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I NTRODUCT I O JS !

1 - 1 GE3NrE2=UF\L IlMTR0I3UCm01M

Rubber covered rollers are important production tool', in many of industries. 

These cover a wide field ranging I'om typewriter to textile industry. A rubber roller 

is in fact a cylinder of rubber bonded to a rigid core which-is usually mode of 

metal. The functions of rubber rollers are manifold depending on the widely varied 

uses to which rolls are put. These are employed in varied occupations such as 

cracking nut shells, squeezing seeds out of resins, pullir 'j hairs out of hides and 

dozen of other operation^' in the textile, food processing, metal, leather, glass, 

plywood and other industries.

The reasons for such widespread use of rubber for roll covering does not lie in 

any single quality, unless versatility can be described as o quality. Rubber 

compound for rolls can be made as hard as bone or os soft as gumdrop.'-^ The 

suitobility of a rubber roller for any porticular application will moinly depend on the 

merit of the rubber compound to meet the service requirements. Thus proper 

designing of the rubber compound is of utmost importance in the manufacture of 

rubber rolls.



1 . 2  E P O X U D I S E H D  N A T U I R A L  F U J B B E R  C EHSfiR

— cmuyll SITCy 2\1MID FROIXJcJTIOlSr

The mechanical properties of natural rubber (NR) are generally superior 

those of synthetic rubbers. However NR can not compete with speciolity synthe 

elastomers with reqord to such properties as qas impermeability and oil resistanr 

This led to the development of epoxidised natural rubber (ENR). ENR is derived 

chemical modification of NR, which converts the unsoiuration in the rubber in 

epoxide groups, fhis new polymer hos improved oil rcjiLnance and lower qc 

permeability, whilst retaining many of the inherent properties of NR such os stro' 

crystollizalion and also exhibiting some novel feotures.^-'^

FROEKCJCTION OF ENR.

All grades of ENR are prepared from premium quality NR latex employing the 

hydrogen peroxide/formic ocid route formed in situ (same ploce). The latex is first 

stabilized against acid coagulation by the addition of a non-ionic surfactant and 

expoxidation is corried out at about 60'^C. The reaction conditions are carefully 

controlled to ovoid secondary ring opening reactions. It hos been reported that 

under carefully controlled conditions NR latex can be epoxidised to over 75 

mole%without the formation of secondory ring opened structure. The epoxidised



latex is neulralized prior to heat coaqulation and thorouqhly washed before drying m 

hot air. At present ENR 25 and ENR -  50 ore two important commercial grades 

of ENR. In ENR -  25, 25 mole % of the unsaturotion is converted to epoxide group 

and in ENR -  50, 50 mole % unsaturation is converted into epoxide g r o u p . T h e  

reactions are described below.
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^O -O H  

Peroxy formic

OCKJ

H - 4 H2 02
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Formic acid Hydrogen 

peroxide

(a) Peroxy formic ocid formed in siiiL
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NR iotex Peroxy formic 

ocid(formed
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ENR-25 (n=0,5) 

ENR-50 (ii=1)

(b) Production ol epoxidised noturol rubber.



1 . 3  Ê TROSE>EX?TS FOR RICE E>EHUSKINO 

RCJBBE3R. ROLLERS

The demand and supply of rice dehuskinq rubber roller is directly related to 

rice production. There was an increasing trend in rice production during 1989-90, 

90-91, 92-93 and 1993- 94. It is estimated that rice productio’ will be 88 million 

MT by 1996-97 and by the turn of the century it will be about 100 to 105 million 

MT, therefore manufacf'ur^r? of rice dehuskinq rubber rollers can expect a qrowinq 

market in the years to come.^

PRODUCTION OF RICE RUBBER ROLLERS (in pieces.) 6

YEAR 1989-90 ’ 990-91 %GROWH 1991-92 % GROWTH 1992 -  93 %GROWTH

RUBBER

ROLLERS. 186400 217965 17.0 211043 -3 .2 215960 2.3

Annual overoqe rate of growth is recorded os 5.4 percent durinq 1989-90 to 

1992 -  93 period for production of rice rubber rollers.



The increase in export of rice from Indio is due to the international acceptability 

jf its quality which is due to the result of modernization of rice mills, and this 

offers a better scope for manufacturers of rice rubber rollers. Rice rubber rollers 

hove to be replaced often after required service life, the market potential of the

other countries is still to be exploited. All these considerations show bright future for

rubber rollers for rice dehuskinq.

1 . 4  AIl-1 ANID OBJEXZmvrE OF THE WORK

)ue to modernizotion of rice mills, rice dehuskinq rubber rollers hove qoined 

importance in recent years in the aqricullura! sector. This improved process i'.; now 

increasingly being used in place of the cor- ■entionol mill in which the rice is 

processed by custom or cooling system is employed. The major advantages of 

modern rice mills is that the new system does not require cooling and yields better

quolity rice (whole rice with minimum percentage of broken rice) at greater

efficiency and low operational costs.^-^-^

At present rollers covered with NR and polybutcdiene rubber (BR); nitrile rubber 

(NBR) ond corboxyloted nitrite rubber; styrene butadiene rubber (SBR). neoprene 

rubber and other imported synthetic rubbers or their blends are beinq used in the 

manufacture of rice dehuskinq rubber rollers'.’O-''-'^



Epoxidised noturol rubber (ENR) is o newly developed chemically modified 

noturoi rubber which claims to possess betler oil resistance then NR. The factors 

that lead to the feasibility evaluation of ENR for making rice dehuskinq rollers are 

given under.

Loco! manufacturers desire t '̂ switch over to o 100% indigenous polymer. 

Rising prices of synthetic rubbers end even occasionol short supply situation. 

Lorge and growing market potential.

Lock of published information.

Better substitute for NR rollers.
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l i t e r a t u r e  s u r v e y

2 - 1  DEFINITIONSOF THE TECHNICAL. TERMS

USEDD RELATING TO RUBBER^^ '

a b r a sic sm : The su r face  loss of o m aterial due to frictionol forces.

A B R A S I O N  L O S S  .* Volume of rubber ab raded  from o specified test piece 

under specified conditions.

A c o E L E F t A T E j D  2 \ G E i N G  T E S T  Tcst in which cn attem pt is 

m ode to produce the e f fe c ts  of natural age ing  in a shorter time and to 

m easu re  them,

A c c E L E F i A T O R  ( R U B B E R )  Com pounding ingredient used in small 

proportions.to  cau se  vulcanization to take place in a shorter time or at c 

lower tem perature.

a c t iv a t o r : Compounding m aterial used in sm all proportion to in crease  

the e f fe c t ive n e ss  of an acce le ra to r .

a g e i n g :  C h an ges  which take place  in rubber with the p o ssag e  of time.

Qualification of this term is usuolly n e c e ssa ry ,  e .g . ,  heat ageing , light ageing .

a n t i o x i d a n t  t Compounding ingredient used to retard deterioration 

ca u se d  by oxidation.

b l o o m : Material which h as  d iffused to the s u r fa c e  of rubber



c x d m j e k x j n d : An intimote admixture of a polymer(s) with all the materials 

necessary \(j the finished article.

c x D M ]E > o c jN i> iN G  i i M G R E D i E N T : Moteriol Of substonce added to a 

rubber to form a mix.

c x 3 M C E > R E S s ic a ^  M O C J 3 L .D IN G  *, Moulding process in which the blank 

is placed directly in the mould cavity and compressed to shape by close of 

the mould.

c x D M F R E s s i o N  M O U L D  I Mould for compressioH moulding.

c x D M F R E s s i c a M  S E T T  : The rcsiduol deformation of a moteriol after 

removol of the compressive stress.

CXDNVENTICaMAL, SCJIUBTJR VXJLC2UMIZING SYSTEM :

As applied to natural rubber and isoprene and butadiene based synthetic 

rubbers, a vulconizinq system using a relatively high proportion of free sulphur 

end producing at optimum cure a network in which the combined sulphur 

exists predominantly in the polysulphidic crosslinks ond in non - crosslink 

chain modification.

crosslixstk : Chemical bond bridging one polymer chain to another.

c r o s s l ii>ik:in g  i Formation of chemical bonds between polymer chains 

to give a network structure.

C50R E  :  Vulcanization conditions, necessary to produce a given state of 

vulcanization.



c u R i i M G  R G E Jsrr : Synonym for .uicanizinq oqenl, which is the 

preferred lerm.

r x i M B B E L L  S F E C i M E is r  (F C U B B E a R )  :  A flot Specimen

having o norrow stroiqht cenlrol portion of essentially uniform cross section 

with enlarged ends.

r x jR o a M E r r jE K  : An instrument for measuring the indentation hardness of 

rubber.

E Z t 'J b 'I C I E N T .*  V T J U G Z ^ J M I Z A T I I M G  C E : V )  S Y S T E a ^ L S  :

As applied to notural rubber ond isoprene and butodiene based synthetic 

rubbers, c vulconizing system making efficient use of sulphur ond producing 

ot optimum cure a network containing a preponderance of thermally stable 

monosulphidic cross links.

E T T -A S T o a y iE R  I A term often used for rubber and polymers that have 

properties similar to those of rubber.

E H L iO N G A T iO N  *. Extension produced by o tensile stress.

E T L X z a M G A T io N ,  C ^P E 3 R C E 3 M T )  :  The cxtension of a uniform section 

. of a specimen expressed os percent of the original length.

F L - A S H  : Surplus moteriol forced from a mould on closure under pressure.

B X D F tM J L T L a A T io N  : A list of the materials and their amount used in the 

preparation of a compound.



P a g ^ e :  f O

F T R i c T i O N  R A T I O  :  Rotio of surfoce speeds of two odjocenl rolls 

(mills, callendor or refiricr),

H A R J D iN n E s s  : The resistance to indentation os measured under specified 

conditions.

H E A T  B U I L D  U P  : The accumulotion of thermal energy generated 

within 0 materiel os a result of hysteresis, evidenced by an increase in 

temperature.

H Y S T E a F t E s i s  : Visco-elostic effectby which mechanic^ energy is 

irreversibly converted into heot during eyciic deformation.

I N H I B I T O R  : A material used to suppress a chemicol reaction,

i m T E T y N A i ,  M I X E R  :  Mixer consisting of specially shaped rotors 

operated in a closed chamber.

M A S T E R  B A T C M  : A homoqeneoLfs mixture of rubber and one or

material in known proportions for use as a raw material in the preparation of 

the final compounds.

M Z ^ T i G A T i o N  :  A breakdown or softening of raw rubber, or a mix by 

the combined action of mechonicol work (shear) ond atmospheric oxygen, 

sometimes occeleroted by the use of o peptizer and frequently at elevated 

temperotures.
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M I L L  :  A machine with (wo counter rotating rolls, usually driven at different 

speeds, hc/mq adjustable longitudinal axis separation from one another to 

alter the nip, used for breakdown mastication, mixing or sheeting.

M o r x j L U S  : Tensile stress required to stretch the lest piece from the 

unstrained condition to the given elongotion. -

M O G M M E ry  v i s o o s i T Y  :  Meosure of the viscosity of a rubber 

determined in a certoin shearing disc viscometer.

N A T U R A L  R U B B E R  : A d s  -1,4-polyisoprene that is obtained from a 

botanical source, usually nevea brasiliensis.

O P T I M U M  C U R E  :  The stote of vulcanization at which a desired 

property value or combination of property values is obtained.

F L Z v s T i c i T Y  : A characteristic of unvulcanized rubbr/ indicated by the 

degree of retention of deformation after removal of the deforming force.

E » L 2 \ S T X O iZ E iR  :  A compounding moteriol used to enhance the 

deformobility of o polymeric compound.

E T E R iO C E S S Z iJ B iL iT y  :  The relotive ease with which row or compounded 

rubber con be handled in rubber machinery.

E > R O G E S s i is r G  A I D  :  A compounding material thot improves the 

processobility of o polymeric compound.



R E iN F O R C E a ^ c E n ^ r r  : The act of increasing the mechanical

performance copability of o rubber by the incorporation of materials that do 

not participate significantly in the vulcanization process.

R E i N F O R G i N O  A O E n s T T  :  A material, not basically involved in the 

vulconization process, used in rubber to iricrease the resistance of the 

vulcanize to mechanical forces.

R E S I N  : An orgonic material of indefinite and relatively high molecular

mass which may be used as a softener, processing aid, Vulconizoting agent, 

or reinforcing agent.

R O L L  : Roller or hallow cylinder forming a major moving member of a

rubber processing machine.

^EMI -  EFFICIE3MT VTJLGZ^IZ ING

C s « n ±  " S Y S T E 3M S  : As opplied to natural rubber and,

isoprene ond butadiene based synthetic rubber, a vulconizing system hoving 

sulphur ond occelerator concentration between those of a conventional 

sulphur ond EV systems.

S E T  : Strain remoining ofter complete release of the force producing the

deformation.

SE>EX3iM E T ^  : A piecc of material appropriately shaped and prepared so

that it is ready to use for a test.



s^ n srrH E rrxG  f o u b b e r  : Rubber produced by polym(, izinq one or

more monomerswith or without post-polymerization chemical modification. 

T E 2\ R  S T R E 3 M G T H  : The maximum force required to tear a specified 

specimen, the force acting substantially parallel to the major axis of the test 

specimen.

T m s r s i L E  S T R E N G T H  :  The moximum tensile stress applied, during 

stretching a specimen to rupture. 

v x j T ^ o z ^ N i z A T E  :  The product of vulcaniztion; o crosslinked rubber. 

v u L c a ^ N i z A T i c a ^  : An irreversible process during which o rubber 

compound, 'hrough o chonge in its chemical structure ( for example, cross- 

linking), becomes less plastic and more resistant to swelling by organic 

liquids while elastic properties ore conferred, improves, or extended over a 

greater range of temperature. 

v x j L c a ^ i M i z i N G  S Y S T E M  : The Combination of vulcanizing agent 

and, os required accelerotors, activators, and retarders used to produce the 

desired vulcanization choracteristics or vulcanizote characteristics.



The rice kernel is covered with o highly adhering hull which is relaliveiy high in 

silicon, thus rendering it unsuitable for consumption. To convert paddy .rice into the 

marketable form dehusking has to be carried out. In the past, it wos done manually 

by pounding the poddy contoined in a receptoble with a wooden stump, which is still 

practiced in certain parts of our country and was once part and parcel of village 

life. Because of the rapid stride in industrialization, hand pounding was replaced by 

mechanical dehusking with stone or emery -  lined grinders.

The seriousness of the food problem, end to cope up with such a compelling 

necessity, it has become necessary to study all the aspects of improvements in 

milling system. This gave birth to the modern rice milling industry as it stands 

today. In most of the rice growing areas it is one of the largest single food 

industry.9

In general, in the rice industry, when one refers to a modern rice mill it 

includes series of processing operations. The units in a modernized rice mill ore 

shown in Figure 1.  ̂ The modern rice milling installations have basicolly pre cleoning 

devices, shellers, paddy separators and polishers. Other units are optional and 

depend upon marketing management or other considerations. The modern 

processing of rice consists of essentiolly the same steps.^-8



1. Cleaning the incoming rough poddy.

2. Shelling the rough poddy.

3. Milling to remove the bron from brown rice.

4. Grading the milled rice by length into whole groin and brokens.

5. Mixing milled grains and brokens to meet specification of buyers.

6. Packaging.

2 - 3  KUTBBER ROLLEIR SHEL.3L.E3R 

2 - 3 . 1

Paddy dehusking by rubber roller sheller is now increasingly being used in place 

of the conventional use of emery shells. This type of machine; which oppears to 

have originated in Japan is becoming increasingly popular and is known by many 

different names such as shellers, hullers, huskers, dehuskers, etc.S

The switch over from conventional shelling to rubber roller dehuskers was 

because of the resilient nature of the rubber rolls, other advantages b e in g 7 .8 .9

1. It does not require cooling system.

2. Yield of husked rice is high.

3. Breakage rote is low during dehusking operation.



4. Channelize the by-products of paddy like bran and husk for better utilizotion,

5. White coloured finish rice with no blackishness.

6. Changing roll is simple and they can be retreaded.

7. Greater efficiency at low cost.

Due to these advantages, the rubber roller stieller is considered the best among 

the shelling equipments and it is now widely used throughout the world.

2 . 3 . 2  WORKING

Before designing a compound for a good paddy dehusking roller, It is useful to 

examine briefly the working of rubber roller sheller.

o

The first step in the actual milling of rice is to remove the shells ‘i£., shelling. A 

crosssectional side view of apaddy dehusking rubber roller sheller is illustrated in 

Figure 2. These are essentially a pair of rubber rolls which ore turning in opposite 

direction end ct different speeds, through which paddy is passed on upper side. 

Poddy runs between the rollers in o thin even sheet, c shearing action is creoted 

on paddy by contact with the rubber rollers operating with a differential

displacement action, which strips off the husk from the grain. Poddy feed is
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regulated by on admission shutter. A regulating wheel mokes it possible to control 

the pressure on the paddy between the rollers. An enlarged view at point ’A’ of 

Figure 2. is also shown for clarity. The product of the sheller is a mixture of whole 

grain brown rice, broken brown rice, unshelled rough rice and hulls. In practice the 

dehusking efficiency can be as high as 90% per pass.

2 - 4  OF FWUBBER. ROLLERS

There ore two types of rollers being used in modern rice mills. According to 

Indian Standards IS -8427-1982 they are

a. Type A -  Rolls of black colour.

b. Type B -  Rolls of white or ony colour other than black.

o

Both types mentioned shall be either key type as shown in Figure 3. or s lip - 

on type as shown in Figure 4. The keys may be rectangular or taper.

The dimensions of these rollers vary depending on their applicotion in different 

types of mills. The quality of the rollers are estimoted from the durability of these 

rollers which depends on output capacity of rice rubber roller, their sizes as well as 

their uses i.e., whether the rollers ore used for row milling or for parboiled rice
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milling. This can be ossumed by the quantity of paddy that can be shelled under 

normol conditions by using o poir of rollers in o particular mill.

2 . 5  OFEERA.TING CJOlNnDITICasrS FOR KUBBE3R 

ROLT.FIR SHELLER

Poddy husk is a very abrasive material, high in silica content with o hardness 

of on the Mohs scole. While in operotion rice mills are often run between 15 to

20 hr. a day nonstop at 1.28:1 friction ratio with the faster roller at 900 rpm.

f^'Her temperature may reach upto 80‘’ C which leads to a rapid wear of rollers.

These rollers ore also acted upon by rice bran oil during dehusking operotion.

Taking these factors into account a poddy dehusking roller should satisfy the 

following properties to withstand the critical operating conditions.

High hardness.

Excellent heat and abrasion resistance.

Good service life.

Rice bran oil resistance.

Non-toxic, since used for food stuffs.

Should obtain good finish product end white rice.



* The surface must be smooth ond absolutely free.

* It should have the correct degree of resilience.

 ̂ Low cost.

2 .6  ETXlISTIlSrG LITE3̂ ATUFtE

So far no work has been reported on development of ENR bosed compound for

rice dehuskinq rollers. Formulations based on NR, NBR, SBR and biends of different

synthetic rubbers for rice dehuskinq rubber rollers ore ovoilable in product profile of 

different synthetic rubber manufacturing companies. Project work and evaluotion 

studies has also been carried out for these rice dehuskinq rubber roller shellers.^'-'^

2 .7  IS SE»EX::iFIGATIONS CIS 842V-198S) 

M A I N  F 'E A 'S T U F iE S

T Y E ^ E S  : —

The rubber rolls shall be of the following two types.

a. Type A -  Rolls of black colour

b. Type B -  Rolls of white or any colour other than black.



FHYSIGAX. FTROE>E2RTIES : -

1. TENSILE STRENGTH Shall be minimum of 11.8 MPa (Meqa pascal) and 8.8

MPa for Type A and B rolls respeclively.

2. ELONGATION Shall be minimum of 150 percent and 130 percent’ for Type A

and B rolls respectively.

3. - HARDNESS For both the types of rubber rolls shall be 85 to 97 IRHD

(internotionol Rubber Hardness Degree.).

C X T H E R  RE3QOI REI-lbaM'i’S

1. The rubber rolls shall be uniform in construction.

2. The rubber surface shall be free from sulphur b loom ”.

3. The rolls shall be free from blisters, pin holes, crocks, embedded foreign 

matter, air bubbles and other defects which may impair their serviceability.

2 . 8 SEHLEXimON OF CXDMFOCJNIDING 

INC3REDIETJTS

Rubber compounding is the art and science of selecting and combining 

elastomers ond additives to obtoin on intimate mixture that will develop the



necessary physical and chemical properties for a finished product. The mixture of 

rubber and compoundinq inqrpdients is known as a compound. The principal task of 

compoundinq is to secure an acceptable balance amonq properties, processability 

and price.

Rubber compound is developed from the following in q re d ie n ts .'0 . '5 .i6 j7 .i8 j9 .2 0

1. Base polymer or blend of polymers

2. Curatives

a. Curinq agent

b. Accelerator

c. Activator

3. Aids to processing

4. Aids to quality

0. Fillers-reinforcinq type

b. Antioxidants

5. Special materials

The various materials used in compounds ond their functionol doss are given 

in Table 1.



For the preseni work the followinq ingredients hove been selected for the

product development to ensure service properties requirement.

2 . 8 . 1  FOLYl-tEIR OR BLE3MD OF

F O L 'X M E R S

The base polymer or the blend of polymers ore to be selected according to the 

brood pottern of finol properties required. NR is selected becouse’ of its mechonicol 

properties and easy availability. NBR is chosen os control compound which is being 

used presently for- these rollecs. It has good physical properties , better ageing

resistance and excellent rice bran oil' resistance. ENR-50 was chosen as test

material for :,roduct development as it claims to have oil resistance property while 

retaining mechanical properties of NR.

All the polymers used have its odvantages and disadvontages therefore inorder 

to obtain the optimum service properties polymer blends were also tried. ENR -5 0  

in blend with SBR and BR ore also evaluated for its mechanical properties end 

abrasion resistance.

Various typical properties of commercial elastomers used in the present work 

ore given in Table 2.'9



Vulcanization is a process by which rubber is converted into o three- 

dimensional network by tying together independent chain molecules. The resulting 

cross-links can have a monosulphide, disulphide, or o polysulphide structure or 

both types, depending on the curing system used. Mono and disulphide crosslinks 

have a relatively high degree of chemicol and thermal stobility.

However, polysulphide crosslinks ore reoctive and undergo chemicol changes

during ageing resulting in changes in physical properties of vulconizate( product 

after vulcanization). The most important vulcanizing or curing agent used is sulphur. 

Vulcanization with sulphur alone is an extremely slow process, relatively large

amount of sulphur ond large vulcanization times ore necessary and the vulcanizate

produced are not of high guolity. Vulconizotion with sulphur clone is therefore of no 

technicol importance at all. The sulphur exists as Sg ring (rhombic) and is relatively 

stable. To moke sulphur reactive a considerable amount of activating energy must be 

expended and sulphur ring must be split. The process of activation occurs at high 

temperature and con be promoted by certain organic substances called

accelerators and metollic oxide.



In the present studies rubber grade sulphur olong with sulfenomide occelerotors

2, 4 morpholine mercaptobenzothiozole (MOR) is used. MOR is fast, safe processing, 

delayed action accelerators for NR and synthetic rubbers. It is also used to minimize 

the possibility of sulphur bloom and to obtain vulcanizate having good' mechanical 

properties.

In the cose of ENR-50 all the three vulcanization systems were studied. In the

conventionol sulphur vulcanization system the sulphur dosage is high while the

accelerator dosage is low, here in vulcanizates the combined sulphur exists

predominantly as polysulphide cross-link. Low sulphur high acceleator system are 

often called efficient vulcanization (EV) systems because the term 'efficient' derives 

from the more efficient use of sulphur, i.e., since the crosslinks are "shorter and the 

main chain modification fewer, less sulphur is required to get an effective numbers 

of crosslinks. It is generally accepted thot the EV system at optimum cure. can 

produce a network containing predominantly thermally stable monosulphide

crosslinks and vulcanizing is complete and no sulphur is available for further 

crosslinking. Sem i-efficient vulcanization (semi-EV) system represents a compromise 

between the conventional and EV system.



Activators ore materials added to an acceleroted vulconization system to realize 

in full potential of crosslinks. Zinc oxide and stearic acid ore used os the activator 

system. A hiqher dosage of zinc oxide is used for importing better heot resistance.

2 - 8 . 3  A ID S TO PROCESSING

These are compounding materials that improvethe processobility of a polymeric 

compound. Nophthenic oil ond dioctyl phthalate (DOP) ore used os plosticiser ond 

softener for proper incorporation of ingredients. Nophthenic. oil in non- staining 

plastcizer, softener especially recommended where colour retention before and after 

ageing is important. DOP was used as plasti zer and softener for NBR.
o

o

2 - 8 . 4  A ID S TO QUALITY

A . FILLER REINFORCING TiTJPE

In generol carbon block is used os the reinforcing filler for improving variety of 

vulconizote properties. The switch over from corbon block to o less reinforcing 

filler, silica, was dictated by consumer performance to get os white o rice os 

possible and introduction of stricter food and drug regulations. Silica offers the 

highest reinforcement of the nonblack fillers. They ore noted for their unique
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combination of tear strength, adhesion, abrasion resistance, age resistance and 

colour.

Antioxidants ore used universally to impart improved and satisfactory ageing 

properties in order to obtain reasonable service life in the cured compound. The two 

most important types of antioxidonts available ore those based on amines and 

phenolics. The former types are generally more active, but upon ageing they ;ir' or 

discolour the rubber. The later are less staining but are also less effective for heat 

ageing and do not confer protection against ozone attack. In the present work 

amine based antioxidant polymerized 1, 2 dihydro 2,2,4 trimethtylquinoline (A /o HSL) 

and phenolic based antioxidant styrenated phenol (A/o SP) are used.

2 - 8 - 5  S E » E X :: iA L  M A T E a R I A L S

To impart better processability and high hardness coumarone- indene resin (Cl 

resin) is used. To get better interaction between silico filler and the polymer 

coupling agent bis ( 3 -  methoxysilylpropyl) tetrasulfide (SI -6 9 ) is used. Since silica 

adsorbs accelerators and hence retard cure, a special additive like diethylene glycol 

(DEC) is included in the compound. N - cyclohexylthio phtholimide (PVl) a



prevulcanization inhibitor is used to obtain better processing safety with minima' 

chanqes in curing characteristics or vuicanizote properties.

For ENR compounding bases such as calcium stearote and sodium carbonate 

ore used to keep the ENR bosic ond hence to minimize ocid promoted age\T^^-
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E Q ^ I E M E a M T S  EXI^-fc?:i^TM>.3N‘l»3c\T. E ^ O G E T C X JR E

3  - 1  EQaiFMENTS

Equipments used for the present work ore discussed briefly as below.

3 - 1 . 1  TWO ROLL OPE3M MIXING MILL

The two roll mixing mill perform both the operations of mastication and

mixing. It consists of two rolls revolving at different pheripheral speeds and in

op’posil'j directions. The bock roll is driven from the gear box or bock shaft and 

the front roll from the back roll through roll and gears. The rolls are made of 

'chilled cast steel, cored to allow for circulation of water for efficient cooling. 

Another important feature of the mill is the friction ratio i.e., the relative surface 

speed at which the two rolls revolve. The ratio depends upon the size of mixing mill.

Mills ore usually fitted with vorious safety devices, some to protect operators and

other to protect the mill.

In the present work, laboratory model (30cm x 15cm) two roll mixing mill from 

David Bridge ond Co.. England having a friction ratio 1.25:1 was used.



The two roll mixing mill used in the present work is shown in Photoqroph 1.

3 . 1 . 2  I1̂ ^̂ 7E3FaM2\IL. MIXER

The limitations of the two roll mill, pressure on increased production hod led 

to the development of internal mixer. An internal mixer consists of two rollers in the 

form of interrupted spiral which rotates inside o chamber. The rotors run at even 

speed and the nogs are designed to produce a friction ratio between the rotors. 

The work in this machine is done between the rotors. This machine is fitted with a 

pneumatically operated ram to ensure that the rubber and powders are in contact.

An internal mixer masticotes the rubber and mixes the stock rapidly, thus

resulting in shorter mixing cycles colling for automation in charging and dischorging
0

the batches. It is safer and clean to work with. In the present work laboratory model 

intermix (Shaw Intermix -Ml<3, size KO) of capacity 1Lt. from Francis Shaw and Co. 

(Manchestrol) Ltd., Englond was used.

The diagrammatic sectional view of internal mixer is shown in Figure 5.'^



Hand presses and hydraulic presses can be used for the purpose of

vulcanizalion. Two types of presses are used, screw and hydraulic press, screw 

presses are suitable only for small scale production, hydraulic presses ore used for 

higher production rate and easy operation.

Hydraulic presses vary greatly in size and capacity, depending on moulding 

requirements. Press platens are heated either electricaily or by steam. Electrically

heoted platens ore advantageous when the processescre so few in numbers thot

maintenance of a boiler is not economical. The locotion of the ele: :ints in

electrically heated type should be such as (o obtain most uniform heat distribution 

possible.

In the present work hydraulic press with electrically heated platens of size (18" 

X 18") from Ind-Expell (India) was used.

The diagrammatic front view of the hydraulic press used is shown in Figure

6. 15



Moulding is the operation of shaping and vulcanization of o suitable rubber 

compound using heat and pressure, in a mould which has the desired contours. Its 

operation includes preheating the mould initially to curing temperature, application of 

the mould release agent, loading, pressing, curing and stripping. The method, as 

which the compounded material is to be presented to the mould generally defines 

the process as compression, transfer and injection moulding.

In the present work the simplest type of compression mo!''^i '.'sed wos the 

straight a flash type. It is loaded by placing an excess of the uncured stock in the 

cavity. As the lid is closed under pressure, the compound conforms to the shape of 

the cavity and after it is filled, the excess materiel is forced into overflow chonnels. 

This type of mould is least expensive ond best used in the moulding of relatively
C.

simple shapes and has the advantage of better heat tronsfer than other types.

In the present work moulds made of ordinary mild steel, with specifications as 

for the relevant test specimen were used.

The diagrammatic view of compression moulding used for the present work is 

shown in Figure 6.'^



The various materials used in compounds, their make and suppliers ore given in 

Table 1 .

3 . 2 . 1  M I X I N G

The compounds were prepared in two stages. Initial mixing of polymers, fillers 

and other od^^'t'v^s excluding curatives was done in a iaborotory model intermix 

(KO Intermix). Final mixing of curatives was also done separately in the intermix. 

After final mixing the stock was sheeted out in a laboratory model (30 cm x 

15cm) two roll mixing mill.

S r C R G E  — I — IN IT IA L  M.IXINO CMZVSTER 

B A T C H )

Masterbatch is o homogeneous mixture of rubber and one or more materials 

in 0 known proportions for use as o row materiel in the preporation of the fine! 

compounds.
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Intermix (Shaw lntermix-MK3, SizeKO) wos set at rotor speed of 60rpm and an 

initiol chomber temperature of 60'^C and ram pressure 3 Kqcm“ 2̂  the dump 

temperature was maintained at 125°- 135°C. The following mixing cycle was used.

TIME (MINUTES) OPERATION (ADDITION)

0 Polymer (mastication)

2* - Zinc oxide 4 stearic acid 4 A /ox HSL 4 PVI 4

base (for ENR)

T/> '/> filler 4 A/ox SP 4 DEG 4 S l-69 4 Cl-resin.

3!̂  filler 4 Naphthenic oil /  DOP.

7 Dump,

 ̂ In cose of NBR Suli lur was added along with zinc oxide 4 stearic acid 4 

A/ox HSL 4 PVI at 2 minutes.

S T A G E  I I  F I 1 M 2 U L .  M I X I N G

Master batches were matured over night and the curatives were incorporated in 

the internal mixer, set at a rotor speed of 60rpm, initial temperature 50*^C ond ram 

pressure 3KG cm "2. it was mixed for 3 minutes and dump temperature was 

maintained below 100‘ C. These were then sheeted out in a laboratory model (30cm 

X 15cm) two roll mixing mill.



In the cose of blends the viscosity of ENR wos first reduced by nnosticotion on 

a two roll mixing mill and was then blended with the second polymer at the some 

viscosity for 2 minutes.

The formulation for mixes for paddy dehuskinq rubber rollers used in (he 

present work are given in Table 3. (Formulations 1 - 1 1 )

3 . 2 . 2  MOOTED ING OF 5^

Moulding was carried out using compression moulding in c 18"x18" hydroulic 

press having electrically heated platens maintained at 150°C. The mould was

completely filled with excess compound than the mould volume, closed end then 

ploced in the press. Sufficient hydraulic pressure was applied and cured for 90% of
o

optimum cure time (tgo) as obtained from a rheometer R - 100. Test samples were 

prepored as per relevant standards for testing.

The rheometric analysis for Formulations 1-11 are tabulated in Toble 4.
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G E IA F T E 3 ^  4  

TESTING

4 . 1  F tK E X D M E n T R IC  A N A L Y S I S

The Rheomeiric R-100 provides a continuous smooth curve of elastic modulus 

versus curve time. The smooth curve is ideally suited for direct comparative 

testing.

A polymer compound specimen is contained within the vulcanization chamber 

under conditions of preset temperature end pressure. The disc is osciiloted through 

a small on. of 3° exerting a shear strain on the test specimen. The force (torque) 

required to oscillate the disc is proportional to the stiffness (shear modulus) of the 

polymers. The stiffness of the specimen increases when crosslinks are formed °durinq 

curve. A complete curve is obtained when the recorded torque volue either increases 

to an equilibrium volue or o moximum value. The time required to obtain a cure 

curve is a function of the test temperature and the vulcanizotion chorocteristics of 

the polymer specimen.

in the present work optimium cure times ot 150®C were determined using a 

Monsanto Rheometer R-100. The optimum cure time corresponds to the time to 

achieve 90% (tgo) of the curve calculated 'from the formula.



Optimum cure (tgo) = 0.9 (Lf -  Lj) + Lj

Where Lf and Lj are maximum and minimum torques respectively. Time lo 

incipient cure scorch lime (ts2). is the time taken for the torque to rise two units 

above the minimum torque. Characteristic curve for rheometric analysis is shown 

in Figure 7.

The reheometer used in the present work is shown in Photograph 2.

4 . 2  VXJLGZ^IZATE PROPERTIES TESTS

4 . 2 . 1  MOrXJLUS, TENSILE 3TRJE3MC5TH

AND EIL.0NC3ATI01M AT BREZVK

These three parameters were determined according to ASTM D - 412-80 test 

method, using dumb-bell shaped test pieces. The test pieces were punched out
o

from the moulded sheets using D-type die, along the mill groin direction of the 

vulcanized sheets. The thickness of the narrow portion of specimen was measured 

using a dial gauge. The specimens were tested in lNSTRON-4301 universal testing 

machine (UTM) ot 25^2^0 and at a cross-head speed of 500mm per minute. The 

elongation at break, modulus and tensile strength were recorded.

The UTM used for for the obove lest is shown in Photograph 3.



The tear resistance of [he sample was tested as per ASTM-D 624-81 lest 

method, using unnicked 90‘’ C angle test specimens which were punched out from 

the moulded sheets, along the mill grain direction. This test was also carried in 

INSTRON-4301 (UTM), at o cross-head speed of 500mm per minute and at 25-2'^C. 

The UTM used for the above test is shown in Photograph 3.

4 - 2 . 3  H Z \ R i : > l S r E S S

The hardness of the samples was measured as per ASTM D -2240- 81 test 

method using a Shore A type durometer, which employed o calibratedspring to 

provide the indenting force. Since the hardness reading decreased with tim.e after 

firm contact between the intender end the sample, the reodings were taken 

immediateiy after the estoblishment of firm contact.

4 - 2 - 4  A B R A S I O N  R E S I S T A N C E

The obrasion resistonce of the samples wos tested using o DIN obroder. It 

consist of a drum on to which a standord obrosive cloth is fixed. The drum is 

rotated at a speed of 40^1rpm and total abrasion length in 42 meter. Sample



having a diameter of 16^0.2mm ond a thickness of 6 to 10mm is kept on rotating

sample holders. Usually ION load is applied. Initially a pre-run was given for the 

sample and then its weight taken. The weight after the final run was also noted. The 

difference in weight is the abrasion loss. It is expressed as the volume of the lest

piece getting obroded awoy by its travel through 42 meter on a standard abrasive

surface. The abrasion loss was calculated os follows

Am

P

where,

Am = mass loss, gm.

p = density, gm /m m ^

V = Abrasion loss, mm^

The equipment used for the obove test is shown in Photographs^



4 . 2 . 5  H E IA T  B U I L E >  U F  IVISnD F E R M M ^ E N T

SET

The Goodrich flexometer confirming !o ASTM designation ASIM D -623-67 

rneihod A was used for measuring heat build-up. The lest was used for measuring

heat build-up. The test was carried out with the cylindrical sample of 2.5cm in

height and 1.9cm in diameter. The oven temperature was kept constant at 50'  ̂

The stroke was adjusted to 4.45mrn and the load to 10.9 Kg. The sample was

preconditioned to the set temperature for 20 minutes. The heat developed was

sensed by a thermocouple and relayed to o digital temperoture indicators. The 

temperoture rise ( T®C) ot the end of 25 minutes was token os heat build up.

The sample was then taken out anr' (he thickness was measured after half an

hour. Permanent set was calculated from the residual height" of the sample and

expressed os

0̂ " î
Permonent set (%) = ------------------■—  x 100

0̂

where, to and tj are theinitial and final heights respectively of the test 

specimen.

The line diogram of the equipment used for the above test is shown in Figure

8 .



4 . 3  ACX̂ EnJERlVTEaD AOEIJNTG TESTS

The nclural deterioration of the vulcanizate under the action of hpot, light, 

oxygen, ozone etc., is termed os ageing. The service life of a product is too lorge 

to wait for getting information regarding the performance of the product under the 

influence of the above mentioned agents, it is tfierefore necessory to test the 

product, under conditions which con produce accelerated ageing effects, to get 

some idea of the service life and performance of the product.

In the present work ageing test conducted by keeping the samples in an 

oven. The samples were kept for 96hr. ot lOO^C and then tested for properties 

like hordriess, tensile strength, tear resistance, elongation at break and modulus os 

described earlier for original vulcanizate properties test.

4 .4  O IL RES ISTATIOE TEST 

(Seirv±c:e flxa±<3.)

Oil resistance tests were corried out with service fluid i.e., rice bran oil for 

comporative evaluation of theeffectof service fluid on the different compounds. The 

apparatus used for the test is shown in Figure 9.



The samples for different tests were placed in o test lube of outer diometer 

45mm and overall length of 300mm filled with service fluid and then closed with 

aluminum foil. The tube then was kepi in oven maintained at - 2*^0 for 70hr.

The following tests were conducted according to ASTM 

0471 -  79 test method.

CHANGE IN MASS

M2 -  U]
Change in mass {%) = ------------------------------  X 100

Mi

where = initio! moss of specimen

M2 = final moss of specimen after immersion

<\

CHANGE IN VOLUME (Dimensional -  change method)

Meosure the test specimen (2cm x 2cm) for its original length, width ond 

thickness of each test piece denoted as Lo, Wo, To, respectively. After immersion 

period, remeasure the length, width end thickness denoted as L, W, and T 

respectively.



F V -  I V
Chonqe in volume (%) = ------------------------ X K

I V

F V -  Final Volume = (L W) T ^

I V = Initial Volume = (Lo Wo) * To

+ -  Values measured usinq qraph paper
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RESCTLTS AIMID E> ISCXJSSI ON

5 .1  RESULTS

s tL v ic a d L e s

Eleven compounds were selected for evolualiori and mixing procedure adopte' 

qiven in Section3.3 ond formulations are tabulated in Table 3. Experiments were 

carried out in three stoqes. in first stoqe formulations bosed on NR, NBR, ENR were 

studied (Formulotions1-4). In second stoqe formulations based on ENR, ENR blends 

with BR, SBR, NBR were studied (Formulations 5 -9 ). In the third stage,Compound 6 „ 

was studied for effect of increased dosage of steoric acid ond A/o HSL 

(Formulations 10 and 11)

Optimum cure times were assessed by rheometric analysis correspond to the 

times to ochieve 90% (tgo) of the cure. For convenience, Rheometer wos set ot 

150’ C and 3 ’ arc and same initial conditions for all Eleven formulations. The

characteristic graph obtained from rheometric analysis is given in Figure 10

(Formulations 1 -4 ), Figure 11 (Formuiotions 5 -7 ), Figure 12 (Formulations 7 -9 ).

The rheometric analysis reports ore given in Toble 3.



Testing of vulcanizate properties was also carried out in three stages after 

preparation of various compounds using compression moulding. Test samples from 

each compound sheet were prepared as per ASTM and DIN standards and relevant 

test methods were employed for testing. The moulded test pieces from each 

compound are taken and tested, at least three specimens per compound were tested 

for each property. The values of vuiconizote properties, aged properties, oil 

resistance properties, obtained are given in Toble 5.

Formulotion 5 wos also tested for change after immersion in oleic acid at 70 ’ C 

fof ,'Ohr. and the results ore given in Table 6.

5 . 2  IDISOUSSIONS

♦ NR and NBR compounds were chosen basically as control compounds. NR

was used os it is cost effective and NBR because of its service life and rice 

bran oil resistance NR, though posses good physical properties is inferior 

in rice bran oil resistance when compored to NBR compound.

 ̂ Formulotion based on NBR was found to be better in all respects, except the

high heal build up. NBR best suited for rice dehusking rubber rolls, as it 

showed (Formulotion 2)



Good Physical properties 

Better aqeinq resistance 

Excellent abrasion resistance, and 

Excellent rice bran oil resistance

♦ It was found that during mixing ENR compoond sticks to (he mill rolls,

therefore for the final mixing also internal mixer was used. Also, for final 

sheeting out proper cooling system must be maintained in both the rolls in 

case of two roil mixer.

 ̂ ENR vulcanizote showed higher degree of reinforcement with silica filler

without coupling agent, (evident from test results, rheometric analysis) in 

agreement with the reported values. But on addition of coupling agent heat
o

build up was found to be low, therefore coupling agent was used in rest of 

the formulotion based on ENR (Formulations 3, 4)

In the case of ENR, efficient vulcanization (EV) system and semi EV system 

showed improved aqeinq properties as compared to the conventional 

vulcanization system (Formulations 5,6)



ENR blend with BR showed improved obrosion resistance, and was found to 

be belter than all other compounds tried (Formulation 7). ENR blend with NBR 

and SBR showed little change in properties.

The resistance of ENR-50 jo  ASTM oils approaches that of medium 

acrylonitrile (34%) NBR copolymer and is superior to that of polychloroprene 

rubber^-'^'S (CR). With this report in mind ii was thouqhf fit that ENR -  50 

could be 0 substitute for NBR and moy prove to hove better service life 

than NR which are now being for rice dehuskinq rolls. An interestinq 

and peculiar phenomenon was observed after testing test specimen with 

service fluid i.e., rice bron oil. It was found the ENR based vulcanizates were 

sensitive towards rice bran oil with high acid value, even though they meet IS- 

specifications. fhis is evident from the experiment conducted (Table 5).

It is reported that acid volue of rice bran oil increases during storage and 

depends in general upon the care exercised in handling the oil bearing 

moterio! prior to extraction of the oil. Since rice bron oil conioins 

unusually active lipase, high acidity is probably inherent in this oil. A free 

fatty acid contents as high as 4.6% has been found even in the oil which 

hod been properly extrocted from bron freshly removed from the rice.9-2'
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Ihe results obtained after oil resistance test showed thot the acid value can be 

the probable cause for poor performance of ENR in service fluid. This can 

also be seen from the similar results obtained after testing ENR bnsed 

vulcanizote in oleic acid (Table 6) since rice bran oil contains 15--20% 

saturated and 80-85% of unsaturated acids which has about 40-45% oleic 

acid. The results ore olso compared with tha t'o f test in rice bran oil 

(Toble 6).

fhe other reason for poor performance of ENR vulcanizote could be ‘hat ot 

high acid concentration and temperature, ring opening of the epoxide group 

may occur which can adversely affect the properties of ENR.

Formulations based on ENR tried with higher degree of stearic acid ond A/o 

HSL bhowed no considerable change in vulcanizote properties (Formulotions 

10.1 ■



+ Due to unavailability of fresh rice bron oil, oil resistance test have to be

conducted using stored rice bran oil ond during two different phases of 

project acid value of rice bran oil has also changed (reported in Table 5.)

As it is reported t-hat freshly extracted rice bran oil contains low fatty acid 

value, 9.21 further work can also be extended on the effect of ond volue of 

the vegetable oils on the ENR bosed vuicanizates.

 ̂ So for no work has been reported on the use of ENR for its resistance

towords vegetable oil, further it was found that ENR is sensitive towards rice 

bran oil with higher acid value. Hence this study has opened -p a'new field 

for research on effect of veqr 'ble oil and the acid value on ENR vulcanizate.
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P A D D V  O E H U S K I N Q  R O L L E R  F O R H U L A T I O N S

INGREDIENTS
fonnuLATiONS

1 2 3 4 5 6 7 8 9 10 11

lSHR-5 10 0 - - - - - - - - - _

CheMJpren# H-3309 - 10 0 - - - - - 5 0 - - -

EHR-50 - - 1 00 l e s 100 100 50 50 50 10 0 100

Ci s a f i t  1^1 22 0 - - - - - 9^ 50 - - - -

$ ^ n a K » n » - 1 5 0 2 - - - - • - - - 5 0 - -

INSIL-UH3 1 00 100 10 0 100 100 100 100 100 100 1 00 10 0

Z i n c  o x i d » 18 10 10 1^ 10 10 10 10 19 10 10

S t e a r i c  a c i d 2 2 2 2 2 2 2 2 2 6 2

N a p t h e n i c  o i l 5 - 5 . 5 5 5 5 5 5 5 5

OOP - 5 - - - - - - - - -

DEG 5 5 5 5 5 3 5 b 3 5 5

Cl R e s i n 6 6 6 6 5 5 5 5 5 5 5

A/ o SP 1 1 1 1 1 1 1 1 1 1 1

ft /o HSL 0 . 2 5 0 . 2 S 0 . 3 d . 5 I 1 1 1 1 1 3

flOR 2 . 2 2 . 2 2 . 2 2 . 2 1 . 5 2 . 5 1 . 5 1 . 5 1 . 5 2 . 5 2 . 5

S ul phu r 2 . 2 2 . 2 2 . 2 2 , 2 1 . 5 0 . 3 1 . 5 1 . 5 1 . 5 0 . 3 0 . 3

p y i 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 , 1 0 . 1 0 . 1

C a l c i u /1 s t e a r a t r - - 5 5 5 5 5 5 - -

S o d i u n  c a r b o n a t e - - - - - 0 . 5 - - - 0 . 5 0 . 5

S l - 6 9 5 5 - 5 5 5 5 5 5 5 5

T A B L E  4  

R H E O M E T R I C  A N A L Y S I S  U A L U E S

R h e o n e t D c  v a l u e s F O m A T t O K S

a t  150*C»3*arc 1 2 3 4 5 6 7 8 9

O p t i w M  cur*  M in u t e s 13 54 25 20 30 55 35 5 0 35

S c o r c h  t iMe M in u t e s 5 5 5 2 . 5 2 . 5 1 . 5 2 2 3
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TABLE 6

OIL RESISTftNCE TEST IN OLEIC ACID

PROPERTy FOWULATION H0.5 FORHUIATIOH HO.5

I m e r s i o n  in O l e i c  a c id I w e r s i o n  in r i c e  bran

a t  7Z\ f o r  78 hr. o i l  a t  70^C f o r  70 hr.

U e i gh t  s u e l i  (7.) 98.0 115

Uolune swe l l  (X) 120 141

Hardness SH 0 ( P t .  change) -24 -27

T e n s i l e  s t r e ng t h  it r e t a in e d )
16 15

E l ong a t i on  a t  break iv, r e t a in e d )
15 13

Tear  s t r e n g t h  (X r e t a in e d )
10 7
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