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THE EFFECT OF CASTOR OIL ON THE STRUCTURE AND PROPERTIES
OF POLYURETHANE ELASTOMERS (TDI SYSTEM)*

K.G. Raut and S.R. Srinivasan®

Divisicon of Polymer Chemistry,

Mational Chemical Laboratory,
Pune 411003, INDIA,

and

4
J. Hrouz and M. {lavsky,
Institute of Macromoleculasr Chemistry,
Czechoslovak Academy of Sciences,

162,08 PRAGUE 6 (CZECHOSLOVAKIAG.
ABSTRACT

Segmented polyurethane elastomers, based on a mixture of
castor oil and polypropylene glycol. toluene diisocyan-
ate and 1.4-butanediocl were prepared. The phvsical,
thermal., dynamic mechanical behaviour., and x-ray dif-
traction have been studied. The use of castor cil shifts
the main transition of the soft phase to higher tempera-
ture (glass transition temperature Tg increases),im-
proves hardness, tensile strength, modulus and  tear
strength. Elongation and abrasion resistance decrease as
ratio of castor o0il increases. X- ray diffraction pat-
terns show elastowers are amorphous. Trifunctionality of
castor oil leads to the crosslinking of soft segments
and a decrease of solubility and swelling of elastomers.

INTRODUCT ION

Polyurethane (FU) elastomers are well known for their
high strength, resiliency and good resistance to asbra-
sion. The main counstituents of polyurathsne elastomers
are a long chaln oligomeric polyol, a diisocyanate and a
low molecular weight dicl or diamine as a chain extend-
er. The polyol may be a polyester or a polyether oligom-—

*NCL Communication No. 5183.

* To whom all the correspondence should be addressed.

209

Copyright © 1991 by Marcel Dekker, Inc.



17:12 24 January 2011

Downl oaded At:

210 RAUT ET AL.

TABLK 1

COMPOSION AND PROPERT1ES OF PREPOLYMERS

Sample 121 I 1) By Eg Ba

Composition

pbw

Castor oil 0.00 23.00 54.40 61.20 136.00 340.00
{0.00) (0.20) (0.40) (0.80) (0.08) (1.00)

PPG 333.00 266.66 240.00 120.00 100.00 0.00
(1.00) (0.80) (0.60) (0.40) (0.20) (0.00)

TDI 130.00 116.00 121.80 80.37 116.14 200.00

NCO/OH 4.49 3.98 3.50 3.08 2.67 2.29

Colour cl cl ly ly ¥ y

% NCO 10.60 9.50 16.37 9.36 9.87 9.565

Eq. wt. 396.20 442.12 405.00 448.7 425.5 409.7

pbw = parts by weight,parentheses ( ) indicate eguiva-
lent ratios, ¢l= colourless, ly= light yellow, y= yel-
low,Eq. wt.= equivalent weight.

er. Efforts have heen made during the past few decades
to replace these expensive polvols with low cost natural
vegetable olls or their derivatives in the production of
urethane products.

Among the vegetable oils, castor oil possessing hydroxyl
groups is %ond polyol for the syntheasis of wurethane
elastomers Cast polyurethane elastomers baszed on
castor 011 and diisocyanates are highly crosslinked,
hard and have low elongation at break. We have observed
that castor oil possesses excellent compatibility with
polypropylene glycols (PPG) in all proportions =o that
PPG can be effectively blended with castor oil to obtain
polyurethane elastomers.

In the present astudy we report blends of castor oil,PPG
for producing castable urethane elastomers Effect of
the different ratics of two polyols on the prhysical,
thermal, dynamic mechanical properties and x-ray dif-
fraction of these urethane elastomers have been studied.

EXPERIMENTAL
aterials: Polypropylene giycol of Mn: 1930 (BASFE
Wyandotte Corporation U. 5. A.), castor o0il (I.P. grade)
having hydroxyl number 165 mg KOH/g were used. 1.,4-

butanediol was obtained from M/s. Koch Light Lab. Eng-
land. Toluene diiscocyanate (TDI) having 80/20 blends of
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TABLE 2

COMPOSITION OF ELASTOMERS

Sample Ey Es Eq Ey Eg Eg

Composition
phw
CO/PPG 0.071.0 0.2/0.8 0.4/0.6 0.6/0.4 0.8/0.2 1.0/0.0

PR 43,40 46.32 42,77 47 .08 44 .68 46,17
1,4-BD 4.5 4.5 4.5 4.5 4.5 4.5
NCO/OH 1.05 1.05 1.05 1.05 1.056 1.05
Tg D -43.5 -42 .1 ~-33.5 -28.2 -11.7 15.1
O = Castor oil, PP = Frepolymer, Tg: Glass ‘transition

temperature.

o

the 2.4- and 2,6~ isomers of 43.2 % NCO was obtained
from M/s. BASF Wyandotte Corporation, U.S.A.

Preparation of prepolvmers: In a four-neck flask,
equipped with a mechanical stirrer, thermometer, nitro-
gen gas inlet and ocutlet,caleculated quantity of TDI was
taken in the flask.The required quantity of mixture of
castor oil and PPG (Table 1) was added gradually teo TDI
maintaining temperature of the reactants at 20°9-25°2C
111 the addition of polyol is completed. Later the
reactants were heated to B0O° C and maintained st 80%-35°

C for one hour to complete resinification reaction. The
igocyanate content (% NCO) of +the prepolymers were
determined _ a8 per the procedure mentioned in  the

literature.®

Preparation of elastomers:Castable polyurethane elastom-
er was prepared by taking the required quantity of
prepolymer, 1,4-butane dicol (Table 2) and the catalyst

dibutyltin dilaurate {0.01 wt.% of total charge). The
reactants were weighed in a beaker, degassed under
reduced pressure (2-5 mm of Hg) and poured into a heated
sheet mould maintained at 80° €, having silicone release
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sgent.. EBElastomer sheets of size 140x100xZ mm size were
produced. The cast sheets were cured to solidify at  30°
€ in about Z-3 hours, and finally cured at 110°C for
additional 12 hours. All the sazmples were aged at room
temperature 27 x 2% C for 30 days, prior to evaluation
of properties.

Fhyvsical testing: The tensile strength, 100 % modulus,
hardness and elongation at break were determined accord-
ing to AST™M -D 412. Tear strength was determined accord-
ing to ASTM-D 624-54 using die C.

L¥ngml; mg%hﬁnl%gl thgy]zH] The _dynamic shear modulus

}

{(w) + G where G a are the storage and
l 0SS modull respectively was medoured using & Rheomet-
rice aystem four apparatus, at Institute of Macromolec—
ular Chemistry (IMC), Frague, Czechoslovakia. The meas-
urements were made at freguency w = 1 Hz in the tempera-
ture range -60° and 200 °C.

Giass Iransition temperature Tg: Differential scanning
calorimetry measurements were carried out with a Rigaku
Thermal Analyser Model DSC- 8230, using sample weight of
17-18 mg. The heating rate was kept at 10° ¢ per minute
in nitrogen atmosphere.

) - > analvsis(TGAY: Perkin Elmer 7 series,
thermal andlyqer was used in the study. The samples were
tested at the heating rate of 10°C per minute under
nitrogen stmosphere, at IMC, Prague.

ance studles were
ter model 50 and
for 1000 cyc

Abrasion resistance: Abrasion resi
carried out using Taber Abrasion t
H-18 abrading wheels for 1000 g loasd

st
e 13
les.

2olvent swelling and scluble extrazct: The samples were
kept in solvent benzene for one week, and volume swell %
was determined from the increasse in weight of the sample.
The samples were kept in dimethyl formamide (DMF) for =
week and soluble fractions (%) were determined.

Aoxay diffraction: X-ray diffraction patterns of PU
elastomers were determined using Philips X-ray unit
(Philips gen,r.tJr PW-1730) and Ni-filtered CuK_,. radia-
tions.

RESULTS AND DISCUSSION

sSeveral vegetable oils and their derivatives have been
Pmplﬁgpd in the preparation of urethane products Gold-
blatt? has reported the use of castor oil with PPG of
molecular weight 400 and 2000 with toluene diisocyanate

C
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Y 9.0 to 10,
castor il

prepare
Part o

P 0L

(() Tt 0.8
were also varied
izr weight of polyols
content iacrease from

free flowing viscous

storage stability.

The elastomer samples
were rrepared with
NCO/OH ratico 1.05/1.0.
The mixed resins prao-
vided esufficient time
for mixing, degassing
and casting. Increase in
castor 01l ratio in the
blend, resulted in
higher viscosity of the

prepolymers. Cast
sheets weres tested
after one month aging

at room temperature.

These elastomers may be
visualiz as  copoly-—
mers having randomly
distributed scft seg-
ments of castor oil and
FPG  and hard segments
of TDI and BD. Eliastom—
er based on only PPG
has 23.8 %4 solubility
whereas elastomer based
on only castor oil has
negligible scolubility.

¢
Qo

However , solubility of
elastomers El to Eg
decreases with the
increasing ratio of
castor oil (Fig.1). The
degree of swelling is

dependent on the amount
of castor oil and it
decreases from 173.5 %
in El to 89.9 % in Es .
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Phvsical and thermal
properties: The physi-
cal properties of
samples were dependent
on the amount of castor
il in the polymer. The
tensile strength
increases from 2.09 +to
15.46 MPa for elastom-
ers Beo to Eg (Fig.2).
Initially it declines
from 3.34 to Z2.08 MPa
for samples El to  Eo.
100 % modulus also
=hows similar beha-
viour.

it decreases
to (.389
But
(r.389

from ¢.hZY
for By to Es.
increases from
to 7.31 MPa for
Egn. Blongation at

ecreases from
590 % for E4 to 210 %
for Eg indicating that
as castor oil polyol
increases,higher cross-
linking occurs due to
its trifunctional
nature.

With increasing content
of  castor ©il in the
blend glass transition
Tgy of soft segment
increases from -43.5°
to 15.1°C for elastom-
ers By to Eg (Table 2).
Tear strength for sam-
ples E% to En increases
from ¥2.05 to 32.94
KN/m respectively. Then
the tear strength value

for sample Eg de-
creases to Z0.73 KMN/m.
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TABLE 3
THERMOGRAVIMERTIC ANALYSIS OF POLYURETHANE ELASTOMERS

Sample By Eo Es Ey Eg Eg
Ty °C 272 64 267 272 259 261
Ty C 308 300 305 334 305 308

30 ©C 357 51 339 343 333 333
Ts ©C 380 386 393 397 389 389
Trax-i CC 321 319 322 333 328 328
Tres—n OC 389 394 404 411 408 464

Again it  increases steadily as ratio of castor oil
increases (Fig. 3) Shore A hardness increases from 30
tfor El to 3¢ for “b Onn the other hand weight loss due
to  abrasion increases as castor oil content increases.
This shows abrasion properties deteriorate as crosslink-
ing increases with increasing ratic of castor oil.

According to ApukhtinalY et al.,abrasion resistance of
U elastomers decreases as the length of the flexible
diol chain increases from (CHg)g to ( CHplg. The least
abrasion resistance of elastomer En based on castor oil
with high crosslinking may be attrlbuted to the triglye-—
eride structure of castor o0il containing ricincoleate and
CH, alkyl chains.

Weight loss of the elastomers have been recorded from
SHO? ¢ to 600° ¢, Initial decompo%itiﬂn temperdturP(TO)
and temperature d* 10 % (;loj, 30 % (Tyg). and 50 A(TC(
weight loss occurred are given in Table 3 and Flg 4. fo
tor all the samples is between 2599 to 272° (. Tigs Tag
and T:Q temperature for elastomer udeIEU are 3059 <t€o

314%, 3332 to 3579, and 3802 to 23979 ¢ respectively.

Temperature dex {decomposition temperature at first
stage} and Tmax—'( ecomposition temperature at second

stage) are between 319%tc 328°9 C and 394° to 463° C
respectively. These elastomers have lower thermal sta-
bility irrespective of the higher crosslinking as ratio
of castor oil is increased .Thermal data of MDNI based PU
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FIG.4 THERMOGRAVIMETRIC ANALYSIS OF POLYURETHANE ELASTOMERS

rubbers of PPG/castor oil blends has shown higher ther-
mal stability than the PU elastomers of TDI systemt!l.
Dvpamic mechanicsl behaviour: The dynamic mechanical

behaviour of samples Eo, E4 and Eg is shown in Fig. 5-7.
The graphs of elastomers have a shape typical for amor-

phous system (Fig.65.

Increasing castor oil content shifts the main transition
zone to higher temperatures. Thus, as expected the main
transition region of polyether chain based on PPG is
located at about 40% C lower temperature than the main
transition of castor oil.

e  to higher functionality of castor oi (about 2.7)
and increasing oil content, the modulus 3 in the rubber
region increasses {(Fig.5).



17:12 24 January 2011

Downl oaded At:

CASTOR OIL ON POLYURETHANE ELASTOMERS

LOG G (MPg)
-]

~

<} 60 120 180
TEMPERATURE 1°C)

F16.8 TEMP. DEPENDENCE OF TENSLE STORAGE (G') MODULUS FOR POLYURETHANE
ELASTOMERS

6"(MPg)

LOG

TEMPERATURE("C)

FiG.6 TEMP DEPENDENCE OF TENSILE STORAGE(G') MODULUS FOR POLYURE THANE
ELASTOMERS




17:12 24 January 2011

Downl oaded At:

218 RAUT ET AL,

€3 ————
E‘ hateninaterbanded
Ee

<

z

hd

-3 1 1 . i
o 60 120 180

TEMP.°C

FIG. 7. TEMPERATURE DEPENDENCE OF TAN d FOR POLYURETHANE ELASTOMERS

-~/ O o e
From the value of G° for sample Eg at 1109 ¢ (G =2 MPaj
it is vpossible to calculate the molecular weight M.
between the crosslinks. )

M, = ERI/G
where € is the density, R is the gas constant and T is
the temperature. ©One can find the wvalue M. = 1800

which gualitatively correlates with the estimated value
of Mo (273 CO + TDI) B00.

For sample Eo witb higher content of PPG transition to
flow region on G and log 4 can be observed (Fig.5 and
Fig. 73. This means that chemical network was not formed
in this case. From Fig.7 one can see, that broadening of
main transition takes place with increasing content of
PPG.X-ray diffraction patterns of PU elastomer samples
Eqy to Eg do not show significant variation on the
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INTENSITY

spectra (Fig. 8). The spec—
tra consisted of one broad
hale in the region between

20 = 19° and 21°, indicating
that major portion of the
polymer is amorrhous in

character.
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