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SUDHAGAD RUBBER INDUSTRIES
PRIVATE LIMITED.

SYNCPSIS_OF ABSTSACT

The field work, carried out by the experts,
Mr, B.C. Shah, Mr. V.F. Limaye and Mr, T.M. Divekar
of Sudhagad Rubber Industries Private Limited,
Bombay, India is reported in this document. The
work at Yen My Rice Mill, Vietnam involved improve-
ment 9f manufacturing technology for natural rubber
based rollers using available rav-materials and
introduction of synthetic rubber based rollers,
These rollers are being used on paddy dehusking m
machines in rice mills. The Indian Experts succesa-
fully developed new formulae vased on natural and
synthetic rubber, Required pairs of rollers were
manufactured at the project site and were tested
for actual field trials on psddy dehusking machines,
The rollers performed satisfactorily and met with the
recuired technical parameters, The counter parts
were vell trained by fmparting the necessary material
know=hoiw and by establishing the aprropriste norms
of procesr and production technoleglies,
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SUDHAGAD RUBBER INDUSTRIES
PRIVATE LIMITED.

INTRODUCTION

Rubber rollers are now universally used on paddy
dehusking machines for milling of paddy to obtain rice,
Rubber, by virtue of its unique elastic properties,
enables efficient milling of rice with minimum breakage
of grain, Natural rubber rollers, which are currently
made at the rubber shop of Yen My Rice Mill, required
improvement in formulation design and manufacturing
technology. The Indian Experts analyzed the current
formulation bzsed on natural rubber and studied che
available raw materials, New formulations were designed,
rollers were produced at the rubber shop and tried
successfully in the rice mill for endurance test, Also
formulation bezsed on synthetic rubber was introduced,
rollers were made and tried in the rice mill to satis-
factory performance,

The present report describes the field work carried
out by the Indian Experts which involved improvement of
natural rubber based rollers with available raw materials
and introduction of synthetic rukber based rollers,
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SUDHAGAD RUBBER INDUSTRIES
PRIVATE LIMITED.

PRELIVINSRY 5. CTI

Critical analysis of currently used oforsmlations
based on nztural rukbber was carried cut by the experts,
followed by the available rrocessing facilities, Two
typ=s of new formulatinns vere fntroduced using the
available raw materials, aa listed under Append{x-3
and Appendix-4, FKollers were made using these formu:-
lations aftcr carrying out necessary laboratory tests,
The rollers were tried in the rice mill on paddy
dehusking machines for perforinance test,

llollers based on foriulation as per ‘ppendix-3
yielded an average life span of 122.296 tonnes of
raddy per pair, whereas rollers based on formulation
a8 per fppendix-4 yielded an averane 1ife snan of
135 tonnes of paddy per rair,

New formulation bascd on synthetic rukbier ..-- also
Introduced, tried in the laboratory and rollers were made,
The rollers when tried in the rice =ill for rerformance
teet, yiclded an nverecae life sr»n of 201 tonnes of p2dy
jer pair,

During slrove trfiala in the rice mi11 the dehuskin-
machines operated smoothly, reccvery rate was higher
and rate of troken rice was lerser,

It was concluded, from the reaults of atove perfor-
nance testn, that the rollara met with the recuired
technical yaraneters,
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SUDHAGAD RUBBER INDUSTRIES
PRIVATE LIMITED.

BODY OF THE REPORT

1, Material know=-hovw

1,1 Currently used formulation tased on Natural Fulbberge

The currently used formulation hased on Nstural !ubber
was studied critically, This is listed under Aprendix-1,
It is based on a semi-ebonite tyre compostition with 17 rhr
sulphur, Such a high dosage of sulphur is being used
primarily for getting high hardness value, but technically
it ylelds an interior product having lower physical
properties, low abrasion resistance and pooOr ageing
characteristics. Reinforcing filler f.,e. HAF Carbon
Black (45 phr) and semi-reinforcing filler i.e. China
Clay (45 phr) are being used but they are not effective
enough in the semi-ekonite natrix.

The availsble raw materials at Yen My kice Mill are
listed under 7ppendix-2. Some of these are availatle
locally whercas the remaining materials are imported
elther from U.S,S.R, or Jazpan, The quality ond consist-
ency of these materials were ~xamined and found to be

catisfactory.

1.2 New formulation based on Natural Pubberse

The experts werc asked to develop a new formulation
Lased on natural rubber using only the available raw
materi{als as per Appendix-2, Accordingly two formulationg
vere introduced, developed and tried, These are listed
under Appendix-3 and Appendix-4,

The first formulation as per Appendix-3 is for
obtaining hardness value of 80-85° whereas the second
formulation as per Appendix-4 is for hardness of 85-900.
The ingredients were carefully selected from the available
range and their combination ratios were critically design«d
80 as to obtain required processing ease and optimum
vulcanizate properties, Doth these formulations have |
‘mu¢h higher physical properties, hiqhor:nhrnnfon resistance
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and improved ageing charscteristics., These formulations
are based on use of much lower sulphur compared to the
currently used formulation. Hardness, high physical
properties and high abrastion resistance are =btained by
using reinforcing f{llers like HAF Carton Blick., The
vulcanizing system was carefully selected to obtain
optimum vulcarizaticn snd required processing safety,
Activaters like Zinc Oxide and Stearic Acid were used

to obtain high state of cure.

Importance of proper mastication of natursl rubber,
order of addition of ingredients, over-night stcrasqe of
pre-mixed comnounds etc, were discussed and practiced.
Macter batching technicue f-5r 5211 {nagredients like

gecelerators was introducsd,

New formulation based on Synthetic Rutbers_

Rollers with supremc heat and abrasion resistance
cen Le produced by using properly ccempounded csynthetic
rutter of acrylonitrile butadiene (HBR) type., /7 new
forrmulaticn based on such synthetic runter wac introduced.
This 18 listed in Appendix-5. This formulation enableg
to make rollers of non-black colecur snd hence avoids
tlackening of rice,

The synthetic rubber NER {s reinforced using
reinforcing fillers like precipitated silica and thermoe
setting resins of phenolic type. Wulcanization system
is judiciously designed to obtain highest poisible process=-
ing safety together with high rate and state of vulcani-
zation, Accelerators of sulphenamide type snd activators
like Zinc Oxide and Stearic Acid are used in proper
combination ratio, Sulphur i3 used as a vulcanizing
agent in required proportion. Procnsasing aids like
Dioctyl Phthalate, wcod resin are used for emse of mixing
and winding operaticna, Tfropriet~ry ingredients like
FA=900, P-4 {ro us~d far u?tfininq sprcial s#ffects 11ike

2/

A ae an a4
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1.4

l1.4.1

1.4.3

1.4.4

highest state of cure, high reinforcement etc, lone
staining anti-oxidents of styrenated phen~l type is used
to improve ageing properties,

All asbove ingredients were formulated in appropriate
proportions to obtain best balence of properties,
Importance of their order of wixing was discussed and
practiced. Master batching of srcll ingredients like
accelerator was practiced. Ingredients like sulphur
which is difficult to disperse in NBit was also master
batched and the sulphur master tatch wss added in the
begining ©f nmixing cycle to octtnin the best possible
dispersion.

Treining cf Couvnter Farts:.

The counter parts were trained in following arcass
Formulation design based both on natural and synthetic
rutber to suit the prevalling procecsing conditions in
the ruvbber skop and in th- rice mill,

Proper selection of elastomer types and chemical
ingredients such as vulcanizing agents, acecelerators,
activators, processing aid-, anti-oxidents, reinforecing
agents etc,

Importance of selected ingredients in the formulatinn,
their properties and effects in the processing and
vulcanization,

Coarbination ratios of these ingredients with the base
elastomer and {ts {mportance. The counter parts were
also trained so that if recuired they can modify the
combinaticn ratio slightly to suit the processing
conditions during different clinatic consditions,

0004/"
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1,4.5

Tede7

Precauticnary measures {n the use of g=x c~-tain
chemicals like accelerat~rs to zvcid processing

probleaxs,

Effect of tne base elastomer, ingredients ond their
conbination ratios on th- physical properties,

abrasicn resistance and ageing characteristics,

Cuality control steps tc ke cwercised in the selection

and use cf ingredients.
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2,2

2.3
2. 3.1

Process Technology

Raw material storages-

Norms for appropriate storage of raw materials were
established to avoid contamination with foreign matters,
spillages, fire hazards et-.

wWeighing of raw materisls-

Importance of accurate weighing and technicue of master
tatching for ingredients required In smaller auantities

were practiced,

Processing cf Natural kutber based compoundss-
Mastications

Proper pre-mastification of natural rutber was practiced
to achieve best dispersion »f ingredients during mixing
operaticn.

Master batchings

This operation was introduccd to get (a) best dispersina
particulsrly for thos> ingredients which are difficult

to disperse (r) accurate weighing of ingredients recuired
in smaller quantity like accelerators (c) ‘.atch to baich
consistency.

Mixing of ingredients:

Norms were cstahlished for spcedy and efficient dis-
persion of ingredients {n pre-misticated natural rutber,
Importance of proper dispersion of reinforcing fillers
11k« Carbon Black and the method to achieve best dis-
persion was practiced. The ingredients were incorporated
in a definite order so that mixing operation was easier,
faster and efficilent. Overnight storage of rubber
compounds was advised and practiced, The #ddition of
vulcanizing agent {.e, sulphur was carried cut on the
next day, prior to winding operation, This practice
yielded best dispersion and improved processing nafety,
Precautionary measures such ag avciding contanination
with old compounds stuck in the mixing mi11 cuides,
proper cooliny and storage of conpound:s etc, were
prSCticnd and recommnended,
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2.4
2.4.1

2.5

Processing of Synthetic Fubber hased compoundssa-

Msster batching:

Tv:C types of master batches were vracticed; (3) Master
batching of sulrhur was carried cut so as to cet best
possitle dispersion which is otherwicge difficult to ke
dispersed in NBR type syntaetic rubter; (b) Master
tatching of zcceleratoer iras practiced =hich enatled
accurate weighing, better Fatch to hatch consis=tency
and improved dispersion.

Mixing of ingredienta:

Proper method of mixing was established so that the
ingredients get thoroughly dispersed, 2ddition of
ingredicents was carried cut in & definite secuence.

e.g. the sulphur master-tatch was added in the kegining,
rdditi~n of precipitated silica was carried cut in two
lots, th: second half teing mixed alorg with plasticizer
D.J.F. ixing of ingredients like accelerator in mncter-
tatch fora was carried out {ust before winding of
rollers and after cvernight stcocrage of the rultber
compound, This enabled ketter dispersion anag maximum
processiny sarety, WFastages due to scorchinag of

compounds was thus preventnd,

Preparation of shells for bkondiingse

Machining of used cast-iron shells or drunt wa3 care=-
fully carried out so that fresh bhase metal is availatle
for bonding., Defective shells were dis-carded., The
approved shells were cleaned and deqreased vty wiping
with petrol, For making m¥tx¥x natural rubtber rased
rollers, the shells were then given three coats of
Ebonite Solution, Care was taken to allow enosugh time
for complete evaporation of the sclvent after each
coat, Ltonite shcet compound in 1=1,.,5mm thickness was
then applied on the shells, Use of chemical bonding
agent wa3 cstablished for synthetic rubber based rollerc,
In this crse, the chellsn were firat anchined and

degren<ed with potral, f2llowd Yy shot blaat!iag using

"the <: "t Plasting michine, The shella cere then wipfdl
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2.7

2.9

2.10

with petrol, folleowsd by cpplication of the khonding
agent Unilzack 205, Maximum care -as exercizsd to
obtain a thin, even coast, frre frcw any contaninations,
The snells -ore then sllowcd to Jry and vore -~tared in

a clcan envircnaent,

vilnéding operationi=

This operation was carried out using the winding machine
along with 14" sgize mixing ill, Maximum care :as tzkon
tc avoid gir entrappment and scorching. Uze of an
extruder instead of windi:.3 machine would have heen
faster &nd wdould have produced rollers free frcam defects
like air entrappment, possible delaminati=ns, ccnrching,
wastages etc, This was discussed in detzil ::ith the

counter parts and they ¢l -~rprecioted the roine,

Pressing and clamnpings-

The rollers duly wound were then put intc the horizental
moulds which were pre-~treated with dispersion of french
chalk for easy mculd reliease., They vers then proszead

using the hand press and clamped with bnlts, The moulds

were then transferred into the vulcanizer for curing,

Vulcanizing:e

This was carried cut under open sceam at 4 atm, steam
pressure for four hours. Importance of parameters like

vulcanizing time and teaporature was discusaed,

Machining of rollerst-

Machining of rollers, usinag arrropriate cucting tool,
jcb speed and corrcct fixturry war practiced 1o as to

obtain faster machining with bett~r 2urface finisn,

Training of counter partsie

The counter parts vere properly trained in a1l the
proce3s functions detailed tyve, They all well under<:

stocd and sppreciated the taportonce of the nroceaa

rparameteras and how to vonleve proper cunrlity ccntrol
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during 7mastor iatching, addition of tnaredients in
predcterainnd cecuence, metsl yre-treat~ent, vinding,

clasring, vulcanizing arnd ~achining operatt-na,

Test rrocciyrest-

Requirecd testing methods were estarliahed and the
counter parts were trained satisfactorily in them,
tach batch of rutber commound was tested prior to
teking it intS rproducticon. .. small martple piece
walghing akcut 230 ¢ra~e was taken tror ~ach batch,

rrom the satr-le rlece P1-nke (ire cut to re_uired sizte

and vere aculded at constant pressure for pre-dererairec
time eapd tr prcalars,  Che test slats thus ~oulded

wiare allow:id €0 mature for 24 hours £03)awed ty testing
ci hardness by hardneas testor and phyaical yrorerties
like tensile strenach, eionyati-n ot Yr.o a% and =adulus
at 10C™ ¢icngat!izn usinn tencile tooting ~achine, Only
Wprevad Tatchrs were thoa taven {nto rroduc ty on,
-:riodic testing Of Al ration resistence was ~ract e,

using t'y rrasicn recintanGe trot ot
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3.1.3

Production Technology
Mcthod of production:e

Technologges for production of roallers based on natural
rubber and synthetic ruther were well established,

This involved following production operaticns:

Preparation of shells:-

This involved proper machining of 514, used c2st iron
shells so as to remove ¢©ld rubber, corrodrd metal
surface and to expose the fresh rase metal, The shells
were inspected, Defective shells were discarded., The
exposed metal surface was then treated with petrol

for degreasing. The shells were then applied with
ebonite sclution followed by coating with eronite sheet
for natural rubber rollers., For synthetic rubber
rollers, the machined shells were shot blasted, wiped
with solvent and applied with chemical tonding agznt,
as detailed carlier under 2,5,

Sheeting and windingse

Fubber compounds after storage of minimum 24 hours

were mixed with remaining curatives on tw» roll mill,
Precautions wcre taken tu keep the mixing mill rollers
from being heated up excessively, by passing the cooling
water continuously. However the supply of cooling

water to the mill was not adequate, Methods of improvee
ment were suggested, Using the emaller shecting mill,
the rubber compound was sheeted to about 1.5mm thick,
The winding machine was used for winding up the sheeting
on the prepared shells i3 per 3,1.1. In cace of natural
rubber hased rollers, the surface of ekbonfte laye: was
fresheded up with prtrol prior to winding. This was

not nocessary for synthetic rurhor based rollrrs in
which case the shells were opplied with chemic,l honding
agent,

Moulding and vulcsnizings-

'The shells duly wound with rubber shecting were placed
‘1n the borizontal mO‘U‘l("" wltor cut'f‘{nu ‘fhr- 1-;tf~r L i:»n(vfh
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3.1.4

3.3

of rubber ccapcund. The end cuttings were immediztely
used up for sheetiny up #nd vinding. The moulds were
presscd and clamped usirg the hand pressing jiu as
detalled under 2,7, Precautions wevre taken to ensure
that the mould covities vere fully filledl up and flow

of extra rubber had started from the sides, The clamped
moulds were transferred into the vulcanizer and were
cured as detailed under 2,8, The rubber seal for the
vulcanizer head was of pcor cuality resulting in steam
leakages a2nd needed freguent replacement. The counter
parts were advised to improve upxs upon this problem,
The rollers after vulcanizing were a&allowed to cool
down t0 rcom temperature before machining and finishing.

Finishingie

The wvulcanized rollers wvere first machined up on lathe
too & rouch fipish., Firnilshing was carried out in a
second operotion using o finer cut, Zomn of the rollers
required cxcegsive machining and hencr got undersized

by 2=-3mm, This was due te doreged moulds hich was

well arrrecicted by the cournter rarte,

Trainings-

The counter parts were wel]l tratned in all unit product-
icn opc-otions, Methods for increasing the production
vihirnever renuired, vere odvicrd, The counter parts
were varnead against all the rossibkle causes which can
lrad to defective 10llers, Norms for guality controls
at variruc stiages of rroduction were eztablished so
that defecis ke Lont failrere, delaninations ctec. con
e minimizcd,

Testing of rubbor 1 51llere in ice Mills-

Both natural i cyntnetdic rother Pansed rollers were
tested cn dehnskine m~chines at Yen ty iiler Mill,

The rollrra merformel aatisfactarily doring the flela
triuls; The wachine ~porated sumcoothly, yielding higher
recovery rat. and lecn o Y roien rier, ' The rollers met "

o tey the ooyl b cligte~l oo neper  Thio (o
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referred under 2Appendix-6. Precautionary messures as
followus vere suggested by the experts In order to

acnieve still bett~r pcrformance,

1) Foreign matters like pleces of stones, nails,
worn-out parts etc, should be effectively
separated before the paddy enters the dehusking
machine,

i1) Provision of air hlower im the dehusking machine
so that the rubber rollers run cooler,

1i1) Use of polisher machine e¢auipped with rubber
rlocks to minimize kreakages of rice during
rolishing cperation,
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SUUHAGAD RUGBBER INDUSTRIES
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TLRMINAL SECTION

The anslysis of the currently used formulation
based on natural rubber showed that it is technically
interior because it is based on usage of high percentage
of sulphur., The new formulations recommended by the
Indian Experts are based on use of highly reinforcing
fillers such as HAF Carbon Black. Sulphur percentage
wag restricted to a much lower value, just enough to
achieve optimum state of vulcenization. The rollers
based on these recommendations yielded improved perrore
mance on dehusking machines.

New formulation based on synthetic rubber was
designed for rollers of non-black colour, Thessa
rollers also performsd vell and yielded much improved
life span.

In this way, rollers btased on reconnendation-of
Indian Experts performed satisfoctorily, They met
with required technical parancsters such as ifaproved
life span, lesser percentaz: of kex broken rice and
higher rccovary rcte,
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Appendix - 1

Currently used formulation tased on Hatural Pubber

Farts by veight

Natural Rubber coe 100,0
HAF Carbon Block cos 45,0
lagnesium Cxide cae 5.0
zinc Oxide cee 7.0
Sulphur coe 17.0
Calcium Carbonate coe 10,0
sStearic ~cid coe 2,5
7000 11osin coe 3.0
Clay cee 45,0

mti-oxidant o (i) 1.0
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Appendix - 2

Available Raw-miterials

1)

2)

3)

4)

5)

6)

7)
8)
9)

10)

11)

12)

13)

14)

[
[$)]
St

datural ubber

HAF Carton Black

Clay

Magnesium Oxide

2inc Oxide

Cslcium Carbonate

Stearic rcziad
wood Rotin
/nti-oxi{dant b (PBN)

Accelerstor D (DPG)

Accelerator DM (MBTS)

fccelcrator Thirram (TMTD)

ked Iron Oxide Fel

Fetrol

French Chalk
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sppendix - 3

First formulati~n tased cn llatursl “ukber e rey

Indian xpores’ recotmen:dlnklons

Parts ty weioht

Natural iubber cse 100.0
z2inc Oxide eve 5.0
ctearic rci1d cee 1.0
HAF Cartcn vlack ese 0.9
vood Rogin ceo 4.2
mti-oxidant . (PEN) cee 1,0
recelerator i (80T5) ese 0,45

Sulrhur soe 3.8
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M
Appendix -« 4§
Second foramulatior, based on Natural PRubber ;g per
Indian Experts’® recomnendations.,
Parts by weight
Naturzsl rubber coe 100,0
Zinc Oxije cee 9.0
Stearic Azigd cee 27
» HAF Carton Black coe 99,0
wood Rosin cee 4.5
Anti-OXid,ﬂt i (FB::) ees 1.8
Accelerator DM (iT3) oo 0.45
Sulphur coe 3,6




PRIVATE LIMITED.

rpendix - 5

Nen-black formulastion hased on fynthetic fubder
recomnended by the Indian ¢ xperts.

Synthetic Rubber (NBi.)

Natural kubber

Zulphur

7inc C.:iin

Stearic .cic
Frecipitated Silica

“henolic necain (Tiprolite)
Titanium Dioxile

Inti-oxidant ..0

ced osin

Lioctyl Fhthalate (..})
reeelerator €7 (Csn)
rctivator pag

feinforcin, Srnt LGng

Parts by weight

Ss.0




SUDHAGAD RUBBER INDUSTRIES
PRIVATE LIMITED.

rrpendix « 6

MINUTES

Revierw: Toeting oan rubber oller Manuficture
Eetween udhggsd Company, India and Yen sy Lice
#4111 ol ‘dnistry of fariculture and Toac
Industrv, Vietn. n,

The Review Meeting was held on August 2nd, 1989 at 14h00
at Yen My Rice Mil], Ministry of Agriculture and Food
Incdustry,

Partlciggntgn

Vietnamese side:

1. Do Dac Fhuc, Director, Yen My Frice Mill, Minisery
of roriculture and fcod Industry,

2. Do “hmc Chuing, “eputy Lirector, Yen My ice M{l1, N0t

<e DO i “ha, Chief of wuality Control “ection,
Yen y »ice 041)

4. RNguyrn Thi Trieu, Chief of Technical “ection,
Yen by fice i)

5. Fham 1hi Fhuos 3o, yrert, Internatianal Jooperaticn
Lepartuent, Ministr of ssriculture and Toc? Indurtry

Yo N2 Mind Chiu, irogiame vidticer, Intornatinn-}
Cooparation I'v- ~yement, Cinistry of cqriculture onp
0038 Industry

7. Nguy:n ‘he vinh, Mficer, Laboratory ~r tontrciling
iubber [ :ller, Yen %y 6ice 14])

s Le Neriven Then:, “hief of fygtb-p ERD U S N TR TP IoE

. Orkehop,

Lurithrged SONEANY, Indias

1. _hsh “harat Chanakl. )
¢ Iiu~ye Vifay Turu-nntta
Se  WIVOLLT T Yok iadl ..

| ! v m
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) 2 te

content

“he “ice 111 Director revirsi the situatisn cn Rukber

“eller manufscture tased on <udhaqgad Company®s formrulas
3 pany

:ubhers 8 iruther

Follers were mrnufactured

based op “udhagad Ccap=ay’s forruls,

i

4 Sybh--

{tbtber

"ollers were assetrled on
"~ller Dehuskrr ang went
through a test run from 20/71-26/1/69,
The average life Epzn 1. 122,296 ton

of paddy/~atr,

2 34 RUltor follers wceve asserntled op

furber loller Lehusker apg went

throach 2 test ryr, fron 23/7-1-8-£9,

The averoged life fron ts 135 teon of
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nan i 201 tey

“uaiatlon O test run is limici g,

i@ Putber V1 gller LCehucker

TCLUCTY rase (s hich, t-oen rate 15 irgg,
~ubber feollirc acce A TR
rttitude of €Ayores in worvings The Dlzertor hichiy
“Ipfeciin LY enthusfas:ic Grivitoand cloged C.Creéerntion
Of the experts of Cwdlb rgoc My with the uorkere -pg
‘nginteora af SRS ST S N R Raa el SFT S FIS Trprean by
cotiafoction oy oao R N A I R
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