u g h  an d  reg u la r c lean ing  
o f  the w ork areas, p referab ly  by vacuum  m e th o d s, in keep ing  w ith  a 
high standard  o f  good industria l housekeep ing . I t is em phasised  th a t 
these m easures m ust be com bined  w ith  stric t observance  o f  
established procedures fo r safe an d  c lean  w ork ing .

Handling

O nly the m inim um  quan tity  requ ired  o f  each  C ode B chem ical shou ld  
be kept in (he w orkshop. P roperly  labelled  c o n ta in e rs  shou ld  be 
provided, and  the.se shou ld  be kep t closed w hen n o t ac tu a lly  being 
used. Bags, ca rtons  and  d ru m s shou ld  be clean  on the  ou ts id e , clearly  
labelled and  pro tected  trom  dam age. T he re  m ust be stric t observance 
o f  filling levels for liquids. D irect skin co n tac t w ith  C o d e  B chem icals 
m ust be prevented by the use o f  su itab le  p ro tec tive  c lo th ing . T ran sfe r 
o f  these chem icals m ust only be ca rried  o u t a i  a location  w here du s i o r 
vapou r which will be genera ted  is rem oved by p ro p erly  designed 
exhaust exlraclion.



Storage and Disposal

In general the  reco m m en d a tio n s  fo r storage and  disposal o f Code A 
chem icals w ill a lso  app ly  to  those in Code B. Extra care should 
how ever be ta k en  to  p reven t dam age to  containers o f Code B 
chem icals d u rin g  s to rage . It m ay. w ith advantage, be possible to 
g roup  all C ode B m a te ria ls  in to  a specified area o f the stores, with 
ap p ro p ria te  p ro te c tio n  a n d  w arn ing  notices. All em pty bags, cartons, 
d rum s o r o th e r  packages no  longer required , together with unused 
residues and  w aste collected  from  dust extraction systems, m ust be 
p u t in to  su itab le  c o n ta in e rs  to  aw ait disposal. This should be by 
inc inera tion , b u ria l o r  by  o th e r agreed controlled measures which 
com ply  w ith  local o r  n a tio n a l regulations.

G eneral and  L ocal E x h a u st V entilation

A dequate  a n d  efficient local exhaust ventilation m ust be provided to 
con tro l the  em ission  o f  excess d u s t, fum es o r  vapours at points where 
they are  em itted . T h e  efficiency o f  the system should be checked 
regularly  (n o t less th a n  every six m onths). W here appropriate TLVs 
are laid dow n , these m u s t be adhered  lo , and regular checks made to 
ensure th a t th is  is done.

O ccu p a tio n a l hygiene facilities should  be available in order to 
m a in ta in  a  s tr ic t check on  the  w ork ing  environm ent, and to ensure 
safe co n d itio n s . T hese  m ay  either be provided on site, or by some 
ou tside  agency.

A pproved  re sp ira to rs  shou ld  be w orn only when it is not possible to 
p rovide local ex h a u st ven tila tio n , o r  w hen this is tem porarily out of 
ac tion . T he p rov is ion  o f  a clear reference guide for use o f the correct 
approved  re sp ira to r  is recom m ended . Such individual respirators 
how ever, sho u ld  on ly  be used as a tem porary  expedient pending a 
re tu rn  to  ad e q u a te  v en tila tion  co n tro l o f  the dust o r fume at source.

Skin P ro tec tion  and P rotcc tivc Clothing

T he reco m m en d a tio n s  listed fo r C ode A m aterials will apply also to 
C ode B m aleria ls . W ith  C ode B m aterials, however, a very high 
s tan d a rd  o f  pe rso n a l hyg iene will be essential a n d  w a s h in g  lacililiesot 
a m ore com prehensive  n a tu re  than  those listed for Code A will be 
requ ired . T hese  will u sually  include the provision ol showers, towels, 
soap , an d  b a rr ie r  o r  c leansing  cream s. O peratives must be



encouraged to  m ake use o f  w ashing facilities befo re  m eal b reak s  and 
full showering facilities at the end o f  each sh ift. A d eq u a te  tim e for 
w ashing m ust be allowed to  en su re  th a t the  facilities can  be properly  
used under app rop ria te  supervision . W here show ers o r  ba th ing  
facilities are provided, it will be im p o rta n t to  g u a rd  aga inst the 
in troduction  and  spread  o f  fungus in fection  o f  th e  skin.

.All protective c lo th ing  provided m ust be m a in ta in ed  in  first class 
condition , and every encouragem ent shou ld  be given to  opera tives  to 
ensure (hat full use is m ade o f  it. T o  th is end . a  p ro g ram m e  o f  good 
skin care should be in itia ted  d u rin g  jo b  tra in in g  an d  .subsequently 
continued, w ith an  a p p ro p ria te  d isp lay  o f  leaflets a n d /o r  posters.

Eye Protection

Inform ation  listed indicates those c ircum stances  o r  co n d itio n s , in 
which eye p ro tection  is m an d a to ry . T he fo rm  o f  p ro te c tio n  w hich is 
provided m ust always be ap p ro p ria te  to  those  c ircu m stan ces  an d  m ay 
take the form  o f  safety glasses, eye shields o r  chem ical goggles as 
necessary. Boxes con ta in in g  special eyew ash b o ttle s  shou ld  be 
provided and all personnel shou ld  be aw are o f  th e ir  lo ca tio n  and  
trained in their use. Supplies o f  fresh clean  w ate r sho u ld  be readily  
available and  in areas o f  special risk , e.g. w here s tro n g  ac id s o r  alkalis 
are being handled , and  em ergency d ren ch  show er sho u ld  be provided . 
The location o f  these facilities m ust be clearly  in d ica ted  and 
unobstructed  access m ain ta ined . A tte n tio n  is d ra w n  to  the  P ro tec tion  
o f  Eyes R egulations 1974.

First ,\id  and M edical Facilities

M edical, nursing  and fir,st aid personnel shou ld  be th o rough ly  
fam iliar w ith the specific hazard s and  w ith the  first aid  trea tm en ts  
which m ay be required.

Special C ategory M aterials

Som e sub.stances used in the  ru b b er m a n u fac tu rin g  in d u s try  are 
already subject to G overnm ent regu la tions, s ta tu to ry  in s tru m en ts , 
codes o f  practice o r o th e r recom m enda tions  covering  safe h and ling . 
In add ition , the BRM A  has in recent years pub lished  indiv idual 
recom m endations lo r certain  o th e r ru b b e r chem ica ls , and  it is 
im p o rtan t th a t users o f  these m ateria ls  shou ld  be fully aw are  o f  such



special requ irem en ts. In  ad d itio n , the list o f substances forwhich such 
regulations ex ist is given below, together with references where 
app ro p ria te . I t sho u ld  be n o te d  th a t this list has been drawn up to 
include substances  w hich  a re  relevant to  the rubber industi7 , but that 
inclusion o f  a su b stan ce  in th is list does n o t mean it is used by the 
industry. In p a r tic u la r , m an y  arom atic  am ines are. o f  course, not 
used by the ind u stry .

A crylonitrile  m o n o m e r— B R M A  Bulletin No. 20; US Departm ent 
o f  H ealth , E d u c a tio n  an d  W elfare, N IO S H  Current Intelligence 
B u//e/m — A cry lon itrile  Ju ly  1st, 1977.
4-am inod ip heny l— C arc inogen ic  Substances Regulations 1967 
(U K ).
A n tim o n y  an d  its com p o u n d s.
A sbestos— B R M A  Bulletin  N o. 20.
Benzene— US D ep a rtm en t o f  H ealth , Education and Welfare, 
N IO S H  C rite ria  D o cu m en t 1974. C riteria updated and recom­
m enda tions  fo r a  revised benzene s tanda rd  issued August 1976. 
Benzidine— C arc in o g en ic  S ubstances R egulations 1967 (UK). 
C adm ium  a n d  its  co m p o u n d s.
C arb o n  d isu lph ide .
•C h lo rin a te d  so lvents.
C h lo ro p re n e  m o n o m er— B R M A  Bulletin No. 20.
C hrom ium  a n d  its com p o u n d s.
D i-anisid ine.
E thylene th io u re a — B R W /f Bulletins I I  and 16. 
Ind u lin e /N ig ro s in e  dyestulTs— B R M A  Bulletin.^ 19 and 20. 
Iso cy an a te s—Iso cy an a tes  in In d u stry — O perating and Medical 
C odes o f  P r a c t i c e - 1977.
Lead an d  its co m p o u n d s.
M O C A - B R M A  B ulletins X and  16.
a. and  /J-naph thy lam ine .
4 -n itrod ipheny l.
T rich lo roethy lene .
T 23P ; tris  B P ; tris (2 .3 -d ib rom opropy l) phosphate— B/JA/.-l 
Bulletins IH and  20.
«-lo lu id ine .
V iayl ch lo rid e  m o n o m er.

* Hxcinption from the reguhilions is normally obtainable lor meiliylene 
chloride and l.I.l-irich loroethane.
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Regulatory H azard W arning l abelling

U nder an EEC directive o f  1967 an d  sub seq u en t am endm ent, 
m em ber countries m ust m ake the hazard  w arn ing  labelling  o f  certain  
specified substances a legal requ irem en t. T h e  U K  D raft R egu lations 
for Packaging and Labelling o f  D an g ero u s  S ubstances, which 
im plem ent the latest EEC directive, a re  a b o u t to  becom e law and 
require anyone supplying the designa ted  su b stan ces  to  label them 
with the chemical nam e, the general n a tu re  o f  risk an d  co rresp o n d in g  
symbol together w ith the stipu la ted  risk and  safe ty  ph rases . F u rth e r 
inform ation  on this subject m ay be o b ta in ed  by reference to  the 
regulations.

Fire P recautions

T he m ajo rity  o f  rubber chem icals d o  n o t co n s titu te  an y  significant fire 
hazard a t norm al am b ien t o r  o p e ra tin g  te m p era tu re s , an d  since the 
detailed consideration  o f  fire p reven tion  and  fire figh ting  p rocedu res  
is beyond the scope o f  th is book , a tte n tio n  is d raw n  (in th e  d a ta  sheets 
which follow) only  to  those m a teria ls  w hich  a re  h ighly  flam m able  o r 
to those special circum stances in w hich  a fire risk  m ay  involve also  a 
risk o f  serious exposure to  toxic fum es.

W here it is indicated  m erely th a t 'ro u tin e  fire p re ca u tio n s  are 
required ', this assum es an aw areness, on the  p a r t o f  the read e r, th a t all 
industria l chem icals, if involved in a fire, sho u ld  be regarded  as a 
poten tia l source o f  toxic fum es, aga in st w hich  a p p ro p r ia te  p re ­
cau tions, such as the use o f  b rea th in g  a p p a ra tu s  sho u ld  alw ays be 
em ployed.

N A T U R A L  A N D  S Y N T H E T IC  R U B B E R S

N o special p recautions a re  necessary  in h an d lin g  n a tu ra l and  
synthetic rubbers in general. C erta in  specialised  sy n thetic  rubbers , 
e.g. po lyu re thane  elastom ers an d  som e flu o ro c arb o n  ru b b ers , requ ire 
careful handling , and  in these cases users shou ld  fo llow  the  safety 
p recau tions provided by the  m ateria l supp lie r.

U sers are advised to  check th a t the  stab iliser in c o rp o ra ted  in  a 
synthetic rubber is one w hich is free from  toxic h az a rd , e.g. w here 
PB N  is used its co n ten t o f  free /i-nap h th y lam in e  sho u ld  be less than  
I ppm .



Som e syn thetic  rubbers, e.g. SBR 17)2 contain  higlily arom atic 
oils, and  p recau tions  sliould be talien to  exhaust any fumes arising 
w hen the  rubbers  are heated  to  norm al processing tem peratures

Som e concern  has recently been expressed abou t possible toxic 
effects a rising  from  residual m onom ers in polym ers and copolymers 
con ta in in g  bu tad iene , styrene, acrylonilrile. vinylidene chloride and 
ch lo rop rene . As far as solid synthetic rubbers are concerned there is 
no evidence to  suggest th a t any  free m onom ers would be present at a 
level w hich cou ld  co nstitu te  a toxic hazard . Polychloroprene latices. 
bu t n o t po lych lo rop rene  rubbers, can release some chloroprene 
m o n o m er, and  w hen using  these latices the w orking environm ent 
shou ld  be checked periodically  for ch loroprene contam ination , using 
a d e tec to r tube . T h e  T L V  for ch lo roprene is currently  25 ppm .

Vinyl ch lo ride  m o n o m er (V CM ) may be present in small am ounts 
in ce rta in  g rades o f  PVC. Since it is now know n tha t industrial 
exposure  to  V CM  m ay  cause the developm ent in m an o f a rare form of 
cancer (an g io sa rco m a o f  the  liver), there has been some concern 
ab o u t the possible dan g e r to  m en em ployed on the fabrication of 
PVC. T  o d a te , how ever, the  only established cases o f  industrial cancer 
have occu rred  am ongst polym erisation  w orkers, and there is no 
evidence o f  any  hazard  involving PVC fabricato rs who could not, in 
any  event, be exposed to  m ore than  trace quantities o f residual 
m onom er p resent in PVC com pound. The rubber industry is primarily 
concerned  w'ith P V C /nitrile  blends in which the VCM  content is also 
very low an d  the  risk o f  significant exposure is alm ost certainly 
negligible. T he B R M A  has recom m ended users o f  PVC com pound 
to  ensure  th a t a tm ospheric  levels o f  V CM  are not perm itted to 
exceed 1 ppm .

R E IN F O R C IN G  A G E N T S  A N D  FILLE R S 

C arbon B lacks

C arb o n  b lacks a re  now  produced  wholly from  oil feed stocks and 
co n ta in  trace  a in o u n ts  o f  polynuclear hydrocarbons, som e o f  which, 
w hen ex trac ted  an d  iso la ted , a re  know n carcinogens.

H ow ever, c a rb o n  b lack  adso rbs and  binds these substances so that 
on evidence o f  extensive anim al testing, they are no t, under norm al 
w ork ing  co n d itio n s  in the ru b b er industry , released in the body to 
cause  physio logical problem s.



A TLV  for ca rbon  black o f  3-5 m g™ ^ has been estab lished . T o  
achieve this level o f  opera tion  a good s ta n d a rd  o( ven tila tion  and 
extraction is necessary in all a reas w here ca rb o n  b lack  is used o r 
hand led .'

C arbon black m ade from  m ineral oil (i.e. fu rn ace  b lack) is subject 
to  certain  special restrain ts when in co rp o ra ted  in ru b b ers  des tined  for 
use in con tact w ith foodstuffs.

The A m erican F D A  allows the finished ru b b e r  p ro d u c t to  con ta in  
up to 50 by weight o f  ca rb o n  b lack , b u t in ru b b e r  p ro d u c ts  in tended  
for use in con tact w ith milk o r ed ib le oils, fu rn ace  b lack  m ust not 
e.xceed I0°„  by w'eight o f  ru b b e r  p ro d u c t.

The Federal G erm an  M inistry  o f  H ealth  d o es  n o t perm it any 
carbon black under R ecom m endation  X X I, covering  genera l ru b b er 
goods used on con tac t w ith foodstuffs.

Some carbon  black o f  defined p u rity  is p e rm itted  in ce rta in  
specified products  w hich are  covered  by individ ual recom m enda tions .

M ineral Fillers and D usting A gents

The rubber industry  uses a  very w ide ran g e  o f  m in era l fillers as 
com pounding  ingredients and  as d u s tin g  o r  lu b rica tin g  agen ts . C are 
is necessary in handling  these m ateria ls , as the  d u s t a risin g  from  som e 
o f  them  can present a hazard  to health . T hese inc lude  very d an g e ro u s 
and dangerous m aterials such as asbestos, use o f  w hich  is subject to  the 
asbestos regulations in m any coun tries , and  an y  m a te ria ls  co n ta in in g  
m ore than  20 o f  free crysta lline silica, w hich  a re  un like ly  to  be used 
in rubber m anufactu re . O thers inc lude m o d e ra te  risk m a te ria ls  such 
as silicious m inerals, e.g. m ica, ta lc  k iese lguhr an d  g rap h ite .

Threshold  limit values fo r ta lc  and  m ica a rc  'I  m g/m ^ w hen 
present as very fine dust (e.g. cosm etic  talc) o the rw ise  lO m g /m ^  
M easurem ents should  be based on to ta l d u s t co llected  by a C .F . 
Casella cyclone sampler".

Follow ing a request by the B R M A  fo r c larific a tion  o f  this 
statem ent, the U K  H ealth  and  Safety Executive have s ta ted  th a t the 
hm its to  be applied  to ta lc  and  m ica are:

(1) T o tal dust (respirable and  n on -resp irab le) 10 m g/m  '
(ii) R espirable dust (i.e. th a t frac tio n  o f  to ta l a tin o s- 

pheric dust passing the  C asella  cyc lone  and  being 
collected on the filter) 1 m g/m ^

It IS  necessary to  satisfy bo th  p a r ts  o f  this lim it to  p ro d u ce  an  
acceptable atm osphere.



5 m g/m ’ I mg'm^

T he H ealth  and  Safety Executive have also pointed out tha t the 
hm its now  being in troduced  in the USA to contro l synthetic silicas 
are:

(i) T o ta l 5 nig/m^
(ii) R esp irab le ( < 5 / im )  2 m g 'm ’

In the light o f  th is in fo rm ation  the following limits are  recom m ended:

Toial Respirabte
dusi dust

Talc 
M ica
F u lle r 's  E a rth  
G rap h ite
K ieselguhr (D ia tqm aceous Earth)
F um ed  silica (A erosil, C abosil)
P recip ita ted  silicas (U ltrasil VN3)

It is im p o rta n t th a t the above substances should only be used with 
the  a p p ro p ria te  general and  local exhaust ventilation. The TLV 
should  n o t be  exceeded an d  C ode B procedures should be adopted.

All o th e r chem ical fillers used in the rubber industry can be 
regarded  as p roducing  ‘nuisance dusts ' which are classified by H M F l 
un d er G ro u p  IV. Guidance N ole E H I5 i7 6 (ro m  the H ealth and Safety 
Executive, w hich a d o p ts  the A m erican Conference o f  G overnm ental 
Ind u stria l H ygienists (A C G IH ) T L V ’s for chemical substances in 
w o rk room  air, lists the  stan d a rd  for nuisance particulates as, 
lO nig/m ^ o f  to ta l d u s t < l ° „  q uartz , o r 5m g/m * respirable dust. 
C ode A  procedures shou ld  be adop ted  for the substances below:

C alcium  c a rb o n a te  (w hiting).
C lays, I (m ax) free crystalline silica.*
B arytes, b lanc fixe.
L ithopone.
Z inc oxide, zinc stea ra te .
M agnesium  oxide.
T itan iu m  oxide.
A lum in ium  hydrox ide .
P rec ip ita ted  ca lcium  and  a lum inium  silicates.
G lass fibre.

• UK produced rubber grade china clay has less than 1 % free crystallme 
silica.
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Pigm ents

Both organic and  inorganic p igm ents a re  used by th e  ru b b e r  industry . 
The suppliers o f  these have p rov ided  in fo rm a tio n  con cern in g  the 
com position  o f  the pigm ents they sell, an d  give adv ice reg a rd in g  safe 
handling. Users o f  pigm ents sho u ld  follow  th is  advice.

C au tion  should be observed in use o f  an tim o n y , cad m iu m  and 
chrom ium  pigm ents. R efer to  relevan t U S E  g u id an ce  no tes.

It should be bo rne  in m ind  th a t m any  o rg an ic  dyestu ffs  have been 
m anufactured  by processes which cou ld  resu lt in free  a ro m a tic  am ines 
being present in the dye as sold. A ssurance sho u ld  he sough t fr o m  
suppliers that the dyestu ffs are con tro lled  to  an accep tab le level o f  
freedom  fr o m  such am ines and  that no carcinogenic h a za rd  ex ists .

PR O C E SS O ILS, W A X ES, T A C K IF IE R S , E T C .; E S T E R  
P L A S T IC IS E R S

Process Oils

It is custom ary  to divide ru b b e r process pe tro leu m  oils in to  th ree  
ty p e s -a ro m a tic , n aph then ic  an d  paraffin ic . T hese  types ca n  be 
sim ply characterised  as follows:

A rom atic— 60%  arom atics (by C lay-G el ana lysis), specific grav ity
0 -9 8 -1 03, and  flash po in t °C =  A S T M  D .92  72.
N a p h th e n ic -3 0  60%  arom atics  (by C lay -G el ana lysis), specific 
gravity  0-91-fl-95, and  flash p o in t °C =  A S T M  D .9 2  72. 
Paraffinic- 3 0  % arom atics (by C lay-G el ana lysis), specific gravity  
0'86-{)-89, and  flash po in t °C =  A S T M  D .92  72.

T he a rom atic  po rtion  o f  these m inera l oils will co n ta in  som e 
polycychc arom atic  hyd rocarbons w hich  have been assoc ia ted  w ith 
skin cancer m certain  occupations  w here p ro longed  sk in  c o n ta c t has 
occurred . The naph then ic and  paraffinic oils a re  usually  m ore  highly 
re fin rf  and  will con ta in  less polycyclics th a n  the  a ro m a tic  oils. W hen 
handling  these oils it is im p o rtan t th a t p reca u tio n  de ta ils  in C o d e  B o f  
the code o f  practice are  followed.

incornn  m o d e rn  ru b b e r  c o m p o u n d in g  to
inco rpo ra te  very high levels o f  m m eral oils in to  ce rta in  m ixes. W ith

lu res “ '>:ndenng and  cu ring  tem p era­
tu res, a t times exceeding I80"C . excessive fum es m ay  be evolved.



T hese m ust be con tro lled  using suitable extraction equipm ent It is 
adv isab le to  use oils w ith  the  lowest volatile content possible. 

U sers o f  process oils can ob ta in  fu rther inform ation  regarding 
safety in h and ling  o f  these from  the following publications; (1) 
A rom atic  Petroleum  O ik — Sa fe ty  in Handling. Issued by the Institute 
o f  P etro leum ; (2) D utrex  A rom atic  Process Oils, Safe ly Data 
In form ation  Sheet. M arch  1978. Issued by Shell Chem icals, UK 
L im ited; and  (3) H ealih  Guide to B P  Petroleum Products Issued bv 
BP Oil Lim ited.

Petroleum W axes

T he ru b b e r  industry  is m ainly concerned with refined paraffin waxes 
an d  m icrocrysta lline  waxes, b u t som e softer waxes containing free oil 
a re  also  used. T hese do  n o t present a hazard  if Code A o f the code of 
p rac tice  is follow ed. A T L V  o f  2m g/m ^ is recom m ended for wax 
fum es, a level w hich is unlikely to  be reached a t rubber processing 
tem pera tu res .

Tackifying and Reinforcing Resins

A very w ide range o f  resins is used by the rubber industry. However, 
the  m a jo rity  will fall in to  one o r o ther o f  the followingclassifications.

P etro leum  H ydrocarbon  Resins— Aliphatic  
T hese pale  co lou red  solid  resins (e.g. Escorez 1000, Imprez 100) 
p resen t no special toxic hazards providing C ode A o f  the code of 
p rac tice  is follow ed.

P etro leum  H ydrocarbon  Resins— A rom atic
These m a teria ls  (e.g. P icco 6000 series) m ay contain  some polycyclic
a ro m a tic  h y d ro carb o n s , and  should  be handled  according to Code B.

Coumarone Indcne Resins

The,se resins consist m ain ly  o f  polyindene, but are traditionally 
know n as co u m aro n e  resins. They are norm ally obtained  by coal tar 
d is tilla tio n , and  co n ta in  som e polycyclic arom atic hydrocarbons. 
(A nalysis o f  som e U K  produced  grades o f  coum arone resins have 
show n the  p resence o f  1- 2 ppm  benzo(«)pyrene.) They should be 
h and led  acco rd ing  to  C ode B.



Phenol Formaldehyde Resins (e.g . Celiobond Resin)

These are used by the ru b b er in d ustry  b o th  as  tack ify ing  and 
reinforcing resins. T hey are usually  po lyco n d en sa tes  o f  pheno ls  and 
aldehydes. A t elevated tem pera tu res  they  em it p heno l v a p o u r  which 
m ay cause resp ira to ry  irrita tion  and  d isco m fo rt. U sers sho u ld  insist 
tha t the free phenol content is below I °/„. P ro longed  skin co n tac t m ay 
cause irrita tion . H andle acco rd ing  to  C ode B.

Ester Plasticisers

The rubber industry  uses ester plasticisers m a in ly  in n itrile  rubbers  
and PVC./nitrile blends. These can  be d iv ided  in to  th e  fo u r m ain 
groups— phthalates, ad ipates, sebacates and  phosphate s. T h e  follow ­
ing list covers those com m only  used in ru b b e r  co m p o u n d s.

Plilhalale esters A bbrev ia tion  T L V
D ibutyl ph th a la te  D B P  5m g /m ^
D i-isobutyl p h th a la te  D IB P  —
D i-2-ethyl hexyl p h th a la te  D O P  5m g /m ^
Di-iso-octyl p h th a la te  D IO P
D i-alphanyl p h th a la te  D A P  —

P hthala te  esters have a low ora l a n d  derm al tox ic ity  an d  a re  n o n ­

irritan t to  skin and eyes. T hey m ay be safely han d led  u sing  C ode A.

Adipcite and sehacate esters A bbrev ia tion
D i-2-ethyl hexyl ad ip a te  D O A
Di-2-ethyl hexyl sebaca te  D O S

These present no  special toxic hazard  d u rin g  h an d lin g  if C o d e  A  is 
followed.

Phosplutte esters A bbrev ia tion
Tricresyl p hospha te  (o r 

tritolyl phosphate - T T P ) T C P
Trixylyl p h osphate  T X P

These substances are used widely in the ru b b e r  ind u stry  to  im prove 
nam e resM ance o f  ru b b er com p o u n d s. It is possib le  th a t com m ercia l 
g rades o f  T C P  and  T X P  m ay co n ta in  im purities  w hich a re  highly 
toxic. In the case ol T C P  it is well know n th a t tri-o-cresyl p h o sp h a te  
can  produce delayed neuro tox ic effects in hum ans. A b so rp tio n  can  be 
th ro u g h  the resp irato ry  trac t o r  possib ly  th ro u g h  th e  sk in . O -cresyl



phosp h a te s  can  be found  in som e com m ercial TX P. C ena in  suppliers 
offer g rades o f  T C P  and  T X P  free from  o-cresyl phosphate and 
having m uch  low er toxicity.

It is s trong ly  recom m ended tha t T C P  o r TX P containing more 
th a n  0-1 %  o f  o-cresyl ph osphate  should  not be used, andm ers o f  these 
plasticisers shou ld  request fu l l  to x ic ity  data fr o m  their suppliers. Code 
B shou ld  be follow ed when handling  T C P  and TX P.

U se o f Ester Plasticisers in Foodstuff Rubbers

FD A Federal German
Section  177.2600 M inistry o f  Health

D B P  U p  to  30%  by w eight of
p ro d u c t N o t approved

D IB P  N o t approved  N ot approved
D O P  U p  to  3 0 %  by w eight o f  Rec. XXI. U p to  10% by

p ro d u c t weight o f product
D lO P  N o t approved  N o t approved
D O A  U p  to  30%  by w eight o f Rec. XXI. U p to  10% by

p ro d u c t weight o f  product
D O S  U p  to  30%  by weight o f

p ro d u c t N o t approved
T C P , T X P  N o t app roved  N o t approved

M IS C E L L A N E O U S

Organic Peroxides

Several o f  these m ateria ls  a re  used w ithin the industry  as crosslinking 
agen ts fo r specific rubbers. Basically they are very active and unstable 
chem icals an d  shou ld  be handled  with C ode B procedures, including 
special p recau tio n s  fo r storage.

(1) S to re  in a cool (m axim um  tem peratu re, 30°C), dry place,
aw ay from  sun ligh t and  possible sources o f  ignition.

(2) A void  co n tac t w ith reducing  agents which can cause
d ecom position .

(3) A lw ays w ear goggles and  be careful nol to spill.

T h e  fo llow ing a re  typical peroxides used m the rubber recipes, and 
the m ain  they  can  be o b ta ined  in d ispersion form  w ith inert fillers.



Inerl Fillers

Chcntical name T n ide  m im e Supp lier

Dicum yl peroxide D icu p H ercules
P e rk ad o x A kzo
L upe rox H arw ick

l,l-d i(te rtb u ty l peroxide) T rigonox A kzo
3.3,5-trim ethyl cyclohexane L uperco H arw ick
Bis(tertbutyl peroxy P erk ad o x A kzo

isopropyl)benzene V ul-C up H ercu les
Retilox M o n ted iso n

4,4-ditertbutyl peroxy T rigonox A kzo
Af-butyl valerate

5-bis tertbu ty l peroxy V arox V an d erb ilt
2 ,5-dim ethylhexane L upe rco H arw ick
T ertbuty l peroxy benzoate T rig o n o x A kzo
D ibenzoyl peroxide L ucidol A kzo
Bis(2,4-dichlor benzoyl)peroxide P e rk ad o x A kzo

Resorcinol

Chem ical nam e

Chem ical form ula 

Suppliers

M elting poin t 
F orm
Specific gravity 
F ire hazard  
H ealth  hazard

A cute oral L D .j, (rat) 
T L V
H andling  code

1,3 -d ihyd roxy -benzene 
OH

k ^ O H

K o p p ers  (U SA )
L.B , H o iliday  
V olatilises at 1 I0 °C  
Sm all flakes
1-27
N on-flam m ab le  
V ery harm fu l by  ingestion  
Severe eye irr i tan t 
R esp ira to ry  irr i ta n t 
Skin ir r i ta n t 
300 m g/kg  
45 m g/m  \  10 ppm  
B



W here fum es a re  present, as a result o f  processing conditions, such as 
a t  the dum p in g  o f  an  in ternal mixer, very adequate air extraction and 
c ircu la tion  is necessary, and  here it is advisable to  keep environmental 
levels to  less than  I m g /m ’ w herever possible.

In its solid form  it can  be absorbed th rough the skin, causing 
itch ing  an d  derm atitis .

R eso rc ino l is soluble in w ater, but insoluble in rubbers, and blooms 
to  the  surface o f  unvulcanised stocks. Skin contact, therefore, should 
be avoided.

M ethylene Bis O rth o  Chioroaniline (M BO CA )

C hem ical fo rm ula

T ra d e  nam e 
Suppliers

M elting  po in t 
Specific gravity  
N o rm a l usage 
F ire  p recau tio n s

H ealth  hazard  
A cute o ra l L D jj, (rat) 
H an d lin g  code 
U se  in  foodstuffs

Cl,^ Cl

N H ,

M O CA  
D u P ont
H ickson & Welsh
103°C
1 -4 4

As a crosslinking agent for polyurethanes 
N on-flam m able, bu t if involved in a fire 
em its toxic fumes. Use w ater, foam or 
carbon dioxide  extinguishers 
Suspected b ladder carcinogen 
2100 m g/kg
Special ca tegory  m aterial 
N o t approved

In the U SA  th is m aterial is considered to  be a weak bladder 
ca rc inogen  (from  w ork  ca rried  o u t on dogs), and  at present there is no 
evidence th a t M B O C A  has caused cancer in m an. However, the 
B R M A  H ealth  A dvisory  C om m ittee recom m ends tha t this m aterial 
shou ld  n o t be used , as  the cond itions which w ould have to  be 
im proved  in o rd e r  to  en su re  sa fe  w orking, would be ol such stringency 
as to  ren d er them  im practicab le  an d  unacceptable.
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Rubber Solvents

These may be divided in lo  fo u r ca tegories:

(1) Low arom alic . i.e. < 2 0 ar omat i c
(2) A rom atic
(3) A lcohols and ketones
(4) Chlorinated

Safely Precautions

M any o f the p recautions in the use-and h an d lin g  o f  so lven ts a re  o f  a 
com m on natu re  and m ay be g rouped  as  follow s.

Fire
W ith the exception o f  ih e ch lo rin a ted  m a teria ls  all ru b b e r  so lvents are  
highly flam m able, and  it is very adv isab le to  c o n ta c t th e  local fire 
au thorities as to  the ir safe s to rage  an d  use. In  an y  case, m any 
countries have the ir ow n regu la tions fo r these m a te ria ls , w hich  differ 
from place to  place, and  even from  tow n to  tow n , so  o u ts id e  advice is 
very necessary.

Obviously, all possible fo rm s o f  ign ition  m ust be k ep t w ell c lea r o f 
liquid and  vapour sources.

S tatic electricity is a very real h az a rd  a n d  step s sh o u ld  be ta k en  to 
ensure proper ea rth ing  o f  p rocessing  p la n t, etc. It is a lso  very  helpful 
to  add small quantities o f  an tis ta tic  add itive s  to  the  so lven t in the 
m ain storage tanks. In this connection  m ost o f  th e  m ain  petro leum  
com panies have proprie tary  b randed  m aterials  an d  w ould  give advice.

Heallh
All solvents have varying degrees o f  adverse effects o n  th e  hum an  
body, and  should therefore be hand led  w ith respect. F a tig u e  is usually  
the first w arning  ot troub le  w hen h an d lin g  so lven ts, an d  th is is 
followed by headache, nausea, drow siness, and  loss o f  consciousness. 
O bviously therefore, plenty and  a d e q u a te  ven tila tio n  is essential.

Som e solvents have ra th er p leasan t o d o u rs , an d  it is necessary  n o t 
to  becom e hooked ' by th is, as the  p rac tice  o f  ‘so lven t sniffing’ is 
perhaps m ore w idespread than  realised. T h is is a  gross m isuse and  is a 
highly dangerous and  serious m a tte r.

R ecent evidence from  anim al experim en ts suggests th a t hcn :ene  in 
am oun ts  greater than  1 %  in so lvents m ay c o n s titu te  a long-term



cancer h azard . It is, therefore, essential to  contro l the use and type of 
industria l solvents.

Skin  unci Eyes
Eye irr ita tio n  is p roduced  w ith m ost solvents, including their vapours, 
an d  skin co n tac t can p roduce defatting  and derm atitis.

S P E C IA L  PR E C A U T IO N S

A rom atic Solvents

These a re  n o rm a lly  supplied  w ith a m axim um  benzene concentration 
o f  0 -2 0 % w t/w t. Benzene has been associated with leukemia and 
shou ld  never be used as a rubber solvent. It is essential tha t the 
d ifference betw een benzene and  benzine is fully understood. Benzene 
chem ically  is Cf,H^ and  is highly toxic. Benz/ne is a widely used and 
m isleading  te rm , an d  in any  case should be pronounced as in wine, 
b u t p re fe rab ly  the term  should  not be used at all.

T  richloroethylenc

Like ch lo ro fo rm , th is m aterial has anaesthetic effects, and liver 
d am ag e  can  be caused  by over-exposure. If th is  m aterial m ust be used, 
then stric t a ir-co n tro l is necessary.^

M ethylene C hloride

U ntil very  recently , th is  m aterial has been considered to  be one o f the 
safest ch lo rin a ted  solvents. H owever, even this m aterial requires 
p len ty  o f  fresh  a ir  in the vicinity as there is some evidence to show that 
the bod y  converts , inhaled  m ethylene ch loride to  ca rbon  monoxide, 
resu lting  in elevated  levels o f  carboxyhaem oglobin , with higher than 
no rm a l levels o f  ca rb o n  m onoxide in expired air.®’’

T H R E S H O L D  L IM IT  V ALUES

T he fo llow ing figures arc given as a guide only, and  on no accmmi 
shou ld  they  be used as exact values in distinguishing safe and unsafe 
w ork ing  conditions.'*



Specific Flash poinl Boiling 
gravitv (d o sed ) poinl

r c )  r c )

Alcohols and 
ketones

SBPI
SBP2
SBP3
Rubber solvent 
W hite spirit 

Solvent naphtha 
Toluene 
Xylene

MEK
Methyl ISO butyl 

ketone 
Methyl alcohol 
ISO propyl alcohol

Perchlorethylene 
Trichloreihylene 
1.1.1-trichlorethane 
Methylene chloride

07 0
0-71
0-73
0-75
0-79

0-84
0-87 
0-86

0-81
0-80

0-80
0-82

1-62 
I 46 
I 32 
1 32

- 4 6  
- 3 4  5 

-9 -5  
2 

38
7
4 5

23

12
16

N one
N one
N one
None

35/115 
67/95 
98/122 
115/155 
150/230 

95/143 
110/112  
137 5/144 5

79/81
114/117

64/66
79/81

118/122
86/87
70/80
38/41

T L V
ppm

125
175
275
200
100
100
100
100
200
100 (Skin)

200 (Skin) 
400 (Skin)

100 (Skin) 
200 
350 
200

E N V IR O N M E N T A L  M O N IT O R IN G  P R O C E D U R E S

The following list o f  techn iques a re  w idely u sed , an d  a re  
recom m ended as being necessary lo  en su re  th a t th e  levels m en tioned  
earlier in this ch ap te r are  adhered  to . T h e  ex p e rim en ta l techn iques 
themselves are n o t detailed  as they  a re  very ad e q u a te ly  d escribed  in 
the BRM A  handbook .

(1)
(2)
(3)
(4)
(5)
(6)

M easurem ent o f  to ta l d u s t con cen tra tio n s .*  
M easurem ent o f resp irab le d u s t.’
P ersonal a ir  sam pling.
A utom atic  sam pling.
M easurem ent o f  a tm ospheric  so lven t c o n c en tra tio n s . 
M easurem ent o f  fum es from  h o t ru b b e r.
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CH EM IC A L R E S IS T A N C E

The type o f  polym er chosen  fo r a p a rtic u la r  ru b b e r  artic le ’s function  
depends upon considera tion  o f  te m p era tu re  (b o th  o p e ra tin g  and  
am bient), the na tu re  o f  the fluid o r  chem ical in  c o n ta c t w ith  the 
rubber and  o th e r relevant o p e ra tin g  co n d itio n s . It a lso  d ep en d s  upon 
the ac tual percentage o f  the po lym er in the  c o m p o u n d , a n d  in this 
connection  the basic characte ristic s  o f  m ost po lym ers  can  be varied  
by the in tro d u c tio n  o f  co p o ly m ers  (and  b lends), c o m p o u n d in g  
ingredients, o r reinforc ing  agen ts, to  achieve the  desired  b a lan ce  o f  
properties.

Each grade o f  polym er is usually  ava ilab le  in  a  ran g e  o f  hardnesses , 
this p roperty  being m easured  in IR H D  (In te rn a tio n a l R u b b e r 
H ardness Degrees). A scending  num bers in d ica te  inc reasing  hard n ess , 
the u ltim ate value being 100.

T he tab le o f chem ical resistance (see T ab le 16) has been com piled  to 
serve as a  guide only, and  shou ld  n o t be used as  th e  u ltim a te  
au tho rity . E xact o pera ting  cond itions  sho u ld  be kn o w n  befo re  a final 
choice is m ade and  ru b b er m a n u fac tu re rs  sh o u ld  be consu lted  
whenever possible, especially fo r the  m ore co rro sive  m ateria ls .

It can n o t be over-etnphasised th a t the chem ical res is tances  show n 
should  be taken  as a  general gu ide only , since m any  o f  these 
characteristics are  significantly alTected by the  en v iro n m en t o f  the 
opera tm g conditions. Selection o f  the  m a te ria l fo r a p a rtic u la r  and  
precise du ty  should be m ade in co n ju n c tio n  w ith  th e  ru b b er 
nnanufacturer, and  agreed before any  final specification  is issued . In 
this respect it is recom m ended th a t reference be m ade to  BS 5176- 
British S tandard  specification fo r a classification  system  fo r 
vulcanised rubbers.

This standard  has been p repared  u n d e r the  au th o rity  o f  the  R u b b e r



In d u s try  S tan d a rd s  C om m ittee, as a reference classification for 
vulcanised  rubbers. It p rovides a m eans o f  specifying the physical 
p roperties  o f  vulcanised  rubbers in a convenient notation. In the 
in terests  fo r ra tio n a lisa tio n  o f  test m ethods, it limits the times and 
te m p era tu res  availab le  fo r selection in connection with certain tests.

T h e  classification  is based  on the physical properties of the 
vu lcan ised  ru b b e r  ra th e r th a n  on com position requirements and 
follow s closely the  system  published by the A merican Society for 
T esting  a n d  M ate ria ls  (A ST M  designation, D2000) and also the ISO.

(T»b!e 16 overteaf)
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G L O S S A R Y  OF RU BBER INDUSTRY 
TER M S

/ICS.' th e  jibb rev ia lio n  fo r the A m erican Chemical Society.
) ■ A N S l:  th e  ab b rev ia tio n  fo r the A m erican N ational Standards
! In s titu te .
) an iioxidqn l:  a co m p o u n d in g  ingredient used to retard deterioration

caused  by oxygen.
a n iio z o n a n i:  a co m p o u n d in g  ingredient used to retard deterioration 
caused  by ozone .
A S T M :  th e  ab b rev ia tio n  for A m erican Society for Testing and 
M ate ria ls .

1 auu ickw e:  a  p ressu re  vessel used fo r vulcanismg rubber products by
m eans o f  s tea m  u n d er p ressure. r , ■
a u to c ta ie  press:  steam  pan  incorpora ting  means for applymg 
m echan ica l p ressu re  to  m ould(s).

1
bale cu ller:  p ress in w hich a bale o f  raw rubber is forced agamst a 
knife , so cu ttin g  it m to  pieces for m ore convenient handling 
hall m ill:  ro ta tin g  d ru m , generally m ounted horizontally and 
c o n ta in in g  loose balls  o f  ha rd  m aterial to pulverise coarse panicles. 
Banhurx' m ixe r:  a  specific type o f  in ternal mixer.

.'A ccum ula tion  o f  m ateria l a t the opening between the rolls 
, mill o r  ca len d e r o r  at a sp reader b a r o r knife. nmress

haleh: p ro d u c t o f  one  m ixing o pera tion  m an 
i  hin earing: u n in te n tio n a l vu lcanisation  o f  a mix d « "n g  storage.
J M onk {slag):  piece o f  m ix o f  su itab le  volum e for

blender: vessel, fitted w ith  m ovable blades, to e„eous
usually  c o m p o u n d in g  ingredients, in to  a uniform , homogeneous

! M « ; r a  ra ised  sp o t o n  the s u r f ^ e  o r a -p a r a t io n
I  usually  fo rm in g  a Void o r  airfilled space m
! m



blister bar: b a r parallel to  a ca lender roll in ten d ed  to  m inim ise 
blistering during  m ultiple b ank  ca lenderm g.
bloom - a d iscoloration  o r  change m a p p e a ran ce  of the  su rlace  o f  a
rubber p roduct caused by the m ig ra tion  o f  a  liqu id  o r  so lid  to  the
surface, e.g. su lphu r bloom , wax b loom . N o t to  be co n fu sed  w ith  dust
on  the surface from  ex ternal sources.
hon l- term  som etim es used fo r a ca len d er roil.
box: roller on which long lengths o f  ru b b e r  sheets  o r  fab ric  a re  w ound
and tem porarily  sto red  d u rin g  the p rocesses o f  m a n u fac tu re .
breakdois n: p relim inary  so ften ing  by m echan ica l w ork  o f  raw  rubber
o r  a mix to  render it m ore su itab le  fo r m astica tin g , m ix ing  o r  fu rther
processing.
breas! roll: roll w hose axis is a rran g e d  para lle l to  th a t o f  th e  o th e r 
rolls but no t in the sam e vertical p lane.
bridge: tw o-spoked m em ber su p p o rtin g  the  co re  in the  head  o f  the 
extruder.
B R M A :  the abbrev ia tion  fo r the  B ritish R u b b e r  M an u fac tu re rs  
A ssociation.
B S I:  the abbrev iation  fo r th e  B ritish S ta n d a rd s  In s titu tio n . 
hum p {breathe): m om en ta rily  to  o pen  an d  close a m o u ld  a t  an  early  
stage in the m ou ld ing  process to  expel gas.

calender: m achine w ith tw o o r m ore  ro lls  fo r c o n v e rtin g  ru b b e r , o r  a 
com b ination  o f  rubber w ith o th e r  m a te ria ls , in to  sheet o f  a con tro lled  
thickness.
cam ber:  convexity  o f  the  long itu d in a l sec tion  o f  a  roll.
cement: a d ispersion  o f  unvu lcan ised  raw  o r  co m p o u n d ed  ru b b e r  in a
su itab le  solvent, used as an  adhesive o r  sea lan t.
ventre {cone): th a t pa rt on the d ie  w hich  sh ap es  the  in te rn a l profile o f
an  ex trudale .
chalk blower: device fo r app ly ing  a p ow der to  the  in n e r su rface  o f  a 
tu b u la r ex iru d a te  as it leaves the die.
chatter m arks:  defect on ca lendered  sheeting  co n s is tin g  o f  transverse
narrow  b ands o f  alte rnate ly  th icker an d  th in n e r m a te ria l.
cloth m ark:  im pression left on  ru b b e r by a fabric .
co ld  checks: defect on ca lendered  sheeting  co n s is tin g  o f  surface
roughness.

vu lcan isation  at room  te m p era tu re , co m m o n ly  by m eans o f  
su lphu r m onoch lo ride  so lu tion  o r  v ap o u r.
com position: k inds and  p ro p o rtio n s  o f  all ing red ien ts  c o n ta in ed  m a 
mix.
com pound (m ix ):  in tim ate m ix tu re  o f  a polym er(s) w ith  all the 
ingredients necessary fo r the finished article .



com pression  m ould: m ould  fo r com pression  m oulding. 
com pression  m oulding:  m ou ld ing  process in w hich the b lank is placed 
directly  in the  m ou ld  cav ity  and  com pressed  to  shape  by closure o f  the 
m ould .
continuous cure jvu ka n isa tio n  (cd).' vu lcan isa tion  by the con tinuous 
passage o f  ex tru d ed , ca lendered  o r sp read  m ateria l over o r  th ro u g h  a 
un it w hich  is cap ab le  o f  rap id  an d  com plete heat tran sfe r, e.g. liquid 
o r  sa lt b a th , fluid bed , m icrow ave, ro ta ry  cu re , h o t a ir  cu re , steam  
cure.
core p in: p in , being  p a r t o f  a m ou ld , to  form  a hole m a m oulding . 
cracker:  h eavy-du ty  mill having  tw o deep ly -corrugated  o r  pyram id- 
cu t ro lls to  b reak  dow n ru b b e r, a m ix, o r  fo r cu ttin g  ru b b er o r  a  mix to  
pieces.
creel: a p p a ra tu s  for ho ld ing  a large n um ber o f  bo b b in s  o r  spoo ls o f  
tex tile o r  steel co rd  allow ing the co rds  to  be b ro u g h t toge ther to  form  
a layer.
crosslskew  axis:  ad ju stm en t to  the co n to u r  o f  the  n ip  form  between 
tw o ro lls o f  a ca lender by skew ing the axis o f  one roll relative to  the 
Other.
crow sjeet: sm all flow m arks o f  V shape o n  ca lendered  sheetm g. 
cure: v u lcan isa tion ; process o f  sm oking  coagu lum .

dayligh t:  d istance  between ad jacen t p la tens o f  a day ligh t press in the 
open  position .
davligh i press: press having  tw o superim posed  p la tens, usually 
hea ted , betw een which m oulds are  pressed.
die: d e tach ab le  pa rt o f  an  ex tru d er to  p roduce  the profile o f  an
ex tru d a te , . u j
die holder: device fo r locating  the d ie in relation  to  the ex tru d er head. 
die line: lo n g itud ina l raised identification  line fo rm ed  deliberately  on 
an  ex tru d a te .
dipping: p rocess fo r m an u fac tu rin g  seam less articles by d ipp ing  a 
fo rm er in to  a ru b b er so lu tion  o r latex.
doubling  m achine: m ach ine wi th tw o ro lls lo r build ing  th icker 
sheeting  from  plies o f  th in n er sheeting.
dough: paste-like m ass o f  sm oo th  tex tu re  consisting  o f  a mix and
solvent fo r spread ing .
dough m ill: mill for hom ogen ising  dough .
draw: ta p e r  on  th e n ie m b e r(s )o fa  m ould  to  facilita te  the ex trac tion  ol 
a m oulding .
durom eier: an  in s trum en t fo r increasing  the hardness  o f  ru b b e r  
dusling  or cha lking  (the act oj): ap p lica tion  o f  a pow der to a rubber 
su rface  to  prevent adh esio n  to  an o th e r  surlace.



edge K-heel: hand tool com prising  a w heel w ith a n a rro w  sm o o th  edge 
for consolidating  a jo in .
em bossing machine: m achine with tw o o r  m ore  ro lls lo r  em bossing  
sheeting.
cx iruda ie ' p roduct ot ex trusion .
e \lru d er  (tuher): m achine fo r ex tru sion , genera lly  w ith  a driven 
screw for con tinuous form ing o f  ru b b e r  o r  p la stic  th ro u g h  a die. 
es ltu d er  head: th a t part o f  an e x tru d e r w hich houses  the  d ie  o r  die 
holder.
extrusion m ark or score line: m ark  o r  line fo rm ed  acc jd en ta lly  m an 
extruder on an  ex irudate .

face cloth: fabric trea ted  to  give a sm o o th  finish a n d  used for 
tem porary  su p p o rt o f  sheet ru b b er.

fish  hack ( H erringbone bar): b a r  w ith c o rru g a tio n s  so  a rran g e d  th a t, 
when tau t fabric is d raw n acro ss  it, lo n g itu d in a l w rink les are  
rem oved.

, f i a f  cure: vu lcan isation  d u ring  w hich the  value o f  a desired  p ro p erty  
proceeds to  a m axim um  an d  then  rem ains  no m in a lly  c o n s ta n t fo r a 
substan tia l period after the in itia l change.
floa ting  platen: p la ten  su spended  betw een the  to p  a n d  b o tto m  
platens o f  a m ulti-daylight press an d  ca p ab le  o f  vertical m ovem ent. 
flow m arks:  m a rks  o r  lines on m ou ld ings, caused  by  im perfec t fusion  
o f  flowing fronts.
form er: shaped  rigid object on o r in w hich  a  ru b b e r  a rtic le  is fo rm ed  
e ither by d ipp ing , m ould ing  o r  m a n ip u la tio n  an d  fro m  w hich  it is 
subsequently  rem oved.
Jorm ulation  {recipe): s ta tem en t o f  all ing red ien ts  a n d  th e ir  
p ro p o rtio n s  to  be con ta ined  in a mix.
Jram e: m etal p la te with a large, shaped  ho le  w hich , w hen used 
between flat p lates, form s a m ould .
jr ic tio n  ratio: ra tio  o f  surface speeds o f  tw o ad jacen t ro lls  (m ill or 
calender).
frictioning:  process o f  im pregnating  w oven fab ric  w ith  ru b b e r  using  a 
ca lender w hose rolls ro ta te  at d ifferent su rface speeds.

gram : the m isdirectionai o rie n ta tio n  o f  ru b b e r  o r  filler partic les 
resu lnng  in an iso tro p y  o f  ru b b e r co m p o u n d s.
granules: particles la rger th a n  1 m m .
gum  dipping: process o f  im p reg n a tin g  textile w ith  ru b b e r  by 
im m ersion  m rubber so lu tion .



h m t resistance. Ihe property  o r ability to  resist the deteriorating 
eifects o f  elevated tem peratures.
heal slrelchinglslabilising: process o f ad justing  the therm al and 
d im ensional properties o f  a fabric under specific com binations of 
tem p era tu re , tension and time.
ho i air cure: process o f  conducting  vulcanisation in heated air. 
hoi waier cure: process o f  conducting  vulcanisation in hot water or 
aqueous so lu tion .

injection m oulding: m oulding  process in which mix is forced into a
closed hea ted  m ould  from  a separate heating cham ber.
insert: com ponen t m ade o f  m etal o r o ther m aterial, which is to
becom e an  integral pa rt o f  a rubber moulding.
insert p in  or m oulding pin: pin to  place and hold in position an insert
d u rin g  a  m ould ing  operation .
in term ix: a specific type o f  in ternal mixer.
in ternal m ixer:  m ixer having specially shaped ro to r or rotors 
o p era ted  in a closed cham ber.
IR I:  th e  abb rev ia tion  fo r the Institu tion  o f  the R ubber Industry  (now 
P R I)
ISO :  th e  abb rev ia tion  fo r In te rn a tio n a l O rganisation  for 
S tanda rd isa tion .

kn ife  bar: b a r ca rry ing  knives arranged for cu tting  sheeting 
longitudinally .

land: co n tac t a rea  substan tially  norm al to  the direction o f  closing 
betw een tw o separa te  parts  o f  a m ould.
lead press cure: a process w herein a lead sheath  acts as a restraining 
m em ber o r  m ould , du rin g  vulcanisation.
lease bars: tw o o r m ore m etal bars interposed laterally between 
ad jacen t co rd s  o f  a layer o f  cords to  facilitate identification and 
trac ing  o f  ind iv idual cords.
le t-o ff gear: ap p a ra tu s  for releasing m aterial from a reel or box under 
con tro lled  tension,
lifihi resi.siance: th e  ab ility  to  re tard  the deleterious action ot light. 
linear: sheet m aterial used for tem porarily  interleaving sheets which 
w ould o therw ise stick together.
low  tem perature cure: vu lcanisation  at a lower tem perature than 
usual fo r a p a rticu la r p roduct. 
l.P G :  liquefied petro leum  gas.



m aslerhaich ( MB) :  hom ogeneous m ix tu re  o f ru b b e r  an d  one  o r  m ore 
com pound ing  ingredients for use as a new m ateria l in the  p rep a ra tio n  
o f  the final mix.
m aslicaiion:  process o f  plasticising  raw  ru b b e r  irreversib ly  by the 
com bined  action  o f  m echanical w ork and  oxygen frequen tly  at 
elevated tem perature.
m igration: a fo n n  o f  diffusion o f  co m p o u n d in g  ing red ien ts  in a mix. 
mill: m achine with tw o driven rolls fo rm ing  a n ip  fo r m astica tin g , 
plasticising, m ixing o r sheeting.
m ill hush (breaker pad): m em ber fitted in to  the fram e o f  a mill o r 
calender, designed to  break  preferen tia lly  in  the  event o f  o verload ing . 
m ixer:  m achine used for m ixing to g e th er po lym ers  a n d  c o m p o u n d in g  
ingredients.
M o o n e y  v i s c o m e te r :  ro ta tio n  in s tru m en t used as a m easu re  o f  the 
effective viscosity o f  the rubber. T he answ er o b ta in ed  is know n  as the 
M ooney value.
m other stock:  type o f  m aslerbatch  in w hich  th e  ing red ien ts  are  
present in a h igher p ro p o rtio n  than  requ ired  in the  final m ix. n b . 
M asterbatches are used to  fac ilita te  p rocess ing  o r  en h a n cc  the 
p roperties  o f  the final p roduct, o r  bo th . 
m ould  fin ish:  surface finish o f  m ould .
m ould  lubricant: m a terial applied  to  a m ou ld  to  p reven t ad h e sio n  o f  
the rubber to  the m ould.
m ould  m ark:  surface im perfection  tra n sfe rre d  to  a m o u ld in g  from  
correspond ing  m arks on  a m ould .
m ould  register: m eans o f  co rrec tly  a lign ing  the p a r ts  o f  a m ould .
m oulded finish: surface finish o f  a m o u ld in g  as  it leaves the  m o u ld , no
subsequent opera tions  having been p erfo rm ed .
m oulded skin:  surface layer o f  a  m ou ld ing  w hich  m ay  d ifler slightly
from  the bulk o f  the m aterial in the m ou ld ing .
m oulding pressure: force applied  by the  p ressd iv id e d  by the  p ro jec ted
area  o f  the m ould cavity(ies).
m oulding  p ro cep :  process o f  shap in g  a m ateria! w ith a d ie  o r  m ould  
by apply ing  pressure aftd usually  heat.
m oulding  product: ob ject p ro d u ced  in a c losed  m ou ld  (e.g . by 
com pression  m ould ing , in jection  m o u ld in g  o r  tra n sfe r  m ould ing). 
m oulding  shrinkage:  difference in d im ensions  betw een a m o u ld in g  
p ro d u c t and  the m ould  cavity  in w hich it w as m o u ld ed , b o th  the 
m ould  and  the m ould ing  p ro d u c t being  a t n o rm a l ro o m  te m p era tu re  
when m easured .
M R P R A :  the abb rev ia tion  fo r the  M alaysian  R u b b e r  P ro d u cers  
R esearch  A ssociation.
m ulti-dayligh t press: day ligh t press w ith  m ore  th a n  o n e  open ing .



•^lerve: s ta te  o f  insufficient m astica tio n . 
nip: line o f  su rface  co n tac t betw een tw o ro lls, o r  the  gap  betw een them  
in the p lane  o f  th e ir  axes.

ojjsel m ould ing:  p ro d u c t o f  a  m ou ld  w hose p a r ts  are  n o t in reg ister. 
open-sided  or sw an-neck press: can tilever p ress w ith  co lu m n s  on  one  
side on ly  an d  w hose o p en in g  is th e re fo re  accessib le  fo r lo a d in g  from  
th ree  sides,
open s tea m  cure: v u lc an isa tio n  w ith o u t a  m o u ld , in s team . 
o p tim u m  cure: co n d itio n  o f  v u lc an isa tio n  to  achieve an  accep tab le  
c o m p ro m ise  betw een a  n u m b e r o f  desired  p ro p e rtie s  o r  the  o p tim u m  
value o f  a selected  p ro p e rty .
overcure: a  s ta te  o f  cu re  g rea te r th a n  th e  o p tim u m .
ozone cracking:  th e  su rface  c rac k s , checks, o r  c raz in g  cau sed  by
ex p o su re  to  an  a tm o sp h e re  co n ta in in g  ozone .

p ea k  cure: v u lc an isa tio n  d u rin g  w hich  the  value o f  a m a jo r  p ro p e rly  
p roceeds  to  a  m ax im um  o r  m in im um  a n d  then  ch an g es  rap id ly . 
pelle iiser:  m ach in e  s im ila r to  a  s tra in e r  fo r p re p a r in g  pellets o f  
ru b b e r.
platen:  flat m e ta l p la te  o r  chest to  ap p ly  h ea l a n d  p ressu re  to  m ould(s) 
in a press.
p lu ck in g :  te a rin g  o u t o f  iso la ted  p o r tio n s  from  a  ru b b e r  su rface 
d u rin g  s e p a ra tio n  from  a second  su rface .
post cure: seco n d a ry  cu re , a t a c o n tro lle d  te m p e ra tu re , fo llow ing  the  
p rim ary  cu re  a n d  ca rried  o u t to  en h a n ce  th e  physica l p ro p e rt ie s  o f  the  
m ate ria l.
pow der (rubber):  p a rtic le s  o f  size 1 m m  o r  less.
p re fo rm :  p iece o f  m ix o f  specified sh ap e  a n d  size fo r th e  m ou ld .
pre-Jorm er: m em ber in te rp o sed  betw een  th e  e x tru d e r  head  a n d  d ie to
un ify  the  ra te  o f  flow o f  ru b b e r  th ro u g h  th e  die .
press  cure: v u lc an isa tio n  in  a  m o u ld  in a p ress.
P R I:  th e  a b b re v ia tio n  fo r th e  P lastics an d  R u b b e r  In s titu te . 
p ro filin g  m achine:  m ach in e  w ith  tw o  o r  m o re  ro lls  o f  w hich  a t least 
one  ca rries  on e  o r  m o re  c ircu m fe re n tia l g ro o v es  fo r co n v e rtin g  ru b b e r 
in to  s tr ip  hav in g  a p red e te rm in ed  c o n to u r . 
p ro o fed  fa b r ic :  c o m p o site  p ro d u ced  by p ro o fin g . 
proo fing:  p rocess  o f  c o a tin g  a  fab ric  w ith  ru b b e r  to  im pede 
p e n e tra tio n  by a  fluid u sua lly  w a te r; th e  ru b b e r-c o a tin g  o f  such  
fabric .



R A P R A :  Ihc abbreviation  for the R u b b er an d  P lastics  R esearcli 
A ssociation o f  G reat Britain.
reln icled  spen'. defect in w hich the ru b b er ad jacen t to  the  spew  line 
shrinlfs below the level o f  the m ould ing , the  spew  line o ften  being 
ragged and  torn.
reverw  camber: concavity  o f  the long itud ina l section  o f  a roll. 
r h e o m e l e r  (M onsam o): one type o f  cu rem ete r. It is in w orldw ide use 
and  has m any app lications as a process c o n tro l in s tru m en t in ad d itio n  
to  Its norm ally  accepted la b o ra to ry  use as a m easu re  o f  stilfness, 
scorch and functional m odu lus  ch a rac te ris tic s  o f  a ru b b e r 
com pound. In cerlain  cases it is even used ind irec tly  as a co m p ariso n  
o f dispersion by exam ining  the  rep roduc ib ility  o f  several b a tch es  o f  
the sam e m aterial.
R M A :  the abbrev iation  fo r the  R u b b e r M an u fac tu re rs  A ssocia tion  
Inc.
roll: roller o r hollow  cylinder fo rm ing  a m a jo r m oving  m em ber o f  a 
rubber processing m achine.
roll bending: ad justm en t to  the c o n to u r  o f  the  n ip  fo rm ed  betw een 
two rolls o f  a ca lender by bend ing  one o r  b o th  rolls. 
roll deflea ion: bending o f  the m oving  ro lls, p a rticu la rly  w hen the  n ip  
is loaded.

scorch  p rem ature vu lcanisation  o f  a ru b b e r  mix.
screw (scroll): ro ta tin g  m em ber w ith a helical g roove to  p ro p e l ru b b e r
along the barrel o f  an ex truder.
scll-ndcanisaiiim : in ten tional vulcani.sation a t o r  n e a r  room  
tem perature.
sk in  coaling: process o f  app ly ing  ru b b e r  to  the  su rface  o f  sheet 
m aterial using a sp reader; the layer so app lied . 
slab moulding: process o f  com pression  m o u ld in g  in w hich  a m u lti­
cavity m ould is charged w ith a single slab  o r  sheet. 
spcH or flash: surp lus m aterial forced from  a m ou ld  on  c lo su re  un d er 
pressure.
spew line: line on the surface o f  a m o u ld in g  a t the  ju n c tio n  o f  the 
m ould  parts.
spider: m em ber w ith three o r m ore  spokes  s u p p o rtin g  the  co re  in the 
head o f  the extruder.
spider line: rad ial line on  a cro ss  section  o f  an  e x tru d a te
correspond ing  to  the spokes o f  a sp ider o r  bridge. 
spread sheer  sheet m ade by sp read in g  ru b b e r do u g h  o n  a su p p o rt 
from  which the sheel is finally rem oved.
spreader: m achine lo r  d is tr ib u tin g  ru b b e r  do u g h  o r la tex  on  the 
surface o f  sheet m aterial by m eans o f  a b lade.



spn-ader chesi: Ih a l p a r t o f  a sp read e r  co n s is tin g  o f  a hea ted  tab le , the 
function  o f  w hich is to  assist ev a p o ra tio n  o f  so lven t as  the coa ted  
fabric  passes over it.
s p n w lin g  kn ife  itiocior hkidc):  b lade  used fo r sp read in g  d o u g h  o r 
latex sm o o th ly  an d  u n ifo rm ly .
sit-ani-pan (auioclave):  c losed  vessel fo r tre a tin g  ru b b e r  in steam  
usually  u n d e r pressu re.
Sliich: th e  co n so lid a tio n  o f  a seam  by ro llin g  it w ith  a s titch in g  w heel. 
stiich  H-lwel: h a n d  to o l co m p ris in g  a  n a rro w  w heel w ith  a  n a rro w  
se rra ted  edge fo r stitch ing .
s tock  blender: device co m p ris in g  one  o r  m o re  d riven  ro llers  m o u n ted  
above a n d  used in c o n ju n c tio n  w ith  a mill to  im p ro v e  b len d in g  o f  a 
mix.
stra iner:  m ach ine  designed  to  fo rce ru b b e r  th ro u g h  m e ta l gauze 
screens to  rem ove e x tra n e o u s  m a tte r .
str ike -th ro u g h :  p en e tra tio n  o f  ru b b e r  c o a te d  to  u n co a ted  su rface,

ta ke-o j) gear: a p p a ra tu s  fo r w in d ing  m a te ria l on  a reel o r  box from  a 
ca len d er o r  sp read e r  u n d e r co n tro lle d  ten sion , 
tee head: e x tru d e r  head  o f  T sh ap e , to  d iv e rt the  flow o f  ru b b e r  to  a 
d ire c tio n  a t  r igh t ang les to  th e  axis o f  the  screw , fo r d irec t ex tru sio n  
ro u n d  a co re ,
tension stand:  assem bly  o f  la rge d ia m e te r  ro llers  fo r ten sio n in g  fabric , 
tip: d e tach ab le  co n ica l end  o f  a  cen tre .
topp ing  (sk in  coa ting):  p rocess o f  a p p ly in g  ru b b e r  to  the  su rface  o f
sheet m a te ria l u sing  a c a len d e r; the  layer so app lied ,
tracer wheel: h a n d  to o l co m p ris in g  a  ro lle r  w ith  a  k n u rle d  w o rk in g
face fo r co n so lid a tin g  a jo in ,
transfer m ould: m o u ld  fo r tra n sfe r  m o u ld in g ,
transfer m ould ing: m o u ld in g  p rocess in w hich  a p red e te rm in ed
q u a n tity  o f  m ix  is fo rced  in to  a closed  h ea led  cavity(ies) from  a hea ted
c h a m b er  in teg ra l w ith  the m ou ld ,
trea ted  liner: liner w hich  has been specially  tre a te d  to  im prove its 
s m o o th n e ss  o r  to  ease its s e p a ra tio n  fro m  the  ru b b e r .

lapo iir  cure: v u lc an isa tio n  by e x p o su re  to  th e  v a p o u r  o t su lp h u r 
m o n o c h lo rid e ,
rariah le  die: d ie  co m p ris in g  tw o o r  m o re  co m p o n e n ts  each  ad ju stab le  
relative to  the  o the r(s),
V -h lock:  c e n tra l m em ber o f  a Y -h ead  to  m a in ta in  se p a ra t io n  o f  the  
s im u ltan e o u s  d isch a rg e  o f  tw o  ex tru d ers, 
vulcanisate: m a in  p ro d u c t o f  v u lc an isa tio n .



vukan ism ion:  norm ally  irreversible process in w hich  ru b b e r , th ro u g h  
a change in its chem ical s tru c tu re  usually  b ro u g h t a b o u t by cross 
leaking, is converted to a cond itio n  in w hich the elastic  p ro p e rtie s  are  
conferred , re-established, im proved o r  ex tended  ov er a g re a te r  range 
o f  tem peratu re.

Y-head: ex truder head o f  Y shape to  d irec t to g e th e r  th e  s im u ltan eo u s 
discharges from  tw o ex truders  to  a single die.



S P E C IF IC  G R A V IT Y  O F C O M M O N LY  
U SE D  C O M P O U N D  IN G R E D IE N T S

A lu m in iu m  silicate 2 1 0
A m m o n iu m  c a rb o n a te 1-59
A n tim o n y  su lph ide 3 0 0
A n tim o n y  trio x id e 5-40
A sbestos 2-70
B en ton ite 2-50
B itum en 1 0 4
Blanc fixe 4-30
C alc ium  silicate 2 1 0
C a rb o n  b lack 1-80
C a rn a u b a  w ax 0-99
C asein 1-26
C eresine  w ax 0 9 2
C h in a  clay 2-50
C o tto n se ed  oil 0-93
D ieth y len e  glycol 1 12
D u trex LOG
E ste r p lastic ise rs 1 0 0  (ap p ro x )
F actice 105
F ren ch  ch a lk  (ta lc) 2-80
G lue 1-27
G ra p h ite 2-40
Indene- -c o u m a ro n e  resin 1 0 9
Iro n  ox id e  (red  oxide) 4-80
K ao lin 2-60
K iese l^uh r 2-20
L ano lin 1 0 8
Lead d io x id e  (b row n) 9-40



Lime 2-19
L itharge (yellow) 9-30
L ilhopone 4-30
M agnesium  c a rb o n a te —light 2-21
M agnesium  oxide (ligh t oxide) 3-60 
M ica dust 2-80
M ineral oil 0-91
M RX — m ineral ru b b e r  101
Oleic acid 0-90
Palm  oil 0-80
Paraffin wax 0-90
P etro leum  jelly  0-90
Pine ta r  1 0 8
Rosin 1 07
R osin oil 0-98
Shellac 115
Silica 1-95
Stearic acid 0-85
Sulphur 2 0 5
T itan ium  dioxide 3-90
U ltram arin e  blue 2-50
V erm ilion g-20
W hiting  2-65
Zinc oxide 5-55
Zinc s tea ra te  1 10

Accelerators
D O T G
D P G
M BT
M BTS
T E T
T M T
Z D C
Z M B T

1 1 9
M 9
1-49
1-54
1-30
1-42
1-47
1-64

A nIioxiclanlSiA nlioxtm unts
D iphenyl-/)um -phenylene d iam ine  1 -22
4 -isopropy lam ino-d ipheny lam ine  (ZA ) 1 1 4
Pheno l/a ldehyde/am ine  condensates  ( NS N)  1 08



P henolic  c o n d e n sa tio n  p ro d u c ts  (EX ) 1 07
P heny l-a //7 /ia-naph thy lam ine 1-21
P henyl-feeM -naphthylam ine 1-21

Rubber
C h lo ro p re n e  (C R ) 1-23
C S M  1 18
E P D M  0-86
N a tu ra l R u b b e r  (N R ) 0-93
N itr i le (N B R ) 1 0 0
P o ly b u ta d ien e  0-93
SBR 0-94
Silicone 0-98



CO N V ER SIO N  T A B LES*

T E M P E R A T U R E  E Q U IV A L E N T S  O F  S A T U R A T E D  S T E A M  
A T  SEA  L E V E L

Gauge pressure Approximate
temperature

{atmospheres) (Ibiin^) ikgjcm ^) ( X ) C F )

0 0 0 100 212
5 0 35 109 111

0-5 73 0-51 112 234
10 0-70 115 239

10 14-7 103 121 250
15 1 06 121 250
20 1-41 125 258

i-5 22 1-54 127 261
25 1-76 130 266

20 29-4 2-06 134 273
30 211 134 274
35 2-46 138 281

2 5 36-7 2-57 139 283
40 2-81 141 287

30 44 309 144 291
45 3-16 145 293

3-5
50 3-51 148 298
51 4 3 60 149 300
55 3-87 150 303

40 58-8 4-11 152 306
60 4-22 153 307

4-5
65 4-57 155 311
66 i 463 156 312

5-0
70 4 92 158 316
73-5 514 159 318
75 5-27 160 320
80 5-62 162 324

* Courtesy: Vulnax Internaiional Lid {continued}



t e m  p e r a t u r e  e q u i v a l e n t s  o f  s a t u r a t e d  s t e a m  a t  s e a
L E \ E L — contd.

Gauge pressure A pp ro x im a te
fem peraiure

{atm ospheres) U bjm ^) (kg jc m ^ )  ( °C ) ( ° F )

5-5 80 9 5 68 162 324
8 5  5-98 164 327

6 0  88-2 6 20 165 329
90  6 33 165 329
9 5  6-68 168 334

6 5 95 6 6  72 168 334
10 0  7 03 170 338

7-0 102 9 7-23 171 340
10 5  7 38 172 342
n o  7-73 173 343

7-5 110 25 7-75 173 343
1 1 5  8 09 175 347

8-0 117 6 8 26 176 349
12 0  8 44 177 351

8-5 12 5  8-78 178 352
13 0  9 1 4  180 356

9 0  132 3 9 30 181 358
135 9-49 182 360

9-5 14 0  9-84 183 361
14 5  10-20 184 363

10 0  147 10-33 185 365
15 0  10-55 186 367
16 0  112 5  188 370

n o  161 7 1 1 3 6  188 370
17 0  119 5  191 376

1 2 0  176 4  12 40 193 379
18 0  J2-66 194 381
19 0  13 36 196 385

13 0  191 13-43 196 385
2 00  14 06 198 388

1 4 0  205 8 1 4 4 6  199 390
2 1 0  14-77 200 392

15 0  2 2 0  15-47 202 396
2 3 0  16-17 204 399

16 0  235-2 16-53 205 401
2 4 0  16 88 206 403

1 7 0  2 5 0  17-57 208 406
26 0  18-28 210 410

1 8 0  264 6 18-59 210 410
2 7 0  18-98 211 4 !2

1 9 0  280 1 9 6 9  213 415
290  20-39 215 419

2 0 0  294 20 66 216 421
30 0  2 1 0 9  217 423



T E N S IL E  C O N V E R S JO N S

I h / i n ^  k g / c m ^ MPa“

391
400
406
412
420
425
427
435
441
450
455
464
469
475
478
483
493
498
500
507
512
522
525
526 
536 
540
550
551 
555 
565 
569 
57 5  
580 
583 
594 
597 
600 
609 
611 
623
625
626 
638 
640

27-5
28 I
28-6
29
29-6 
299
30
30-6
3 1
31 6
32
32-6
3 3
33-4 
33-7
34
34 7
3 5  
35-2 
35-7
36 
367 
369
3 7
37-7
38
38-7 
388
39 
398
40 
40-4 
40-8
4 1
41 8
42
42 2 
428
4 3
43 9
43-9
44
44-9
45

27  
2-76
2 8  
284 
2 9
2-93
2 94
3
304 
3  1
3-14
3 2  
3-24 
3-28
3 3  
3-33
3 4  
343 
3-45
3 5  
3 53
3 6  
3-62 
3-63
3 7  
3-73
3 79
3 8
3-82
3 9  
392 
396
4
4-02 
4 1 
4 12 
4 14
4 2  
4-22
4 3  
4-31 
4-32
4 4  
4 41

kgicm^

650
652
654
667
668 
6 75  
681 
683 
696 
700 
710 
72 5  
739 
750  
754 
768 
7 7 5
782
783
796
797 
800 
811 
812
8 25
826 
839 
841 
850 
853 
855 
867 
870 
8 75  
882 
884 
896
899
900 
910 
913 
9 25  
928 
939

45-7.
45 9
46
46 9
4 7 
47-5 
47-9
48
49 
49'2
50
5 1
5 2  
52-7
5 3
54
54-5
5 5
55-1
56
56 1
56-2
57
57 1
58
58 1
59  
592 
59-8
60 
60 2 
6 1  
61 2
61 5
62 
62 2
6 3  
63-2
63-3
64
64-3
65 
653
66

MPa

4 48 
4 5 
4 51 
4 6 
4 61
4 65
4 7  
4-71
4 8
4-83
4 9
5
5  1
517 
5  2
5 3
5-34 
5-39
5 4  
5-49 
5-5 
5-52 
5 59
5 6  
5 69
5 7  
5 79
5 8
5-86
5 88
5 9  
598
6
603  
608  
6 1 
6 18 
6 2
6-21 
6 28
6 3  
6-38
6 4  
6-47



942
9 50
953
957
967
971
9 75
981
986
995

1000
1010
1015
1024
1 0 2 5  
1029 
1038 
1044 
10 5 0  
1052 
1058 
1066 
1073 
J 0 7 5  
1081 
1087 
1095 
1 100 
1 102  
1 109 
I 116 
I 123 
1 1 2 5  
I 131 
1 138 
1 145 
1 1 5 0  
1 152 
1 160 
1 166 
1 1 7 5  
1 180 
1 189 
1 194

66 3 
668
67
67-3
68
68-3 
68 6
69
69-4
7 0  
704
7 1
71-4
7 2  
721
72-4
7 3
73-4
73-8
7 4
74-5
7 5
75-5
75-6
76
76-5
7 7
77-3
77-5
7 8
78-5
79
79-1
79-6
80
80-6
80-9 
8 1
81-6 
82 
82-6 
8 3
83 6
84

6 5
6-55
6-57
6 6  
667
6 7  
6-72
6-77
6 8  
6-86 
6 9  
696  
7
706
707
7 1 
716  
7 2
7-24 
7-26 
7-3  
7-36 
7-4 
7-41 
7-45
7 5  
7-55 
7-58
7 6  
7-65 
7-7 
7-75 
7-76
7 8  
7-85
7 9  
7-93
7-94
8
8 04 
8 1 
8 14  
8 2
8-24

1200
I 203 
1 209 
1218 
1 223 
1 2 2 5  
I 232 
1237 
I 247
1 2 5 0
1251 
i 261 
1266 
1 2 7 5  
1 276 
I 280 
I 290 
I 294 
1 3 0 0  
1305 
1 308 
I 319 
1322 
1 3 2 5  
1 334 
1 337 
1 348
1 3 5 0
1351 
1363 
1 365 
1 3 7 5  
1 377 
1 379 
1 392 
1 394 
14 0 0  
1406 
1408 
1421 
1 4 2 5  
1435 
1 4 5 0  
1465

84-4 
847
85
85-7
86
86-1
86-7
87
87-7
87-9
88
88-7 
89
89 6
89-8
90
90-8
9 1
91-4
91-8
92
92-8
9 3
93-2 
9 38
94
94-9 
94-9
95 
9 59
96
96-7 
9 69
9 7
97-9
98
98-4
98 9
99 

100 
100-2 
lOt 
102 
10 3

8 27
8 3  
8-34
8 4  
8-43
8 45
8 5  
8-53
8 6  
8-62 
863 
8-7 
8-73 
8-79 
88  
8-83 
8 9  
8-92
8-96
9
902  
9  1
9-12 
9 14
9 2  
9-22
9 3
9 31 
9-32
9 4  
941 
948
9 5  
951
9 6  
9-61 
965
9 7  
9-71
9 8  
9 83
9 9

10 
10 1



14 7 5
1479 
1493 
15 0 0  
1507 
1522 
1 522 
1 5 2 5
1536
1537 
15 5 0  
1 551 
1 564 
1 566 
15 7 5  
1578 
15 8 0  
1593 
15 9 5  
16 0 0  
1607 
1609 
162! 
16 2 5  
1635 
1638 
16 5 0  
1653 
1664 
1667 
1 6 7 5  
1678 
1682 
1692 
1696 
17 0 0  
1 706 
1 71! 
1721 
1 7 2 5  
I 725 
I 735 
1 740 
1 7 5 0

103-7
104
105  
105-5
106
10 7  
1071
107-2
108
108-1
10 9  
1091
110 
no-2
110-7 
111
111-2 
112 
112 2
112-5
1 1 3
113-2
1 1 4
114 3
1 1 5  
115-3
1 1 6
116 3
1 1 7  
I17-3 
117-8
1 1 8
118 3
1 1 9  
119-3
119 5
120
120 4
121 
121 3
121 4
122 
1224 
12 3

10 17 
102
1 0 3  
10-34
1 0 4  
1049
1 0 5  
1051
10 59
1 0 6  
1069
1 0 7  
10-79
1 0 8  
10-86 
10-89 
1 0 9  
1098
11 
I 
1 
I 
1 
I 
1 
1 
1 
1 
1

1754 
I 763 
1 769 
1 7 7 5  
1777 
I 783 
I 792 
1 798 
1 8 0 0  
I 806 
1812 
1820 
1 8 2 5  
1827 
1 834 
1 841
1849
1 8 5 0  
1856 
1863 
1870 
1 8 7 5  
1877 
1 885 
1891 
19 0 0  
1905 
1 914 
1920 
1 9 2 5  
1928 
1934 
1943 
1948 
19 5 0  
1 957 
1962 
1972 
19 7 5  
1977 
1986 
1991 
2000 
2001

1234
12 4
124-4
124-8
12 5
125-5
12 6
126 5 
1 2 6 6
12 7
127-5
12 8
128 3
128-5
12 9
129-5
1 3 0  
130 I
130 6
1 3 1
131 6 
13! 8
1 3 2
132 6
1 3 3  
133-6
1 3 4  
134 6
1 3 5  
135-3
135 7
13 6
136 7
1 3 7
137 I
137-7
13 8
138-7 
138-9
13 9
139 7
14 0  
140 6 
140 8



Ibjin^

2005 
2015 
2019 
2 0 2 5  
2 030 
2033 
2 044 
2048 
2 0 5 0  
2059 
2 062 
2073 
2 0 7 5  
2 076 
2088 
2090 
2100 
2102 
2105 
2117 
2119 
2 1 2 5  
2131 
2133 
2146 
2 1 5 0  
2160 
2 1 7 5  
2 190 
2200 
2 204 
2 2 1 8  
2 2 2 5  
2233 
2247 
2 250  
2 261 
2 262 
2 275  
2 276 
2 289 
2 291 
2 3 0 0  
2 304

kglcm ^ M P (f

1 4 1
141 8
14 2  
142 4
142 8
1 4 3
143 8
14 4
144 I 
144-8
14 5  
1459 
1459
14 6
146 9
14 7  
147-7
147 9
14 8
148 9
14 9
149 4 
1499
15 0
1 5 1  
151-2
1 5 2
1 5 3
15 4
154 7
1 5 5
1 5 6  
156-4
1 5 7
15 8  
158-2
15 9
159 I
16 0  
1601 
1 6 1  
161 2
161 7
16 2

kglcm^ M P a

2 305 
2318 
2 320 
2 3 2 5  
2 332 
2 334 
2 346 
2 349 
2 3 5 0  
2 361 
2 363 
2 3 7 5  
2 378 
2 389 
2 392 
2 4 0 0  
2 403 
2 407 
2417 
2421 
2 4 2 5  
2 432 
2 436 
2 446 
2 4 5 0  
2450 
2 460 
2465 
2 4 7 5  
2479 
2488 
2494 
2 5 0 0  
2 503 
2 508 
2517 
2 523 
2 5 2 5  
2531 
2537 
2 545 
2 5 5 0  
2 552 
2 560

162-2
16 3
163 2
163-5
16 4
164-2
16 5
165-2 
1652
16 6
166 3
16 7
167-3
16 8
168-3
168 7
169
169-3
17 0
170-3
170-5 
1 7 !
171-4
17 2  
1723
172-4
17 3
173-4
17 4
174-4
1 7 5
175-4
175 8
17 6
176-5
17 7
177-5
177-5
17 8
178-5
17 9  
179 3
179-5



Ib/in̂  kglcm̂

14 7 5
1479 
1493 
15 0 0  
1 507 
1 522 
1522 
1 5 2 5  
1536 
1 537 
1 5 5 0  
1 551 
I 564 
1 566 
1 5 7 5  
1578 
15 8 0  
1593 
15 9 5  
16 0 0  
1607 
1609 
1621 
1 6 2 5  
1635 
1638 
16 5 0  
1653 
1664 
1667 
1 6 7 5  
1678 
1682 
1692 
1696 
17 0 0  
I 706 
1711 
1721 
1 7 2 5  
1 725 
I 735 
1740 
17 5 0

103-7
104
105  
105-5
106 
107  
1071
107 2
108
108 I
109  
1091
110 
110 2
110-7 
111
111-2 
112 
112-2 
1125 
1 1 5  
H3'2
1 1 4  
114-3
1 1 5
115 3
1 1 6
116-3
1 1 7  
1173
117-8
1 1 8
118 3
1 1 9  
119-3
119 5
120
120 4
121
121 3
121-4
122
122-4 
123

10-17
102
1 0 3
10 34
1 0 4  
10-49
1 0 5  
10-51 
10-59
1 0 6  
10-69
1 0 7  
10-79
1 0 8  
1086 
10-89 
1 0 9
10-98 
I !
11 03
11-08 
111  
11 18 
11 2 
II 28 
11 3 
11-38
1 1 4  
II  47
1 1 5  
11-55 
11 57
1 1 6
11 67
117 
11-72 
11-77
1 1 8
11 87 
11-89 
119 
11-96
12
1207

1754 
I 763 
1769 
17 7 5  
1777 
1 783 
I 792 
1 798 
1 8 0 0  
1806 
1812 
1820 
1 8 2 5  
I 827 
1834 
1841 
I 849 
1 8 5 0  
1856 
I 863 
1870 
1 8 7 5  
1 877 
I 885 
1 891 
19 0 0  
1905 
1 914 
1920 
1 9 2 5  
I 928 
I 934 
1943 
1948 
19 5 0  
1957 
1962 
1972 
1 9 7 5  
1977 
1 986 
1 991 
2000 
2001

1 2 3 4
12 4
124 4
124-8
12 5
125-5
12 6
126-5 
126 6
1 2 7
127-5
12 8
128-3
128-5
12 9
129-5
13 0  
130 1
130 6
1 3 1  
131 6
131 8
1 3 2
132 6
1 3 3
133-6
13 4
134-6
1 3 5
135-3
135 7
13 6
136-7
1 3 7
137 1
137-7
13 8
138-7
138 9
13 9
139 7
140 
140 6 
140 8



2005 
2015 
2019 
2 0 2 5  
2 030 
2033 
2044 
2048 
2 0 5 0  
2059 
2062 
2073
2 0 7 5
2076 
2088 
2090 
2100 
2102 
2 105 
2117 
2119 
2 1 2 5  
2 131 
2133 
2 146 
2 1 5 0  
2160 
2 1 7 5  
2 190 
2 200 
2 204 
2 2 1 8  
2 22 5  
2233 
2 247 
2 2 5 0  
2 261 
2 262 
2 27 5  
2 276 
2 289 
2291 
2 3 0 0  
2 304

1 4 1
141 8
14 2  
142 4
142 8
1 4 3
143 8
14 4
144 1
144-8
14 5
145-9
145 9
14 6
146 9
14 7
147 7 
147-9
14 8
148 9
14 9  
149 4
149 9
15 0
1 5 1
151 2
1 5 2
1 5 3
15 4
154 7
15 5
15 6
156 4
1 5 7
15 8  
158-2
15 9
159 1
16 0  
160-1 
1 6 1  
161-2 
161-7 
16 2

2 305 
2318 
2 320 
2 3 2 5  
2 332 
2 334 
2 346 
2 349 
2 3 5 0  
2 361 
2 363 
2 3 7 5  
2 378 
2 389 
2 392 
2 4 0 0  
2403 
2407 
2417 
2421 
2 4 2 5  
2 432 
2436 
2 446 
2 4 5 0  
2450 
2460 
2465 
2 4 7 5  
2 479 
2 488 
2 494 
2 5 0 0  
2 503 
2 508 
2517 
2 523 
2 5 2 5  
2531 
2 537 
2 545 
2 5 5 0  
2 552 
2 560

162 2
16 3  
163-2
163-5
16 4
164-2
16 5
165-2
165 2
16 6
166-3 
16 7
167 3
16 8  
168-3
168-7
16 9
169-3
17 0
170-3
170-5
1 7 1
171-4
17 2
172-3
172-4
1 7 3
173-4
17 4
174 4
1 7 5
175 4
175-8
17 6
176-5
17 7
177-5
177-5
17 8
178-5
17 9
179 3
179-5
18 0

1 5 9
15 99
16
1603 
16 08 
16 1 
1618 
1 6 2  
1 6 2  
16-28
1 6 3  
16 38
1 6 4  
1648
1 6 5  
16-55 
16-57
1 6 6  
16-67
1 6 7
16 72 
1677
1 6 8  
1687 
16-89 
1 6 9
16-97
17
17-07 
1 7  1 
17-16
1 7 2  
17-24 
17-26
1 7 3  
17 36
1 7 4  
17-41 
17 46
1 7 5  
17-55 
17-58
1 7 6  
17 65

{iimimufiO



2 566 
2 5 7 5  
2581 
2 588 
2 595 
26 00  
2 602 
2610 
2616 
2 6 2 5  
2631 
2639 
2 645 
2 6 50  
2653 
2 659 
2 668 
2673 
2 6 7 5  
2682 
2688 
2697 
2 7 0 0  
2 702 
2711 
2716 
2 7 2 5  
2 726 
2 730 
2 740 
2 744 
2 750 
2755 
2 759 
2 769 
2 773 
2 7 7 5  
2 784 
2 787 
28 0 0  
2801 
2813 
2816 
2 8 2 5

180-5 
!8I
181-6 
18 2  
182 6
182-8 
18 3
183 6
184
184 6
18 5
185 6
186 
186-3 
1867
18 7  
1877
188  
188-1
188-7
189
189-7 
189-8
190
190 7
19 1  
191-6
191-8
19 2
192-8
19 3
193-4
193-8
194
194-8
19 5  
1951
195 8
19 6  
1969
197 
197-9
198  
198 6

17 -7
!7-75
1 7 8  
17-85
1 7 9
17 93
17-95
18
18 04 
18  1 
18 14 
1 8 2  
18 24
18-27
1 8 3  
18 34
1 8 4  
18 44 
18 44
1 8 5  
18-54
1 8 6  
18-62 
1863
1 8 7  
18 73
18-79
1 8 8
18 83 
1 8 9  
1893 
1896
19
1903 
19  1 
19 12 
19 13
1 9 2  
1922
1 9 3
19-32
1 9 4  
19 42 
1948

2 827 
2830 
2 842 
2 844 
2 8 5 0  
2 856 
2 858 
2871 
2 8 7 5  
2885 
2 9 0 0  
2915 
2 9 2 5  
2 929 
2 944 
2 9 5 0  
2958 
2972 
2 9 7 5  
2986
2 987
3 0 0 0
3001
3015
3016 
3 0 2 5
3029
3030 
3043 
3045 
3 0 5 0  
3057 
3059 
3072 
3 0 7 5  
3086 
3088 
3 1 0 0
3 103 
3 114 
3117 
3 1 2 5  
3 128 
3132

1989
19 9
199 91
200 
200-4 
200*9 
201 
202
202 I
2 0 3
204
205 
205-7
206
207 
207-4
208
209 
2092
210 
210-1 
211 
2 !M  
212 
212-2
212-7
2 1 3
213-2
2 1 4
214-2
214-4
2 1 5
215-2
2 1 6  
216 2
2 1 7
217-3
2 18
218-3 
2 1 9
219 3
219-7
220
220-3

1 9 5
19-52
1 9 6  
1961 
1965
1 9 7  
19-71
1 9 8
19-82
1 9 9  
20 
20  I
20-17 
202
2 0 3  
20-34
2 0 4
2 0 5  
20 51 
20-59
2 0 6
20 69
2 0 7  
20-79
2 0 8  
20-86 
20-89 
2 0 9
20-99
21
21 03 
21 09 
2 M
21-18 
21 2 
21-28 
2 1  3  
21-37 
2 1 4  
21 48 
2 1  5  
21 55 
21 58 
21 6

11 oniiiiuriD



3 1 4 3
3 1 4 6
3 1 5 0
3157 
3 1 6 1  
3171 
3 1 7 5  
3 1 7 5  
3185 
3190 
3 2 0 0  
3 204 
3214 
3219 
3 2 2 5  
3 228 
3 233 
3 242 
3 2 5 0  
3 256 
3 252 
3271 
3 2 7 5  
3 277 
3 285 
3 291 
3 3 0 0  
3 306 
3313 
3 320 
3 3 2 5  
3 327 
3 335 
3 342 
3 3 5 0  
3 356 
3 364 
3 370 
3 3 7 5  
3 378 
3 384 
3 393 
3 4 0 0  
3407

121
221 3
221 5
222
222-4 
223
223 2
223-4
22 4  
2244
2 2 5
225 4
2 2 6  
226-4
226-7
2 2 7
227-5
2 2 8
228-5 
229
229 5
2 30  
230-3
230-5
2 3 1
231-5
2 3 2
232 6
2 3 3
233 6 
233-8
2 3 4  
2346
2 3 5
235 5
2 3 6

236-6
2 3 7
237-3
237-7
2 3 8
238-7
2 3 9  
239 7

21 67 
1 17
21 72
21-77 
2 1 8  
21 87 
21 89 
2 1 9
21 97
22 
22 06 
22 1 
22 16 
222
22-24 
22 26
2 2 3  
22 36
2 2 4
22 46
2 2 5  
22-56 
22-58
2 2 6  
22-65 
2 2 7  
22-75 
22* 
22-85 
2 2 9  
22-93
22-95
2 3
23-05 
2 3  1 
23-14
2 3 2  
23-24 
23-37
2 3 3  
23 34
2 3 4  
2344
2 3 5

3413
3422
3 4 2 5
3427
3436
3441
3 4 5 0
3451 
3455 
3465 
3470 
3 4 7 5  
3480 
3484 
3494 
3498 
3 5 0 0  
3509 
3512 
3 5 2 5  
3 527 
3 538 
3 541 
3 5 5 0  
3 552 
3 5 5 5  
3 567 
3569 
3 5 7 5  
3 581 
3 583 
3 596 
3 6 0 0  
3610 
3 6 2 5  
3640 
3 6 5 0  
3 655 
3659 
3 6 7 5  
3 583 
3 697 
3 7 0 0  
3711

240
240 7 
240-8
2 4 1
241 7
2 4 2  
2426
242-8
2 4 3
243-8
244
244-3
244 8
24 5
245-8
246
246 1 
2468
247 
247-8
248
248 9
249 
2495
249 9
2 50  
2509
2 5 1  
251-4 
2519
2 5 2
2 5 3  
253-1
254
2 5 5
256  
256-5
2 5 7
258  
258-4
2 5 9
260 
260 1 
2 6 1

23-54
2 3 6
23-62
23-63
2 3 7  
23-73 
23-79
2 3 8  
23 83
2 3 9
23-93
23 95
24
24 03 
24  1 
24 13
24-13
2 4 2  
24-22
2 4 3  
24-32
2 4 4
24 42 
24-48
2 4 5  
24-52
2 4 6  
2452 
2465 
24-7 
24-71
2 4 8
24-82
2 4 9
25 
25 1
25-17
2 5 2
2 5 3  
25-34
254
2 5 5  
25-51
2 5 6

i,oniinur(h



WUn^ kglcm^ M Pcf

3 7 2 5
3 726 
3 740 
3741 
3 7 5 0  
3 754 
3 755 
3 768 
3 770 
3 7 7 5  
3 783 
3 784 
3 797 
3 8 0 0  
3811 
3813 
3 8 2 5  
3 828 
3 839 
3 842 
3 8 5 0  
3854 
3857 
3 868 
3871 
3 8 7 5  
3 882 
3 886 
3 896 
3 9 0 0  
39 0 0  
3910 
3915 
3 9 2 5  
3929 
3939 
3944 
3 9 5 0  
3 953 
3958 
3967 
3973 
3 9 7 5  
3982

2619
262
263
263-2
263-7
264
264-2
265 
265 2
265 4
266 
266-2
267
267-2
268
268-3 
269
269 3
270 
270-3
270-7
2 7 1
271-3
272 
272 3
272 5
2 7 3
273 4
274 
274-2
274-4
27 5
275-4
276
276-4
277
277-4
277-7
27 8
278-5
279
279-5 
279-5
280

25-68
2 5 7  
2579
2 5 8  
25-86 
25-89
2 5 9
25-99 
26
2603
26-09 
26 1 
26-18 
2 6 2  
26-28
2 6 3
26 38
2 6 4  
26-48
2 6 5  
26-55 
26-58
2 6 6  
26-68
2 6 7  
26-72 
26-77
2 6 8  
2687
26-89 
2 6 9  
2697
27
27-06 
2 7  1 
27-17 
27-2 
27-24 
27-26 
27-3 
27 36 
2 7 4  
27-41 
27-46

Ib/in^ kg/cm ^ M Pa

3987 
3996 
4 0 0 0  
4002 
4 0 1 0  
4016 
4 0 2 5  
4031 
4038 
4045 
4 0 5 0  
4053 
4060 
4067 
4 0 7 5  
4081 
4089 
4095 
4 1 0 0  
4 103 
4110 
4118 
4 1 2 5  
4 132 
4 138 
4 147 
4 1 5 0  
4 152 
4161 
4 166 
4 1 7 5  
4 176 
4181 
4 1 9 0  
4 195 
4 2 0 0  
4 205 
4 209 
42J9 
4223 
4 22 5  
4 234 
4238 
4 2 5 0

2805
2 8 1
281-2
281-5 
282
282-5
28 3
283-6
284
284-6
284-8
28 5
285-6
286
286-5
287
287-6
288
288-3 
288-7 
289
289 7
290
290-7
2 9 1
291-7
291-8
29 2
292-7
2 9 3
293-5
293 8
294
294-8
295
295-3
295-8
296
296-8
29 7
297-1 
297-8
298 
298 8

27 -5
27-56
27-58
27  6
2766
27-7
27-75
27  8 
27-85 
2 7 9  
27-92
27-95
28
28-05 
28  1 
28-15 
28-2
28 24 
28-27
2 8 3  
28-34
2 8 4  
28-44
2 8 5  
28-54
2 8 6  
28-61 
28-64
2 8 7  
28-73 
28-79
2 8 8  
28-83 
2 8 9  
28-93
28-96
29
2903 
29  1
29-13 
29-13
2 9 2  
29-22
2 9 3



Iblhr

4 252 
4 263 
4 266 
4 275  
4277 
4 280 
4 292 
4 294 
4 300 
4 306 
4 309 
4321 
4 32 5  
4335 
4 3 5 0  
4 364 
4 37 5  
4 379 
4 394 
4 4 0 0  
4408 
4 4 2 5

kglcm^

299
299-9
300  
3006 
3009
3 0 1
301 9
3 0 2
302 3 
302-9
3 0 3
30 4
304 1
3 0 5
30 6
3 0 7  
307-6
3 0 8
30 9  
3094
3 1 0  
3 U

MPa"

29 32
2 9 4  
29 42 
29-48
2 9 5  
2952
2 9 6
29-62 
29 65
297  
2972
2 9 8
29 82
2 9 9
30  
30  I
30-17 
3 0  2
3 0 3  
30 34
3 0 4
3 0 5

kgiini^

4437
4 4 5 0
4451
4465
4466 
4475
4479
4480 
4494 
4 495 
4 500 
4 508 
4 509 
4 522 
4 5 2 5  
4536 
4 538 
4 5 5 0  
4 550  
4553 
4 565

3 1 2
312-9
3 1 3
3 1 4
314 2 
314-6
3 1 5
315 2
3 1 6
316-2 
3164
3 1 7
317-2
3 18
318-2
3 1 9
319 3
319-9
32 0
320-3
3 2 1

MPa

3 0 6
30 68
3 0 7  
30-79
3 0 8  
30 86
30 89
3 0 9  
3099
3 1

03
09
1
19
2
28
3
37
38
4 
48

1 M Pa (m egapascal) =  I0197kgf/cm ^ =  I N/mm^ =  ! M N /m ^



IN D EX

Accelerators. I I . 15, 20, 21, 23, 25 
Acrylonitrile, 147 
Aclivation, 20 
Activators. 21-5 
Adhesives, 72-3
4-Aminodiphenyl, 147 
Antidegradants, 12. 152 
Antimony, 147
Antioxidanls. 11. 12, 20, 21, 23.

27 8. 152 
Antiozonanls, 27-8 
Asbestos, 147, 150 
Ash check, 111 
Automation, 46

Bag-o-Matic lyre curing presses. 
K4

Bale cutting. 62 
Balotini, 108 
Banbury mixer, 75, 79 
Batch consistency, 124 
Batch size. 51
Buyer com paction system. 93 
Ben/ene. 147, 161 
Benzidine. 147 
Benzine. 161 
Blending, 58-9 
Blendmg tests, 112 
Blowing agents, 11. 22. 30 
Bonding agents, 22, 30 
Butyl rubbers. 52, 121

Cables, 31. 129
pressurised liquid continuous 

vulcanisation, 107 
steam tube vulcanisation. 105- 6 

C abot rating. 71 
Cadm ium. 147 
Calendering, 128 
Calenders. 84
Carbon blacks. 6-11. 149-50 

analytical properties. 7 
applications. 10 
ASTM grade numbers, 7 
availability. 6 
classification, 6 
elTect on rubber properties. 9 
evaluation, 120, 122 
grades, 6, 7 
N-series. 7- 9
S-series. 7-9 
slow curing, 9 

C arbon disulphide, 147 
Carcinogenicity, 136 
Cellobond resin. 156 
Chemical resistance. 164 76 
Chlorinated solvents. 147 
Chloroprene. 147. 149 

evaluation. 121 
Chromium. 147 
Code A. 139. 140. 145. 151 
Code B. 139, 144, 145. 151 
Codes o f practice. 132-3, 137 -9 
Colours. 22. 29



C om pactor unit, 59 
C om pound design. 19 44 
Com pression m oulding. 86 
Confidence level, 110 
C onsolidation . 97. 104 
C onsum er determ inates. 115 
C ontam ination , 126. 127. 129. 139. 

140
C ontinuous m ethods. 105 7 
Contro l charts. I l l ,  117 
Contro l system, flexibility, 113 14 
Conversion tables, 190 
C onveyor bells. 31. 84 
C onvoluted m oulding. 103 
Cooling system. 129 
C oum arone indene resins, 155 
Cross-sensitisation, 137 
Curing. 19. 64

liquid m edia. 108-9 
m icrowave. 107 
open steam . 104 
salt ba th . 108 
w ater, 104

D eodoran ts. 31 
D i-anisidine. 147 
D ispersion. 64, 70-2 . 82. 125 
D isposal requirem ents, 141. 145 
D oughs. 72 -3 
D um p tem perature . 65 
D uprene. 45 
Dust levels. 139- 40 
D usting  agents. 150 
Dycsiufrs. 147. 154

EVK m ixer, 61 
Extenders. 25 
E xtruders, 92- 7, 99 

co ld  feed, 93, 94 
EVK m ixing, 95 

E x trusion . 128 
cold feed. 88 
d irect pow der. 92 -4  
h o i feed, 88
h o t feed versus co ld  feed. 88 90 
technology. 87 

Eye
irr ita tio n . 161 
p ro tec tio n , 143, 146

F arrel-B ridge, T  series. 79 
F arre ll c o n tin u o u s m ixer, 55 
Feeding , 55 -6 , 128 

d irect, 65 
Fillers. 20, 21. 23, 25. 150. 158 
F ire  p recau tio n s . 148, 160 
F irst a id  facilities, 144, 146 
F lam e re ta rd a n ts , 22. 29 
F lo o rin g . 34
Flu id ised  bed system , 108 
F o llow -up  p ro ced u re , 115 
FoodstufT rub b ers . 157 
F o o tw ear, 34-6  
F um e c o n ta m in a tio n , 140

G lo ssary  o f  term s, 177-86 
G o o d  housekeeping , 127 
G R G  press, 86

Ebonite. 33
Econom ic considerations. 70 
E lastom ers, genera) properties, 1 
Energy 

considerations, 66 70 
problem . 45 
savings, 95 

Environm ental conditions, 66 
Ester plasticisers, 156- 7 
E thylene th iourea, 147

H and ling  
p recau tions, 141 
requ irem en ts, 144 
system s, 47 

H ardness m easurem en t, 111, 164 
H ealth  p recau tio n s , 160 
H eal 

balance, 53 
m em ory . 64 

H elicure process. 109



Hose 
covcr, 39 40 
friction com pound. 36 
lead sheathed, 99 
lining, 27. 38. 39 
moulding. 99- iOl 
vulcanisation, 97 

Hot water bottles, 43 
HR, evaluation, 121 
Hygiene requirements, 140- 1, 144

In je c t io n  m o u ld in g .  87 
In te r m ix  m a c h in e ,  75, 79. 81 
I s o c y a n a te s .  147

Labelling requirements, 148 
Lead. 147 

extruder, 99 
quality control, 101-3 

Lethal dose (L D 50), 135, 140 
Liquid rubber, 56-7

M aintenance, 63 
M asterbatching, 65 
M astication, 60, 125 
Material testing, 110-12 
M aturing, 55 
M echanisation, 46, 123 
Medical facilities, 144. 146 
Methylene bi.s o rtho  chloroaniline 

(M BOCA). 159 
Methylene chloride. 147, 161 
Mica, 150
Microwave curing. 107 
Mix design, 19-44 
Mixing, 45 74 

colour. 52
continuous. 53, 56. 61 
cycle com parisons. 63 
cycles. 47, 51, 125. 126 
direct. 49 
dump, 50
equipment. 47, 53, 59 
indirect, 49 
iniernal, 48. 51, 60

conid. 
machines. 75-84. 95 -7 

internal, 75 
open mill. 75 

open mill. 48. 59 60 
semi-continuous. 53 
shorter cycles. 62 
techniques. 47 
upside down, 50 
Z-blade, 57 

M ixtrum at machine. 61. 95 
M oisture check, 111 
M onitoring, J62
M onsanto power integrator, 5 1 2  
Moulding, 84 97 

convoluted, 103 
hose, 99-101 
press. 103 
presses, 84 
transfer, 87 

M utagenicity. 136 
MVX machine. 61 ,95-7

a-Naphthylamine, 147 
/i-Naphthylamine, 147, 148 
N atural rubber. 45 

evaluation, 119 
handling requirements. 148 9 

Neoprene. 45 
Night shift, 125 
Nitrile butadiene rubbers.

evaluation. 120 
Nitriles. 52 
4-Nitrodiphenyl. 147

Observance, 127. 128 
Oil 

crisis, 45 
extension. 50 

Ozone resistance. 28

Particulate rubber, 58. 61 2 
PBN. 148 
Peptisers. 22 8 
Peroxides. 157



Pelrolcuni waxes. 155 
Phenol formaldehyde resms, 156 
Piecework. 129 .10 
Pigments, 22, 29. 154 
Pirelli extruder, 92 
Plastieisers, 26, 27 
Pluslicity lesls, 110 
Plasliserew extruder, 92 
Polycliloroprcnes, 52, 64, 128 
Polvmers, I -18 

chemical resistance, 164 76 
general properties, 1 

Powder room s. 46 
Powdered rubber. 57, 61 -2 

com pounds. 58 9 
Power consum ption . 62 3 
Prem asticaiion. 49, 65 
Press m oulding. 103 
Process contro l. 65. 111. 115. 123 
Process oils. 154 
Processing 

aids. 26-7
plant and  equ ipm ent. 75 109 

Product testing. 114 
Productivity . 126 
Proofing. 40- I
Protective c lo thing. 142. 144. 145 
PVC. 149

Q uality  co n tro l. 101 3. 110. 111.
116- 17

Safety aspects. 132 63 
Scorchine.ss. 123 
Screw w ear. 129 
Seeding. 50
Sem i-continuous m ethods. 105 7 
Service s im ula tion . 114-15 
Shaw ex tru d e r. 92 
Silica. 151 
Skin

c o n tac t. 141. 144. 161 
elTects. 136 7 
p atch-testing , 136 7 
p ro tec tio n . 142. 145 
sensitisa tion . 136 7 

Softeners. 20. 2 1 .2 3 .2 6  
Solvents. 160. 161 
Special ca tegory  m ate ria ls . 146 -7 
Specific gravity . 44. 126. 187-9 

lest, 110. 111 
Spillage, 141 
S ponge. 41
S tan d ard  test recipes. 118 22 
S tatic e leclricily , 160 
S tatistical significance. 117 22 
Statistical testing . 110 
StifTeners. 22. 29 
S to rage  requ irem en ts. 141. 145 
S tyrene b u tad ien e  ru b b ers , 

e v a lu a tio n . 119 20 
S u lp h u r. 19, 23 
Synthetic m ateria ls . 52 
Synthetic ru b b ers , han d lin g  

rcqu irem en ls. 148 9

Raw m aterials. 1 18, 23-44  
problem.s. 45 
safe handling. 132 3 
storage. 4 6  55 

Reclaim  rubber. 24 
R einforcem ent. 11 
R einforcing resins. 155 
R eodoran ts. 22, 30 
Resorcinol. 158 
R etarders, 11. 22. 29 
R u b b er com po u n d in g  p ractice. I 
R ubbers (hydrocarbon). 21, 23- 4

T  50 value. 71
T ackify ing  agents, 22, 30. 155 
T alc , 150
T em p era tu re  equ iva len ts o f

sa tu ra ted  steam  a t sea level. 
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Tensile conversions, 192 9 
T eratogen icity , 136 
Test procedures, 118 
T hresho ld  lim it value. 134 5, 149, 

150. 161 
fj-Toluidine. 147 
T oxicity . 133- 4



Transfer mix, 54. 90 
Transfer moulding, 87 
1 1, 1-Tnchlorocthanc. 147 
Trichloroethylene. 147, 161 
Tricresyl phosphate. 156, 157
Tris(2,3-dibromopropy0phosphate,

147
Trixylyl phosphate. 156, 157 
Trouble shooting, 123 
Tyres, 42 3. 84

Venting, 94
Vinyl chloride monomer, 147. 149 
Vulcanisation, 19. 20. 97-107 
Vulcanising agents, 15, 21, 24

Waste, 141 
Weighing 

areas, 46 
powders, of. 54

Ventilation, 142, 145 Zinc oxide. 24
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