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(COPE OF THE PRREIERT INVE TIGATION

INTRODUCT TON

cd

ithin the lest 50 yeers there hhla;g boen meny additions
of products in the chemicel industry vhich are mirscles of
ingenuity, usefulness end veraastality, C_)!e‘ry r_few of these
products heve the virtues of Polyurethencs,

Polyurethancs were developed painstekingly end
ayatematically to compete with the commereially successful
nylon polylnra.i The discovery, exploretion and develo mant
of polyurethenc polymers is attributed to Prof, Otto Tayer

end his co=workers,

In the eerlior develo mcn* of polyuret anen the mo-t
spectaculer applicetions of the polyurethenes rore in +he
fields of edhesive and synthetic foam, It i3 reported +he+t
development vork of polyurethenes started st the same *ime
in Germany and in the U, I.A,

During the second T"orld War, the Gormans made
extencive use of polyurethene adhesives in clestomer to
motel bondmca.1 initiel development work on the poly-
urcthenes wes in the rigid foam :ﬁ.o].t.l.""3 These were
used in the sireraft industry, The commercisl developmcent
of polyurethenc flexible foams 13 repo-ted to be during
1952253, 4



The discovery of solyester-urethance elastomer goes
to the credit of Pintem’ to prepere "1 rubber” by reacting
e diisocymnate with a polyester,

The first isocyenste 'r3 srenared in 1949 by '.'.urtzs,
end it i3 interesting to note thot the first polye~ter
resin7 vas precered sccidentelly in the yesr 1947,
Vulkol.fl.anlq vere the polyeaster based urethenc elestamers
heving very outstending physicsl properties, These were

develoned by Prof, ‘ayer end his gowworkers in Germany,

3ince then there heve been meny develosments in
polyurethene elestomers throughout the rorld, The main tyreg
of polyurethene elestomers are (i) millaeble, (ii) thermo-
plestic end (iii) Castsble,

(1) MAllable clestomer

in the milleble elastomer teechnique, the polymer is
compounded elons with the vulcenizing ingredients end +he
resultent mix is proces-ed to e finished erticle, The
milleble clastomers mre srocessed on the conventionel rubber

mechinery and have, therefore, grcet commereinl importence,

(11) Thermoplestic Tlestomer
These cosentinlly look like millsble guna and could
be sheped into eny desired article by heet end pressure,

(iid) flestomer
The eastedle technique involves the addition o¥ licuid

ingredients in one ste- snd curinc the resultent mass into
a rubbewy »roduct,



Unlike other elastomers, polyurethane elastomers heve
the great adventege of meking anecific formulations needed
for specific applications, TFor exemple, it is sossible to
chenge the properties of e polyurcthane elastomer by chening
the molecule r confiruretions, rather than by adding plastia.
¢izers, filler lomding and tyse of cross linking agent ete,
Thus 1,6 Hexemeth lene diisocyanate cen roduee urethane
elastomer having e little tensile strensth, vhereas 2,4 Toluene
diisocyenste would produce tensile strengsth 2350 - 3550 PS..
1,5 Nephthelene diisocysnate would heve tensile strensth 4000 -
5000 Pil, while 2,7 Fluorene diisocyenete would produce tensile

strength 6200 P3i ( Teble 1 )°

Table = 1
Modification of undried Polyethylene Adipete with

30 ¥ excess of diisocysnate, vith weter cure.

Diisocyanate Tensile Elongation, Tear
strength, % stren-th,
P3I PSI*
1,6 Hexsmethylene Product reas worthless, hardened
diisocysnete immediately
294 Toluene diisocysnste 7750 - 3550 730 1130
1,5 Hephthalene
diisocyenate 4400 765 2370
2,7 Fluorene diisocyanete 6200 660 2020

»
Messured on 4 cm plates ring specimen, 1 mm notched.



imilerly polyethylene succinete corn rive tensile
strength of about 3900 P3ly Polyethylene adipate cen give
# tensile strength of 5000 P3ly  Polypropylene mdipete cen
give tensile strength of 3100 P21, The com-eretive nronerties
of the polyester urethene elastomers are given in the

Teble 11,°

Table = 11

Urethene elastomers made from polyesters modified

vith 1,5 nephthalene diisocyanste,

Polyester Components Tensile Elongetion, Tear
. e - strength, strel'}(’th,
Glyeol Aedd P31 % P31
2thylene succinie 3900 625 1700
mthylene edipie 5009 640 2250
1,2 Propylene adipic 3100 720 1300

Yor the sake of comperison, the prorerties of the
polyurethane elastomers elons with the propertics of dif<erent

commercially availe ble elastomers are given in Table 111.9
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Polyurethene elastomer; heve been sngresfed‘o for the

f0lloving ep licationss-

Tyress

30lic tyress
Electrical:
Foot woar:
Deltas

Hogest

Coepted fabricss

Rollss

Molded goodsas

Truck, Bus end Passenger trends,
indugtriel trucks, Castor vheels,
Cables ete,

Heels, soles etc.

Conveyer, V belts ete.

For 0il- wells, sand blesting
equipments, air drills ete,

Tiaphragm, terpeulins for lov
tempereture, ultreviolet light and

genes resistence coveringa, tent- etc,

Textile rolls, printing rolls,

high pressure rolls cte,

Automobile parts, oil sesnls, oil
resistent washers, gaskets, Owrings,

hydraulic buckets ctec,

The above applicetions of polyurethene elastomer

heve induced the rescarch workers o< this leboretory to nay

greoter attention to these products snd 4o underteke their

development, It is expected thrt the knowledge mequired

during thie developmentel work will be of immense help to

the developing economy of our country,



PART ‘I
SECTION I

.~ AIM OF THE PRESENT
INVESTIGATION
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Lin of the present invegtigation

) complete aystemetic surwvey of polyurethene
elagtomers vas mede, end it ig briefly summarised in
Section II, It was observed thet most of the conventionel
commercial milleble urethene elacs'cmers vere besed on nolve

esters derived from »0 yvethylene »nolypronvlene edirate,

In the present inveatigations, dibesic meidse used in
the studies we e succinic mecid, edipic ecic, sebacic acid

and hexedecamethylene dicerboxylic eecid,

The glycol part used was the mixture of ethylene
glyco! and 1,2 propyleme glyco' in the proportion of 80320,
It may be noted here thet polyesters derived from ethylene
£lycol= adipic aeid and 1,2 propylene flycol - adipic eeid,
can be blended in the 30320 prorortion 4o rive a mived
polycoter vhich could be used to meke millable urethene
eln a*omera, 'ut this nrocess was not follored, an i+ vaé

obgerved thet the former procens is much esstier 4o operete,

It was observed thet succinic meid polyester, sebacic
acid polyester, hexadecamethylene dicsrboxylic eeid polyester
produced nolymers vhich we e unsui*sble for the preparstion
of urethenc elastomers, Hovever adipie acidé polyc sters

gave polymers of elastomeric neture,
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3ince the hydroxyl number of @ polyciter in 8 measure
of 1ts moleculer weight, it was deecided to prepere adinate
polyesters of different hydroxyl numbers, Thense polyestors
of different hydroxyl numbers were used in the preparetion
of millable urethene elestomers in order to study the
relationship betreen the hydroxyl number end +he phrsicel
properties of the resultont clestomer,

Literature =survey indiceted that nolyethyleme polye
propylene alipates vere rescted inveriadbly with 4,4' diphenyl
methene diisocyenete to _roduce the urethene elestomers,
Hence all the ebove mentioned different h droxyl n mber poly-
esters vere reected vith 4,4' diphenyl methene diisocyanate
t0 produce nydroxy terminstcd urethene elastomers,

It is 2lo0 reported thot ures linkercs im art some
beneficial propertics to millable elaatomers.11 Hence urethence
urce linkeges possessing nolymers were presered by reecting
rolyethylene pelypropylene edipete ~ith alight excess of
4,4 'diphenyl methene diisocyenetc end chein extending the
polymer with 4,4 '‘methylene bis (2=chloroeniline),

The use of triallrl cvenurete in milledble urecthene
elantomer ( Urepem 640 ) hes been reporte’ by M/ Tayer +o

~
12 It vae therefore decided

fet better physicel propertien,
t0 use trisllyl ecymnurete in those -olymera vhigch had
physieel properties neerer +o the commerciably evailsble

elastomers,
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This gtudy has -roduced enelastomer of the phv=icel
Those of
projerties neerer to,the milleble commerciel urethene

elastomer, The propertiecs are deserired in Teble XXXV,



PART 1

SECTION I

HISTORICAL DEVELOPMENT OF
MILLABLE URETHANE ELASTOMERS




SECTION - 1

Hiastordicel Deyelopment o7 Milleble Urethane Elegtomers:

Barly development im urethene elastomers wes noticed

in Germeny end in mglend in 1940,

Vuleollens were the result of research end develo-men®

by Prof, layer esnc¢ hia co=workers in Leverkusen, Cermeny,

13
Vuleaprene, enother ty.e of urethane clestomer, ves
developed by Imperiel Chemicel In‘us=try by sbout the seme
time 1.e, 194042,

Since 1990 greet strides heve teken plece in ¢he
preparation of urcthene elastomer on commercisl seale, The
teble IV mentions the nmame of monufacturers end +he
information alons »ith the trede nemes of the different

urethene elastomers, produced on commercisl aeele,

Polyurcthene elastomer are now cles-ified into three
tyveas (1) Millable elestomer, (ii) Cestoble elegtamer,
(i1ii) Thermoplastic elastomer, Milleble elastomers ere
s0lid in neture end procesced on the conventionel rubuer
mechinery by the ususl techniques, Casteble elastomers are
produced by mixing liquid ingredienta in ome step end curing
them into the desired erticles, Thermoplastic eclestomcrs
6re those 'hich ere elestic in neture but obtained by the
techniques of injeetion mouldings, extrusion ete,
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Table = 1V
List of commercially aveilesble millable rolyurethane
elastomers
Trede neme Deseriotion Manufecturer
Urenen 600 Polydiethylene edipete  Ferbenfabrilen
-~ toluene diisocvennte Teyer
Urecan 640 Polycster ( adirde acid
end mixed glycol ) = 4,4'
diphenyl methene
diisocyenate
Vuleaprene Polyester amide - Imperial Chemicel
¢iisocyanate Industry Ltd,
Genthene 3 Polyethylenc poly- General Tyre end
propylene msdipete Rubber Co,
=4'4 diphenyl methenc
diisocyenate.
Vibrathane Polyethylene »0ly= Ue 3¢ fubber Co,
propylene adipete
-4,4"' diphenyl mothene
dilsocyenete end 1,6
Hexsmethylene dismine,
Chemigum 5T, Polycster diisocyanete Goodyear Tyre
(Neothane) and Rubber Co,
Cynaprene Polyester diisocyanetc Mmerdicen gynemide

M.astothane 455

Adiprene C

Cos

Polyester diisocvenete  Thikol Chemicel
Corporation

Polycther diisocyeneate 7, Iedu Pont Te
Nemours & Co,




Moat of these elastomers mare based on polycster -
diisocyenete resction, Hovever -olyether-diisocyenste
reactions heve al=20 produced some milleble commercisl

elestomers,

The mechanicel ;rovertien of these urct sne ela~tomers
are surprisingly very highs They heve hardness shore A 60 to
Shore D 603 tensile strength 30°0 to 9990 P I; elonmation
200 to 8003 tear strength 300 to 1000 lbs/inch end very high
abrasion resistence, All these combined ;roverties meke

these elastomers idesl elestomerifor enginecring meterials,

Shemigtry:

The preperstive steps involved in meking the e
elastomers are (i) preparetion of lons chain diols such ms
volyester of avout 2020 molecular weischt, "olyester is
presared by thermelly eondensinp alirht excess of glycol

vith o dicerboxylic aeid,

BH o« Te OH + 8 HOC = R @ COOH 3 HO ~ R w 0007' wme 20N

Glycol Dibeaic ecid Polye ster

(i1) remetion of diol with diisocyenste to »-oduece hy'rox:./
isocyencte e terminated urethane polymer
X HO----0H ¢« YOON = B = NCO—) 10 () COHH, GHHCD 40 == OH

Diol(Polyester) Diisocyanate Hydiroxy termineted
urethane polymer
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or
W HO— -~ OH 4 Y OCH=R=NCO —> OCHwReliHyCO mwm0COiHe alCO

lsocyenate termineted
polymer

(1ii) Chein extension of isocyenste termineted polymer
with (&) glyco, (b) diemine, (¢) water ete,

(a) 2 OCN=R=!TC0,0 0,00 JlwRaliC) 4 [10=R'=0H

Isocyenate terminate polymer \l/ Clycol
OCH - RNH,C0,0 NH RNHOOO\

RO

/
OCN « RNHCO,) NH RIHCO00

Urethane

(V) 2 0CN = R = IHCO mmmm 0,CO,NH-R=lICO 4 Hyli = R° = N,
lsocyenate termineted polymer l/ “ismine

OCHN « Re NHCOQO wem= D,COHH « R « NHCO I‘IH\

R2

/
OCH = le {1000 wwe 0,C0HH « 1 ={HIONH

subgtituted urce

(6) 20CH @ Re HHCOO wmee O OO NH @ R = HCO + HOH
igocyanate tcrminated polymer \L vater

OCH @ R w NHOOO wee 0,00,HH R HR\
CO « 0
y, 2

OCN « R w HHCOO ww= O CO,NH R NH

substituted urea



(iv) Curing or cross linking of isocysnate tominsted
polymers is achicved by heeting

Vv

I

co
I

NH o = 0 e = =

Allophenate eross linking

Killaeble polymer which possesses active h/drogen or

1/

unsaturetion cen be cured by use of seroxide snd/or sulphur

y

OOCHN@CH@HH 60 = = &

In most of these elestomer pre aretions the diisocvenste

used are 2,4 toluene diisocyemate, 4,4 'diphenyl methene A1 90-

cyenste, 1,5 naphthelene diisocyvenate ete,

" 0~ OO

2,4 Tohwﬂe,d.usocyamoje L!L’ da PL\QV\\[ LmeTham 1 5 y\avk\t\O\\e e

oh\soc‘la““h Aisocyamate

64
P \

.7
é/\ s &
ot @7 é\
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Vulkollens are & elass of polyurethene clastomers
developed by Prof, Otto Beyer end his collaborators in
Gemny.a Polyethylene adipete vaa rescted vith 30 7 exeesn
of diisocyenate over the emount correassonding to the hydroxy
number of the polyester, to nroduce isocyenste terminated
prepolymer, The prepolymer wans them rescted with weters
the resulternt crumb wes rolled into shoet which wes prease

cured for 10 = 15 minates et 150 - 170%¢C,

The diinogyenete (were varied end the resultaent
properties of the ela-tomers ( vulkollons ) ere deseribed

in Tevle V.7

From this study Prof, ’ayer sreferred to use 1,5
naphthalene diisocyenate for these elamstomer pre arstions,
because this diisocysnate had added mdvantege of lov vepour
pressure, lesns toxiecity end good remctiv. ty,

‘rof, Tayer prejared & number of polyesters using
different glycols and different diabeasic acids, The se
polyesters were then reected with 1,5 naphthalene diiso-
cyenete and weter, The nroperties of the resultent
ele~tomers are tabuleted in Tedle VI,

Prof, “ayer further prepsred different nolyester blenda
en’ reacted these with 1,5 mephthelene diisocyenste and water,
The results of these elastomers are tebuleted in Table VII,
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TAPLE - ¥

Modificetion of undried polyethylene edinmte ~ith

307 excens of diicoqyenste vith vater cmx'.'q

Diisocysnete Tensile Elongation, Tear "
strength, strensh,
P3I b4 P3I
1,6 Hexemethylenec Product was orthless, herdened
imnediately
294 tolylene 2850 « 3550 730 1180
Zynitrodiphenyl 4,4' - 2650 743 1730
cwnitrodiphenyl
methene 4,4' -« ,» €800 629 1070
Diphcnyl methane
sulpone 4,4' - 2400 736 1540
Piphenyl sulfone 4,4'- 3000 331 1960
Nephthalene 1,4 - 4500 756 1900
Nephthalene 1,5 - 4400 76% 2370
Hephthalene 2,7 = 5700 750 2320
297 fluorene 6200 660 2020
298 chrysene 4250 634 1900

.Heaaured on 4 cm pletes ( rinr s eecimen, 1 mm notched )




Teble - VI

<0

Urethene ¢lestomers mede from lineer polyester modified

vith 1,5 nephthalenc diisocyenste

Tear

emarls

trene

7
251

1700

640

2100

1240

1360

1200

1730
1160

High
pemenent
elongetion,
hardens
leethory

Hardens
slovly

Hardens on
cooling,
highly
eleatic
only et
high
temperature

il Qe

Leethery
epaily
hydrolysed,

Requires
plesticigers
for
procesaing

Leethery
elastic
at 179C

Docs not
harden

Hardens

Polyester Poly- Tenaile lone
components este{ ::renga getion,
- CONZL T )
Clyeol Aeid teney  Pi. %
Ethslene 3uecinie ‘ax 3900 625
thylene Adipic ‘ax 5000 640
Gthvlene Pimelic Liquid lHot mensured
tthylene Sebaecic vax Rot memsured
Eth:lene Tecamethrlene ¥ex lot measured
dieerboxylic
fthylene Diglycolic Thick 3800 579
resin

fthylene Phthelic Erittle 1500 261
1,2 sro- 3Suecinic Liquid 22%0 670
pylene -

1,2 proe Phthalic Trittle 2550 -
pylene

23 Butye Adipic liquid 2550 630
lene

1,6 Hexene Adipic Vex 3500 610
Hexeh’dro- 3Suecinic Thick 1600 22%

resorcinol

Leethory




o |

It wes inferred from Table VII thet polyethylene
adipete baesed vulkollans have better physicel properties and
1,2 propylene adipete have the lowest physicel propertica, The
mixed polyester end blends produce vulkollens vhich hed
properties intemmcediate between these two types of vulkollens,
The effect of moleculer weirht hydroxy number ves plso gtudied
for olyethylenc adipate in the preparntion of vulkollena
from 1,5 naphthelene diisoeyanate and vater, These results
are ceseribed in Teble VIII,

This study showed thet the high mo'ecular vweight
polycsters produced vulko'lens heving better mechanicel
properties, but the elmstomer wes renorted to possess ronounced

crystallization tendencies,

Slycol extended vulkolleng:

30 fer the deseription has been by reection of polyethylenc
adipatey 1,5 naphthelcne diisocyenete snd water to produce
water extended vulkollians, It was then decided to atudy
glycol in plece of water as en extender, to evoid gmacous
evolution, The properties of glyeol extended wulkollens are
descrivbed in the Teble IX, |

Dignine extended wulkollenss
Muller gt g1'4»17016
chain extender in place of glycols, The resetivity of dieminen

had renorted the use of dismine as
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vith a diisocyenates was very fast, resulting into nonhomo-
gencous vulkeolians, Thia difficulty of nonhomogeneous
vulkeollens wes overcome by properly selecting *he diamines
and/or diisocyensten,

A quelitetive method of testing m-- ropriste resctivity
of diemine end a diisocyanete has been suggested by Prof,
‘ayer, which is deascribed belowy

in & boiling methylene chloride soluti n & seminormel
aolution of both diemine end diisocyanste vas sdded, If there
is en immediamte preeipitete resulting from ures formetion,
both the components are unsuiteble to produce dismine
extended vulkollens, If slight turbidity is obteined, the
two components mey be suitable for the preparstion of the
vulkollen, Alishetic diemines are reported to bo feater
then erometic diemines vhen reseted ~i*h diisoeyenste, Zven
the resctivity of the aromatic diemine may be controlled by
subatituting certain grou~s in the arometic rings, The
Table X doscribeg the results of vulkellen obtained by
reacting dismine,

Thus it was obnserved thet subatituting ehloro group in
ortho position to emino sroup roduces less reective aromatic

anine, 17

Diemine curing systems are more suiteble, perticulerly
for the production of csmstedble elastomers, JSome of the NoNe
poursble compositions of polyurethenes using diamine chain
extenders are deseribed in Table XI,
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Anino-aloohol cxtonded vulkellens:

Amino-alcohol extended vulkollens een be obtained by
usiang amino alcohols or a mixture of smine and glycols or
dieminesn, The properties of such type of vulkollens are
deserived in Teble XIilI,

Jeble - XI11
Properties of amino slcoho' end dieminc-rlycol
extended wulkollsns

Mmino ealeohol Tensile Hln- 300% Tear Bla o= thore

stren- getion, Modu- stren- ticity herd
gth’ 1“8, gth, ) non.x .
P31 < P-1 o3l .

---o-----n-------o-n--.-—--c.-—--

pegmino phenyl
methyl earbinol
2495 © 4500 650 935 1900 53 7

Owdichloro=
bengidine
quinitol 1,66 ¢ 3100 520 1080 1500 47 70

“Using 100 parts 70430 mixture of olyethylene adipate
and polypropylene edipate 16 perts of 1,% naphthelene
diisocyenate,

Storare stable vulkellang
In the preparstion of sbove deseribed vulkellans,

excess of 1,5 naphthalene diisocyenste was used to produce
isocyenste terminated polymers, These polymers vhen



5

press=cured under heet and preasure, erossflinked due to
the presence of residuasl isocysnste groups, 3uch polymers
vere, ho ever, unsuitable for storage, This difficulty

was overcome by using diisocyanate in & slightly deficient
emount than that needed for pelyester, 3ince there vas no
free isocyanete groups left, they were storage stable
polymers, These vwere produced into elestomeric articles by

usuel proecedures,

Recently millable storsge steble ele-tomers are
produced under the trade neme of Urepen by Farbenfabriken
Bayexr £,.G,

Urgpen 600

Urepan 600 vrs produced by rescting polydiethylene
adipete with toluene diisocyanate,18 vhere the polymer
chaina are hydroxy groups termineted, Thus urepen 600 is
chemically a storage stable polymer, Urepan 600 is crosse
linked by 2,4 toluene diisocyanate dimer end hydroquinone
dioxyethyl ether, A typieel recipe anéd the physical
properties of Urepen 600 are tabulsted in Table XIII,

Urepen 640

Ure an 640 was produced by reseting a polyester
( cpeeial mixture of glycols condensed with sdipic seid )
with deficient amount of 4,4' diphemyl methene diisocysnate,’?
80 85 to produce 8 hydroxy terminated urethane polymer, Thusg



a2

TAOLE X117'8
Neeipe end physieal nroperties of Urcpan 600

Yeeipe A B C D
Ure-an §00 100,0 199,92 100,0 100,0
Hydroquinone didxyethyl
ether - 12,5 18,7 18,2
Dimeric tolyulene
diisocyenate 10.0 30 40,0 40,0

Zhysigal Propertiey
Hardness, shore A 21 92 96 938
Herdness, shore ! - 41 57 64
Tensile strength, PiI 2844 4266 4266 4766
fongetion, 700 500 370 280

12
IALE X1V
Recipe and physicel properties of Urepen 640

ZJecipe A B
Urepan 640 100 100
HAF blegk 20 -
Highly reinforeinys silice - 20
Peroxide 3
Triallyl cyesnurate 1 1

Bhysicsl properticg
Herdness, shore A 2 65
Tensile strength, P31 4100 4000

tlongation, & 380 450




this polymer is alno chemicmlly storege stable, Ure-an 640
ean be cured vith seroxide curing system, A typicel reeive

and physicel properties are deseribed in Teble X1V,

Chend gum 5L (Neotheng)

:eeger ot 311) 920,21 of Goodyesr Tyre and Nubber Co.
developed chemigum 17, Chemigum 5L wes a reesction product
of @ lipeor polyestor ( adipic ecid - cthylene end/or
propylene glycol ) with diisocyenete, Thcse elertomcrs
resembled pale erepe neturel rubber, Thesze elastomers
were procesced on rubber mixing mill or Danbury mixer with
diisocyenate an cross-linking egernt, Diisocyens*e re orted
to be used in the prepsration of storege steble elastomers
ere 4,4 'xenylenc diisocysnete, 1,5 naphthelene diisoeyannte,

4,4 'diphenyl methane diisocyenate snd toluene diisocyenete,

In the preperstion of storege steble urethene eleatomers,
it wves observed that the ratio o NCO/OH wes s eritical factor,
For this, Jeeger roposed a formule: the retio of NCO/OH group
called R velue, vhich is as follows:

Moles of diisocymnete

i value =
Molea of polyeater
Tor the optimum storage and procesying, an R velue of
Ce7 to 0,99 wes reported to be mest u=cful, Meximum molcculer
welght of the polymer could be obtained vhen 2 value wes one,
To oroduce ntorege steble polymer, R velue should be lower
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then one, "hen R value was greeter then one, isocyenate
terminated polymers were obtel ne , which, of course, vere
not astorsge otable polymers, The physical properties
are deseribed in Teble XV,

TATLE -

Physieel properties »f vulcenized Chemigum sn'g

Herdness, shore A 65
Tensile strength, P31 450
300 ¢ Modulus, P3I 67%
‘longation, % 750

Cured 15 minutcs, st 140°cC,

Yulceprone A

Vuleeprene A was prepared by reacting rolyester

emide snd diisocyenste, 3

Vuleaprene A was developed in
Bnglend by Imperial Chemicel Indusirics, Thia elastomer is
eros” linked with wveriety of croass linkins egents such as
diisocyenate, triisocysnate, formel dehyde, paraformeldehyde,
proteineformaldehsde combinations, polyvinyl formel,
chromeates end dichrometes, Vuleanrene A showed execellent
resistence to o0il, solvents,graes etc, Vuleceprene wes

competible with meny polymers,
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Gentheng §:

Cruber et t122 of Generel Tyre and “ubber Co,
developed Genthene 3, Genthene 3 vas prepared by
condenaing polyeater ( adipic mcid end 20320 mixture of
ethylene glycol snd propyleme glyeol ) snd 4,4' diphenyl
methene diisocyanate to produce hydroxy terminated storege
stable polymer, Gentheme 5 could be cured with peroxide
eross~-linking egents, A typicsl recipe of the compounding
ingredienta snd the ph siesl propertics ere given in the
Table XVI,

Table = XVI

Recipe and physieel pro-erties of Genthene 3

Reeipe A B
Genthene 3 100,0 100,
Aerawex C 240 ?;0
Cervon bleck 0.0 30;0
Dicumyl peroxide 30 -
Polymethylene polyphenylene

isocyenete - S0
Ehysieal prosertieg
liardne-s, shore A 60 72
Tensile strength, 23l 4400 3750
300 & Modulus, PiI 1925 1750

Clongation, 500 550
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Yibrathang:

Vibrethanes are a series of polyurcthane clastomers
developed by Urs of U, i, Rubber Company, > The elastomer! '
was obtained by reacting 1,0 mole of polyethylene poly=
propylene sdipete ( Hydroxy number 55,0, Acid lo, 1,0 )
vith 1,2 moles of 4,4 ' diphenyl methene diisocyenate end
0.2 mole of Hemethylenq dismine, The polymer wos cured
by peroxide curing agent, Uras pointed out that urea
linkages acceleraste the rate of curing, Thus curing was
affected at 152°C for 45 minutes, 177°C, 3 minutes, 204°C,
2 minutes, A typicel reeipe end physieel properties are
€iven in the Table XVII,

Table - XVII

Recipe end physicel properties of Vibrathene

lecipe
Vibrathane 100
Stearic acid 0e25
HAF 2040
Cure time, minutcs 45
Cure tempereture 152%
Physicel properties
Hardneas, shore A 65
300 # Modulus, PSI 2900
Tensile strength, P3I 4200
fongation, # 400

Tear strength, 1lbs/inch, 500




e I

[egtothene 455

'waab of Thikol Chemicel Corporation deaoribed'
e vtothene 45% as sulfur curasble urethenc elastonor.24’25
Blestothene 455 is a polyester bnsed urethene elastomer.
A typicel recipe end ph sical properties sre described in
Teble XVII1I,

Table =« XVIII

Reeipe and physieel uropertics of lastothenc 4‘3‘5.24

Reedpe
tlestothane 455 100.0
3AF black 3040
MET 2,0
M2TS 4.0
LAetivator ZC 456 1.0
Cadmium stereote 0.5
3ulphur 2.0

Zhysicel pronverties
Hardness, shore A 72
300 < Modulus, PSI 2700
Tenaile strength, PSI 5100
Elongation, 520

Teer strength, 1lb/inch 350




Adiprene C

Ogden of du Pont describe  Adiprene C as sulphur

10,26

curable urcthane elastomer, Adiprene C i3 & poly=-

e¢ther based urgthanc elastomer, A typical recipe snd its
properties are given in Table XIX,

LB - X.

Neelipe end physicel properties of Adijrene C

Regine A r
Adiprene C 100 100
EPC 30 30
MaT 1 -
MPTS 4 -
Activetor RCD 2090 0435 -
Sul phur 1.5 -

Di Cup 40 C - 245

2h sicel propertics:

Hardness, shore A a 69
300 ¢ Modulus, Psl 2975 2975
Tensile strength, P31 5000 4975

Qongetion, 7 450 450
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Lynaprong:

In 1966 American Cynemide Com any ennounced six
polyurethene elestomers which arc as '.bllom.‘w

Cynaprene A3, A9, ey 3-6. D=y 4590

These are remction products of polyester with toluene
diisocyenate, The products heve hardness shore, A 30 to
shore D 823 300 % Modulus, 150 to 4700 PSI; Tenaile I
gtrengthy 1700 to 9500 PsIy Rlongation, ¢ 250 - 800,



PART . I
SECTION II

PRESENT INVESTIGATION
AND RESULTS
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Zregent invegtigation end regults,

In the preparetion of millmble polyurethane
clastomer there are tvo types of nolymeric metcrials
(1) Having free isocyeanate groups et the chain ends,
(2) Having hydroxy, smino groups et the chain ends,

The former type of polymers ere susceptiblc to the
atmossheric moisture condition, vhile the le*7/. - do not

chenge even on storege for lonrer tinme,

In the eese of isocyenate termineted polymer, croas
linking teke= place in the stornge time betrecn isocysnete
groups end active hsdrogen ocenters of the polymer, This
cross linking makes the nroces-ing of this tyse of milleble

elastomer very difficult on the conventionsl rubber

machinery,
- en . e NH.C0.0 - e e e - - r:m +
- - - e e e ww = - ::!‘!m'o - .-
4
HHCOL) = = = = - - - - HICO
N\
- e e o . ——<~--Nm'°--"

in the cese of h droxy/omino terminated milleble
polyurethane elastomer this difficulty does not erise,
Therefore greeter interest has been sho n in the development
of such millable polyurethenc elestomers,

The following table deseribes the total number of

polymora-elastomers attempted,
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lHame end neture of the different polymerse-elastomers
from polyester:

Polrester, cquivelent

e e e A AL T - ——. 1 . ot oA e w n i

MDIL,
cGui=
velent

s 1 i s e e e w—

MOCA, Remerks
cfiui-
valent

A

K

19

Polyethylene poly-ronvlenc
sugeinatc 1,0

Polyethylcene poly- ronylene
suecinete 1,0

Polycthylene polysropylene
adipote hydroxyl o, 4, 1.0

Polyethylene polynro-ylene
adipete hydroxyl 0046p 1.0

-1 - 1.”

olyethylene pelysropylene
edipete hyiroxyl 10,67, 1,0
O 1.0

Polycthylenc polysropylenc
scbacate 1.0

olyethylene polysropylene
sebacnte 1.0

Polyethylene polypropylenc
hexadecemethylene
dicorboxylete 1.0

Polyethylene polypropylene

hoxadeoamothylone
dicarboxylate 1.0

S e —————_ o e . ————— 54— -

- Milleble
polymer

7.{ -(.‘0-

- Milletle
elr gtomer

047 -30-

De' - Ouw

- leminolid
untorknble
mess

067 "illalle
elastomer

- ast ic
pOlymcr

O.? -a'\EO-

Ve ? e



"
o

Lot ylono seby ok e L bt
ne Lymers

In the present investigation the polyenter from
succinic ecid end 70370 mixture of ethylene flycol and 1,7

propylene glycol haes been prepered,

Ho0C CH20712000H + flOCHz,C?I?O?! + %Cﬂ?-CT{?OH

\l/ on

!XOCIIzo-c--------------CHQOH

PEPS

The deteils of the preparetion of PEPS erec deacribed
in xperimental Section V, Part i,

Polyethylene polypropylenc suecinete vas & white
wexy materisl havinc softening point 72 - 75°C

Zolymerag, A end B

Preparation of polvmers, A end 3

The polyethylene polypropylene suecinete (22°3) hes
becn rescted with 4,4 'diphenyl methene diidosyenete to
produce storage otable gums of two types (1) hydroxy termie
noted polymer A was prepered by reseting 1 equivelent of
polyester PEPS with 0,99 equivalent of 4,4 'diphenyl methene
diisocyenate,



a4

aAHC ~------CH 4 b(xN@CH‘,@N(O

PEPS l/ M D]

HC — - - OOCHN<O>(«,<(S>—NHCOC — == % == Y
POL«Xmev A

(ii) Amine extended polymer 7 was prepared by reacting
1 mole of polyester (PEP3) with ?.2 moles of 4,4 'diphenyl
methane diisoeyanate (MDI) snd 0,2 mole 4,4 'me‘ghylene bis
( 2 = chloroaniline ) (MOCA)

| et
« He ------ CH ~ mn@@ N(O -+ CW“@‘«,@NM
PEPS '
MD1 Mok
e 78

- ---C OCHN@CHL@-NHCO --—HN<(>>CHL©>NH~—

Potujn\ ¢y B
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Phyoical properties of “olymers A end B

Both these polymers had @& pale yellowish vhite
colour snd had about the seme density, Polymer A softened
ot 72°C and polymer 3 softened at 145°C, ligher softening
point of polymer } wes probebly because of the presence of
ures groups end rigid arometie¢ rinva, ‘oth the polymers

were soluble in dimeth/1 formomide and dimethyl sulphoxide,

Table = XXI

Physical properties of polymers A end ,

Polymer A Polymexr T
Form Pale yellowish vhite 90lid nolymer
pecific gravity 1.312 1.292
Softening point 72% 145°%
Solubility Dimethyl formemide and dimethyl
sulphoxide
Com_ounding and curing of nolymerg,A end

Jjoth these polymers were eesy to process on the
leborstory rubber mixing mill, The compounding recipe is
given in the table XXIi,

These polymers were cured by diisocysnste and

peroxide curing systema, The diisocyanate used for curing



ble = L

Compoundings reeipe of polymers A end 1

Polymer A Polymer T
Peroxide Piixocye~ Peroxide Piisoeve-
cure nete cure cure note cure
Polymer A 190 100 - -
Polymer B - - 170 100
Jteeric aeid 0.2 062 De? 0e?
37 3 3040 3040 30,2 30,0
Dieup 40 C 540 - 540 -
MDI - 10,0 - 10,0

reaction wes 4,4'diphenyl methene diisocyanete (MDI),

"uist et al has reported thet the reactivity of 4,4'di-
phenyl methane diisocyenste (MD1), a diisoeyenste of

the diaryl metheme type derived from eniline / o-toludine /
formeldehyde condensate ( methyl = MDI ), 3,3'dimethyl
diphenylene 4,4 'diisoeysnate (TODI) heve setisfectory
reactivity for diisoeyeneste curing, 2ince only MDI wag
aveilable for our work, it res used for diisocyanate

curings in all the diisocysnate curing exneriments,

In the peroxide curing, stabiliscd cicumyl perpxide
i.e. Dicup 40C van used es this was re orted to be the best

and safest peroxide curing egent,
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The diisocyenate curing in the vuleanizates of
polymers A end T vas schieved at 115%C in 15 minutes, In
practice diisocysnete cures ere mede ot about 140°C in
15 minutes time, but in this perticular ease, curing system
et 140°C tempersture end st 10 and 15 min.:tea, serious
blisters « scorchy phenomenon was observed in the test

apecimena,

Peroxide cure wes achieved ot 14o°c, ho ever there

vere no blisters in the test specimens,

’hraieal propertie: of the wvulcenizates of polymers, ! ond

The hardneass shore A values 0f both diisocymnate and
peroxide eures in polymers, A and ! ves 95 each, The
gpecific gravity velucs in both of these curing systems
were in the range of 1,39 = 1,44/ Modulus, tensile strength and
elonretion © velues were nearly similer in both the curing
sy~stems of polymers, A and jolymer B, It was noted houcver,
thet in the cese of tear strength, velues of these polymers,
the tear strength value for polymer A peroxide cure end
polymer 7 is the diisocyenste oure vere hicher, These
physicel properties are tabulated in Table XXIII,

The vulcanizates of polymers A end Holymer B vere
leethery, lHence no attempts were made to exnloit these

polymers for prepering useful erticles,
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Table = XXIII
Phraicel properties of vuleenizates of nolymers.
A and B
Properties Polymer A Polymer 3
Peroxide Diiso= Peroxide Diisoc-
cure cyenete cure vanate
cure cure
Jpecific gravity 1.392 1.420 1,432 1.444
Hardness, shore A 95 95 9% 95
100 £ Modulus,?3I 1650 1500 1500 1500
300 ¢ Modulus,P3i 2400 2700 <400 1900
Tensile strength, P31 3500 407 2300 2900
‘longetion, ¢ 450 40" 450 450
Teer strength, 1lbs/inch 7300 3000 3300 4800
Cure *ime, in minutes,
at 140°C 30 - 30 -
Cure time, in minutes,
at 1159C - 15 - 15

e (PE°A)~baged

PEPA hes been utilised in the menufecture of many
comrercinl milleble elastomers such as Genthane :, Urcpan 640,
Vibrethene ete, It was therefore decided to prepere the pdlyester
in the present study, The 'SPA was prepered in three
diffenntr hydroxyl numbers, having a difference of about
20 units, Thus polyesters of “4, 46 end 67 hydroxyl number

were prepared,
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ke en, slmopians aitiete hurexd

The details of the pro.acetion of . EPA 26 ere
described in the ex erimentsl sccetion V Part I,

HOOCCH?CH?CH?CZIQCOOH + H’.’)CH:,CH?O’! > C¥!3f“..’¥9 - 0T, 001

OoH

Adinic aeid l’ 2thrlene glycol 1,2 sropylene
clveol

HOCH?CHQOOC CH?CII?CH?CHQCO.O —— 00C (;EIQ-CH?O.OC-—CH?OH

CH3

BPA - 26

BPA 26 wes a s0ft white waxy materiel, and vas
heving softening point 36=38°C hydroxyl number 24 - enc

acid lige2,

Ereparetion of elmgtomers C and D
PEPA 26 was rencted with MDI to produce e storage
atable milleble elestomers of two types

(i) hrdroxy terminated elnatmgr C was prepared by reecting
1 equivelent of PEPA 26 with 0,99 equivelent of MDI,



EL&sbmzy C

(i1) Amine extended elastomer D was nre-ared by

reacting 1,0 equivelent of PEPA=26  ith 1,2 equivelent
MTI end 0,2 equivelent MOCA,

ol el
PEPA -6

MD) 4/ MocC A

o o
e Dl A

Elagtomey D

Phys D e astomer nd D,

Toth elastomers,C end D were pale yellowish white

trensluscent 30ft solids, The softening noint of elastomer
C man 40°C and clestomer D was 52°C, The highor softening

point of elastomer D was probadbly beceuse of the presence
of urea linkeges and rigid arometic ringa of MGCA,

lastomer C was soluble in tetrsh/drofuren, ketones, esters,
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dimethyl formamide, dimethyl sulphoxide ete, vhile
elastomer T vas soluble in dimethyl formsmide end dimethyl

sulphoxide, The proverties are briefly summarized in

Table XXIV,

Physical propcrties of elastomers, C and D

destomer C Ele stomer D
Form Pale yellowish white, tranaluscent
30 ™t solid
specifie grevity 1,083 1.2883
oftening point 40°¢ 529
3olubility Tetrah/drofuren Dimethyl formem!de
ketonen, eaters, Dimethyl sul-hoxide
dinethyi foOrme-
mide, dimethyl
sulphoxide,

Comoounding end euring of ¢lestomers,C end D

Ins ite of the elastomers,C end D being soft in
nature, they oresented no diffieulty in :roces=ing on the
rubber mixing mill, The surface tack was excellent, The
compounding reeipe is given in the teble XXV,
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Compounding recipe of elastomers,C and D

S ———— i -

Slastomer C Qdectomer D

;e;o;iao- Bizs;c;.: B .-*;r;x;.d; -Dzi;o;y;-.

cure nate cure cure nate cure
Ble ~tomer C 100,0 100,0 - -
flastomer D - - 10,0 17,0
Jtearic ncid 047 062 Ne? Ne¢2
HAF 3040 3049 307 30,7
Dicup 40C 5e0 - 5e0 -
MDI - 10.9 - 10.0

The peroxide end diisoecyanate cures vere achieve?d
et 140°¢

8 : of the yulgenizatos of
t r

The vulcanizates from both elastomers C and D with
peroxide end diisocyanste curca shoved thet the asneeifie
gravity velues were in the renge of 1,37 « 1,343, The
hardness velues for elestomers C end  peroxide cure ras
shore A 35, 65 respectively end in diisocyenante cure was
shore A 65 and 75 reaspectively, The tensile strensth end
modulus velues of elastomer C were higher, In genersl, the
procerties of the vuleanizates of elastomers C and ™ were
rether poor as compered to dther comrerciel polvurethene
elestomera, The physicel properties are given in Teble XXVI,
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Teble - XXVI
Physicel properties of the vulcanizaetes of c¢lastomers s
C end D
£le stomer C ilastomer D
Peroxide Diisocye- Peroxide Diisoecya-
cure ngte cure cure nste cure
pecific gravity 1.32 1.325 1.348 1.320
Hardness, Shore A 35 65 6% 75
199 7 Modulus, P I 1160 460 2090 378
300 © Modulus, P3I 1600 1200 739 600
Tensile dtrength, P11 450 1350 907 756
ilongation, % 450 375 350 450
Tear strength,lbs/inch 115 113 87% 1640
Cure time, in minutes
at 1409C 4c 15 45 15

The details of the preperetion of PiPA-46 gre deseribed
in experimentel section V Pert I,
H00C cn?crxecni,cn?ooon kN F.IOCHZCHZOH + 2CH’(IIH?. CH;,OH

OH
Adipic acid l Bthylene glycol 1,2 propylene
glycol
HOCH20320. 0CCHyCHyCH, CHy0, 00 00cC, clm? CH,0C0 CH,0H

T

PEPA = 46
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PE A=46 vas & white 307t wexy 90lid and vas heving
(2]
softening point 36-41Ghydroxyl number 46,035 gnd acid

number 2,

Preoaration of clestomers,t and F

PE’A=46 wes reescted ' ith MDI to produce storage steble
milleblc elantomers of two typeas
(i) Hydroxy terminetcd elastomer £ wea preared by rescting

1.0 equivelent PEPA=46 vith 0,99 equivelent of MDI

Q@ HO-----mem oo OH + b OCN@@“‘°
PEPA - 46 ¢

MD)

Ho—~~-——ooan@@NHcoo —————— S O

Ela£*QVnevE
(i1) Mmine extended ¢lastomer F was pre-ared by reecting
1.0 equivelent of PEPA 46, with 1,7 equivelent MDI end

_ 042 equivelent MOCA

A L
i OO OO
PEPR-4¢
MD\.L

MOocA

Elagto mvmev F



Phy ien of ‘ ad ¥

Toth elactomers R end T were pele yellowish vhite
rubbery trenslun~cent s0lids, The speci”ic grevity values
of elestomers B ané T were 1,177 and 1,782 respectively,
noftening points of polymer E end F werc 100° end 1n7°c.
The higher softening point of elmstomer F wes probebly
beceuse of the presence of urce groussend arometic rings
of MOCA, {lestomer B like ela~tomer C vas soluble in
tetrehydrofuren, ketones, esters, dimethyl formemide,
dimethyl sulphoxide ete,,vwhile elestomer T like clastomer D
was 3oluble in dimethyl formemide and dimethyl s.lphoxide,
The properties ere briefly given in the Teble XXV1I,

Table - XXVil
Physicel properties of elastomers,B snd F

Elastomer &8 Elantomer T
Torm Pale yellowish vhite, trensluscent rubler
solid
‘pee: fic gravity 1.177 1.282
Softening point 100°%¢ 157%
“olubility Tetrahydrofuren Dimethyl formemide
ketones, esters, Dimethyl sulphoxide
dimathyi formemide,

dimethyl sulphoxide




Lompounding and curing of elastomers,E and ¥:

flsgstomers, & and F vere tough end cesy to - rocess,
Blastomer ¥ was more tough than elsstomer - and exhibited
anepy bchaviour similer to meny synthetic clastomera, ‘oth
c¢lastomers © and T hed good suriece tack, Comounding reei e
ia given in the teble XXVIII,

TARLE = XXVIII

Comoounding reeipe of ela~tomers © and ¥

Flastomer B lastomer T
Peroxide Dilsocye-  Peroxida  1i1socyem
cure nate cure cure nete cure
Mestomer & 100,92 100,92 - -
lestomer T - - 100,0 100,0
Steerie acid 0,2 062 067 0.2
HAF 30,0 30,0 3740 30,0
T'iCup 40 C 540 - %0 -
MD1 - 10,0 - 10,0

Elestomers, & and ¥ rere cured with pcroxide and
diisocyenate curing systema, The peroxidae used was DiCup 40 C

while diinocyenate used was MDI end both were cured st 140°C

According to Tayer's technicsl litcreture that trisllyl
cyenurete in peroxide curing systems improves the physiecel
properties, Therefore 1 ¢ of triallyl cvenurste was used in

the present investigetions in peroxide curing system,



Phys rtie the vulcenizates of
astomera, g Ye

The speeific grevity veluea of all the vulcsnigates
of eleatomers, B end T vere in the range of 1,337 - 1.361,
Hdardnes values of peroxide cure, with end without cosgent,
was Jhore A 45 each snd diisocymnste cure wes shore A 70, 100 ¢
Modulus velues in peroxide cure, without comgent and with
congent in the ease of vuleanigetes of elestomer B were 100,
1753 8and thet of the elastomer T were 170 and 240 PU1 resrectie
vely, 100 ¢ Modulus in diisocyenete cure in vulcenizetes of
clastomers, 5 and F were 900 and 700 P31 resseetively. 300 7
Modulus without coegent and »ith coagent in peroxide ocure
vulcenizates of elestomer, B were 550, 820 re2 cetivel s and
thet of the elastomer ¥ were 80% and 1200 P3I reasce*ively.
307 @ Modulus in dii~ocyame‘e cure in vulcenizates of elastomers,
B and F vere 900 end 1600 P3I res ectively, Tencile strength
veluen without coegent end rith coegent in peroxide cure in
vulennizete of elastomer E were 2700, 3400 res.ectivelyy end
that of elactomer ¥ were 2700 end 4500 P3I res.ectively, Tensile
atrensth v elues in diisocyenete vulesnigates of elastomers,
£ and ¥ vere 3600 and 4000 PSI respectively, Teer strength
velues without cosgent, end with coagent in peroxide cure in
vulcsnizates of elastomers, B end T were 1300 and 200 respectie
velyy and that of the ola «tomer F were 1200 end 207,1 1lbs/inech
res ectively. Tear strength velues in cmse of elmstomer, 2 end
F in diisocyenste vulcanizates were 3800 and 4070 1lbs/inch
res ectively, Aorssi n index velues of clastomera, E end ¥,
with cosgent in peroxide - - -
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TARLE = XXX

Heat aging ~tudies of elsastomers, B, F end Adiprene C

L]
Propertien : Qastomer E Blestomer ¥ , Adircne

....... - U
Pero- Diisg- :Diiwo-
xide cyenete ,cymnate

: cure cure cure  cure ,cure
...... SR B 6 o ) e, . o
Hardneas, 25 45 70 45 T0 6%
hore A
75 50 60 55 80 7
179 55 70 57 80 70
150 55 70 50 75 85
%Qqﬂ Modulus, 29 320 900 1200 1600 1600
75 1000 900 1600 2200 1600
100 1000 750 2100 2500 -
150 - - - - -
;g:gilrgh ' 25 3400 3000 4500 4000 3750
P8I % 3200 3600 4400 4200 3300
100 3200 1000 4000 4200 3300
150 1500 600 1200 1000 600
Elongetion, 25 600 600 600 550 550
’ 75 550 660 450 550 400
00 450 200 450 500 200

150 255 225 250 175 30




vuleenizates rere 704 and 550 while the values for the
diisocyennte vuleenizates were 108 end 1550 reapectively,
The ph-oical properties ere tabuleted in Table XXIX,

Heet aging propertie= of vulesnizates of e¢leostomers .
& end F with comgent in peroxide cure snd in diimocyennte
cure vere compared with vule anizetes of Adi-rene ¢ diisocya-
nate cure, at ?5°. 75°. 100° ena 150°% for 7 deys in aging

oven, The properties are summarised in Table XXX,

In these studles, all the vulecenizetes shoved that
the hardness of all the spocimens progressively increased
at higher temporature, The tensile, clongation and
modulus velues of ell these olantomers are reteined at

1oo°c ezing, exeeptin~ the values of elastomer RE diisocyanate

cure.

propylene gdipate hydroxyl number 67

The detaile of the preparetion of PEPA=G6 are deseribed

in experimentsl section V, Part I,

HOOC CH?CHQCH?Cﬂz(DOH + HO CHpCHLOH + HO qﬂrcnzon

on,
Adipic meid \Lh‘thylene glycol 1,2 propylene
. glycol
0 CII?CHQO.OC.CH?C”?CH?C!fzco.O —es O.(‘TH?C"?CO R CH:,O"

CHy
-

PRPA=GE
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i A 66 wvaa g white 30t waxy solid and was having
softening voint 36=42°C, hydrexyl mumber 67, meid mumber 2,

r tion of P G end stomer H

PEPA=66 was remcted with MDI to produce two types
Stable
of s‘tomcr'/\ produets,
(1) Hydroxy terminsted polymer G wrs prepared by
reacting 1,0 cquivalent PEPA=66 with 0,99 equivalent of

MDI,
O HO - —ccmm mm e pmmn - OH + b ocN<<:::>uv{I::}*“°
PEPA- 66 \y
MDI
Ho - - - -——-oocuNNHCOO-———-——-—-—OH

Polymery G
(i) Amine extended elastomer H was prepered by reseting
1.0 equivelent of PEPA=66 with 1,2 equivelent of MDI and
0.2 equivelent of MOCA,

Moy | Mo cCh

ELQ.S’\’O wmev H 2
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Physical propertie G end tomexr H:

Polymer G was secmi-solid material unsuitable for
processing on the mixing mill;hence it rrs not proceaced
further,

Hastomer H was a pale yellowish white trenslusecent
rubbery solid; specific graviety was 1,167; softening
point wes 100°C,  flestomer 1 wes soluble in dimethyl
formemide and dimethyl sulphoxide., The physicel properties
of polymer G end elastomer H sre given in the Table XXXI,

TALLE o

Phyaicel properties of polymer G end elastomer H,

Form Jemi-solid sticky gum Ilele yellowish
white transluseccnt
rubber selid

dpeecific gravity - 1,167

Softening point 30% 100%¢

Solubility Fetonesy eaters, Dimethyl formamide
dimethyl formamide, Dimethyl $ulphoxide,

dimethyl sulphoxide,

Compounding and gurings of elastomer I,

Ele-tomer H was & tough polymer end emay 40 procesn,

The compeunding recipe is given in Table XXX I,
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TATLE = XXXII

Compounding reeipe of elastomer - M

Peroxide ecure Diisocvena®e cure

Elastomer H 100.7 100,0
3tearic acid De2 0e2
HAY 3040 3067
Dicup 40C 50 -
MDI - 10,0

Mastomer 7 wa~ cured with neroxide and diisocyanete
euring systema, The peroxide umed was dicup 4NC while

diisocyenate used wes MDI emnd both were cured at 140°¢C,

Peroxide cured ssmples shoved tiny bubbles in the
test aemples, All attempts to rectify this bubble
phenomene feiled, Hence obviously peroxide cured semples
had poor physieel nropcrties, which eare rerorted in
Teble XXXIIiI,

hyai rti r4 ate:
stomer H

Speeific grevity velue in the diisocyenste vulceni-
aete of clastomer H was 1,342y herdness shore A wrs 303
100 7 modulus ves 630 P31y 300 " modulus was 2100 PsIig
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Tensile strength was 3300 P3Iy Flongation, % wes 400§ teer
strensth was 8500 1bs/inch end abrasion index was 125,6 7,
The physicel properties ere deseribed in Teble XXXTII,

TATLE = XXXIII

Physicel properties of the vulesnizetes of elastomer I

Peroxide Diisocyanate

cure cure
Jpeecific gravity 1.326 1.342
Herdneass, shore A 50 80
100 ¢ Modulus, P3I 160 630
300 ¢ Modulus, Pl 360 2100
Tensile strength, Po1 540 3802
ilongetion, ¢ 450 400
Teer strcngth, 1lby/inch 1000 8700
Abresior index, 7 - 125,90
Time of cure, in minutes at
1400cC 30 15

The deteils of the preparstion of PEPSe in desecribed
in ex erimentel seection V Part I,
Z!OOC(CH?)GCOOH + HOCK(ZCH?O!Z + CIL,(I'JHQCHQOH
OH
Sebacic acid Ethylene 1,2 propylene glycol
glyco!l

EP3e
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PEP3e vos & brittle weaxy materisl, end was heving
softening point 68 - 70°C, hydroxyl number 40.6, amcid

number 6,7

rat i da
PEPl¢ wes remcted rith MDI to produce storage steble

polymersof tvo typest

(i) hydroxy termineted polymer I wes prepared by reecting

1.0 equivelent of PE e, with 0,99 equivelent of MDI

HO- - - — - — OOCHN‘@C&L@NHCOO—- - ——----0H

?O\\[‘W\ev 1
(ii) Amine extended polymer J wes prepered by reseting 1.9
equivelent of .E'ie, vith 1,2 equivelent MDI end 0,2

equivelent MOCA,

el e
a HO - - -~ - 0H+¥OCN©-‘)‘I@N‘0+C: iy NH,
PEPSa
MoV

Mocn

el el
----- -l Ay

PO\\/VV\ev J
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‘oth polymers, I end J were pele yellowish white
hard solids, The softening point of nolymer I wms 38° _
40°C end thet of polymer J vas 50 = 52°C,  The hirher
softening point of polymer J wes Hrobebly beceuse of *he
presence of uree linkages end rigid srometic ringa of MOCA,
Polymer I wes soluble in tetrshydrofuran, ketones, esters,
dimeth 1 formemide, dimethyl sulphoxide ete, vhile polymer 7
ras soluble in dimethyl formemide end dimethyl sulphoxide,
The properties mre briefly summerized in table NO XXX 1V,

TA'LE w XXXLIV
Physlcel propcrtie- of Polymers

I end J

Polymer I Polymer J
Form Pele yellowish white polymer
“peeific grovity 1.212 1.325
Softening point 33 - 48% 50 « 52%¢
Solubility Tetrehydrofuren, Dimethyl formemide

ketonesa, esters, end dimethyl
dimethyl formemide, sulphoxide
dimethyl sulohoxide,

“olymers I end J vwere plestic meteriel unsuitable
for procesains on the rubber mixing milly hence vork ves not

processed further,
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The deteils of the preparation of » °H is described
in exporimental osection V, Part I,
HOOC(CHZ)1SCOOH + ﬂocu2c520H + CHB?HQ- CH2OH

oH

1,16 Hexedece- Ethylene 152 propylene glycol
methylene £lycol
diesrboxylic acid

HOCH,Clpe040C(CHy) g 040 = = = = = = = = = OH
PEPH
PEPH wes herd brittle solid, end wes having s0ftening

point 92 = 96°c, hydroxyl number 20,2 end seid number 3,

crepveretion of polymers, ¥ end T

Attemps were mede to prevere polymers from PE 'H and
MUI of trvo types vig (i) hydroxy terminated end (ii) emine
extended, Only in the former case i,e, polymer K ves
obteined, in the ease of let =~ type e nonhomogencous mixture

ves obteined,

Hydroxy termineted polymer ¥ was prepared by reecting

1.0 equivalent of P. H, with 97,99 equivelen® of MTI,
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Physigel properties of polymer K

Polymer ¥ wes & palc yellowish vhite hard gsolid, The
softening point was > ZSO°C. Polymer K was soluble in
tetrahydrofuren,ketones, esters, dimethyl formemide, dimethyl
sulphoxide, The properties ere bricfly summerized in
Teble XXXV,

TATLE = XXXV
Physi roperties of P r K
Form Pale yellowish 'hite hard solid
Speeifie gravity 1.314
3oftening point > o=0%
Soluwrility Tetrshydrofuran, ketones,

esters, dimethyl formemide,
dimethyl sulphoxide,

Polymer ¥ was & plastic meteriel unsuitasble for
processing onr the rubber mixing mill; hence work wes not

proces-ed further,
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Polyesters prepmed from adipic meid, ethylenc
glyeol and 1,2 propylene glycol gave elestomeric polymers
with 4,4' diphenyl methene diisoeyenete (MD1), Suecinie
ecid, sebacic acid end hexadecamethylene diearboxylic acid
polyesters when used separsately in the proportion mentioned
in table XXXVI sre unsuiteble for nrodueing polyurethenc
elastomeric polymera, Succinie scid polyesters gave
leethery polymer while sebeeic acid and hexadecsmethylene
icarboxylic ecid polyesteres geve polymers which vere more
tovrnrds plesties, It cen be 2pid that vhen a polyester in
rescted with MDI, the more the methylene groups bet-een the
t+0 e@ster grours 0f the polyester chain, the greeter the
plestic nature of the resultant polyurethane polymer,

Tayer in his ork on vulkollens hes studied the
influence of molecular veight of polyesters on the physicel
propertiea of urethanc elastomers, ‘e has used polyethylenc
edipete and 1,5 naphthalcene diisocyenste in hig studies,
jinee the hydroxyl number ins the meesure of the molecular
weirht, he hes varied h /droxyl number from 32 to 21, lle
found thet the best physicael properties were obtained when
the hydroxyl mumber of the polyester ves from 50 %o 60,
end ecid numer lens then 1,



TAPLE - XXXV

NHature of the reaction products from different
polyesters and MDI

rolyesters Diisocyenate Nature
(1,0 equivelent) (0,97 equivelent)
3ueceinic acid MDI Leathery product
tdipic eeid MDI fubbexy product
Jebacic acid MDI Hard plastic
product
Hexads camethylene MDI ~ Hard plestiec
dicarboxylic seid product

(Clyecol pert in sll ceses was 80320 mixture of ethylenc
glyecol : 1,2 propylene glycol)

In the present studies nolyesters were nre ared
from adipic ecid and 80120 mixture of ethylenc rlycol en?
1,2 propylene glyeol, The hydroxyl numbers used for +the
studies were 24, 46 and 67, These polyesters vere rescted
with MD? genaretely to produce milleble ela~tomers, which
vere cured 'ith seroxide end with diicocyenate, Polvester
vith 67 hydroxyl number vhen reeeted with ¥Di only, gave
& 307t un: orkable' polymer ( on the rubber mixing mill ),
whereas the other two hydroxyl number colyesters gave
millable elestomers, The reason for obtaining soft polymer
may be thet under the experimentel conditions, the moleculer
weight build up wes lov,
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4,4'methylene bis ( 2 chloroeniline ) extended
millable elastomers were obtained from the polyesters of
hydroxyl number 24, 46 end 67, These elastomers were
comparatively tough then the corresponding unextended
elactomers, The genersl compounding reeipe for the two
curing systems for polymers/elastomers from A to M are
mentioned in detail in seetion III is given in Teble XXYVI'I

TARLE = XXXVII

Comnounding recipe for the *wo curing systenms,

—

Ingrediento Peroxide Diisocyanate
cure cure
Polymer/elastomer 100,0 100.0
itearic acid 0.2 0.2
HAF 30.0 30.0
Diecup 40C 5.0 -
MDI - 10.0

The physicel properties of the vulcenigatens of
’olymers - elentomers from A to H ere described in
Teble XXXVIII,
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flastomer E end Elastomer F shor better physicel
properties, The use of triellyl cyenurate in 1 ¢ on the
weight of ela tomers, & and T in peroxide cures showed that
the velues of tensile strengthy 300 I mocdulus, tear
gtrength end clongation ¥ were incremsed conniderebly,
These velues are grashically given in Figure 1,2 end 3,

Vulcenigates of elastomer F with triallyl cysnurate .
cured faster than without triamllyl cyenurate, in elastomer ™
optimum tenasile atrength wes obteined in 15 minutes in the
cese of vuleanization vith triallyl cyenurste in peroxide
cure, while vithout trisllyl cyanurate optimum ten=ile
atrenrth was o tained in 39 minutes, In eletomer = ontimum
tanaile strength vith end ~ithout comrent vere obteined in
30 minutes time, Flastomer ¥ ves & MOCA extended poly=-
urethene elastomer vhile elastomer . was vithout the use
of MOCA, The use of MOCA in the elestomer T prepearetion
resultns into ures-ursthane groups possessing elastomer,
This elestomer vulecenigzes faster vith triellyl cyanurates
it may be s0 becmuse 0f *he presence of urea groups, This
clagtomer T also shows better physzicel properties. MOCA
molecule ean also impart firc resistence properties to the

polymer due to the presence of chlorene groups..

The use of triallyl cyenurastc hes cortainly imperted
beneficiel e¢ffeet in reducing the time of vuleenizetion end
improving the phy~icel proserties, This is more 20 vhere
the elastomer has been obteined by the use of MOCA,



Vuleenizates of elastomers, R, ¥ end adiprene C
in diisocyenate cure and vulcenisstes of elastomers, E and
T with triallyl cysnurate, in peroxide cure, were subjected
to heer aging studiens, These resulta are shown grashically

in firures 4, %, 6 and 7,

On heat eging et 75°C, the elastomer E diisocyonate
vulesnisate showed increese in tensile strensth, while et
100° and 150°C hent eaging the tensile strensth values foll,
On heat sging et 75° end 100°C elestomer T diisocyenste
‘vulcenizate showed the tensile strength values to be of the
uneged semple, while et 150°C the tensile strength fell,

on heet aging et 75°, 100° end 150%, Acisrene €
diisocyenete vulcenizete, shoved continuou> fell of tensile

atrensrth velues,

The steady fall in ten=sile properties of Adiprene T

]
may ce attributed to the polyether backbone of the ,)olymct!'f

on heet aging at 75°, 100° and 150°C elastomer B
diicocyenate vuleenigate shoved continuou s fell in the 3007

modulus velues,

On heat eging st 75° and 100°C, elastomer ¥ diisocyanete
vulecanizgate shovwed &n increese in 3007 Modulus values while
et 150%C the modulus velue fell sharply,

On heat sging at 75° end 1oo°c. elastomer £ with cosgent
peroxide vuleanizatea, showed very little fall in tensile
otren -th values but at 150°C the tensile value fell sharply,



on heat aging st 75° end 1oo°c. clegtomer ¥ with
cosgent peoroxide wvulcenizate retained the original tenaile
atrensth values but at 150°C hoat aging, polymer T the

tonaile velues fell,

Oon heat sging o* 75° and 100°C elastomer & with
corgent peroxide vulecanigetes, showed an ineresse in 3007
modulus velues vhile e+ 150°C heat aging, the 300” modulus

velues foll,

On heat aging ot 75% end 100%¢ cle~tomer ¥ with
coarent pc roxide vulcenizetes, shoved en increeae in 300
modulus values vhile, at 150°C heat aging modulus wveluen

fell.

n the case of elongstion all the three elestomers
vith different crosslinking sgent sho-ed fall in elongetion

valucs,

it is felt thot the comparative retcntion of phy=icel
proverties of clastomer F may be owing to the presence of
urea groups, which are known to hawe hest* aging/antioxident

pro erties,

The comperstive physical pronertien of some of the
commercially avaeileble urethsne elastomers end ela-tomer

T are given in Table XAXIX,



TLAELE - L

Vulcanizete properties of the commereiaslly eveileble
milleble elmastomers end elastomer ¥,

Properties Chemigun Centhane Vibtre- Urepan Mastomer

350 3 thane 647 r
“iicocyee Pero- Diino- Pero- Pero- Pero- Diiso-
nete xide cyenatc xide xide xide e¢vencte
oure cure oure cure cure cure coure
Tennile
gtrength,
Pl 5450 4490 350 4200 4124 4570 4509
300 7
Modulu,
P13l 1750 192% 1750 2900 - 1200 1600
Glongation,
i 51% 500 15 400 300 600 550
Herdness,
Shore A 69 60 72 65 62 60 70
Gonclusions

n a comperative study, it has been shovn thet polye
urethanc elastomers of good physieel pronerties ¢en be
prepered from adipic ecid, 350320 mixture of ethylene glycol
end 1,2 propylene glyeol, Dibenic aecid having lover or
higher memers, in the adisic mecid homolormus serien are “ound
to impert leethery or plsstie properties vhen used for making
polyester polyurethene elastomer, The polyester from
adipic eeid, 80120 nixture of ethslene glycol and 1,2 propylenc
£lycol of hydroxyl number 46 vhen resc¢ted in preoportions of
1.0 cquivelent of polyester vith 1,72 equivalent of MDI



and 0,2 equivelent of MOCA gave & urea-urethene c¢lasstomer,
This eleatomer can be cured with diisocyenate snd peroxide
curing aystemo, The resultent vuleenigates of this
ela~tomer heave compmrable physieanl pronrerties to thet of

the commercielly aveileble milleble urethane e¢lsstomersa,
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Moulded products from polyester urethane -elastomer F .
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EXPERIMENTAL



3 BECTION -V

in & one-litre, four necked flask equipped with a
nitrogen gas inlet tube, & thamometer, a distillation
condenser, @ mercury scel stirrer vere placed 472 g ( 4,0
moles ) suecinic meid, 218 g ( 3,52 moles ), cthyleme glyeol,
66,83 g ( 0,87 mole ), 1,2 propylenc glycol, The remction
mixture weo heeted with @ one-litre heeting mentle, Hitroren
gas waas flushe! with efficient atirring,

The reaction mixture vas heeted ot 160 - 170°C <or
6 hous, 180 - 190°c for 15 hours snd 200°C at 1mm o7 mercury
presaure for six hours, The physieel proerties of PAP3 are
described in Teble XIL.

TABLE - XTI,

Physicel properties of polyethylene »olynrronylene
succinete (28 )

Fornm Hard white waxy materiel,
joftening point 72 - 75°%
Acid number 29

Hydroxyl number 5846
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Zreparation of polymor A:

Iin 2 500 ml, three necked flask equipped vith a
thermometer, & meroury seal stirrer and a gless stopper, was
pleced 200 g of dried po yethyleme polypropylenc suecinete,
The reaction mixture was hested in ean oil bath at about
100%C, 25,9 g of po:dered 4,4 'diphenyl methene diisocyanate
was added end the mixture was stirred vigorously for sbout
10 minutes, The reection mixture was poured inte silicone
waxed trey end further polymerized for °4 houra at 100°¢C
in en electric oven, The physicel nronertie~ of polymer A

are deseribed in teble XXI, seetion III, Part I,

Compounding of polymer A

Polymer A vas eesy *0 process, The polvmer wea nleced
on cold rubber mixing mill, immedietely & bend was formed,
The compounding ingredients rere adde’ according to the
order given in the compounding reeipe in table XXIl, The
mix wes cut thrice from either side end rolled six times
through tight mill end sheeted out end moulded st 140°C in
peroxide cure end 115%¢ in diisocysnate curing aystem in
atendard moulds, The phys=icel properties of the vulesnigetes
were determined mccording to ASTM D 412464 T (1965),

Ergparntion of polvmexr T
in @& 3500 ml, 3 necked flask equipped +ith a thermometer,
@ mercury seel stirrer, a ground glass stopper, was placed

200 g of dried polyethyleme polypropylene sueccinate, The
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temperature of the reesetin mixture vwes maintained et 110°C
by meens of en oil bath, 31.4 g of povdered 4,4 'diphenyl
methene diisocyenate was added through the aide neck, Stirring
was contin ed vigorously for 19 minutes, followed by the
addition of 5,56 g finely powdered 4,4 'methylene bis ( ortho
chloroeniline ) (MOCA), otirred agein vigorously for few
minute~, The reesction mixture vas poured into silicone wexed
trey snd further polymeriszed for 24 hours st 100°C in en
electric oven, The physieel prorerties of polymer ™ are
denscribed in Table XX11, Jeetion I1I, Pert I,

Comoounding of i)

Polymer 1 ves easy to proces?, The polymer wes placed
on cold rubber mixing mill; immedie’ely & band wes formed,
The compounding ingredients vere added acco'ding to the order
given in the compoundins reecipe in Table X7Ii, The mix vwes
cut tirice from either side rolled six times through tight
mill and sheeted out and moulded ot 140°C in peroxide cure
end 115°C in diisocyenste curing systems in standard moulds,

The physicel properties of the vulecanigate: -ere determined
sccording to ASTM D 412 - 64 T (1965)

In a one- litre four necked flenk equisped vith a
nitrogen gas inlet tuve, & thermomcter, m distilletion

condenser, & mercury sealed stirrer were placed 438 g
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( 3,0 moles ) adipic meid, 173,6 g ( 2,3 moles ) ethylene
glycol and 54,) ( 0,7 mole ) 1,2 yropylenc glycol, The
reaction mixture was heeted with one-litre heeting mentle,
The reaction aystem ves flushed with nitrogen till the
polyesterificetion was complete, The reection mixture wes
heated ot 160 = 170° for 6 hours, 180 = 190°C for 12 hours
end 190 - 200%C at 1 m» of mercury pressure ‘or 6 hours,
The physicel properties of PRPA 26 are dezeribed in

Teble XT1,

TAPLE - XUI
Physical proserties of 7"PA - 26

Form 10t white wvaxy meteriel
Softening point 36 - 33°C

Aeid number 240

Hydroxyl number °4

Zreperation of clastomer €

In & 500 ml, 3 necked flask, equijyped with e thermometer,
e mercury sesl astirrer, & ground gless stopper was placed
200 g of PEPA 26, The tempereture of the polyester wes
brought to 100°C vith the help of en oil beth, 10,76 g of
powdered 4,4'diphenyl methene diisocysnate was added throurh
the side neck, The reesction mixture ves vigorously stirred
for sbout 10 minutes, The resction mixture wes poured into
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silicone wvexed trey snd further polymerized for about
24 hours at 100°C in en electric oven, The physiceal
properties of elastomer C are given in Table XXIV,

C din r

8le stomer C was quite a s0ft polymer heaving execllent
surface tack, The elestomer C wes placed on cold mixing
mill, e band wes immediately formed, The compounding
ingredicnts were added eccording to the order given in the
compounding recipe in Teble X7V, The mix vaes cut thrice
from either side rolled six times through tirht mill and
sheeted out end moulded et 140°C in ~tandsrd moulds, The
physiesl prosertics of the vulcenizates vere determined
necording to ASTM T 412 - 64 T (1965),

Dreparetion of elestomer D

in a 500 ml, > necked flank, equipped with 8 thermoe
neter, e mercwry seal stirrer end a ground glass stopper,
wes placed 200 g of dry PEPA=26, The tem ersture of the
polyester waa brought to 110°C with the help of an oil bath,
13 g of powdered 4,4 'diphenyl methane diiococyanste ves edded
through the side neck, The reaction mixture was stirred
vigorously for ebout 10 minutes followed by sddition of 2,32 ¢
of powdered 4,4 'methylenc bis ( ortho chloro eniline )
stirred vigorously for 2«5 minutes, The resction mixture
was poured into silicone waxed tray and further polymerised



l\

in an electric oven, The phynical properties of
clestomer 7 are de-~eribed in Table XXIV,

Compounding of elsgtomer D

Elestomer D wes 8 soft polymer heving excellent
aurfece tack, The clastomer ~ was ;leced on cold mixing
mill, a bend wes immedintely formed, The compounding
ingredients vere edded according to the order deseribed in
the comoounding recipe in Teble XXV, The mix was cut thrice
from either side, rolled six times through tight mill,
sheeted out rnd moulded st 140°C in stendard moulds, The
physical propertics of the vulcenizates were determined

gccording to A TN D 417 = 64 T (1265),

Prepargtion of thylene nolyorouylene edipate,
parstion R Ih i ene pofronenlone aSintte

In e one-litre, four necked flesk equipred vith e

nitroren ges inlet tuce, @ thermometer, & di~tillation
condenser and @ mercury secel stirrer were placed 438 g

( 3 moles ) adipic aeid, 173.6 g ( 2.8 moles ) ethylene
glyeol, 54,9 & ( 0,7 mole ) 1,2 propylene glycol, The
recction mixture was heeted with @ one litre capeeity heating
mentle, The nitrogen ges wes flushed in the system till

the polyesterification was complete,

at
The reaction mix*ure was heeted/160 = 170°C for six
hours, 180 « 190°C for 26 hours end 190 = 200%¢ et 1 mm of



A
mercury pressure for six hours, The physicel properties
of PEPA 46 ere deseribed in Table X71

TALE = XL

Phy-ieel propertics of PuPA - 46

Torm hite waxy solid
softening point 36 « 41%¢
Acid number b
Hsdroxyl number 46,085

Preperetion of elentomer E

In 2 500 ml, three necked flesk equined - ith e
thermomcter, & mereury gseel stirrer, e ground glass stoprer
vere pleced 200 g oF 4Ary PEPA=46, The tempereture of the
PR A=46 vas brought to 100°C rith the hels of en oil beth,
D34 g of povdered 4,4'diphenyl mcthene diisocyennte vas
gdded through the side neck and the mixture vas gtirred
vigorously for about 10 minutes, The reaction mixture ras
poured into silicone wexed trey and further polymerized for
24 hours at 1oo°c in an e¢lectric oven, The physicel propertic-

of elestomer B are given in Teble XI(VII,

ing of r

Elpstomer B wes enay €0 process, The elastomer hed

good surfece tack, The elestomer vraas placed on cold rubber
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mixing mill, @ bené es imme ietely formed, The compounding
ingredients were added according to the order given in the
com ounding recipe in Teble XXVii, The mix wes cut thrice
from cither side, rolled six times, through tight mill,
sheeted out end moulded et 140°C in stenderd moulds, The
physiecel propertiea of the vulcanizetes vere determined

according to AT D 412 « 64 T ( 196%5),

Preparetion of gat r 7

In e ©9) ml, three necked flesk equipped with e
the mometer, 8 meroury seel stirrer, e ground gless gstonper v
wan nleced 200 g of dry PiPA=46, The tempersture of the
PEPl=fB wpa brought et about 11o°c by mcen~s of en 0il bath,
74,66 g of povdered 4,4'diphenyl methene diinsocysnete ves
edded through the side neck and the reection mixture vwan
tirred vigorously for cbout 10 minuten followed by addition
of 4,372 g of povdered methylene bis ( ortho chloro eniline )
atirred agein vigoroucly for a fer minutes, The resction
nixture was poured into silicone waxed tray end further
polymerized for 24 hours et 100°C in an clecetric oven, The
physicel pro orties of elestomer F are described in
Teble XIVII,

Comoounding of e¢l@gtomer F
Mestomer ¥ vaas & tough polymer heving exeellent

surface tack, Hle ~tomer ¥ wos olecod on cold rubher mixing



mill, @ bend was immedimtely formed, The compounding
ingredients werc edded sccording to the order gsiven in the
compounding reeipe in Teble XYVIII, The mix weas cut thrice
from either side, rolled six time=, throush ti~ht mill,
sheeted out en! cured et 140°C in stenderd moulds, “he
physical propertie~ of the vuleanizetes -ere detemined
according to A TM 1) 412 - 64 T (1965),

leat aging astudies of elestomers, E and F,

The semples of elestomers, E end F cured with
peroxide, with coagent and with diisocysnete vere pleced in
Geer's oven at 75°c, 100%¢ end¢ 150°C for seven dayne Tor
comperison en optimum cured Adisrene C diisoeyenste cured
semnles vere mlso simultenecously heat aged, The phyaicel

properties of eged semple vere determined es usuel, end are
deseribed in Teble XXX,

In & 1=litre, four necked flesk, equipped with @
nitrogen ges ink ¢t tuve, e thermometer, e distillmtion
condencer, & mercury seal stirrer vere placed 438 g (3.0 molen)
adisic ecid 173,6 £ ( 2.2 moles ) ethylene glycol, 53,9 g
( 2.7 molea ) 1,2 propylcne glycol, The reaction mixture
vre heeted vith one-litre heating mentle, The nitrogen
ves flushed till the polyesterificetion wes comlete,



The reaction mixture was h oted at 160 - 170%C for
3 hours, 180 - 130°C for 26 hours and st 200°C et 1 mm
merc.ry pressure for six hours, The physicel properties
of PiPM=66 are given in Teble XL1II

TATLE = XTiLl
Physicel properties of PIPA = 66

Torm "hite soft wexy nolid
oftening point 36 o 42°{:
teid number 2
Hydroxyl number 67,6
£y exr G

In &2 100 ml, threc necked flask equiyped +ith a
themometer, @ morcury sesl stirrer, a ground glass stopper,
was pleced 50 g of dry PEPA 66, The temparature of the
PioA=66 was brought to 100°C with the holp of an oil bath,
T.473 g of powdered 4,4 'diphenyl methane diisocymnete ves
added through the side neck and vigorously stirred for
19 minutes, The reection nixturemvtva?o(;c{;red into silicone
vaxed tray and further polymfr:lzed’( for 24 houra in en
electric oven, The physicel sronertics of solymer © are
deseribed in Teble XYXI,



2r ion < r

In & 500 ml three necked fleak equipped rith a
thermometer, a mercury msal stirrer, & ground gless stopper
was placed 200 g of dry PEPA=66, The tempersture of the
iPh=66 vms brought to 110°C vith the hely of oil bath,

P

36,2 g of povdered 4,4 'diphenyl methene diisocyanete ves
added through the side neck with vigorous stirring for

about 10 minutes follo-ed by edditiocn of 6,47 g of finely
povdered 4,4 'methylene bis ( ortho chloro aniline ) MOCA,
The resction mixture wes poured into silicone wexed tray
end further polymerized for 24 hours et 100°C in en electric
oven, The phyazical propertics of eclestomer H ere deseribed

in Te.le XXXI,

ndi r

Aestomer H was easy to proces» and hed pood surfece
teck, The polymer wes placed on cold rubber mixing mill,
2 bend ves immedistely formed, The compounding ingredicnta
vere edded according to *he recipe given in the' teble XYXIT,
The mix wes cut thrice from either side, rolled six times,
through tirht mill, sheeted out and moulded at 140°C in
stenderd moulds, The phyaical pro ertics of the vulesnigetes
vere determined mccording to ATV D 412 « 64 T (1965),

in 8 one-litre four necked flosk equipped with @
nitrogen gas inlet tube, thermimeter, o distilletion
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condenser, @ mercury scsled stirrer ete, vere pleced 702 g
( 1,0 mole ) sebeecic eeid, 57,8 g ( 0,96 mole ) ethylene
@lyeol and 17,9 g ( 0,23 mole ) 1,2 propylene glycol, The
reaction mixture vas hested with 1=f{ heeting mentle, The
reaction gystem vas flushed with nitrogen gas till the
polyesterification was complete,

The remetion mixture wes hested at 160 - 170°C for
aix hours, 180 = 190°C for 12 hours end 190 = 200°%C at 1 mm
of mereury pressure for 6 hours, The physicel properties
are deseribed in Teble XTIV,

TABLE - XTIV

Physieel propertics of PEP3e

Form Arittle wexy material

softening point 62 - 70°%C

Acid number 6,7

Hydroxyl number 40,6
Lreparation of polymer 1

in a 250 ml, J nécked flask equipped with a thermometer,
@ mercury gseel stirrer, a ground glass stopper, ete, was
placed 100 g of dry 'BPie, The tempersture of the
polyester was brought to 100°C with the help of en oil bath,



7,3 g of povdercd 44' diphenyl methene diisocysnete was
pdded through the side neek, The resction mixture vas
vigorously stirred for 10 mimutes, The reeaction mixture
was poured 1nt6 silicone rexed tray and further polymeriged
for sbout 24 hours et 100°C in en electric oven, The
physical properties of the polymer I are given in tobdle
X(X1V, ‘ection III,

- 3inee “solymer I wea plastic end uncuiteble for
processing on the rubber mixing mill, it wes not processed

further,

Preperation of ‘olymer J:

in a 250 ml, 3 necked flask, equipped vith @ thermo-
meter, @& mercury seel stirrer and & ground gless astopper,
ete. wes pleced 100 g of dry Pévde, The temperature of the
polyester vao brought to 110°C with the help of en oil bath,
19.7 & of povdered 4,4 'diphenyl methane diisocyenete was
added through the side neeck, The reaction mixture was
gtirred vigorously for about 10 minutes foiloved by addition
of 1.9 g of powlered 4,4 'methylene bis ( ortho chloroaniline)
atirred vigorously for “=5 minutes, The reasction mixture vas
poured into silicone vaxed trey and further oolymerized in
an eleectric oven for 74 hours at 1oo°c. The phya:!.oal
properties of polymer J are deseribed in Teble -, XXX1Y,
Section 1I1I,



In & 1=1 four necked flask equipped with a nitrogen

gas inlet tuce, & thermometor, a distillation condenser, a
mereury seel stirrer ete,, was plaéed 314 g ( 1,0 mole )
1,16 Hexadccemethylene dicerboxylic eecid, 57.8 g ( 0,96 molc )
ethylene glycol and 17,9 g ( 0,23 mole ), 1,2 propylene
glycol, The resction mixture was heeted vith 1=l heeting
mentle, The reeetion system was flushed with nitrogen gas
till the polyesterificetion was complete, The resetion
mixture wes hoated at 160 - 170°C for six hours, 200°C for v
12 hoyrs end 200°C at 1 mm of mereury pressure for 8ix hours,
Phyesicel properties of the polyester are given in Table

XLV,
Phy-ical properties of PEPH
Form Irittle hard solid
seftoning point 92 -« 96°C
Acid number 860
Hydroxyl number 20,2
Zreperation of polymer R:

In a 100 ml, 3 neeked flask equipped with @ thermometer,
8 merc.ry seal stirrer, e ground gless stopper etc,, wan
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pleced 33,2 g of dry PEPH, The tempernture of the polvester
ves brought to 100°C with the help of en oil beth, 1,54 =

of novdured 4,4' diphenyl methenc diicocyeneate was added
t+hrough the side neck, The reesction mixture wes vigorously
gtirred for ¢ minites, The reection mixture was poured into
@ scilicone waxed tray end further polymerized for about

24 hours et 100°C in en electric oven, The physicel prooerties
are given in table XXXV, iection 1Il, lince the polymer ¥
weso plestic and unsuitable for processing on the rubber

mixing mill, it wes not processed further,

Ereparation of P :

In a 50 ml, 3 necked flask equipred vith a thermometer,
a nmerocury seel stirrer, & groun! gleass stopper etc.,y, vas
placed 10 g of dry "2PH, The temnereture of the po}yester
wea brought to 110%C with the hels; of an o0il beath,”,"6 g of
povdared 4,4 'diphenyl methene dii socyanste rere added
through the side neck, The reasction mixture wea stirred
vigorously but the msas suddently jelled, Hence no ‘urther

vork was underteken to develop thia nolymer,
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SECTION I

INTRODUCTION
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WIntro duction

Ceator oil which is slso known es Ricinun oil, is a
naturally oeccurring trihydroxy glyceride, It is obtel ned
from the seeds of the plent Riecinus Communis of
fuphobiaceae femily, Ricinuabmunia is grown as e vild
plent or a cultiveted plent in tronicel or subtropical

regions such es Indie, Prasil, Algerie, U, 3,A, etc,

Table « I
Production of Castor 01l in In‘ie

Yeer ugtimated quantity of Castor oil
prodncad.
‘000 Tonnes
1961 « 62 38
1962 - 63 35
1963 - 64 36
1964 - 65 38
1965 - 66 25

The castor oil is obtained by cold expression or by
solvent extraction of castor bemns, Cold expres-ed oil is
of lov mcid number while solvent extracted oil im of high
acid number, The low secid number o0il is usuelly preferred
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for urethene vork, igker's castor oil Co, of U, l,A,
which has cerried out extensive work in the utilization

of easstor oil for polyurethene purposes, recommends the
use of D, ), cestor oil, This castor oil is similer to the
cold expresced cestor oil in eacid number but has very low

moixture content,

ble « L1
Properties of Cantor 0il

041 aH < Yolletile Aeid Colour
value moisture numoer CGardner

‘e ’e (Urethene

grade ) 163 0,0? 1 1+
Castor oil No,1 163 0.2 2 1+
Cestor o0il No,3 154 0.3 12 6

Castor 0il is & viscous pale yellov licuid with
characteriastic unpleasent odour end taste, Chemicelly castor
0il is a triglyceride of ricinoleic acid, The fatty acid
component is 9/10 ricinoleic acid, The aversge fetty acid

component is described in Table 111.28

Castor 0il can be conddered ms a mixturce of 70 ¢ I
Y5
glyceryl triricinoleete and 30 ¢ glyeeryl diricinoleete,
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Zsble = 1il
Fatty eecid components of Cestor oil

hedd Fatty acid componcnts ¢
Ricinoleic eecid 86
Oleic necid 8¢5
Tinoleic acid Dud
Steeric egid 0,5
Dihydroxy stearic seid 1=2 7
; 9 ; Qi
CH,0 Ca( CH,)qeCH = CH=CH(CH,) ;CH, CH,0 Cm(CMl,) peCH mCH=CHla( CH,) . O
? 9!! 9 ?H
CH O C (Clly)qmCH = CHaCH(CH,)sCly + Cif 0.8=( Cily) q=CH =CH C( CH,) - OTL,

on | 9 |
CH,0 C (CH,)pmCH = CHaCH( CHy) o Clly CH,0 ¢ -n

=2

70 ¢ Glyeeryl triricinoleste 30 < glye-ryl dirieinoleste.
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T™he lergest single use of eentor oil i= ;n the
preperation of sebecic aci¢ end capryl slcohol, ‘“ebameic
aci¢ is used in the menufecturc of 6, 10 nylons, sebacate

plarticizers, sebecate polye-ters etec,

The other notable use of cestor oil 1o dehy 'rated

eo~tor oil for the menufacture of peints end varnishes,

Cestor oil is €l s0 used in the pre-arstion of
undecylenic eci? and hepteldehyde, vhich are used in the

synthesis of 11 nylon and in perfumery, reshectively.

3inee cnstor oil has three secondery hydroxyl groups,
4t hes been utilized in isocysmate resctions for adhosives,-
contings, >0 fooms,> 1137937934 castavle clastomers® *7° ote,
The Germans used isocysnote besed adhesives for metel to
metol, metal to rubber bondinga ete. 4,4 'diphenyl mcthene
diisocyenate cestor oil, besed isocyenstc termineted pre-
polymer hes been used ms adhesives for eements end other

patching materiels,

Bxeellent clear en® nirmented coetings hsve been

pre-ared foom cestor oil end toluene diinsocyenste,

1lown castor oil ha- eglso neen used for producing

superior coatings for wood,
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Castor 0il hes elso been used in rigid end gemierigid
urethene fosms, Castor oil hes been used for many fosm
epnlicetions end the moet recent one is heet protecting

foam for the r;pacw--umn.4 ¢

Castor 0il hacz also been used in the preparetion of
caasteble clestomers, Noteble work has been done by Patton
et el of lpker’s Castor 0il Co, eand by Heiss of Mobay
Chemicel Co,

Petton prepered casteble prepolymer from castor 0il
end castor oil derivetives ( polycins ).56 The composi-

tions of these prepolymers are described in Teble 1V,

Tablc = 1V

Composition end properties of castor polyol prcmo].:,mm.-a36
Compoaition pbw Polycin U=prepolymers
Polyein Polyecin Polycin
=56 l=63 =75
D7 Cestor o0il 62 - -
Polyein 59 - 59,5 -
Polyein 60 - - 52,5
D1 (80/20 Type ) 38_ A2 47,2
1000 00,90 00,0
Colour Lirht ember colour
Viseocity (2/25°¢C) 275 400 390
NCO contentn s 10 1306 1307
fquivelent wt/NCO gr 420 308 306

Density et 25°C 1v/gell 8,9 9,15 9420
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Properties of castor-polyol / TDI elastomer936
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4 =56 T3.5 12 26,5 200 590 - 1,085 97 «5 2170 T0 0,14 = - 6.3 500 3.4 640
U=56 71,5 52 - 28,5 91 210 540 1.080 80 70 1775 150 0.23 - 1.1 4.6 265 8.0 0.38

3 U=56 66,0 53 34,0 5 130 320 1,062 52 -70 320 140 0.13 1.9 1.0 3.7 155 9.2 0.18
‘ 4,0 T700* Te3%

7 U=56 54,0 DB 46.0 45 86 200 1.042 55 =80 170 70 0.05 1.6 0.8 44 200 2,5 0,75
4,8 550 130 >
5 U-56 42.5 23 57.5 24 37 62 1,017 28 =55 30 60 0.25 - 0.8 - - - -

14 U=63 5.0 52 35.0 43 200 600 1,102 93 =20 2750 175 0.53 2.4 14 5.8 600 25 470
3.2¢ 300* <~ 1600*
15 " 59,0 53 41,0 40 92 340 1,083 48 -45 1050 270 0,40 2.5 1.2 5.0 280 - 1,3
3.,5*% 650* 3,8 62%
13 " 61,5 51 38,5 18 56 200 1,082 41 =20 875 400 0.19 = 1.4 - - - -
19 U=75 65.5 52 34.5 66 180 520 1.099 87 =30 2500 120 0.43 = - 5.4 650 3.8 130
20 " 60,0 53 40.0 34 120 620 1,082 49 -45 1275 210 0.28 2.1 1.2 5,7 760 8,2 110
18 " 62,0 51 38,0 23 90 370 1,082 38 =35 925 330 0,34 - - - - - -

*10 mi11 film,



The above mentioned nrepolymers vere cured by adding
cestor polyols and heating et high temnersture, The

properties of these elastomeres arc given in the “eble VY,

Helss prepared cector oil besed elsstomers by both

one and two shot methods??’

In one shot method all the components pre added ot
the seme time end cured et high tempersture in moulds, and

these results erc described in Table Vi,

in the cooe of prepolymer aystem emstor o0il weas resocted
with exesss of diisocyonate to form ~HC0 temmineted pre=
pol:;mer.sﬁ This orepolymer was liquid in neture end wes
converted into solid rubber by rescting it with a curing
agent or chain extender, The compo-ition and physical

propertiea are tabulated in Teble VIiI,

Flexricin 15 “thylene rlycol monoricinoleete
" 32 Monodehydrated castor oil

Niex Diol 2025  rolypropyleme glycol M.V, 2025

Hiex Diol 42¢ Polypropvlene glyecol M,7, 425

Catalyst C=16 tertiery emines,

The above de~cristion mentiorns some of the importent
applicetions of cestor oileisocyenste resetion nroducts,
Hovevery, novhere the use of e¢pator 0il for millsble poOly=

urethene elestomers, hes been reported,
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After geining the experience of milleble polyester
urethene elastomers, it was decided to prepare eastor oil

baned milleble urethane elastomers,

Since difunetional high moleculer :eight ( from 1000 -
2000 ) polymer is required for the preperstion of milleble
polyurethene elastomer, ecnstor oil wes mede difunctionsl by
blocking, one of the three hydroxyl groupsvith phenyl
iszicyanate,

The method for blecking or removing onc of the
hydroxyl eroup is acetyletion, benzoyletion, metiylation,
dehydration, urethene formetion ete, Out of these methoia
orly urethene fometion i,e, resction of castor oil vith
phenyl isocyenste ves preferred es this method has the
folloving adventagess=

(1) Emsy %o prepere, )

(2) Fo need of high temserature hentinc_’ etC,

(3) Time needed is comneratively short,

(4) Ho need to wash the resultant produets free
from ecid, alkelie=s ete,

The difunctional emator oil wes remcted vith 2,4 tolucne
di-isocyannte end 4,4 'diphenyl methene diisocyenate scparetely
t0 produce millable nolym:rs - elastomers,

These polymers - elastomers vere utiliced in the

preparetion of articles sueh se typevriter roller, hemmer
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head, 0il semls, hydrsulic bracket, impellers, heels, soles,
conveyor velting ete.

3inee eastor oil in Indie is chesper than polyester,
it i3 naturel to expect that thesg: products may be cheeper
for their commereisl exploitation,



PART I
SECTION I

PRESENT INVESTIGATION
AND RESULTS
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Castor oil in & neturslly occurring triglyeeride of
whose predominent ecid component is ricinoleic seid, Its
molecular veight is revorted to be roughly 1070, It is
el2o reported thet cestor oil is roughly 70 ¢ glyeervl
triricinoleete and 30 ¢ glyeervl diricinolente, It coul@ be
mode approximetely 100 7 difunetionel by reection with 0,7
equivelent of phenyl isocysnate with one mole ( i.e, 2.7
equivelent ) of esstor oil, assuming thet the mejor nert of
phenyl isocysnete would reeet with one of the hydroxyl
groups of 70 ¢ glyeeryl triricinoleste,

This modified cagtor oil i,c. difunctionsl castor
0il (7FCO ) has been remcted with 2,4 tolucne diisocyanstc
and 4,4 'diphenyl methenc diisocyanetc separstely end or
chain extended vith ethylene glyecol and or water to produce
polymers heving hydroxyl groups termineted or isocyanste
groups terminated urcthene polymers, These polymers vere
then cured with (1) peroxide, (4ii) sulphur, (1iii) diisoe
cyenate and (iv) radiation curing asystems end the physicsl
propertics of the vuleenizates were ntudied,

Difunctionel Castor 0il (DFeO)

The details of the preparetion of DFCO are deseribed
in experimentel section 1V, Part 1I,
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Medicinsl ceastor oil ( Swastic 01l Mills Ltd. Bombay,
Inida ) 2.7 equivi.lent wgs reacted with 0,7 equivalent of
phenyl isocyunute resulting in difunctional castor oil (OFCO).
BFCO was a browalsh oily liguid with castor oil smell,
hydroxyl number 118-119 and acid number less than 1.

0 ot 0 O
CiL, -0+ € - (Gl ) CH=CHCH CH(CH,,) oG, CHy=0=(Gil,) ,0H = cuCHL, CH(CH,, ) gCHly
| 0 i 9 -
CH =0 Ce(CH,), Cll=CiCH ,CH(%-) gCHg Gl ~0=Co(CH,) pull = CHCHCH(CH,) gCH o
Gii «0= C = R Gl =0=b-(Gi, ) i = HCH, 1(CH, ) 5Ol
508 Glyeceryl diriciaoleate 70 % glyceryl triricinole.te

The re.ction is sraphlc.lly represeated as follows:

S . R L
NCO
{OH | OH 4+ T @
[——— [ jou Phenyl isocyaha+¢
T AR
(O KL

L
S

DFCO
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Table = VIIT
Heme and nature of the diffe ent nolymers = elanstomers
from TFCO
3 Polymer/ Bquivelent of Neture
o, elootdw  « e o -« - - - e ..
ner Drey DI MDI EMHY-~ ater
TENE
GT. Y
oL
raxy matoerial
e¢lestomer
3 0 10 2,0 - 1.01 - Milleble
ele vtomer
4 P 1.0 - 240 1.01 Leather
polymer
elegtomer
6 R 1 .0 - 3.0 1 .0 - Minﬂble
elastomer
7 3 1.0 3,0 - - 1e0 Themovlast ¢
polymer
DTCO _based Polvureth agt olymer
ar M

Zrgparetion of polvmer M

Polymer M wvas obtained by reeeting 1,0 equivelent
of DFCO w=ith 0,99 equivslent of 2,4 toluene diisocysnate
(T0I), This polymer is & h iroxy *erminated nolymer,

Polymer M vas @& semisolid vexy polymer unsuiteble to process
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on the lsborstory rubber mixing mill, Henee work wes not
pursued further, The physicsl procertiecs of polymer M are

deseribed in Teble ;x i,
‘OH 4[0”’ N(O
B
=l 194 Neo
Tol
pw-m@ v : o
DREO - OH ‘
oM S
T

b2 JL e @ PO\wa:( M

Physicsl propertics of polymer M

Foxm Brown ¢oloured aemisolid waxy meteriel,
Odour Cantor oil smell
ipeeifie grovity 1.01
Joftening point BOOC
Hlestoner K
2reparation of clastomer N

Hydroxy terminate’ clastomer H wes obtained by reasecting
1.0 eguivalent of DFCO with 5,99 ecuivelent of 4,4 'diphenyl

methene dilsoeyanate (MDI)

{OH |OH
IOH IOH

MD)
loocun@ J,
DFECO
I s oM | OH
| ocnn (B

Elastomer N
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Physiecsl properties of i

Blo stomer Ui wes abg%\gn coloured, trensperent, soft
rubbery solid, with ghsracteristic castor oil =mell, It's
specific gravity was 1,099 and softening point was 220 =
230%c,  The higher softening point of clastomer N then
thet of polymer M wen probebly due to the presence of
arometic rinpa of MBI, The physicel propertics are
tabuleted in Teble X, '

Table « X
Physgicel propertics of elsstomer X

Form ' Brown coloured trenmarent =oft

rukber solid

Odour Caator o0il mmell
Specific gravity 1.099
joftening point 220 - £30°C
Herdness, shore A 20

300 ¥ Modulug, PSI 10,7
Tensile strength, PSI 10,7
HMongetion, ¢ 300

Tear strength, lbs/inch 45,6

Storepe stability Good
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Compounding end curing of elestomor I

Mestomer I vas enay +0 proces? on the rubber
nixing mill, Surface toack was exXcellent, Olestomer I
ves eured vith peroxide, sulphur, diicocyenete and

rodiation curing systems.,

In the peroxide curing, gtebilized diocumyl peroxide
i,2 Ticup 40C, was used, In sulphur curing, rubber grade
sulphur wes used, in diisocyanete curing MDI vas used end
in radiotion curing system, cobalt 60 wes used a2 8 source

for redimtion cure,

The compounding reeipe of elastomer N are denseribed
in Table X1,

&b!g - g;;
Compounding reecipe of ela~tomer N

Ingredicnts Peroxide Sulphur  Diisocyenstc Redire

cure ocure cure +ion

cure

“lastomer N 100,70 10000 10000 10,0
“teariec acid 0.2 ) 0.7 0.2 0,7
HATY 3040 30.0 30,0 30.0

Dicup 40C 50 = - -

MaT - 1.0 - -

MBTS - 4.0 = -

RCD 2098 - 0.375 B -

MDI - - 10.0 -
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fhgaigg; progertics of the vulcenigateg of
Q- v._ﬁ* Qme!‘ R

ipecific grevity velues of peroxide, sulphur,
diisocyansgte and rediation cures were in the renge of
1.170 - 1,215, The diisocyenate cure hed the highest
herdness i.,¢. shore A 65 folloved by rsdistion cure shore
A 50, sulphur cure shore A 45 and peroxice cure shore A 40,
The sequence order #s observed in the studien in shore
herdness, wes alao observed in 100 ¢ modulus studies, i.¢.
diinocysnste cure was 600 Pyl, radistion cure ves 285 P3I,
sulghur cure wes 260 P37 and peroxide cure 245 Pii, Tensile
gtrentth valuenZirgiiqocyanate cure waas 1107 P11, peroxile
cure was 820 P1I, asulphur cure ves 600‘P31 and redistion cure
waa 600 Pii, In the cerse of c¢longmtion 7 velues were as
followss sul-hur cure was 300 ¥, pcroxide cure vea 75 7,
diisocyenete and redistion cure vas 150 ¢ esch, The teer
atrength veluen were aa follows: diisocysnete cure wes
214 1bs/inch, peroxideﬁfgﬁ 130 1bs/inch, sulphur cure was

161 1ba/inch ené redietion cure vas 194 1lbs/inch,

In generel diigocyanste cure gave the best physicel
properties followed by peroxide, sulphur eni raciastion

curaes, The physicel propertics erc described in Table XilI,



Table « XI1

Physicel properties of vulcenizates of ela-tomer I

Peroxide Sulphur Diisoce~ RNedistion

cure cureg yenete cure
eure

Specifiec gravity 1.170 1.215 1.191 1171
Hardness, shore A 40 45 60 50
100 7 modulus, P3I 245 260 600 285
Tensile strength, PSI 820 800 1100 600
flongation, £ 275 300 150 150
Tear strength, lbs/inch 180 161 214 154
Cure time, in minutes,

at 140°C 45 30 30 -
Cure time, in hours,

et R, 7. - - - 100

gotomer O

Hydroxy texrmineted elastomer 0 vas obtained by
reecting 1,0 equivslent of DFCO, +ith 2,0 equivelent

of 2,4

toluene diisocyenete (TDI) end 1,01 equivelent of ethylene

glycol,
I sl 104
CHa,
o
T °oH Nco
+ +X . HO CH, CH, oH
OOCHN NCO Emylenc L
L O theo
DFCo J,
OH oM
OH oh

@
Elastomey o
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Blastomer 0 wag & light brown, treansperent elestomer
vith charecteristic esstor oil smell, its specific gravity
wea 1,084 end softening point was 190°C, The phydcal
properties of elastomer O are deseribed in teble XIII,

Teble XIII
Physicel properties of elastomer O

Form Light brovn tranasparent polymer
Odour Castor oil smell

dpeeific grevity 1.084

joftening point 190°c

Herdness, shore A 45

100 ¢ modulua, PSI 134

Tensile strength, PSI 750

flongationy 7 350

Storage stability Good

- Flastomer O was emsy to process on the rubber mixing
mill, Surfece teck was excellent, Elastomer 0 was cured
with peroxide sulphur, diisocyenste end redistion curing
systems, The compounding recipe ies deasoribed in Table XIV,
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Table - XIV
Compounding recipe of elastomer O

Ingredients Peroxide mlphur Tiisocye- Redistion
cure cure nete cure cure
Zlastomer 0 100,0 100,90 102.0 100.0
Stearic acid 0.2 0,2 0,2 0.2
HAF 30,0 3040 30,0 30,0
Dicup 40 C Se0 - - -
HaT B 1.0 - P
MEDS - 4.0 - -
D 2098 - 06375 - -
Sul fur - 240 - -
MDI - ) 10.0 -

Specific grevity values of peroxide, sulphur,
diisocyanste end radistion cures were in the renge of
1.218 « 1,229,

In the cmse of herdness the veluea vere as follovs -
diisocyenste cure ves highest i,e, shore A 75 followed by
rediation cure vas shore A 70, peroxide cure was shore A 50
and sulphur cure was shore A 40, The sequence order as
observed in the studies in shore herdneas was also obaerved
in 100 ¢ modulus, The modulus velues obteined vere as

follows - diisocyesnste cure was 1500 Psi, radietion cure
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vas 550 P31, peroxide cure was 300 P35I end sulphur cure

wes 230 PSI, Tensile strength values were as f0llovs -
diisoeyanate cure wes 1500 PSI, radiation cure wes 1300 Pul,
sulphur cu re we= 1100 P35I end peroxide cure ves 950451
longetion ¥ velues were s follows - radiation cure wes

300 ¥,peroxide cure and sulphur cure was 250 % each and
diisocysnate cure was 100 ¥, In cmse of teor strength the
volues were @a follows - peroxide cure was 270 lbs/inch,
rediation cure waes 269 1bs/inch, sulphur cure vrs 200 lbs/inch
end diisocyenste cure was 190 lbs/inch,

The physicsl properties of vuleesnigates are deseribed
in ¢able XV,
Table - XV
Physicel propertics of the vulesnizetes of elastomer O

Properties Peroxide sulphur diisogya- Redistion
_ cure cure nete cure cure

Specific grovity 1.229 1.228 1.224 1.218

Heardness, shore A 50 40 ki 70

100 “ meodulus, PSI 300 280 1500 550

Tennile gtrength, P3I 950 1100 1500 1300

Mlongetion, ¥ 250 250 100 300

Tear strength,los/inch 270 200 190 269

Cure tm' in o

minutes, a8t 140°C 30 20 30 -

Cure time in hours
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Zolymer P

Hydroxy terminsted polymer P was obtmined by
resoting 1,0 eguivalent of DFCO, with 2,0 equivelent of
4,4 'diphenyl methax}o diisocysnate (MDI) and 1,01 equivelent

of ethylene glycol,

1OH {OH

{oH '{on”"""“@cnco 1+ 9 HOCH, CHe O
Ellylene %&fcd\
MD| v
@)

DFcCoO \l/
s on oH
r_“_]'_, "o [ OH
-_._.%BE_CHN@

?°|Y1’ne-\/ P
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Zhysigel properties of Polymer P

Polymer P vwas @ yellovish transluscent hard leethery
solid with charseteristic castor oil =mell, Its epecific
grevity was 1,01 end softening point ves 55 = 60°C, The
physicel properties are deseribed in table XVI,

Ipble = XVi

Physiesl properties of polymer P

Form Yellow tranaluacent hard
leathery solid,
Odour Castor oil amell
Specific grevity 1.01
3oftening point 55 « 60%¢
Hardness, shore A 65
100 £ modulus, PSI 622
Tensile atrength, PSI 1400
Elongation, # 250
Tear streng'h, lbs/inch 344,2
Storega _atability Good

Polymer P wes lesthery end hence work was not purasued
further,
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Prevarstion of stomer U:

Isocyenste terminaeted cle~tomer O was obtained by
rencting 1,0 equivelent of I¥CO, -ith 3,0 equivalent of 7,4

toluenc diisocyanete (TDI) end 1,0 equivelent of cthylene
glycol,

—M jon cwy

NCO o
H
(oH [OH-\"b 4+ HOCH, cH, OH |
NCo Elhylene glycol .
0ACHN ol
L)
«DFCO l/
F Nco [ NGO
NCO [ NCo

] IOOCHN

Elastome~r Q

sdesl prov £ elostoner

Elastomer Q was & brownish yellow trensparent solid
heving cheracteristic cestor o0il mmell, its snecific
grevity wea 1,08 snd softening point vas 200°C»‘. flastomer Q
had 2,422 7 free isocysnete groups, hence its storsge
stability wes limited, The physiesl properties sre
deseribed in Teble XVII,
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Table - XVII
Physicel proverties of elecstomer Q

Form Brownish yellow tranaparent
solid,
Odour Castor oil =mell
dpecific grevity 1.08
Softening point 20n%¢
Free NCO, ¥ 2,422
Hardness, shore A 45
100 ¢ modulus, PSI 370
Tensile strength, Pl 1000
Blongation, ¢ 2850
Storage atability Limited

glgpstomer Q was easy to process on rubber mixing mill,
The surface tack was good, Hlestomer Q was cured with
peroxide, sulphur, diisocyanete end radietion curing systemg.,
The compounding reeipe is given in Table XVIII,

The peroxide curing vas dome et 140°C vhile sulphur end
diisocysnete curing were done at 121%¢ ( above this temperse
ture (121°C)severe blisters vere develoved in the test
semples ). On using RCD 2098, which is 8 recommended
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acecelerator in sulphur curings, severe blistera were

observed, Henee it ves not used in sulphur curing aystem,

ble - XVI

Compounding reecipe of elaastomer U

ingredients Peroxide sulphur Tiisocye- Redistion
cure eure nete eure oure
Elastomer Q 10040 10040 100.0 100,0
Stearic aecid 0,2 02 0.2 0e2
HAY 3040 3040 30,0 30.0
Dup - 10.0 10.0 -
Dicup 40 C 5.0 - - -
Mo - 1 - -
MBP3 - 4 - -
Sulphur - 0,75 - -
MDI - - 2.8 -

The specific gravity values of the vulcenizates in
different curing systems were in the range of 1,20 - 1,24,
The hexrdness shore A velues of radiation end sulphur cure
wes 95 each, while diisocyenete end peroxide cures wes 8%
each, 100 ¥ modulus values were as follows - redietion
cure wes 2800 P81, peroxide snd sulphur cure wes 1900 P51
ench end diisocyemste cure was 1400 ?SI respectively, Tensile
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strength velues were &s follows - radimtion end sulphur
cures was 2800 P31 each, diisocyanste cure wes 2200 PuI
and peroxide cure was 1900 P3I, Clongetion ¥ vaelues were
gs follows - aulphur and diicocyenete cure wes 150 7 eech,
peroxide end radistion cure was 100 7 ench, Abrasion
index in sulphur ecure 50,9 <, diisocyanste cure wes 40 7

and peroxide cure va= 36,21 7,

The physical propertics ere tabulated in Teble XIZX,

Ta - RIX

Physiedl pronerties of the vulcanieptes of Elastomer

Properties Peroxide ‘wlphur Diisocye- Radigtion
eure cure note cure cure
Specific grevity 1.229 1.24 1.2 1.23%
Herdness, shore A 85 95 2% 95
100 ¥ modulug, P31 1900 1300 1400 2800
Tensile astrength,?3I 1900 2800 2200 2800
“longation, ¢ 100 150 150 100
Tear strength,lbs/inch 740 190 180 635
Abragion md@x, A 360 21 %5049 40,0 -
Cure time, in
minutes, at 140°% 15 - - -
Cure time, in
min.tes, ot 121° - 10 20 -
Cure time, in hours,
at R, T, - - - 50




Dumbbell shmped test specimens of elestomer 0, eof
peroxide, sulphur pnd diisgoyvenete wul eenizstes vere pleced
in CGeer's oven ot 7‘5°. 100% end 150°¢ for seven days. The
physiecal procerties are gres-hicelly shown in figure 23, 24, 25

end 26,
G -] onizetes

in the e¢sse of peroxide cure on hent aging the tensile
strength which wes initielly 1900 P3i, increecsed ‘o 2100 P31
et 75°c. The seme tensile strength figure i.e, 2100 Pil,vwes
elao obaserved on aging at 100° ena 150°c. 100 7 modulus
value vhich vas initially 1900 PSSl increeaed to 2100 P3I et
75°c, At 100° and 150°C hovever 100 7 modulus figures fell
sharply. Mongetion ¥ velue vhich vas 100 7 at room
tempereture romained the same et 75°C, lowever it fell to
75 ¢ at 100°¢ and 150%C, Hardness values observed vere as
follovs - shore A 85, 90 end 95 at 75°, 100° end 150%

reapectively.

Sulphur cure vulcanizates
In the cese of sulphur cure, temnsile strensth velue
vhich vas 2800 P31 at room tumpersturs rose to 3400 730 at 75°,
100° ens 150°c aging temm retures, 100 ° modulus vslue which
ves 1900 P30 rose to 3400 PSI st 75°C but st 100°C and 150°C
it fell sherply, Elongetion ¥ value vhich wvas 150 7 et room
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temperature fell to 100 % et 75°C aging end to 75 % st

100° and 150° sging temperatures respectively. The herdness,
shore A gre velue ot these aging temperetures showed only

e little change,

Diisocyavate vulcsnizates

In the emee of diisocyanste cured ssmple, the tennile
strength velue at 75°C sging ves 2700 P3T but st 100° end
50%C was 2200 P3I, 100 ¢ modulus velue ot 75°C vas 2700 P
but it fell sharply at 100°C an¢ 150°C, Elongetion ¥ velue
vas 150 ¢ st 75°C aging vhile st 100°¢ end 150°C ves only
75 ¢, The herdness velues shored li*tle chenge . The hest
aging properties of elastomer Q sre described in Teble XX,

flantomer O was blended with urethane rubber ( Adiprene
€ % nitrile rubbef ( Perbunen N 3807 ), notursl rubber
("2 « 1 ), ehloroprene rubber(licoprenc “X)in 50¢50 mixture,
The ease of blending of these rubbers ues found in the
ordes of polyuretheme > nitrile > nstursl rubber >
neoprene, The compounding recipe is givem in the
Table XXI,

The specific grevity velues of the vulcsnizetes of
the blends were in the renge of 1,210 - 1,724%, Hardnens
shore 2 velues were g2 follows - nitrile blend vas 803

polyurethane blend was 753 neturel rubber blend end neonrene
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Heat aging studies of elastomer Q

Properties Tc-p.°c Peroxide Sulphur Diisocye-
gure cure nete cure
‘inrdness, shore A 25 25 25 3%
75 ar 95_ 20
102 90 97.% 30
150 95 95,0 2 PR
1007 Modulus, PSI 25 1900 1900 1400
T 2100 3400 2700
150 - - -
Tenaile otrength,Psl 25 1909 23800 2200
75 2100 3400 2700
100 2100 3400 2200
150 2000 5400 2200
Slongation, | 25 100 150 150
- 100 100 100
190 75 75 7%

150 - 75 (F
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B

Corpounding reeipe of blends of elastomer Q with
different rubbers

———

Ingredicnts Urethene litrile Hetural  Heoprene
rabber rubber rubber rubber
Blastomer Q 100,0 100,0 100,0 100,0
Adiprens C 100,0 - - -
Perbunan N 3807 - 100,2 - -
fleturel rubber MMAei - - 100.0 -
Heoprene "X - - - 100.0
dtearic acid 1.2 ) [ Ded D%
llonox I - - 240 2.0
Zinc oxide - 4.0 Se0 5e0
Mo 2,0 240 240 -
MBT B340 4.0 4,0 -
RCD 2098 067 0,375 0,375 -
Sulphur 3¢5 340 345 -
Hoew??2 - - - 1

Mermeoaium oxide - - - 4
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blend vas TO cmach, The tensile strength values vere as
follows = polyurethaene blend was 3000 P I, nitrile blend
waa 2000 P31, natural rubber blend wa=z 1500 P:I end
neoorene blend was 1300 P:I, 100 ¢ moduluen velues vere
23 follors - nitrile blend wan 1350 P I, netural rubber
blend was 1290 P31, polyurethsne blend vas 1970 P!f and
neoprene blend was 720 P:I, Hlongation ¥ values were 8s
follovs - polyurethene blend was 400 %, necoprene blend was
250 ¥, nitrile blend was 200 ¢ and natural rubber blznd
wag 150 7, Teer strength velues were &s follows = $Oly=
urethanc blend was 300 lbs/inch, neoprene blend snd naturel
rubber blend was 250 lbs/inch ceeh, nitrile blend wes
249 1bs/inch, The physieel pro.c:ties of the blend ere
degseribed in Table XXI1I,

TAPLE - XXII
Physiesl properties of the blends of clastomer Q
vuleenizaten
Properties Urethane Nitrile HNaturel HNeoprene
blend blend rubber blend
blend
pociﬁc mi*y 1.74% 1 203 1 0?10 1.222
llardneas, shore A 75 80 70 70
100 # modulus, ?SI 1000 1350 1290 720
Tensile astrength, P31 3000 2000 1500 1300
£longation, ¢ 400 200 250 250

Tear strength,lbs/inch 300 240 250 250
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Hestomer R

Ireperstion of clastomer R

lsocyenete terminetedelpstomer R wms obteined by
reagting 1,0 equivelent DFCO, with 3.0 equivalent of
444 'diphenyl methane diisocyanste (MDI) end 1,0 equivelent
of ethylene rlyeol,

Piada OH
3 OCNNco + HOCr CH.0H
1°H 1OH
MDL Ethylene gyl
emcn )
DfFco P
[ S Nco [ Nco
NCO i Nco

—— @)

Elastomey R

P 32 8 >4 . r

Recstomer R was a brownish yellovr tough solid having
charagterigtic eastor oil =mell, Its speecific gravity wan
1,08, ond it decompoces .hcéi 27n°c,  fleotemer R hed 1,64 7
free isocysnate groups and storsge stability wes only for e
couple of deys, The physiesl projerties are given in
Teble XXIIIL,
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TACLE = XA111

Physiesl properties of elastomer R

Torm ‘rown herd polymer

Odour Castor oil smell

Free isocysnate, 7 1.64

Herdness, shore A 45

100 % modulus, P31 398

Tensile atrengthy, PGL . 120"

ongetion, ¥ 100

Storage stability Couple of days,
Rlestomer R wes - .preceasatle on the rubber

mixing mill, The surfmce tack was poor, The comnounding
recipe is given in Table XXIV, It vas aured with
peroxide, sulphur, diisocyenste and radiation curing
ayatems .,

Peroxide curing veo done at 140°¢ while slphur eand
diicoeyenste curing was done st 121°C,

Physicel properties of the vulosnizetes of elsstomer R

The specific gravity velues of the vuleanisates vere
in the renge of 1,135 « 1,243, Hariness velues' were
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Compounding reeipe of clastomer 1

Peroxide ulphur Tiisocye- TIadistion

cure oure neate cure cure
Flestomer 100,90 100.0 100.” 190.0
Jtesric acid %e? 2,0 " o0 0,2
HAF¥ %0.0 30.0 30,0 30.0
DIP - 0.0 10.0 -
Diecup 40 C 5.0 - - -
MoT - 1 - -
MPT 3 - 4 - -
Sulphur - 0,75 - -
MD1 - - 2.8 .-

oz follovs - redietion end peroxide cure wes “hore A 90 ecoch

vhile wlohur end diisocyanste cure was shore A 2% eech,
‘fen-1la strength velues vere @3 follovs = peroxide cure
vas Sﬁogishisocyanute cure wes 2800 P17, radis*ion cure
vas 1800 PSI mnd sulphur cure wes 1500 P I, 1077 modulun
values wore as follows = peroxide cure was 3500 P,
radiation cure was 1800 P30, diisocymnete cure wan 1500 PiI
end sulphur ecure was 11090 P37, Tear otrength velues vere

a2 follovs - peroxide cure vas 1047 1bs/inch, radiation

.
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cure was 1000 1lbas/inch, diisocyanate cure was 172,2 lbs/inch
end in sulphur cure vas 105 lbs/inch, Abre-ion index values
vere 8o follows - peroxide cure vre 102,1 7, sulphur cure

wes 78,9 7, diisocyanete cure was 47 7,

Physicel croperties are de '¢-ived in Table XXV,

3

) O

Physical propertiea of the vulcanigates &
of elastomer = R

Properties Peroxide ulphur Diisocys= Nadiation
cure cure nate cure cure
ipecific gravity 1.243 1.2¢ 170 1.195
‘lardness, chore A 90 a5 35 20
100 7 Modulus, P:I 3500 1100 1500 1300
Tenaile qtrenrtﬁ,PSI 3500 1500 2700 1300
.longetion, 100 150 150 100
Tear strength, lba/ineh 1040 146,23 172 1000
Abrasion index, ¢ 108,1 7849 47,0 -
Cure time, in
minutes, at 140°¢ 15 - - -
Cure time, in o
minutes, at 1219 - 30 20 -
Cure time, in

hours, at R, T, - - - 50
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Di3CUSION

Polyurethene elestomers are charactoriged to possess
better phyaical end chemical properties than the olefinic
elastomers, because of the presence of more hydrogen bonding,
Vander Walls forces ete. The difunctionel castor oil
(DrCO) u-ed in the present investigation has pendulent long
alkyl chaina, The effect of these pendulent chains will
be predominently to reduce the efectiveness of the inter
moleculer foreces of attraction betveen the polymer chains,
3imilarly the rate of formation of high moleculer weight
polymers from difunctional castor oil diisocysnate resection,
mey elso be influenced by the secondary hsdroxyl groups
having adjaccnt long alkyl chains, These faets, therefore,
appeer t0 be responsible for low values of difunetional
castor 0il based polyurcthsne elastomers than the velues
obteined from pelyester based polyurethane elastomers
having no pendulant alkyl groups.

When the DFCO was reacted with 2,4 toluene diisoeyenate
in 130,99 OQI_livalent proportion, a semisolid wexy polymer M
was obtained, It eppesrs thet the molecular weight build
up in this cese was not very high, may be becsuse, one of
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the isocyenete groups ( i,e, 2 position NCO )57 of
2,4 toluene diisocysnste is less reactive end hrdroxyl
groups of DFCO are secondary in nature,

¥hen TDI wes replaced with 4,4'diphenyl methane
diisocyenatc, & diisocysnete having isocyenate groups with
oqua\l reectivity, in proportion of DFCO end MDI 130,99,
e millable elastomer N was obtained, The softening point
of elastomer N was higher than polymer M, This feet may
be attributed to the neture as well as stearic constitution
of ¥MDI, However the properties of the vulecenigates in all
the four i,e, peroxide, sulphur, diisocyenate and radistion
ouring systems of clastomer N were not very encouraging, The
physiesl properties such @s tensile strength, 100 7 medulu-,
teer strongth of clevtomer N are plotted ageinst time in
minutes, end are grephicelly showm in the fifuresz 8, 9 en’ 10,

It was therefore decided to react DTCO vith diisocyenate
( 2,4 toluene diisocysnate and 4,4'Ciphenyl methene dii-ocye=-
nete ) in the proportion of 132 end then chaim extending the
resultant prepolymer thus formed +ith ethylene glycol, Thus
DFCOsTDIgBG in proportion of 132:1,01 gave a millsble
elastomer 0, vhile DFCOsMDIsBG in proportion of 13231,01
geve o leathery polymer P, Amongot the propertiec of the
vuleanizetes from peroxide, sulphur, diisocyenste and
radistion cures of eleastcmer 0, reported im Table XXVI, curing
with diisocyanate geve the best results, The physieal
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properties of elastomer 0 such @3 tensile strength, 100
modulus end tear -trength are plotted agninat time in
minutes end are graphiecally shown in figure 11, 12 and 13,
These ph’/sicel sroyverties were found to be much lover
than the phy~ieel properties of the reported common poly-

urethene ela-tomers, Table XXXIX, Part I,

Hence it was decicded *o incremse the moler concentri-
tion of the dii-ocvammte in the preperation of DWCD
cla~tomers, The presortion of IFCOiDiisoeyerates "tholene
Zlycol ves therefore mede 133:1, “hus DFOOsTDI:BG in
the proportion of 1:%31 reve & milleble elastomer ¢, while
DFCOeMDIsBG 4in the prorortion of 1:3:1 gove 2 nillsble

clastomer R,

In t+he preperstisn of ¥, H, 0 and P polymers/ele-tomers
the ¢nd groups of the polymer were h-droxy terminated. Tith
the inereese in concentretion of diisocyanete in the prepe-
rotion of eletomers, € and R,the¢ end groups of these
elastomers were isocysnete ‘crmineted,

datomer Q was easy to process end wes heving good
surface tack vhile elatomer R wes also processsble but with
poor =murfece tack, This phenomenon may be attributed to
the possibility of high molecular weisht of clastomer 7,

The vuleenizate properties of the~e elastomers are
reported in Tehle XXV,
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In the ensc 9f elastomer O redietion and sulphur
curea, higher figure for tenasile strength vere obteined,
The physical propertic~ of elastomer © such ma tensile
strongth, 100 7 modulus end temr strength are graphiocelly

showvn in fisures 14 to 22,

Elastomer R gave hichet tennile figure in peroxide
cure among st ell the ele rtomers of DFCO, The physicel
orosertice of clastomer R sugh as toneile atrength, 100 ¢
nodulus end tear strength are graphicelly ~hov'n in

figne 14 = 22,

The highest tensile velues in peroxide cure in
clastomer i may be due to the presence of higher pereentago
of DI, vhich is & source of active methylene gmu;-s38 in
the polymer meatrix, vhich mey be susceptible to free redical
otteck, The oeme setive methylene group mey bLe supoosed
+0 remein active in the eross linking Ly sulphur, dii-ocyrnete
and redietion cures, It ves thaerefore ex, coted thet the
phyasicel properties of all the four tvpe cures of elastomer ©
chould be higher, However only in *he ce-e of peroxide and
diinooyenete cures . higher ph sicel rroperties were obteined,
it wao also noticed thet in *he ¢cmc ¢f eleatomer R teer
strensrth values in peroxide snd redimtion cures werc higher
ot compared to other two types of cures, The abrasion index
for elantomar R in peroxide cure i3 8l20 high, A1l these
comperetive properties of clastomer R may be because of
higher pereentage of MDI in the ele-tomer,
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Bven though elastomer R geve over e8ll the best results,
it vas felt that studies in ela stomer Q mey be performed
in more details, such ms aging and blending vith other
rubbers, on the ground that eclastomer Q vas esay to prepare
in large quentities and on considerstion- of cost,

Yulcanigates of elastomers Q in peroxide, sulphur
and diisocyamtszxge subjected to heat aging at 25°. 75°,
100° and 150°C for seven days emch, These results are
grephieally shown in the figures 23, 24, 25 end 26,

On heet aging peroxide,liisocyennte end sulphur
vuleanisates shoved ineremce in tensile strength et 75°C, On
heat aging at 100° end 150°C, oroxide and sulphur vuleenigates
hed tensile velues similer to the velues obtained at 75°¢C
heat aging, However diisoeyenste vulesnizetes mt 100° snd
150°C on heat sging showed the tensile strength values to
be of the unaged sample.

flastomer Q blended in all proportions vith poly=
urethefe (Adiprenc ¢ ) and nitrile rubber (Perbsnan N 3807)
but with natural rubber and neoprene,the blending wes poor,

Concluaionas

Comparative studies of polymers derived from (modified
ecastor oil i,e, ) IFCO - diisogyanete reesction to produce
elactomeric materials are mede, These studies indieste that
cantor oil elastome s can be utilized like other synthetie
elastomers for making commercisl products,
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Mouided products from DFCO based elastomers.
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EXPERIMENTAL
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Preparetion of i Cagtor DF

In a 2=litre three necked flask equipped with a
mercury seel stirrer, m dropping funrel with an anhydrous
calcium chloride guard tube, & thermometer, an o0il bath
ete, ves placed 1 kg of dried essto 0il, The temnersture
of costor 0il van brought to 100°C followed by dropwi-e
addition of 76 ml of phenyl isocyenete vith efficient
“tirring for one hour, The flask was evacuated et 100°C/1 m-
of mercury pressure for half en hour to remove sny trece=s
of volstile product, The reection mixture raos cooled and
kept well ~topnered, The phsaiesl properties of DFCO are
dencribed in Table XXVii,

TARLE = XXViI
Physicel propertiea of DFCO

Form Light brown o ily liquid,
Odour Caqtorvoil mell
pecific grevity st 28°¢C 04,9792

Nefrective index at 23°C 1.485

Aecid number 1

Hydroxyl number 118 = 119
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tion of

In @ 100 ml three necked flask equipped 'ith a
thermometer, & morcury seal stirrer, & dropoving funnel, gn
¢il beth ete, wes vlaced, 50 g of dried DrC0, The tempere-
ture of DFCO was brought to 100°C with the help of en oil
bath, 2,4 Toluene diisocyemete,9,757 g wvas added vith
vigorous stirring during 20 minutes, The reaction nmixture
was etirred for 30 minites and it vas then evacuated at
1oo°c, 2 mm of mercury pressure, The mixture was then
poured into silicone waxed trey end further polymeriged ot
100°C 1n sn clectric oven for 24 hours, Polymer M was
semisolid wexy éatorial unsuiteble for proces-ing on the
rubber mixing mill, hence it was not proceassed further,

r tion 3t r R

In & 250 ml three necked flask equipped vith @
thermometer, e meroury sesl stirrer, & ground glass stop-er
etc, vas placed 100 g of dried DFCO, The temperature of
'FCO wes brought to 100°C with the help of sn oil beth,
26,00 g of powdered 4,4'diphenyl methsne diisocymnate vas
then added with brisk etirring, Viscosity of the remction
nixture incremses very repidly within ebout % minutes, The
reaction mixture was poured into 2 silicone wexed trey and

further polyme. ized ot 100°%¢C in ¢lectric oven for 24 hours,
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Elastomer N was s0ft rubbery solid and had good
surfece tack, A continuous band of po’ymer was formed
immediately vhen plsced on cold mixing mill, The ingrecients
were added according the order given in the compounding
rceipe in Teble Xi, The mix was cut thrice from either side
and rolled through tight mill six times, and sheeted out,
Peroxide, aulphgr end diisocyanaste were cured at 14o°c in
stendard moulds,

The compounded stock for rediation cure wes hot
pressed in a astanderd mould end sheets were exposed to
16 x 60 eV/hr/g in the
"Gemma cell 200 Atomic Energy Commis-ion of Canada"™ chember,

cobelt 60 source of radistion 7 x 10

The phy~icel properties of the vulcenizates were
determined aecording to A,3,T.M, 412-64 T (1965) and are
doseribed in Teble XII,

Preperation of e atomer

In 8 three-necked 500 ml flask, equip ed vith a
the rmometer, & mercury sesl stirrer, & dropoing funnel with
enhydrous calcium chloride guard tube, an oil bath etec, was
placed 200 g of drizd DFCO, The temperature of the DFCO was
brought to 100°C end 73,18 g of 2,4 toluene diisocyenete vas
added during 30 minutes. 13,17 g of e¢thylene glyecol wes then
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added in 10 minutes with brksk etirring, The mixture wes
poured into silicone waxed tray and furiher polymerized in

an electric oven at 100°C for 24 hour-,

a1 £ at

Me~tomer O wen eesy to nrocess and had good murface
tack, A continuous bend of polymer waz formed immediamtely
when pleced or cold rubber mixing mill, The ingredients
were added according to the order given in the compounding
recipe in Table XIV, The mix wa=» cut thrice foom either
aside rolled through a tight mill six times, and sheeted out,
Peroxide, sulphur and diisocyenate stocks were cured at

140°C in stenderd moulds,

The compounded stock for rediation cure wes hot
preaged in astenderd mould end sheets were expooed to
cobelt 60 source of radiation 7 x 10'6 x 60 eV/hr/g in the

'Gamma Cell 220 Atomie Merpgy Commiscsion of Cenada' chember,

The physicsl properties of the vulcenizates were
determined gecording 0 2, o4Tele =i 12«64 T (196%), and
are deascribed in Table XV.

Zreperation of Polymer P
in & 100 ml three necked flask equipped vith e
thermometer, @ mercury seal stirrer, & ground gleass stop er,

en 0il beth etec, was placed, 50 g of dried DFCO, The
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tempersture of DFCO was brought to 100°C with the help of
an oil beth, 06,79 g of powdered MDI was mdded through the
side neeck with vigorous stirring, Viseosity of the
reaction mixture increased very rapidly in atout two
minutca, 3,29 g of ethylene glycol wves then added vith
atirring end poured into silicone waxed tray end further
polymerized at 100°C in an eleetric oven for 24 hours,
Since polymer P was leethery work was not nursued further.
Zroperstion of elastomer

in a one=-litre three necked flaslk ecuipped - ith e
thermometcr, & mercury seel stirrer, o drophing funnel rith
en anhydrous celcium chloride guard tube, ®&n 0il beth ete,
we " placed 400 g of dried DFCO, he temoergture of D¥CO vwas
brourht to 100°C folloved by mdiition of 219,60 g of
294 toluenc diisocyante under stirring durins 30 minutes,
The tempereturc of the reaction mixture wes mainteined
betveen 100 and 110°C,  After the mddition of 2,4 toluenc
diisocyenetc, the resction mixture wes stirred for 15 minuteo,
eth’/lene glyeol, 26 g,wes then added with vigorous stirring,
The reaction mixture was stirred for another 15 minuten end
the flask was degas~ed under 1 mm of mercury pres-ure, The
reaction mixture wrs poured into silicone waxed tray and
further polymerized in en eleetric oven et 100°C for

24 hours,
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Compounding of elagtomer Q

destomer Q wes emay to process end had good surface
tock, A continuous band of polymer vas formed immediately
vhen pleced on eold rubber mixing mill, The ingredients
vere added mecording to the order given in the compounding
reeipe in the Teble XVili, The mix wes cut thrice from
either side, rolled through a tight mill six times, end
sheeted out, Peroxide stock cure wans cured et 14o°c.

sulphur end diisocyenste stocks were cured st 121°C,

The compounded stock for redietion cure wes hot
preased in a stendnrd mould snd sheet~ vere exhoned to

16

cobelt 60 source of redietion 7 x 10 x 60 eV/hr/g in the

‘Gomma Cell 220 Atomic inergy Commi= ion, Cenada' chember,

The phy~icel properties of the vulcenizeten were

determined gocording to A.3.T.M, 7 41264 T (196%), end ere

deneribed in Tgble XIX,

The peroxide, sulphur and diisocymnate cured elestomer
were pleced in Geer's oven et 75°, 100° end 150°C for seven
doys, The phy-icel properties of the aged semple were tested
gecording to the usual procedurcs, They are tabulated in
the Tabtle XX,
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a4 0

Mestomer {0 was compounded vith urethene rubber—
Adiprene C, Nitrile rubber-Perbunen I 3807, Chloroprene
rubter-Heoprene "X and Neturel rubber- MA«1 in 50350

sropertions on rubber mixings mill,

The polymers were pleced on cold rubber mixing mill,
The ingredients were @dded sccording to *he order given in
the compounding reei e in Teble XX.i, The mix ves cut
thrice from cither side, rolled through & tight mill -ix
times, sheeted out end cured et 140°C in stenderd moulds,

The physieal properties of the vulcenigates were
detormined in accordsnce to AJTM D 412-64 T (1965) end
de~cribed in Table XXII,

Pre tio r !

In 8 three-necked 250 ml flask, equipped vith a
thermonmeter, @ mercury seal stirrer, a ground gless stop er,
an 0il beth etc, wea placed 100 g of dried DFCO, The
temperature of DFCO vas brought to 100°C rith the help of
en 0il bath, T8.37 £ of powdered 4,4 ‘diphenyl methane
diisocyenete vas added through the -ide necel under brisk
stirring folloved by the eddition of 6,5 g of ethylene glycol.
The resetion mixture was then poured into silicone wexed
tray end further polymeriged for 24 hours at 100°C in en

electric oven,
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1) d at r R

Elastomer R was tough polymer lf could be enaily
proces-ed on the rubber mixing mill, The surfece tack was
poor, A continuous band of polymer was soon formed when
placed on cold rubber mixing mill, The ingrediento were
added mccording to order given in the compounding recipe
in Table XXiV, The mix was cut thrice f om either nide,
rolled through tight mill six times end shected out,
Peroxide cure was done at 14o°c, sulphur and diisocyenste
cureswere done et 121°C in stenderd moulds,

The compounded nstoclk for radietion cure wes hot
pressed in gtenderd mould and sheets vere exXposed nt
cobalt 60 source of redistion 7 x 10"6 x 60 eV/hr/g in "Gemma
Cell 220 Atomic imergy Commiscion of Cenade" chember,

The physiesl properties of wvulesnigete~ were
determined according to A ™ T 412-64 T (1965) end are
desorived in Table XXV,



141

) I

Pelyurcthene based synthetic -olvmers ve e discovered
b Prof, 0tto "“ayer end his easvocietes in 19%7 a2 ¢ =ubotitute
for Dr. Carother's, of du Pont de Wemours, polvemide polymer
( nylon ). After the en’ of 2nd Vorld Vear, the chemistry end
technology of »olyurethenes han develored *o & considereble
extont in the reatern countries end the* the=e polymera heve nov

boeome one of the most importent industriel polymers

These polymo. 2 em be tailor mede to any de~ired
oro.erties, Thus they heve been uced eas synthetic fiores,
foams, surfece coetings, adhesives, rocket fuel bindern,

c¢le st omors, cte,

The present studics deseribe the prepsrstion of poly-
urethane milleble elestomers from polyhydroxy compounds such
89 polyc tersa, castor oil derivetive end diisocyermtes

gsuch 89 2,4 toluene diisocyenste end 4,4'diphenyl metharne

diirocysnnte and the vulcenizete »roperties of *the-e

clastomers,
PART = 1
Milleble polyurythane elestomer< from polyester-

Polyeater besed ~olyuretheane ele rtomers are now
comrercinlly aveilable from meny menufecturers in we ~tern

countrien, lo deteiled informetion abou* their preperstion
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i~ aveilable in the litersture, Hence different polye~ters
vore prepered from different dibasia acids end mixture of
ethylene end 1,2 propylene glycols, These polye-ter were
+hen roeeted vith dii-ocyenetes to prepere polymera, Only

+he adipie seideethylene, propylene glycol polyester geve the
¢lastomeric products, These were then vulcenised with

peroxide end diisocysncte curing egents end the properties of
tho vulecenizetcs were studied, The e propertien were found

to0 be compersble to the commercial polyuretiene ele~tomers,
Useful articles such az trolly wheels, hecls end solen, J=rings,

nydrsulic bucket of sutomobiles were prepared,

PANT - 13

Millagble polyurgthene elartomgrs from castor oil

Castor oil i~ & neturslly occurring »nolyel, Castor oil
hea been uned in volyurethane remctions for meking coatingn,
adhenives end ca-~teble compounds, “ut aystemetic litersture
survey indiceted thet no attempts vere mede to prepare millable
polyurethene clectomer~ from ca~tor oil, Heving gained
ex erience in +he preparetion of milleble polyester bened
urethene elastomers, it was decided to prepare milleble

elp-tomers f£-om castor oil,

Trihydroxy part of cestor oil wvas mede dihydroxy by
reseting with phemyl isocyenste to prepare difunction castor oil
(DFCO), Udfunctionel ca-tor oil wes then rescted with different
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diisocyanetes in verious proportions to prepare elestomers

of different physical properties. These elastomers were
vulcanized with peroxide, sulphur, diisocyanate and radiation,
The properties of these were studied. Useful articles such
as typewriter roller, heels, soles, trolly wheels, O-rings,

V belts, etc, were prepared.
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2P DIiX e |

The infrared speetra vere re-orted by Coriah”
for the identification and analysis of polyurethene
elastomer, This is the genersl method for the identifi-
cation of polyester-urcthane polymers except those from
hexemcthylene diisocyesnste,

The infrered spectrum of polyester PEPA-46 was
teken in Nujel mull while those of eestor oil end DFCO were
taken in liquid film, The infrered spectra of clastomer F
and elastomer Q were taken @a stretghed film, All spectra
vere recorded on & Perkin-ilmer Model 137 infre-cord
spectrophotometer, The spectres are shown in figure 27, 29,
29 end 30 and major infrared pesks in vave numbera ere
shovn in a tabdble I along with their probeble agoignment -,



w

Major pesks observed in the infrered =pectre of
PEPA=-46, elastomer F, D¥CO end eclastomer Q

Bla ~tomer ¥

¥ave number

3450 m
1739 vs
1449 vs
1176 vs., b
1075 vs

3230 v
2299
1739
1600
1538
1515
147
1413
1379
1220

3 3

@ 858 8B B 8B B =9

3450 w
2985 vs
1754 s
1613 m

Probeble agasignment

W R AR wm e M e R SR R SR s e R R ER SR W ee e em e B wm e ww e

%OH

V C = 0 eater
Hujol
ﬁ C = 0 (ester)
é OH Primexy OHN

Y nn

ch?, cu3

ﬂc - 0 ester
Arometic
Amide (seeondery)
Aromatie
é on,, & cu,
c‘ cH, ad jacent to C=0
C‘ (3!!3

V¢ - 0 (ester)
Y ox
ﬁczzg, Cily

\)C = 0 (ester)
Aromatic

( Continued ee )
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Teble No,1 ( conrtinued )

T R Gn SR R Gn S S W e G E EB WS R YR D wp W B W W > wn e ww W e e = =

;ample Fave number Probeble assignment

cn

DFCO ( econtd ) 1538 m Amide ( necondery)
1449 % é on,, o

m

1389
1220 \) C = 0 (eater)
e

Eleatomer Q 3390 s 9 RH
2941 » \)crg, C.”.’
1724 vs Ve = 0 (ester)
1600 s Arometic
1550 s Amide ( secondery)
1450 § cn, ciy
1380 s

1176 V¢ = 0 (ester)
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Suggested Compounds for specific products

ZIypewriter Roller

flagtomer Q
Perbunan N 3807
Stearic secid
HAF
Picup 40C
Cure ¢ 15 minute- et 140°C

100.0
20,0
0.7
3060
540

Herdness, shore A 30
100 % Modulus, PSI 1200
Tenasile strength, PI 2000
Rlongetion, 150
Tear strength, lbs/inch 250
Hemmer heed
Qastomer U 100.0
'tearic acid 0e2
HAF 30,0
M 1.0
M7 4.0
3 1.0
Cure s 10 minutes mt 121°C
fHerdness, shore A 95
100 ¢ Modulus, P31 1900
Tenaile strength, PiI 2800
Aongeation, 150
Tear strength,lba/inch 265

15Hu
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hoe hecl: and soles _
“lagtomer R 100,0
Steeric eecid 0.2
HAF 30,0
Ddecup 40C 5.0

ure s 20 minutes at 140°¢C

Hardness, shore A 30
100 ¢ Modulusa, Pl 3500
Tensile strongth, Pol 3500
Elongation, 100
Tear strength,lbs/inch 1040
Abrasion index, ® 108
Zhoe heels and soles
“Aastomer ¥ 100.0
Steeric seid 0.7
HAF 3040
MDI 10,0
Cure s 15 minutes at 140°C
Hardineas, shore A 70
300 ¢ Modulus, PSI 1600
Ten~ile strength, P31 4000
Rlongetion, ¢ 550
Tear strength, lbs/irch 4000

fbrasion index 1550
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Zrolly wheel
lastomer T 100,0
High styrcne GRS 3040
HAF 30.0
Steeric ecid 1.0
ZJieup 40C 50
ure § 20 minutes at 140°C
iHardness, shore A 85
300 % Modulus, P31 1200
Tensile strength, P3I 3750
ilongetion, ~ 400
Abrasion index, % 700
Iyd ic bu + Q.
“lastomer T 1070
dtenric ecid 0.2
HAF 40,0
Dicup 40C 540
Trinllyl cyenureate 1.0
Cure s 15 mimutes st 140°C

tlardness ‘hore A 45
300 7 Hodulus, PSI 1200
Tensile atrength, P31 4500
Elongation, ¢ 620
Tesr strength, lbs/inch 07.6

Abrasion index, ¥ 550
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Elastomers from Castor Oil

N. D. GIHATGLE and V. B. PITADKE, National Chemical
Laboratory, Poona, India

Synopsis
Castor oil has been used to prepare millable elasiomers by using 2,4-toluene diiso-
evanate, 4,4’-diphenylmethane diisocyanate, and 15-naphthalene diisocyanate, re-
spectively.  These elastomers are vuleanized with sulfur and 4,4’-diphenylmethane
diisocyanate separately by using the standard methods of rubber technology, and the
properties of these vuleanizates are reported.

INTRODUCTION

Polyurethane elastomers are now broadly classified into three different
types, namely: (1) cast elastomers, (2) millable elastomers, and (3) thermo-
plastics elastomers. The first two types of elastomers are the ones which
have considerable commercial importance.

Polyurethane cast clastomers such as Adiprene L are obtained by mixing
polyols with diisocyanates to give pourable liquid mixtures, which are
cured on heating.  This method of production does not enable the use of
reinforeing fillers in these elastomers. They are thus comparatively ex-
pensive.

The millable elastomers such as Urepan, Genthane, Chemigum ST, and
Vuleaprene A are the ones which can be processed on conventional rubber
machinery, by well-known techniques without making any major changes
in the present rubber technology.  These can also be processed by incor-
porating reinforcing fillers, thereby reducing the cost of the article.

Castor oil and its derivatives have been reported in literature, being used
in many polyurcthane base formulations for various applications, but no
detailed study regarding the use of castor oil for making polyurcthane mill-
able elastomers has come to our notice. It was thercfore decided to study
the preparation and evaluation of polyurethane millable elastomers based
on castor oil.

Chemistry of Polyurethane Elastomer Preparation

The polyurethane elastomers are prepared by reacting a long-chain diol
having a molecular weight of about 2000 with an excess of diisocyanate to
give an isocyanate-terminated prepolymer.’  When a slight excess of low
molecular weight polvol or a polyamine, termed a chain extender, is reacted
with this prepolymer, an elastomeric material results.

629
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H O
[
HO—R—OH + X{OCN—R'—NCO) — OCN— R’ N—C —R"—NCO (1)
{Diol) {Diisocyanate) {Prepolymer)
Prepolymer + HO-—R—OH — Polyurethane elastomerie materials (2)
{Gums)

These elastomeric materials, after incorporation of fillers and vuleanizing
agents when processed by the usual rubber technological methods, produce
articles of superior physical and chemical properties.

Castor oil is a naturally occurring vegetable oil having free secondary
hydroxyl groups.  About 90%, of the fatty acid part of this glyceride con-
sists of ricinoleic acid and the remaining 109 is oleic and linoleic acid.

(¢]
0
CI,—0—C—R

0
CH =01
o
CI—0—C—R

(i)H
R = —(CH.)—CH=CH—CHy—CIT—{CH.};—CT;

The ricinoleic acid is utilized in the glyceride molecule to the extent of
77 for making the trihydroxyl glyceride, glyceryl triricinoleate, and 239,
in making the dihydroxyl glyceride glyceryl diricinoleate-monooleate or
monolinoleate. Thus from the point of view of functionality, castor oil*
is roughly 709 trifunctional and 309, difunctional.

Since difunctional polyols are needed in the preparation of polyurcthane
elastomers, the trifunctional part of castor oil has to be made difunctional.
This has been achieved by reacting 0.7 equivalents of phenyl isocyanate
with one mole (2.7 cquivalents) of castor oil. It is assumed here that the
major part of phenyl jsocyanate reacts with one of the hydroxyl groups of
glyceryl triricinoleate.

This difunetional castor oil is then reacted with diisocyanates to give iso-
cyanate-terminated prepolymer.  These prepolymers are then reacted
with various chain extenders to give the clastomeric gums.  The chain
extenders are used in slight excess to get hydroxy-terminated sto age-stable
gums. These gums are, however, very soft and unsuitable for processing
on the rubber mill.  Therefore gums having free isocyanate groups are ob-
tained by incorporating less of chain extenders.

This communication deals with the resulls of the elastomeric gums oh-
tained by reacting one mole of difunctional eastor oil with three moles of
the diisocyanates and one mole of chain extenders.

EXPERIMENTAL

Table I gives the information on the various materials used in this study.



ELASTOMERS FROM CASTOR OIL 631

TABLE I
List of the Chemicals Used and Their Suppliers

Chemiecals Suppliers

Swastik Oil Mills,
Bombay, India
E. Merck A.G.,
Durmstadt,
Germany
Nutional Aniline Div.,
Allied Chemical Corporation,
USA
Farbenfabriken Bayer A.(i.,
Leverkusen, West Germany

Castor oil (medicinal grade)

Tithylene glycol

Diethylene glycol

Dipropylene glycol

2,4-Toluene diisocyanate (I'DI)

4,4'-Diphenylmethane diisocyanate
(MDI)

1,5-Naphthalene diisocyvanate (NDI)

Trimethylol propane

Polyethylene glyeol 1000

Light & Co. Lid., Bucks, England
Union Carbide & Carbon Corp., USA

Preparation of Difunctional Castor Oil

Since these preparations involved toxic and reactive iIsocyanates, all
the necessary precautions for their safe handling and carrying out their
reactions under anhydrous conditions were taken in all the experimental
work.

In a three-necked flask equipped with stirrer, dropping funnel, thermom-
eter, oil bath, ete. was placed 1 kg. of dried castor oil. The temperature
of castor oil was brought to 100°C. followed by the dropwise addition of 76
ce. phenyl isocyanate under stirring. The reaction mixture was cooled
and kept well stoppered (hydroxyl number 118.95, acid number 1.11).

Preparation of the Elastomer Gum

In a three-necked flask equipped with stirrer, dropping funnel, thermom-
eter, oil bath, ete., was placed dried difunctional castor oil. The tempera-
ture of the oil was brought to 100°C. and one-third the required diisocya-
nate was added in small portions, under stirring.  The heating was con-
tinued for 1/2 hr. and the remaining two-thirds of the diisocyanate added.
Heating was continued for another 1/2hr. The equivalent quantity of the
polyol of Table IT was then added under stirring.

TABLE 11
Composition of the Elastomerie Gums: Amounts of Polyols Added to 100 g.
Difunetional Castor Oil Plus 55.35 g. TDI

Glyeol

Amount of polyol, g.

Ethylene glycol
Diethylene glycol
Dipropylene glycol
Trimethylol propane
Castor oil

Water

6.57
11.24
14.21
9.46
74.96
3.82
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Heating was continued for another 15 min. The resultant mixture was
then cast in stainless steel trays and cured for 15 hr. at 110°C. and 1 hr. at
150°C. Table IIT describes the composition of the elastomeric gums ob-
tained by using difunctional castor oil, different diisocyanates, and ethyl-
ene glycol, and the method deseribed above.

TABLE III
Jomposition of Elastomeric Gums Prepared with Different Diisocyanates

Diisocyanate, g.

Difunctional Ethylene
castor oil, g. TDI MDI NDI glyeol, g.
100 HH.35 — — 6.57
100 - 79.52 —_ 6.57
6.57

100 - —_ 66.70

Compounding of the Elastomer

The elastomer was compounded on a laboratory-type 6 X 12 in. mixing
mill. A continuous band of polymer was formed on the mill and the in-
gredients added according to the order given in the Table IV. After
mixing all the ingredients, the elastomer was rolled through a tight mill
six times, sheeted out, and molded at 250° 7. in standard molds.

TABLE IV
Compounding Reeipe for the Flastomers

Parts
Ingredients Sulfur-cured Diisocyanate-cured

Elastomeric gum 100.0 100.0
Stearic acid 2.0 2.0
HAF 30.0 30.0
DBP 10.0 10.0
MBT 1.0 —
MBTS 4.0 -
Zn0O 5.0 —
Sulfur 0.75 —_
4,4’-Diphenylmethanc

diisocyanate — 2.8

Testing

Tensile strength, elongation, and modulus were determined in the manner
described in A.S. T\ D412-64T (1965).

The abrasion index was determined according to B.S. 903: Part 24, 1950,
Section 24.3, using a Du Pont abrasion machine. The standard samples
were prepared as per recipe suggested for A tire-tread type and compared
with our samples at 30°C.
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RESULTS

Table V describes the properties of the elastomeric gums obtained by
reacting the prepolymer of difunctional castor oil-2,4-toluene diisocyanate,
with various polyols. The elastomeric gums obtained by the use of ethyl-
ene glycol, trimethylol propane, and water have overall better properties.
Of these, only the ethylene glycol-extended elastomer was processed on the

TABLE V
Physical Properties of the Llastomeric Gums from Difunciional Castor Oil, 24-TDI
and Polyols

Duar-
ometer Tensile Tensile 1004,
Chain Specifie Shore A strength,  clongation, Modulus,
extender (polyol) gravity hardness sl o psi

Fthylene glycol 1.08 45 1000 250 370
Diethylene glycol 1.10 40 900 275 250
Dipropylene glycol 1.10 40 750 275 210
Trimethylol propane 1.10 65 1020 175 650
Castor oil 1.13 50 725 250 360
Water 1.14 75 1080 150 750

rubber mill.  The compounding recipe for this polymer for vuleanization
with sulfur and 4,4’-diphenylmethane diisocyanate is deseribed in Table IV
and the physical properties of the resultant elastomeric materials (clastomer
X) are given in Table VI.

The difunctional castor oil was then reacted separately with 4,4’-di-
phenylmethane diisocyanate and 1,5-naphthalene diisoeyanate and the re-
sultant prepolymers were then chain-extended by reacting with ethylene
glycol. The elastomeric gums thus obtained were then separately wvul-
anized with sulfur and 4,4’-diphenylmethane diisocyanate by standard
methods by using the compounding recipe of Table IV. The physical
properties of these elastomeric materials (clastomer Y and elastomer 7)
are given in Table VII.

DISCUSSION

The properties of clastomers are the result of a combination of chain
flexibility, chain entanglement, hydrogen bonding, van der Waals forces,
crosslinking, ete.  Because of the presence of more hydrogen bonding and
van der Waals forces, the polyurethane elastomers have many “better”
properties in comparison to the elastomers derived from olelinic com-
pounds. The difunctional castor oil molecule used for evaluation here is a
polyester of roughly 1000 molecular weight, having pendant long alkyl
chains. The effect of these pendant chains will be predominantly to reduce
the effectiveness of the intermolecular forees between the polymer chains,
Similarly the elastomer chain of the difunctional eastor oil-diisoeyanate pre-
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polymer may not be sufliciently long, as the molecular weight build-up may
be influenced by the secondary hydroxyl groups having adjacent alkyl
chains. 1t is therefore evident that the tensile strength of the eastor oil-
based polyurethane elastomers is much lower than that of the poly-
ester-based polyurethane clastomers derived from polyester chains having
no pendant alkyl groups.

It has been reported that in the preparation of polyester polyurethane
clastomers, the replacement of 24-toluene diisocyanate with 4,4/~di-
phenylmethane diisocyanate and 1,5-naphthalence diisocyanate,® leads to

elastomers having better tensile strength, moduli, and tear strength,  Thus,
4, 4'-diphenylmethane  diisocyanate  and  1,5-naphthalene  diisoeyanate

have been separately reacted with difunetional castor oil and elastomers Y
and Z, respectively, prepared.  Tlowever, the change in the physical
properties of these elastomers X, Y, and Z is not very marked, indicating
that the pendant alkyl chains play a marked effect in restricting the inerease
in tensile strengths, moduli, and tear strengths.

Figure 1 shows the rate of cure of sulfur-vuleanized elastomers.  In the
case of clastomer X, it is observed that the optimum cure is obtained in 10
min., whereas in the case of elastomers Y and Z, the optimum cures arc ob-
tained only in 30 min.  Figure 2 shows the rate of cure of elastomers X, Y,
and 7 with 4. 4’-diphenylmethane diisocyanate as the crosslinking agent.
Flastomer Y has the maximum tensile strength, followed by the elastomer
X and elastomer Z.

The tensile strength of the three clastomers, X, Y, and Z, vuleanized by
sulfur and diisocyanate are summarized in Table VIT. In the sulfur vul-
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canization of the elastomers, the TDI-based elastomer X has the highest
tensile strength.  In the diisocyanate vuleanization of the clastomers, the
MDI-based elastomer Y has the highest tensile strength.  Ixcepting
clastomer Y in sulfur vuleanization, all the tensile strength values of these
astor elastomers are about 2000 or above. Tt appears that these values
are about half of the tensile values reported for commercially available poly-
urethane clastomers.*  Elongation at break in case of X and Y is only 15097,
and in case of Z only 1009. Thus clastomer % is stiffer in both sulfur and
diisocyanate vuleanization.  The abrasion index for sulfur-cured elast omers
is highest in the case of elastomer Z. It would appear that the presence of
the sulfur vuleanizing ingredient® improves the abrasion resistance compared
to the case with diisocyanate-vuleanized clastomers. Figures 3 and 1 show
the change in moduli with respeet to time for sulfur- and diisocyanate-vul-
:anized elastomers,

CONCLUSION

It is possible to prepare clastomers by reacting castor oil with isc eyanates
by standard methods. These elastomers can be processed on standard
rubber mills by known techniques. These could be used as substituents for
rubber if the cost of isocyanate is not too high.
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Résumé

A partiv d’huile de ricin on a pu oblenir des élastomeres prétant au calandrage en
utilisant un diisocyante de 2,4-toluéne, un diisocyanate de 4,4’-diphénylméthane et
un dilsocyanate de 1,5-naphthalene. On a vulcanisé ces élastomeres avee le soufre
et le diisocyanate de 4,4-diphénylméthane en utilisant les méthodes technologiques
habituelles des caoutchoues.  On rapporte les propriétés de ces composés.

Zusammenfassung

Rizinusol wurde mit 2,4-Toluoldiisocyanat, 4,4-Diphenylmethandiisocyanat und
L,5-Naphthalindiisocyanal zu walzbaren Elastomeren umgesetzt. Diese Elastomeren
werden mit Schwefel und 4,4-Diphenylmethandiisocyanat getrennt nach den kauts-
chuktechnologischen  Methoden  vulkanisiert.  Die Lligenschaften der Vulkanisate
werden beschrieben.
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