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PART =]
SYNTHESIS OF ISOCYANATES




GENER AL INTRODUCTION

The isocyenstees (R~-N=C=0) zre & well known class of
compounds in orgemic chemistry. The synthesis of en
alipheatic isocyanste was first reported by Wurtzl, in 1849,
es compound resulting from the reaction of orgeanic sulfste
end alksli metal cyemste. Gautier2 obteined isocyenztes by
oxidation of aliphatic iscocyanides with mercuric oxide =and
confirmed the structure established by Wurtz. Hoth!ann3
prepered the first aromstic isocysnate, phenyl isocyensate,
by the pyrolysis of symmetricel diphenyl oxamide. The
method developed by Hentechel4 for the manufecture of
isocyenetes is 8till in use commercielly, which consists of
the treatment of emines and their salte with phosgene.
Lussi5 described the diisocyenates for the first time and
Gettermann end Wrampelmeyer6 were the first to report the
phenylene diisocyenste. The explorstory work in the field
of isocysnates was carried out by Prof. Otto Bsyer end his
coworkera7’8, who, in 1937, developed polyurethane polymers
to substitute polysrides developed by Carothers. He
reacted & diisocyeanste with a dihydroxy compound to form
polyurethsne by polyaddition mechanism. A polymer which
contains significent number of urethene groups is celled

polyurethene, regardless of the nature of the rest of the

molecule.



The polyurethanes cen be tsilor-made to eny desired
structure-property performance and were found to be
suitable for a veriety of apnlicetions such as elastomers,
surface coatings, adhesives, resins, fibres, etc.

Isocyemates form the most essentiel starting materiels
in the polyurethene preparation. Several mono- and poly-
functional isocyenetes have been made commercially eveilable
in last 25 years fo meet the demands of the fast expending

spectrum of isocyanate applicetions.

Methods of preperation of isocy&nates

Zmong the methods reported for the prepsration of
isocyanates, the following are noteworthy:

(1) Phosgenetion methods

(2) Curtis, Hefrann snd Lossen rearrangements

(3) Double decomposition resctions

(4) Preperetion from isocyamnete deriveti ves

(5) Pyrolysie of N-t-butyl-N~glkyl carbomoyl chlorides

(6) Miscelleneous preparstions.

(1) Phosgenation method

This is the only method which hes been commercially
exploited so far, for the menufacture of isocyanates.
Hentschel4 in 1884, described the formation of isocyeancte
from reaction between phosgene and g Belt of & primary
smine. Methyl isocyeanste wss obtszined by modification of
the ebove reaction by Gatterman and Schmidtg. The reaction

between amine end phosgene cen be described as below:



I i jl
R— N: + = 0 => R-N: => = 0 => R=-NCO + 2 HC1

Amine hydrochlorides, caerbomoyl chlorides and substi-
tuted ureas are also formed as by-products of the reaction.

Shriener et al:Lo

described the preparation of high boiling
isocyanates by reaction between phosgene =md a refluxing
glurry of amine hydrochloride in soclvents, such as ethyl
acetate, toluene and O-dichlorobenzene. The superiority
of the cerbamate salt over that of hydrochloride was shown

in the prepesrastion of hexamethylene diisocyanatell

end was
ascribed to the comparstively higher solubility of cerbamate

in the medium used.

+ -
H2N(0H2 )6NH2 : 4 C02 -2 H3N (CH2 )6 NHCO0
l 2 COCl2

OCN (CH, ) NCO + 4 HCL + CO, 1

Experimental detalls of liquid phese phosgenation of
emines and their salts on lsborstory scsle were described
by Siefken'Z.

Isocyenates were obteined in good yields amd with
faster rates by vaepour nhase reaction st 300°¢ 12’13.
A8 the commercial precduction gsined importance,

several modificastions of the phosgenation method have been



reported in the literasture. A brief account of selected

ones is given below.

(2) Initisl phosgenstion at sub zeroc and near zero
temperestures 4

The method comprises of bringing into intimate
contect, with tertiary emine &8 cstalyst, a primary amine
end phosgene in the retio of 1.0 to 0.5 mole, using tempere-
ture range of =40 to +10°C. The removel of unrescted
phosgene and emine hydrochloride end dehydro chlorinetion
glvee isocyanate after decomposition of the carbomoyl

chloride formed.

R! N.00012

3

N + COCl2 -> _R'3

RfBN.COCI + RNH2 -> RNHCOC1 + R',NHC1

3
Carbomoyl chloride

2

RNHCOC1 -> RNCO + HC1.

(b) Operstion under pressurel5

This method is used for the preparation of poly-
isocyanates, e.g. triphenyl methene triisocyenate.

(e) Continuous Operationsls'l8

This method involves two steps. 1In the first,
intermediate in the form of clear solution or slurry is
obtained by the reaction of amine and phosgene at

temperatures ranging from -20 and +60°¢C.

N



/NHQ.H01
R(NH2)2 - 00012 -> R\
NH.COCl
Intermedi ate
or
/NH2HCI /NH.COCl
R\ + COCl2 -> R\ + 2 HC1
NHCOC1 NH.COC1

In the second step, the intermediate, 2 carbomoyl
chloride is heated to 80-320°C to get isocysmete emd HC1 gas.

/NH.COCI /NCO
R\ -> R\ + 2 HC1
NH.COCl NCO
Isocyencte

A flow sheet of commercial diisocyemetes, toluene

diisocyenate end 4,4'-Methylenebis (phenyl isocyenate) is

evailsble in the literaturel>.

Acyl isocyanates amd sulfonyl isocyanetes are obteined

20 wna sulfonamide521'23

by reasction of phosgene with emides
respectively. The preparstion of sulfonyl isocyanates and
isocyanastes was accomplished simultemeously by the reaction
of l1-eryl sulfonyl-3-2lkyl uresas RSOZNH-CO-RHR' with
phosgene22. Recently, it has been reported that N-sulfinyl
emines and N-sulfinyl sulfonemides react with phosgene to

give corresponding isocyanatesz5.

R=N=5=0 + COCl, -> R-N=C=0 + SOCl2



This is useful in the preparation of both aliphatic
a8 well as sromastic isocysmates.
Fluorineted 1sooyanateszs, a new classe of isocyenates

heve also been reported in recent years.

Cp¥ons1 CHoNH,

Cold

+ 00012

CnF2n+1 CH,NHCOC1

excess COCl2 1 Heat

CnF2n+1 CH,NCO

(2) Curtis, Hofmenn and lLossen rearreangements

A common intermediate sppears to be formed in the
Curtie rearrengement of scid szides, the Hofmenn reerrengement
of acid emides and Iossen rearrangement of hydroxamic acids,

which later reerrenges to isocyenate.

Curtis RCON —
Hofwenn  RCONH, —229BT; [ poon ] -> mwco

Iossen RC'HOH T

Curtis rearrsngement - Sohroeter27 prepared several isocyenetes
by treesting an acid chloride with sodium eszide end warming
the resulting product in benzene solution. Curtis prepered

28,29

substituted ethylene diisocyanste by this method.

Primerily short chain sliphstic diisocyanetes, e.g. methylene



diisoqyanateso

31

end unsaturated isocyenatese.g. vinyl

isocyenate ere prepered by this method.

Hofmenn reerrsengement - Pyman32 has pointed out the

limitetions of this method end hes discussed the scope of

resction with numerous exeamples. This resction wes als=o

discussed by Montagne end Guilmert33

Bru—H0134.

, end Cagniant end

——— - 2 ot B e e Do W v T e e

hydroxamic acids end nsture of ILossen rearrengement. This
is & less freauently used method. However, aliphstic
diisocyenstes have been prepered by this method.

(3) Double decomposition reaction

Alkyl isocyeanates were obtained in good yields by
this method in which organic halides or sulfates ere reacted

with salts of cyanic scid.
R,S04 + KCNO =->  RNCO

1

Wurtz™, synthesized first alkyl isocysmnate by this

method end later Slotta end Loren236 prepered ethyl isocyeanste.

3840 y eving NCO

Acyl 1socyanates37 and inorganic 1socyanates
group attached to an element other than cerbon are also

prepared by this method.

(4) Preperstion from isoocyenate deriveti ves

Uretheanes snd ureass zre formed by the =addition of

active hydrogen compounds to isocyanates. These reections



cen be reversed under sufficiently vigorous conditions to
obtain isocoyenates back. This can be achieved either by
hesting the carbemates in the temperasture renge of 135 to
500°C 41 or by distilling the cerbeamete over phosphorous
pentoxide42'43-

P205 ,
RNHCOOR!' «———=)> RNCO

Urethenes derived from phenol rether thamn alecchol

decompose much more easily.
Substituted low boiling 2lkyl isocysnates cen be

prepared by dissociation of corresponding ureaslz.

l A
CH3NCO + AerH

Sulfonyl isocyenates are obtained in 75-80% yield when

substituted ureas asre hested with thionyl chloride45.

@—SOZNHCONHAC + S0C1, -> -sozmco

Sowa46 hes reported conversion of N-a2lkyl uress into

corresponding isocyanates by treetment of boron trifluoride

l

(CHs )2CH-CH2-NCO + HgN.BFg



Seyigh et e1®’ hesve utilised N,N'-dialkyl urese in the

synthesis cf isocysnates.

(5) Pyrclysis of N-butyl-N-elkyl csrboroyl chloride

This method provides a synthetic epprosch to mono-
and diisocyanatee, some of which are not resdily accessible
by known synthetic methods. Using this new method, Sgyigh

end Tilley>®

prepsred several N~t-butyl-N-elkyl carbomoyl
chlorides by known methode emd then decomposed the same with
considersble ease at low temperatures with or without

cetelysis to the corresponding slkyl isccyenates in high yields.

" }
T - 7—-0-—01 R(NHGOC1)
-C4Hg
/C\c e m WY -HC1
H
Cﬁsl 3 R(NCO)
[ CH, In

(6) Miscelleneous preperstions

A variety of other procedures are availsble for
synthesis of isoccyanetes but they are of very little precticsal
importence. However, & few interesting exemples mgy be
mentioned.

Diazonium chlorides , in the presence of copper reect

with potassium cysmate to give 1socyanates49’50.

_ ) Cu i
@-1»201 + KNCO > @-—NCO + N, + KC1

Oxidetion of isocyanides with mercuric oxide yields

lsocyanatessl.
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RNC + HgO -> RNCO

Fluorinsted 2lkyl isocyenates heve been prepered from

nitriles end cerbonyl difluoride’.

CsF
= > CF3

300°C

CF,CN + COF,

3 CFZNCO

An excellent review53 on the preparastion and chemistry
of acyl isocyenates and =cyl isothiocysnates (isocyanstes
end isothiocyanates of cerboxylic, thiocarboxylic, carboximidic
end sulfonic ecide and ecids of phosphorous etc.) hes
recently appeared.

In the case of amines, which are unstsble or unreactive
towards phosgene, their isccyenurates are pyrolyzed to
corresponding isocyanate =t temperature above SOOOC. This
is effective in both aliphstic end arometic amino compounds54.

Some attempt® have slso been msde in the recent past to
prepare isocyenstes from organic nitro compounds end carbon

55,56

monoxide, ueing verious catalysts . However, ylields

obt ained by this route ere not satisfactory.

Reactions of isocyanstes

The following possible resonsnce forms originate from

the isocyenaste electronic structure.

- 4+ + -
R-N-C=0: <~> R-N=C=0: <~-> R-N=C-0:

Due to the presence of high unseturation in-N=C=0
group which imparts high resctivity on isocyenestes, this
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class of compounds has received considereble sttention of
the resesrchers. These compounds reect with slmost sany
compound containing active hydrogen astom i.e. one readily
repleceable by sodium.

Thus, during the reaction of such compounds e.g. HA
with isocyanete, the hydrogen becomes attasched to the nitrogen
of the isocyenste group while the remainder of the compound

attacke as & nucleophile, the electrophilic cerbonyl carbon.
R=N=C=0 + HA => R—NH-L-A

The addition product in many ceses is stable. In those,
where it i unstable it either dissociates to form the initiel
recctents or decomposes to some other products.

Reactivity of eromatic isocyeanates is relatively higher
than aliphestic isccyenastes. This is due to the fact that
the pertiel negstive cherge on the nitrogen of NCO group is
shered by the unseturation in the eromstic ring, making the
cerbonyl cerbon more positive and hence highly susceptible
to atteck by nucleophiles. This suggestes that the presence
of electron withdrawing groups in the ring enhance the
rerctivity while electron donsting groups reduce the
reactivity of the isocyanate. Acids a8 well as baoses
cstalyze these reactions. Certain metal compounds serve sas
catalysts. As in 81l other resctions, steric factore play
considerable role in isocysnete reactions. Reesction medium

too, affects the course of reection, if the resction is
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cerried out in solvent. Some important resctions of

isocyanetes sre given in Table-1.

Applicetions of isocyanstes

Organic isocyanstes heve grown from the stsge of
obscure laborstory curiosities to commercial products in a
short spen of Jjust 25-30 years. Their exploitetion in the
production of polyurethene polymers which can be teilor-made
to suiteble end uses, hes given them so much of importance.
Polyurethanes ere utilised in the form of rigid or flexible

91,92 93 34495 ond alme in surfsce

foems y €lestomer end fibres
coatings end adhesives. Recently they have found appli-
cations in high tempersasture polymer like pclyimides and

poly(emide~imides). A veriety of isocyenate applicetions

ere given in Fig.I.
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Teble-1: Reactions of isocyenates with verious functionel
groups and products obtained therefrom

Group reacting

No. with Product obtained Ref.
isooyanate
1. Amine (Primary, Disubstituted R-NHCONHR 57,59
Second ary ures
eliphetie,
erometic)
2. Ammonia Monosubsti- R-NHCONH2 60
tuted urea
3. Hydrazines 61
4, Hydroxyl eamine 62
5. Arides Acyl urees ﬁ 63-66
_c-T_
—H~HN-
0
6. Uree Biuret RPE;CONHR 67
ONHR
7. Urethane Allophenate —1;00— 67
-NHCO-
8. Alcohol(Primery, Urethene @ _ 68
Secondary) R-NHT-0
3. Alcohol Digubstituted RNHCONHR 68-70
tertiary ureas and it
olefins CHS E'CH2 ¥ype
Hy
10. Phenol Urethene R—NH-E-O~ 71
11l. Water Disubsti- RNHCOQCONHR 72,73

tuted ures

cont..



Teble~1l: (cont.)

Group reacting

No. with Product obtained Ref.
isogyansate
12. Cerboxylic ecids Amide R~-C ONH- 74,75
13. -CH N-substituted R-NHCO 58,76
emides
I
14. -SH Thiourethanes R-NH-C-SR 58
I
15. Halogen halide Carbomoyl R-NH—&—X 77,78
halides
0
u - +
16. Aqueous sodium, Water (R~-NH SOB) Ne 58
potassium or soluble
emmon {um edducts
bisulfite
17. Ketenes
a) Nitrobenzene Ar-N=N-Ar 79
b) Diazometheane p-lactem, Ar-T-C=O 80
1, ryl-2- I
azetidi- —CH?'JHZ—
none
CH2
¢) Methylene 1,3-Diphenyl Ar—N<‘ N-fr 81
eniline uretidone
!
0 /
& \
, / )
18. -NCO Dimer R—N\\ N-R (
' )
E (
@ () 82-85
)
Trimer qu// \\?-R (
0=C C=0 )
=\, (
)
(
)
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Teble-1: (cont.)

Group reacting

No. with Product obtained Ref.
isocyansate
0
19. Aromatic N-substituted -7~g- 86
isocyeanate, -l- nylons
self Ar
polymeri-
zation
20. =-NCO Carbodi- Ar-N=C=N- Ar 87
phenyl
imide
I X
21. Cl or Br Dihalide -N - é=0 88,89
22. Grignerd Mride RNHCOR' 30

resgent
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INTRODUCTION

From the stendpoint of synthetic polymers, only di-
end polyisocyenates are of interest. Under proper
conditions, they are reactive building units cepeble of
forming high molecular weight materisls. Aromatic diiso-
cyansgtes having more resctivity, are receiving gresatest
interest.

The credit of explcring the use of diisocyancstes in
polymer synthesis goes to Prof. Otto Bayer end coworkersl’z,
who,in 1937, obtained polyurethemes by polymerizing
hexamethylene diisocyanete with 1,4-butene diol. The use
of hexamethylene diisocyenste to effect more rapid drying
of 2lkyd resins wes disclosed by Du Pontg. However, Lieser4
obtained first U.S. patent on reaction of diisocyanates with
dihydroxy compounds. Detailed study of reaction between
diisocyanstes end glycols was peotented in 1942 by Catlins,
who obtained the polymere in the form of fibres end
flexible sheets.

With the advent of flexible urethene Ioam6 of high
strength at very low densities, the large scale commercieal
use of polyurethanes seemed established.

A veriety of diisocyenates have been commercialised in
last 3 decedes. The oldest end the most widely used is
toluene diisocyenste (TDI). This is availsble in the form
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of pure 2:4 isomer, 80/20 mixture of 2:4 and 2:6 isomers
end 65/35 mixture of 2:4 end 2:6 isomers. Vearious investi-
gators' 'S neave described the effect of different isomer
ratio of 2,4~ and 2,6~toluene diisocyemnate, on flexible foam
properties. Undistilled grade of mixed isomers of toluene
diisocyenste has been recently tried successfully in the
preperstion of rigid foamsg.

In the menufacture of urethene elastomers too, TDI hss
been widely used either alone or in combinstion with other

diisocyenates. Thus Chemigum’ SL (Neothane)lo’ll and

12

Vulkollane ere the polyester based milleble gums aveilable

from Goodyeer Tire end Rubber Co. znd I.G. Farbenindustrie A.G.

respectively. Isocyeanate terminsted cast polymers, commercially

13,14 -

known as ' Adiprene L' were described by Athey et &l f

Du Pont and were based on poly(l,4-oxybutylene) glycol end TDI.
TDI has alsc found spplicetions in the preparetion of
adhesives, ooatingsls, fibreal6 ete. thereby indiceting its
versetality in spplicsestions.
The isocyancte which has gsined considerable popularity
in recent years is 4,4'~methylene bis(phenyl isocyenate)

(4-MDI), commercielly known as MDI. 4-MDI is used in the

19

preperation of milleble gums™ ", thermoplastic elestomers,

rigid foems'1% high tempersture poly(emide-imide)

20 16 2

polymers™~, films ", Iibre52 etc.

The other commercially svaileble diisocyenates are

1,5-nsphthelene diisocysnate, 1,6~hexamethylene diisocyansate,
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4,4'-biphenyl diisocyanate, 3,3'~-dimethyl-4,4'-biphenyl
diisocyanste (toluedine diisocyamate) ete. 411 of these
diisocyenates have specific espplications depending upon
the naeture of end uses of the polymeric products obteined
from them.



PRESENT INVESTIGATION AND RESULTS

In India, Hindustan Orgenic Chemicels is engaged in
producing m-aminophenol, in the production of which a step
containing sulfonstion of nitrobenzene is involved. Usuelly
sulfonstion of nitrobengene is cerried out with 65% oleum.
If low percentage of oleum is used, the rate of reaction
and alsc the sulfonated product obtained is considersbly
low. Therefore esbove mentioned higher oleum percentege is
preferred. During thie resction zbout 3 to 4% of nitro-
bengene gets converted into 3,3'-dinitrodiphenyl sulfone
end contaminstes the primary product, the sodium salt of
m-nitrobengene sulfonic scid. The former being insoluble
in reection mass unlike latter, comes out as white solid
material. This is ultimstely removed by filtrstion. The
production of this by-product is sbout 60-70 tone per yeer.
Ite export figures for last 3 yesrs are given in Tsable-2.

Table-2: Export figures of 3,3'-Dinitrodiphenyl sulfone
from Hindusten Organic Chemicels, India

Year Quantity in Country to Value in
M.tons which exported US §
1373 20 Jap en 5,600
1374 30 Jep an 10,800
1975 - No exports -

Earlier it was exported in the form of wet ceke, to



Jepen where it wes used in the reduced form (28 emino
compound) for curing of epoxy resins. Presently this by-
product is dumped as waste because its gpplicstions heve
not yet been explored. In view of these fects, the present
investigestion wes undertaken to study the possibilities of
utilizing 3,3'-dinitrodiphenyl sulfone in different fields
of polymer chemistry by converting it in suitable compounds
like diesmine end diisocyanate.

Thus, the commercielly availsble by-product 3,3'-
dinitrodiphenyl sulfone was used to synthesise the diiso-
cyangste, 3,3'-sulfonylbis (phenyl isocysanate) (3-SDI). To
observe the effect of substitution of sulfonyl group by a
methylene group on the resctivity of diisocyenate, 2 compound
3,3-methylenebis (phenyl isocyanete) (3-MDI) was smynthesised.
The steps involved in the synthesis of these two diisocyeansztes
ere shown disgrematicelly in Fig.II.

The elemental enslysis of all the compounds synthesised
are given in the experimental section. The infre-red
spectra of these compounds are given in the Appendix.

(2) Synthesis of 3,3'-sulfonylbis (phenyl isocyanate)(3-SDI)
3,3'-Dinitrodiphenyl sulfone

This compound, obteined in the form of wet ceke,
contained acidic impurities. It wes washed several times
with water to meke it free of impurities and recrystallised

from gleclsl acetic acid. m.p. 196°¢.

02N©—802—@-H02

3,3'=Dinitrodiphenyl sulfone.
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3,3'-Dieminodiphenyl sulfone

3,3'=-Dinitrodiphenyl sulfone was reduced in
ethanol with Reney Nickel catalyst with 50C psi. hydrogen
pressure at room tempereture (25-3000). The catalyst was
removed and solvent distilled out. The residue obtained
was recrystallised from alcohol-water mixture and gave white

crystelline compound. m.p. 166°C.

gy T )

3,3'=-Dinitrodiphenyl 343'=Diamincdiphenyl
sulfone sul fone

Reney Ni/H,

3,3'-Sulfonyl bis (phenyl isocyenste) (3-SDI)

Phosgenation of 3,3'-diaminodiphenyl sulfone wes
carried out in o-dichlorobenzene using dry phoscene gas.
The solvent from the cleasr reesction mass was removed and the
residue obtained was distilled under reduced pressure.

b.p. 360-38c°C, bath temp.//O.B - 1.0 mm of Hg. m.p. 127°C.
cocl,

HZNW:::]—SO T:::]-NHZ —) OCNT:::]-SOQ—[:::]-NCO

3,3'-Diaminodiphenyl (3-5DI)
sulfone

Ethyl urethesne derivetives of 3-SDI

3-5SDI was refluxed in ethenol end the resultent
solution was filtered. This solution on concentration gave
a crude derivetive, which was then recrystallised from ethanol.

meDo 184°¢.



ocn—[::]-soz-[::]-nco
EtoH
3-SDI
I I
C2H5O~C-HN-[::]-S021:::]—NH-C-0-02H5

Ethylurethane of 3-SDI

(b) Synthesis of 3,3'-methylene bis(phenyl isocyanzte)(3-NMDI)

Dihydrochloride of 3,3'-diaminodiphenyl methene
was synthesised using the method, in generzl, described by

Lembert Thorp et 8122.

mn-Nitrobenzaldehyde

Benzaldehyde was nitrated et 0-5°C. The crude
product obteined wes distilled under reduced pressure and

geave crystalline yellowish compound. b.p. 118°/1.2 mm. of Hg.

HO HO
HNOB/H28Q4\
0-5°¢C NO,
Benz aldehyde m~-Nitrobenzaldehyde

m-Nitrobenzyl e2lcohol

m-Nitrobenzaldehyde was reduced with sodium
borohydride in methanol. After removal of methanol, the
compound was tegken in ether and washed seversl times with
water. Ether leyer was dried end the ether was removed.

The erude m-nitrobenzyl alcchol, thus obtained, was
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distilled under reduced pressure. b.p. 220-230°C. besth

tempersture /1.0 mm of Hg.

HO H,OH
NeBH4 (i .
Cle, ~— @
N02 N02
m-Nitrobenzaldehyde m=Nitrobenzyl alcohol

3,3"'-Dinitrodiphenyl methane

m-Nitrobenzyl slcchol wes condensed with nitro-
bengzene in the presence of sulfuric acid &t 95°C. The crude
product obtained was recrystallised from glaciel acetic acid
end gave white crystalline solid. m.p. 174°¢.

?HZOH
H,SO
@ " @ 2 04 " ozu-@-mz@-mz
NO2 -NO2 95%C
m-Nitrobenzyl Nitro- 3,3'=Dinitrodiphenyl
aleohol benzene me th ane

Dihydrochloride of 3,3'-diaminodiphenyl methene

3,3'=-Dinitrocdiphenyl methane was reduced to
3y3'~dieminodiphenyl methane with iron end glacial acetic
acid on 2 steam bath. The amino compound was extracted
with ether end dry HCl gas8 was passsed in ether when the
dihydrochloride derivetive precipitated out. It was
filtered end dried. m.p. 205°C (decomposes).
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02N—CH2-N 0, B
Fe.gl .HAC
Cl ges

3,3'-Dinitrodiphenyl

methane
HC1 HZN-@—CHZ-@-NHZ HC1

Dihydrochloride of 3,3'-dieaminodiphenyl
metheane

3,3'-Methylenebis (phenyl isocyenste)(3-MDI)

The phosgenation of dihydrochloride of 2,3'~
diamino diphenyl methane was carried out in toluene with

dry phosgene ges. The solvent was removed and the residue
obtained wes distilled under reduced pressure. b.p. 200~
220°C. bath temp./ 0.5 mm. of Hg.

cocl1
HC1 HZN@-CH2-@-NH2H01 2_,
OCN-@-CHZ-@-NCO
Dihydrochloride of
3y3'=diaminodiphenyl

methane 3-MDI

Diurethene of 3-MDT

3-MDI was refluxed on 2 weter bsth with excess of
ethanol and the resultent solution wes filtered. The
solution on concentration yielded a2 crude derivetive which

was then reorystallised from ethemol. m.p. 122°C.



OCN-@-CHz@-NCO

—
’ C, H, OH

5

H C,0-C~ m-@-cﬁz-@-m{é -0C,H

Diurethene of 3-MDI



DISCUSSION

In the present investigation, two diisocyanetes have
been synthesized. The diisocyenates end the intermediate
compounds were chearacterised on the besies of physical
constants, elemental analyeis and infre-red spectre.
Derivatives of some compounds were 2180 prepsered in order
to characterise them. For example, diurethanes were obtained
by reescting diisocyesnstes with excess of ethanol. These
derivstives were also studied for their elemental analysis,
IR spectra snd physical constents.

Earlier, Hert et a1°°

heve reported the synthesis of
3-5SDI. However, they hgve used 3,3'-dinitrodiphenyl sulfone
obteined by nitrstion of diphenyl sulfone, while in the
present study, reedily esveilable compound hss been utilised,
which is8 a weste by-product of an industry. This dinitro
compound, even when used without further purificstion, gave
satisfactory results. A different method for reduction of
3,3'-dinitrodiphenyl sulfone has been used as compered to
thet of Hart et a123. Resultant smino compound has been
obteined in good yields (70-75%) despite the poisoning of

a cetalyet. The reduction with Reney nickel and hydrogen
wae done at room temperazture end it yielded 3,3'-diamino
diphenyl sulfone in utmost pure form. The reduction was
cerried out in ethenol in whieh 3,3'-dinitrodiphenyl sulfone

is insoluble end hence could be separated out, if any



unre ected, by simple filtration, slong with the catalyst.
The reduced compound is soluble in reaction medium. Thus
reduction with Raney Ni renders =n easy separetion of
reaction product end unreected reasctents end also eliminectes
tedious recrystallizestion step as emine remsins in the
filtrete and is obtained in 2 pure form. The Raney Ni
catalyst, could be reused only for the second time as ite
poisoning, probably due to the sulfonyl group in the 3,3'-
dinitrodiphenyl sulfone, was observed. The reduced compound
wes chearacterized by its m.p. (16700), elemental anelysis
end IR spectrum. The IR of reduced compound (Fig.2 in
Appendix) showed single pesk, insteed of a doublet, at
3300 cm * corresponding to primery emine.
343'-Disminodiphenyl sulfone wes then converted into
3-SDI. The yields of s& high ss 70% were obtained in this
conversion as sgeinst 40-50% obtained by Hert et sl°°. In
this resction more sclvent wes required to dissolve the
diisocyenete that is formed during the reaction. Mnd also
it wes necessary to bubble sufficient phosgene gas into the
reaction mixture below 5°C to ensure complete conversion of
emine to the corresponding carbomoyl chloride. For this
reason, it was found adventageous to keep the reaction
mixture at O—25°C for 12-15 hours before decomposing the
carbomoyl chloride to the diisocyen-te at higher temperatures.
This diisocyeanate was reported to be accompeanied by formstion
of considersble amount of urea, causing lower yields of the

main product. However, it was observed during present work



thet if the amine used is dry and the conditions mentioned
ebove are strictly followed, the ures formstion can be
completely asvolded. Distillstion of this diisocyenste was
not attempted by earlier workers23. The boiling point of
this diisocyemate is found to be 360-380°C. bath temp./
0.8 -1.00 mm. of Hg.

The synthesis of 3-MPI wes attempted following the
method in general, decscribed by Lembert Therp et 9122.

m-Nitrobenzaldehyde was obtained in good yields by
nitration of benzaldehyde with HNO,/H,SO, mixture at 0-5°C.
It wes purified by distillation under reduced pressure. In
the present study, m-nitro benzyl alcohol was obtained from
reduction of m-nitrobenzaldehyde with sodium borohydride
in preference to Becker's meth0624. As compared to Becker's
method éodium borohydride reduction is easy and elso gives
excellent yields of the reduced compound. Reduction by
sodium borohydride has also been described previously by
Chaikin et a125. These suthors obtesined yields of m-nitro
benzyl alcohol upto B2% a8 egainst 95% obteined in the
present study. Two moles of sodium borohydride per mole of
m-nitrocbenzaldehyde have been used. The excese of sodium
borohydride was removed by employing sufficient washings
with weter to the etheral solution of m=-nitrobenzyl alcohol.

Condenseation of m-nitrobenzyl slcohol with nitrobenzene
wes cerried out in presence of large amount of sulfuriec
acid acting both as crtalyst by donating proton to remove

2 mole of water from condensed product and se dehydreting
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agent by ebsorbing water that has been produced during
condensation. The yields of 3,3'-dinitrodiphenyl methane,
the condensed product, are very poor (15% based on
m-nitrobenzyl alcohol) thereby making its large scale
production very difficult. A large amount of bleck sludge
was obtained during this condensestion =2s has been reported
by Lembert Thorp et 3122-

Reduction of 3,3'-dinitrodiphenyl methene was carried
out by iron powder and glacial escetic acid, instead of
SnCl2 and HCl. The diemine obtained was extracted with
ether and ite hydrochloride derivetives wes isolated.
Phosgenation of this dihydrochloride in toluene yielded
3-MDI. This is en isomer of commercially oveilable 4,4'-
methylene bis(phenyl isocyenate) (4-MDI). The isocyenate
group being placed et meta position with respect to the
methylene bridge, in the present diisocyeanate its reactivity
megy be expected to be comparatively less them its 4,4

isomer.
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EXPER IMENT AL

Spectrel measurements

The IR spectra were recorded on Perkin Elmer infrecord
137 spectrophotometer. The spectra of sclid compounds were
teken in nujol mull while the spectre of liquids were taken
es liguid films.

Preparations

333'-Dinitrodiphenyl sulfone

Comnrercielly available 3,3'-dinitrodiphenyl sulfone

(500 g) was teken in a 2 litre besker and washed several
times with ice-cold water, to remove the acidic impurities
present in the compound, till nutral to a litmus peper.
The white compound obtained after filtretion was recryste-
llised from glacial acetic acid and was dried. It was 2lso0
found that even unrecrystallised compound could be used
for further reaction as the ylelds obteined are quite
satisfactory.
Analysis: Found C 46.88%, H 2.59%, N 93.14%, S 10.17%

Caled.for Cy,HgO.N,S: C 46.76%, H 2.59%, N 9.03%, S 10.39%.

In 2 medium pressure rocking type sutoclave were
placed 3,3'-dinitrodiphenyl sulfone (10 g), ethanol (100 ml)
end Reney nickel catalyst (1.5 to 2.0 g). A hydrogen
pressure of 500 1bs/sq.inch was filled in the sutoclave



end the mass was stirred for 8 hours et roocm tempersture.

The reaction mixture was filtered to remove the catalyst

end the unreacted nitro compound, if eny. The clear

colourless filtreste was given norit treatment =nd the

elecohol solution of emine thus obtained wes concentrated to

50 ml and poured into 100 g of ice-cold weter. The white

crystslline compound precipitsted out was 3,3'-diaminodiphenyl

sulfone. yield 5.8 g (70%).

Mnalysis: Found C 58.28%, H 4.68%, N 11.20%, & 12.90%
Celed.for Cy,Hy,0,N,8: C 58.06%, H 4.83%, N 11.23%, S 12.90%.

343!-Sulfonylbis (phenyl isccyesnste) (3-SDI)

In one litre three necked round bottomed flask
equipped with a mechenicael stirrer, a reflux condenser and
a2 thermowell were placed 3,3'-dieminodiphenyl sulfone (6.5 g)
end o-dichlorobenzene (750 ml). The open end of the reflux
condenser wes joined to one end of the aspiretor bottle
conteaining potassium hydroxide solution. The other end of
thé espirstor bottle wes connected to the exhsust. The
flask was cooled to 0°C by ice-selt mixture and dry phosgene
gas wee bubbled into the suspension for sbout 4% to § hours.
The reection mixture, which was in the form of white
suspension, was kept at 0°C to 20°C for 12-15 hours (over-
night) and then he~ted on a send bath to the boiling
tempersture of the solvent (180°C) for 2 to 3 hours to get
clesr colourless solution. A streem of nitrogen ges wae

bubbled through the rersction mixture until no phosgene wes
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detected in the gos outlet. The reaction mass was4filtered
end solvent removed completely. The yellowish white solid
obteined was distilled under reduced pressure. yield

5.4 g. 70%.

Analysis: TFound C 55.90%, H 2.77%, N 9.32%, S 10.70%

Celed. for C, HgO N,S: C 56.0%4, H 2.66%, N 9.33%, S 10.66%.

1478
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In 2 100 ml round bottomed flask equipped with =

water condenser 3-SDI (0.5 g) end ethanol (50 ml) were pleaced.

The solution wes refluxed on 2 boiling weter beth for 1 hour.

It was then filtered amnd concentreted. The crude product

that sepsareted out was filtered =nd crystallised from ethanol.

yield 0.49 g 67%.

Mnelysis: Yound C 55.33%, H 5.02%, N 7.34%, S 8.08%
Caled.for C;gH, 0.N,S: C 55.11%, H 5.10%, N 7.34%, S 8.16%.

m-Nitrobenzeldehyde

In a 3 litre three necked round bottomed flask
provided with e dropping funnel, a thermometer and an
efficient mechanical stirrer wae pleced technical grade
concentrated sulfuric ecid (1.25 litres)(sp.gr. 1.84). To
this, fuming nitric acid (167 ml)(sp.gr. 1.49 - 1.50) wee
added while efficient agitetion of the sulfuric ecid
continued at ¢ temperature of 5°C to 10°C. The mixture was
meinteined at this tempereture with continuous stirring
for 2 period of 2-3 hours during which addition of
distilled benzaldehyde (213 g) wee completed. Ice bath wes
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removed at the end of addition a2nd the mixture wss allowed
to stend overnight st room temperature. The mixture wes
then poured onto 3.25 kg. of crushed ice when yellowish
m-nitrobenzeldehyde precipitated out. This was filtered,
dried and wes diccsolved in benzene for removal of traces
of weter. Benzene sclution of m-nitrobenzaldehyde was
dried and benzene was removed completely. The crude
compound obteined was distilled under reduced pressure to
get yellowish white crystslline m-nitrobenzeldehyde.
yield 220 g. 70%.

Anglysis: Found C 55.63%, H 3.31%, N 9.27%

Celed.for CoH;0,N: C 56.06%, H 3.67%, N J.82%.

5

p=Nitrobenzyl slgohol
In 2 250 ml 3 necked round bottomed flask provided

with a thermowell, a dropping funnel and an efficient
mechaniczl stirrer were dissolved m-nitrobenzaldehyde
(63.6 g)’é;y end distilled methanol (150 ml). To this
well stirred solution sodium borohydride (14.2 g) weger
added in instzlments over a period of 25 tc 30 minutes at
25-30°C. After the sddition was over, the reaction mass,
which hed changed its colour from faint yellow to brownm,
was further stirred for 1 hour amd methanol was completely
removed. Thus, the derk brown liquid, m-nitrobenzyl
elcohol, obtained wes tsken in ether and the etherel
solution was washed several times with weter to assure the
removel of excess of sodium borohydride. Ether solution

wes dried and ether wes removed. The crude m-nitrobenzyl



alcohol wes purified by distillastion to get 60.0 g of
product. yield 95%.
Analyeis: Found C 55.427%, H 4.53%, N 9.43%

Caled.for C,H,0.N: C 54.91%, H 4.57%, ¥ 9.14%

3,33!-Dinitrodiphenyl methene

In 2 500 ml three necked round bottomed flask
equipped with 2 thermowell, a2 weter condenser and & mechenical
stirrer, were kept m-nitrobenzyl alcohol (20.35 g) end
nitrobenzene (60.45 ml1). To this, concentrated sulfuric
acid (200 ml) wes edded end the solution was heeted on =
boiling water bath for 48 hours. The dark brown reaction
maee wag cooled and poured onto 1 kg. of crushed ice when
yellowish white sclid, 3,3'=-dinitrodiphenyl methane precipi-
tated out. This wes filtered and recrystellised several
times from glecisl scetic ecld to get white crystelline
compound besed on m-nitrobenzyl slcohol. yield 3 g. 15%.
Mnglysis: Found C 60.53%, H 4.0%, N 10.73%

s o
Caled. for C13H1004N2 : C 60.46%, H 3.87%, N 10.85%

Dihydrochloride of 3.3'-dieminodiphenyl methene
In en eveporeting chinea clgy dish were placed

3,3'-dinitrodiphenyl methene (4.2 g) and iron powder (9.0 g).
To this gleciel acetic acid ( 2 ml) was added end the
mixture was hested on a boiling water beth with constant
stirring. The white dinitro compound sttesined the colour

of the iron powder in a2 few minutes. The so0lid mess was
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heated further on a wster beth for + hour =nd extracted
with dry distilled ether. The ethersl esolution of diemine,
thus, obtesined,was filtered emnd dried on KOH. It wes
further filtered end dry HCl gee was bubbled into it vhen
white solid hydrochloride derivative of the dismine was
obteined. This wee filtered and dried. yield 1.9 g 73%
based on 3,3'-dinitrodiphenyl methane.
Analysis: Found C 56.75%, H 6.32%, N 10.66%

Calcd. for 013H16N2C12: C 57.40%, H 5.92%, N 10.37%.

3,3!-Methylenebis (phenyl isocyemnste) (3-1DI)

The hydrochloride of 3,3'-dieminodiphenyl methene
(0.8 g) wes suspended in dry, distilled toluene (50 ml) in
a 100 ml 3 necked flssk equipped with a mechenicel stirrer,
e wrter condenser and a thermowell. The open end of the
condenser was joined to one of the espirstor bottle containing
potassium hydrcxide solution. The other end of the espirstcr
bottle wes connected to exheust. The flesk was cooled to 0°C
with ice-gelt mixture and dry phosgene ges wss bubbled
through it for 2 hours keeping the tempersture ot 0°Cc. The
ice bath was removed and the reaction mass was kept overnight.
It wes then refluxed in en 0il bath for 2 hours while
phosgene was bubbled through it till a clear yellow solution
was obtained. The phosgene was stopped emd boiling
continued for enother hour. A stream of dry nitrogen ges
was bubbled through the resction mixture until no phosgene

gas was detected in the ges outlet. From the resction
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mixture which wss clear yellow sclution, solvent was
completely removed. The residue obtained wes distilled
under reduced pressure. yield 0.45 g 66%.

Anglysis: Found C 72.14%, H 3.98%, N 11.25%

P o e G et s S T e e

In 2 100 ml round bottomed flask equipped with a

weter condenser were placed 3-MDI (0.5 g) and ethamol (50 ml).
The solution was refluxed on a boiling water basth for 2 hours.
It wes then filtered end concentrsted. The crude product
obteined was filtered and recrystezllised from ethenol.
yield 0.42 g 63%.
Anglysis: Found C 66.95%, H 6.00%, N 8.19%

Caled.for CygH,,N,04: C 66.67%, H 6.43%, N 8.18%.
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INTRODUCTION

The structure of the isocyanate group:

- 4 -
[ R-N-C=0: <-> R-N=C=0: <=> R-N=C-0: |

has unicue ferstures suggesting the possibility of ionic
reactions, with electron donors attecking the cerbonyl

carbon end electron acceptors attacking the oxygen or
nitrogen. As a result a2 veriety of isocyanste reactions

ere observed. However, a few of these are of major interest,
especially in the industrisl appnlicetions of isocyenates.
Kinetics and mecheanism of the resctions of isocysnates with
several functional groups hzve been studied but reaction

of several isccyenates with different alcohols has been
studied in greater deteil because of its commerciel importence.
Kinetics of monoisccyenate resctions is the simplest end
useful in the understsnding of the structure snd mechanism
of the reactions. However, kinetice of diisocyanates is
more involved then thet of monoisocysanetes.

Davis end Fernuml were the firet to study isocyeaneote-
hydroxyl reesction guentitetively. These studies showed that
the relaestive rstes of reaction of isocyanseste with sliphatic
slcohols decresse in the order: primery > secondery >
tertiary. Thie was found to be in accordeance with the

expected influence of steric hindrance due to the brenching



of the aliphatic chein close to the site of the resction.
Beker eand cownrkersa-'4 investigsted the isocyenate~hydroxyl
reactions in more det-ils end provided a sound theoretical
background for many of the lster kinetics and mechenism
studies made by others. The uncatelysed nucleophilic
addition of an alcohol to an isocyenste csn be vieuslised

in several wgys. These cen be given as follows:

(i) Direct addition of T"'OH to RNCO with the formation of

& four membered activated complex5.

b- O+
R~-N=C=0 -> R-=N-C=0 =-> R - 7 - T = 0
+ ‘.
H- O - R H-....0 - R! H 0 - R!
o+ 6-

Large negestive entropiesg of activation6 obtained during
the uncatalysed reactions of isocyanstes with alcohols

support this mechanism.

(i1) in intermediste comnlex of ionic structure (A) is formed
efter preliminery reversible addition by the scheme =ccepted
for the reactions of other carbonyl compounds7, end its
subsequent unimolecular conversions into urethane by proto-

tropic reerrangement.
K

1
RNCO + R'OH —=+ R=N=C-0 -~
L 5
1
(13 17 R (A)
K,
R-N-C=0 (o R-N-?=0
4 l (2) .
0 - R O+
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(iii1) Ac in scheme (il), en eddition product (A) is formed
in the firet stege 2nd is converted into the urethane by =a

bimoleculer reaction with a second R'-CH molecule.

K
R-NCO + R'OH  —2is (8)
o

(4) + Ry-OH Ko , RNH.COOR, + R'OH

Beker and ooworkersS’4 suggested the third schere.

Effect of the structure of isocyencte

Although isocyenates are considered to be reactive
class of compounds, the reasctivities vary according to their
gtructures. For example, isccyenete reactivity is increesed
when ean electron withdrawing substituent is present in the
isocyenete nucleus as it helps in increesing partisl
positive cherge on the cerbon atom of the isocyeanste group
by moving the negetive charge farther from the site of the
reaction, thus msking attack on the carbon by en electron
donor easier. On the other hend, electron doneting substituent
decreases the pertiel positive charge on the cerbonyl carbon
atom of the isocyanste group, rmeking atteck et that point by
an electron donor more difficult, thus reducing the rete of
reaction. Experimental evidences hgve proved this theoreticel
prcposition3’4. Thus subetituent like —N02 group increases
the resctivity while those like —OCHB, —CH3 decrease it.
Aromatic isocyenrctes hsve been shown to be more resctive

than aliphestic or sralkyl iaocyanatess. Beiley and coworkers9

10

end leter Keplen heve reported an additional deta on the
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effect of isocyanste structure on reactivity. The relestive
effect of substituent groups was calculsted from the

observed rete data"ll’lz.

13

Brock™™ correlsted the reaction of amyl isocysnstes

with alcohol by Heammett linesr free energy relaticnship:

log K/K, = ¢Ees

where:
¢ = reaction series constent

€ = the sum of the substituent constent

K, = rete constant for the resction of phenyl
isocyanste

K = rate constent for the substituent phenyl
isocyanste in question.

The constent 6 is o guantitestive me asure of the
electronic effect of a given meta on pare substituent relative
to e hydrogen stom. A positive velue of § indicetes an
electron withdrawing effect, =snd negetive value indicstes
an electron donasting effect. The reaction, and conditions
under which it occurs, influence the resction constent ¢ .
Its positive values# is characteristic of reaction enhanced
by electron withdrewing substituent while negative value is
chearacteristic of resctions which ere promoted by electron
doneting groups. Based on limited dete, ¢ 1is calculated
to be 1.63. Substituent constents (given in brackets)

decresse in the order of:

P-NOo(1.27) > m-NCO (0.43) > P-NCO (0.35) > p(-CHz-C6H4NCO)



P.OCH, (-0.27).

Effeet of elcochol structure

The structure of sglecohol has 2180 been shown to influence
the reaction ratesl. Dyer and coworkers14 heve reported a
quantitetive date on the effect, on the rete of reaction,
of changes in the alcohol structure. 4As mentioned eerlier
primery slcohols heve been shovn to be more reesctive than
secondery elcohols. The steric factors, ss one cen expect,
affect the reactivity of alcohol =snd also influence the
effectiveness of ceatalyst in case of ceteslysed reactions.
In contrest to the isocyenste resctivity, electron withdrewing
groups decrease the resctivity of an alechol by reducing
basic cheracter on oxygen atom while electron donesting
substituents increase the beegicity of the slcohol msking it
more reactive. This suggests thet the primery role of
eleohol, o8 that of any active hydrogen compound, is not that

of & hydrogen donor but electron donor.

Catalysis in isocyenszte =2lcchol reaction

As cotalysed reactions are utilised in the lergest
commercial spplicstions of isocyenstes, naturally the
catalyeis of the isocyanate-hydroxyl reaction has been
extensively studied. Although a large number of catalysts
have been described in the literature, the mechenism of
catalysis haes still remained a subject of thorough investi-
getion. The cetelycis of the isocyeanaste reactions amnd the
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reactions of certain carbonyl compounds have certain common

15 have been shown to castelyse isocyenste

features. DBgses
reactions, while acidsl6 act a8 mild catelysts in these
reactions. If alcohol is present in large excess, the
acids had 1little or no catelytic effect. Organometellic
compounds have also been used as catalystsl7.

In esrlier develcpmentel period of isocyenste kinetics,
& coneiderable emount of work has been done on smine type
catalysts. Tertiery amines enhence the rate of alcohol
addition to isocyenstess'='17 118,

Recently, & mechanism that involves the formetion of
emine-glcohol complexl9 which then reacts slowly with the

isocyanate, hes been proposed for the formetion of urethane.

K
1 .
Nx + R"'OH ——d R H ooooH-cooooOR'
R3 QKE 3 o+ o=
X3

R3N3 oooooHoon-OR' + CGHSNCO -'—'-'> CGHSI Eas X + NF3
o+ 6- R

The asbovereaction mey be assumed to proceed via four

membered activated complex.

o+ o=
” =it
P3N......I.-I.....E)R' ‘f ?
— 0
675 o~ o+
Flynn et 3120 have obteined 2 line=r relationship

between the rste constent for the reaction of phenyl
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isocyanete with 2-ethyl hexenol in benzene end pKe values
of several smines. Recently, Anzuino et a121'22 have
reported a procedure to calculate reste constents for the
primery end secondery reescticns (uretheme and sllophanate
formetion respectively) between 2lcohols and isocyenete in
both presence end sbsence of cestalyst. It was confirmed23
thet tertiery emines which do not have strong steric
hindrence, function as catelyste in direct proportion to
their base strength. An exception to this is triethylene
diaminez4 (1,4-diaze|2.2.2|bicyclooctene) which hae been
found to have powerful cetelytic effect than would be

predicted from its bese strength.

gy

| 2
\N/
A complete cbsence of steric hindrance may be the
resson for its high cetelytic activity. On the contreary,
diethyleniline heving compersble bssic strength is inactive
due to the steric hindreance of bulky ethyl groups. Farkus

17 end Reabins®? have analysed in details the published

24

et al

data on cetalyeis by metal compounds. Hostettler et =l

26

eand Wolfe have studied the relative catalytic effect of

27

several tin compounds. Bloodworth et al indicated thet

tin containing cerbemates are formed, on the addition of



tin compounds, containing Sn-0 bond to isocyenstes and

isothiocyenates.

0

.
~N=C=0 + (C4H,),Sn0CH; => -Z- ~0CH,

n(Cgfly)g

This tin cermate resdily reacts with alcohol or phenol

to form urethene.

0

'i

Sn(Cy4Hy)g

The observetions have been made on the activating effect

of a metal containing catslyst on alcoholnzs’zg. It has

been difficult to clarify the mechsnism of acid-base catolysis

due to the lack of aquantitative dataal.

Effect of medium

The rate of the uncateslyzed urethene reaction is
strongly effected by the reaction medium. For exeample, in
0.15 M solution, the phenylisocyanate-~1l butemol reaction
proceeds sbout 50C times fester in hepteane than in dioxene.
Since such 2 dominent role is plgyed by solvent, it is not
surprising thet changes in reactant concentretion have a
more or less pronounced effect on the rete constant
depending on the type of solvent in which the reection is
cerried out. Ephreim and cowork'era32 correleted the solvent

effect on rete of the reaction with its dielectric constant
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while deviations from second-order kinetics were sttributed
to hydrogen bonding between 2lcohol and solvent molecules.
Although several 1nveetigator832’33.35 felt that hydrogen
bonding was responsible for deviations from predicted
behaviour, none hes conclusively proveqﬁhis premise end
obtained kinetic expressions which will include the hydrogen
bonding between the s2lcohol end the solvent. However, Baker
and coworkera2 had studied this interaction in di-n-butyl
ether and benzene solutions end concluded 'that the increased
regction veloeity in benzene was meinly due to the presence
of monomeric slcohol molecules which have much greater
facility to atteck the intermediate (alcohol-isocyeanate)
complex, then have the alcohol-ether solvated or associated
(eleohol) molecules, exclusively present in the di-n-butyl
ether'. Although this explenmetion sppeare quite convinecing,
it does not hold good in csse of other solvent. For exemple,
0.15 M solution of alcohol in nitrobenzene shows a very
high concentration of monomeric form, still the rete of
urethene reesction is slightly slower in this sclvent then
in the dibutyl ether where monomeric sleohol is practicelly
absent.

Recently, Oberth et &1°°

heve reported sn exhsustive
account of the effect of hydrogen bonding on the kinetics
of the urethane reaction. They heve shown thet the rate
of uncetalyzed urethane reesction depends essentislly on
the concentretion of the polymeric (self associasted)

elcohol. A retardation of resction rate is caused by



solvent by bresking down the polymer and its mesgnitude is
directly relsted to the hydrogen bonding power of the
solvent. The polarization (weskening) of the O-H bond in
the polymerie alcohol imperts high reactivity on it, the
degree of polaerizetion heve been shown to be more pronounced
in amine alcohol complexes, which sccordingly ere strong

cstelyst for the urethsme reasction. Thies cam be shown as

below: & -
O0O=C=N--R
+ - _R R -
R3N R R OH P——— 0/ \'_.O b Ht
- -+ - O —
R— N = C=20 H\ / 5
R”'O ...... H
Polarizetion of O-H bond Polarizetion of O-H bond
due to catalyst due to polymeric form

Thus, Obert et s1°° have shed more lights on the role
of hydrogen bonding s well as explained the complex
kinetics of urethene reasction by taking this interaction

intc account.

Reactions of diisocyanstes

A2 mentioned earlier, diisccyanates present a compli-
ceted reaction kinetice. The initial rea=ctivity of en
isogyanate cen be compsred to that of monoisocyanate
substituted with =n ectivating group whereas it cen be
compered with s monoisocyenate substituted with an urethene
group ag the reaction progresses. Although several
complicsted fesctors are involved in the diisocyanste reactions,

their growing commercial importence hes demended more
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abundant informetion on the reactivities.

9

Beiley end coworkers’ hesve reported reactions of

several diisocyenstes with large excess of 2-ethyl hexsanol

end hydroxyl terminsted polyesters. Morton emnd coworker537’38
studied the reections of 2,4-toluene diisocyanste end 4,4'-
diphenyl methene diisocyenete with n-butenol in xylene and

found thet on increeasing the slechol/isocyenate ratio, the

app arent resction rste constents were inecreased as in the

39

case of monoisocyenate 8. Tazuma end Letourette reported

similar experiments but using toluene as a solvent. A

similer study of several diisocyanates in which triethylamine

was used as a cetalyst, was reported by Barkus end Eckert;z.

40 obtained the kinetic data by following the rate of

urethsne formation using infra red absorption at 6750 cm-l.

3

Kogean
Cunnigham end Hastin4 threw an sdditional light on the
relstive reactivity of diisocyanate at higher temperstures.

42-45 o yowed the difference in reactivities of isocyanste

Case
groups in diisoocyanates where strong steric hindrance existed
on one group. Cooper et 5146 have reported the effect of
structure of the hydroxyl compound on its reactivity
towerde phenyl isocyenste.

The present investigetion wes undertasken with a2 view
to study the resctivities of two symmetricel diisocyenetes
in different solvents to obtain the kinetic deta emd find

out the effect of solvent medium. The reactions cerried

out are uncatalyzed.
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PRESENT INVESTIGATIONS AND RESULTS

Bailey and ooworkers9 have reported that the rate
determination of s resction between 4,4'-sulfonylbis
(phenyl isocyenate)(4-SDI) and 2-ethyl hexanol in benzene
solution wees not possible due to the high resctivity of the
diisocyanste. Hart et a147 prepaered 3-SDI an isomer of
4-SDI and sttempted unsuccessfully to find out the rete of
its reaction with 2-ethyl hexanol in benzene. In the
present investigstion efforts have been mede to obtain the
kinetic deta on the uncatalyzed recactions between symmetrical
sromgtic diisocyenates (i) 3-5DI, (ii) 3-MDI, (iii)4-MDI
end 2-ethyl hexanol in methyl efhyl ketone as well a8 in
dioxene. In both of these solvents it wee possible to
follow the reaction between 3-SDI end 2-ethyl hexenol
because of their higher hydrogen bonding power than benzene,
which resulted in the reection proceeding at slower rate.
The reactivity of 3-MDI hes not been described anywhere
80 far. The resctivity of 4~MDI wes also studied under
identicel conditions =nd the data obtained wes compared
with thet of its 3,3'-isomer.

The reactivities of gll the three diisocy=snates with
2-ethyl hexanol were studied by infre-red spectroscopic
method. The intensity of the infra-red asbsorption caused

by en isocyenate group st 2270 em~ 1 was employed to follow



the course of the resction. 2-Ethyl hexenol was used in
large excess and the pseudo first order rate constants were
evelusted. Dioxene or methyl-ethyl-ketone solution of
diisocyenste (0.03 M) with excess of (0.6 M) 2-ethyl hexanol
waes used for the spectroscopic measurements.

The sbsorbance At with respect to time t, for esch of
the diisoecvenste in both the solvente as recorded by the
instrument and the calculated quantities of unreacted
isocyenate in respective cases are shown in Tebles 3 to 8.
The concentration of unreacted isocyemnate 1s calculated
according to the equation C = At/As x 0.03, where At is the
absorbence after the lepse of time t and 'As' at the stert
of the reaction. From Tables 3-8, graphe of time in either
seconds or minutes or hours esgainst moler concentration of
unreacted diisocyenstes8 in respective ceses were plotted
end ere shown in Figs. [B-M0Z The time velues required for
completion of 10%, 20% etc. of the reaction were found out
from corresponding curvee and sre shown in Tables 9 =nd 10
ealong with the cealculeted vealues of the pseudo first order
reesction rete constants for corresponding rezctions. The
pseudo first order reaction rete constamts (K) for each

reaction were obtained using the equation:

K = 2.303 log afx
where t+ = time in seconds

a = initial molar concentration of isocyenate, and

e-x = moler concentration of isocyensete at time t.
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Teble-3: Absorbance of the mixture of 3,3'-sulfonylbis
(phenyl isocyanete) end 2-ethyl hexanol in
dioxene with respect to time

bl |
-~

TR+t I s A
1 0 0.7850 100.C0
2 5 C.6300 86 .66
3 10 0.6050 76.66
4 15 0.525 68.00
5 20 0.4625 60.66
6 25 0.4175 57.00
7 30 0.3300 50. 00
8 35 0.3525 46.00
9 40 0.3300 42.00
10 45 0.3000 38.00
11 50 0.2775 37.66
12 55 0.2575 32.66
13 65 0.2275 27.33
14 75 0.195 26.00




Teble-4: Absorbence of the mixture of 3,3'-methylenebis
(phenyl isocysnate) end 2-ethyl hexeznol in
dioxene with respect to time

N

{

No Time in | Absorbence Unrescted
minutes At isocyanste %
1 0 0.5684 100.0
2 60 0.5400 95.33
3 130 0.5250 92.00
4 190 0.5050 83.33
5 320 0.4725 83.33
6 440 0.4275 76 .00
7 565 0.3375 70.00
8 1470 0.1850 32.66
9 1580 0.170 28.00
10 1775 0.1350 26.00




Teble-5: Absorbeance of the mixture of 4,4'-methylenebis
(phenyl isocysnste) and 2-ethyl hexenol in
dioxene with respect to time

No. Time in Absorbeance Unreacted
minutes At isocyanste %
1 0 0.7150 100.00
2 30 0.6825 935.33
3 60 0.6550 91.33
4 30 0.6475 30.00
5 210 0.6075 84.66
6 330 0.5650 78.66
7 450 0.5250 73.33
8 1470 0.2900 40.33
9 1530 0.2700 38.00
10 1770 0.2225 31.33
11 1320 0.2140 30.00




Table-6: Absorbance of the mixture of 3,3'-sulfonylbis
(phenyl isocyenaete) and 2-ethyl hexemol in
methyl ethyl ketone with respect to time

No Time in Absorb ence Unrescted
* minutes At isocyenscte %
E 0.0 0.6475 100.00
2 5.45 0.3400 59.33
3 10.45 0.2100 32.66
4 15.25 0.1360 21.33
5 20.20 0.0730 12.00
6 26 .45 0.0550 8.66
7 31.45 0. 0250 4,00




Teble-7: Absorbence of the mixture of 3,3'-methylenebis
(phenyl isocyenate) end 2-ethyl hexeamnol in
methyl ethyl ketone with respect to time

No. Time in Absorbence Unreescted
minutes At isocyanate 7%

1 0.0 0.8235 100.00

2 30.45 0.7375 89.33

3 60.40 0.6300 76.00

4 90.40 0.5450 66.00

5 151.40 0.4375 52.66

6 180.40 0.3350 48. 00

7 241 .40 0.3050 38.00

8 300.40 0.2375 28.00

9 345.40 0.2025 24.66
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Table-8: Absorbance of the mixture of 4,4'-methylenebis
(phenyl isocyanste) and 2-ethyl hexanol in
methyl ethyl ketone with respect to time

o i eepee mmm
b § 0.0 0.7550 100.00
2 8.00 0.7050 93.33
3 30.00 0.6075 80.66
4 60.00 0.5300 70.00
5 87.00 0.4650 61.33
6 120.00 0.4100 54.00
F 4 151.00 0.3300 50.66
8 180. 00 0.3450 45.33
9 210.00 0.3025 40.00

10 238.45 0.2725 36.33

1l 273.00 0.2350 31.33
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Table-9: Pseudo first order reesction constents for

eromatic symmetricel diisocysnates at various
degrees of reactions in dioxene at 2411°C
along with the time required for completion
of reaction et those degrees

leO4 sec.-l.
NCO
-NCO NCO
Reaction |
05 H, |
CH2
NCO O —NCO @
|
NCO
Time K Time K Time K
min. min. min.
10 3.30 12.18 180 0.23750 108 0.3944930
20 8.30 5.6450 354 0.12450 306 0.15680
30 13.30 4,0640 540 0.10180 528 0.10330
40 20.30 3.1200 756 0.08482 780 0.08202
50 30.0 2.5590 987 0.07820 1116 0.06872
60 40.0 2.233 1242 0.07747 1488 0. 06448




£t

Teble-10: Pegeudo first order reaction constants for
eromatic symmetrical diisocyenates at verious
degrees of reactione in methyl ethyl ketone
at 24+1°C elong with the time required for
completion of reaction at these degrees

Kx10“ sec.”t.
TCO
@-NCO @-NCO
Reaction | | @
Toz CH, |H
2
@-NCO -NCO
NCO
Time K Time K Time K
min. min. min.

10 1.10 36.54C0 21 2.0330 12 3.5540

20 2.25 13.8600 46 1.0400 32 1.4930

30 350 14.3000 74 0.7418 60 0.9137

40 5.25 1l.8100 112 0.5711 96 0.6878

50 7.15 10.6100 164 0.4687 150 0.5114

60 9.20 10.2800 224 0.4289 210 0.4568




DISCUSS ION

Beiley et al9

heve reported thet the resction between
4-SDI end 2-ethyl hexemol in benzene was s0 fast that it
wes almost completed in 10 minutes end it wse not possible
to obtain =~dequete destz for the ceslculstion of reasction
rete constant.

Similarly Hart et 3147 found it difficult to follow
the resction between 3=-SDI end 2-ethyl hexsnol in benzene
a8 glmost 50% of the reaction wes over in 5 minutes end was
practically complete in 30 minutes. Hence it was decided
to study the resctivity of 3-SDI in solvents like methyl-
ethyl-ketone and dioxene which differ substentielly in their
dielectric constents 28 well &= in hydrogen bonding cepecity.
In view of obtaining kinetic date on the reactivity of
symmetricel diisocyesnates, two of which 3-SDI end 3-MDI
ere ldenticel, differing only in the bridge that Jjoins the
two phenyl nuclei end two 3-MDI and 4-MDI szre in their
isomeric forms, the present study wes underteken.

3 have studied the kinetics of several

Beliley et &l
symmetricel diisocyenates, either substituted or non-
substituted, with 2-ethyl hexasnol in benzene a8 2 solvent.
Based on these studies, the relative effects of substituent
groups on isocyenate reactivity have alsc been given.

They are given in Table-1l.
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Table-1l: Relative effects of substituent groups on
isocyenete reasctivity

Substituent group reljggggxiﬁﬁzgt
Sulfone (pera) > 50
Isocyanste (meta or pare) 6
Phenyl isocyeanete 1
4-MDI average 1.3

Thus, we can expect the sulfonyl group in metes position
to isocyenate to be very effective in activating the -NCO
group elthough to a lesser extent than in pare position.

It was indeed found to be true even in solvent like dioxeme
which has high hydrogen bonding capacity. It cen cleerly
be seen from Table-3 end 10 that the resctivity of 3-SDI is
very high &8 compared to that of 3-MDI in both methyl-ethyl-
ketone amd dioxene. Thie is understood in terms of the
formation of a cherge trensfer through the sulfonyl bridge
(unlike in the cese of methylene bridge) amd the electron
withdrawing nature of the sulfonyl group thet incresses

the reesctivity of the isocyemnate group positively
polarising carbon atom of the isocyenate group amnd hence
rendering attack by electron donor easier.

3-MDI reacted elmost with a similar rate to thet of its
4,4'-isomer, the latter being little fester. In dioxene
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only, the reection rete in case of 3-MDI hes been observed
to be little faster than its 4,4'-isomer after neerly 50%
of the reaction was completed.

The reactivity of 211 the three diisocyeanates studied
wes fester in methyl-ethyl-ketone then in dioxame. The
dielectric constant of methyl-ethyl-ketone is 18.4 end that
of dioxene is 2.21. VWhile concluding the studies on the
effect of solvent cn the reaction of an isceyamnate with en
alcohol, Ephreim et 3132 have reported that the reaction
rate depends primerily upon the dielectric constant of the
solvent. They attributed the deviestions from second order
kinetices to hydrogen bonding betveen alcohol emd solvent
molecules. However, =n exhsustive study on the effect of
hydrogen bonding on the kinetics of urethane reasctions by
Oberth et 3136, suggested the dependence of rates of these
reactions completely on the hydrogen bonding power of the
solvent. In the present study, this effect was observed in
case of 8ll the three diisocyenetes.

When the resction wes cerried out in dioxane, the
yellowing of the resction mixture wae observed a=s the
reaction proceeded, in 211 the three diisocyanstes. This
was in keeping with the observetions of Obert et a136 who
attributed this yellowing of resction mixture to the
'decomposition of dioxane in the presence of reactants'.
These authors did not find noticesble decomposition of
dioxene et higher concentrstions of the reectants where

the reactions proceed fast. In the present study, as
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described in the experimentsl section, the conecentretion

of elcohol used wss much higher that permited the reactions
to proceed very faost as compared to that in which equivalent
moles of reectants zre used. The yellowing wes, however,
quite noticesble in cese of 211 the three diisocysasnates.

Oberth et al°®

did not find such yellowing in other sclvents.
However, this yellowing of reesction mixture was ohserved
in csse of 4-MDI in methyl-ethyl-ketone while it was absent
in case of 3-MDI and 3-SDI. This could not be asttributed
to the decomposition of methyl-ethyl-ketone &8 in case of
dioxene as has been suggested by Oberth et 9136-

It wes Interesting to note during the studies in the
reactivities of isocysnstes by the sbsorbance messurements

1

of the band et 2270 cm ~ in the infra-red spectra, that a

band sbsent initislly developed slowly at 2325 cm T -
2340 cm* (Fig. IX end X) resching intensities compersble

to 2270 em 1

bend, as the reaction proceeded. The intensity
of this bend varies with isocyeanaste =nd solvent. Even when
the alechol concentration wes reduced to one-tenth of whet
was normelly used (0.06 M), this band was still persisted.
Every crcre was taken to avoid any side reaction teking
place by drying e11 the sclvents and reactants thoroughly

as explained in the experimental section. It will not be
eanpropriate to sey thet this band wee due to carbon dioxide

because the other band at 667 mn"1

due to CO2 could not be
seen cleerly. However, if 002 was produced by the resction

of isocyanete with any of the components of the system,



ANVYXOIQ NI ( 3LYNVADOSI TAN3IHG) SIF  TANO4TINS - €°¢
‘40 S3ION3INOIYA ONIHOLIYLS FLVNVADOS! XI 9l

(L-WOIADNINOIN S

N N N N N N N N av} n N
N ( N N N X & - N 3 N
@ ) o o Q o o o O e}
@) &) 2D S (@] (@] (@] Qo O O‘y
T T T | ﬁ T %
| — G
i Ul G ultw Ot utw O} A4VANVYLS
_ | ~H0-1
w | -—
“
|
|

T T T T T‘“T“T“F‘T‘”’WTOOLZ
.
£ |
'e}
~ *oog

v:0
| o
| ,), 4
1 ®
N/ , | >
f “ | ! O
I | A_, | | Sl
{ t, W _ m
| | N L |
| | | f | \~ |
| 1
| -/ \
WS<\k e \\\\
_ _
E | I | @ L i o
N
b
o
o

ootie
0022}
00ectH
00142
00ee-
00€ge
0o0ve

(,-WD)ADNINOD3INS



ABSORBANCE

FREQUENCY (CM™h)

C @] )] O o D
O ) Q < Q .
™ - < LAp) ~N =
o N AY] ™ o N
T | A A A
-
1 AT /
/2 / -
A . /.
' P ‘» ] " \ f
[ oA
o
A

I T

. v ]
| RN
| ! | i
| j BN
i : -
0 4!" : | -
|
. | | .
i !
06t .f -
0-8 L -
i L[—— STANDARD — €0 mmn 40 sec | — 151 mn 40 sec|— 241 min 40 sec-
| « 120 min i 151 min 180 min
- ! ~
v | NN | R SN (NN ) N SN W S S R
TC‘ Q @) ] (@ Q O @)
& @) @] Q O o o ®
] el oy - < ] o4 =
o4 ™ od ~N ol V] o o

FREQUENCY (CM™Y)

FIG X ISOCYANATE STRETCHING FREQUENCIES OF
’’’’’’ o 3 - MOI, 4 - MDI IN MEK



(Y

it would have developed immedistely ot the beginning of
the reaction, which was not observed. Further, the emine
which is also produced under such circumstences, would
heve catalyzed the urethane reaction, which wes elso not
noticed. Therefore it is difficult to assign this bsnd to
eny group or intermediste of the resction. Investigetion
of this bend in deteil might help in understeanding the

mecheniem for urethane reasctions.



EXPERIMENT AL

Materials

(1) The dioxzne was purified by refluxing over metallic
sodium for several hours till the reection was ceased and
the sodium remained bright end then distilling from sodium
using efficient reflux column. The boiling point of the

solvent was 101°C. Tt wes stored in contect with sodium.

(1i) Methyl ethyl ketone wes purified by the method

desoribed by Muller et sl-C.

(111) 2-Ethyl hexenol was distilled twice and the heart

cut wes used for the present work.

(iv) 4-MDI was obtained from M/s. Ferbenfabriken Bayer AG
Leverkusen, West Germeny in the form of flekes. Freshly
prepeared 3-SDI and 3-MDI were used in thies study. The
methods for their preperetion ere given in Section I of
thie pert. All the three diisocyanstes were distilled

under reduced precssure Just before use.

Experimental method for the reaction

The intense absorption of infra-red radistion at
2270 cm"'1 caucsed by the isocyeanste group was used for
plotting the course of the reaction. The infre-red spectra
were recorded on a Perkin Elmer model 221 spectrophctometer

equipped with sodium chloride cells. The instrument was

70
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previously calibreted with stendard polystyrene film. All
measurements were done at 241100 with the same pair of

cells (0.02 em in thickness).

Reection of 3-SDI

0.03 M dioxene or methyl-ethyl-ketone solution of 3-SDI
was prepared by dissolving 30 mg of it in 10 ml sclvent in
2 10 ml capecity volumetric flask. It was used a8 standerd
solution. 90 mg of diisocysnate and 780 mg of 2-ethyl
hexeanol were dissolved in dioxane or methyl-ethyl-~ketone
end the solution wee standerdised to 10 ml in 2 10 ml
volumetric flaek. This is the reaction mixture, 0.03 M with
respect to diisocyesnete and 0.6 M with respect to 2-ethyl
hexenol. Absorbeance As was recorded by scenning the infra-red
spectrum of the standard solution which is filled in ¢ cell.
The reaction mixture wes also run for infre-red spectrum in
the cell end ebsorbance At at verious times t were recorded.
The reection mixture, once introduced in the cell, was
removed only efter completion of the resction. With the
help of As and At values, the percentege of unreescted

isocyanate was calculsted.

Regetion of 3-MDI and 4-MDI

The same procedure &8 hes been described above wes
used for the reaction of both of these isocyenates using
sppropriste quantities of isocyeametes. As these two
isocyenstes ere the isomeric forms of each other, quantities

used in their reactions were the ssme. Thus, 0.03 M dioxene
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or methyl-ethyl-ketone solutions of diisocyenate (either

of the two isomer) was prepared by dissolving 75 mg of it

in either dloxene or methyl-ethyl-ketone in 10 ml volumetriec
flesk. It wae used =28 o standerd solution. 75 mg of
diisocyaneste and 780 mg of 2-ethyl hexanol were dissoclved

in either dioxane or methyl-ethyl-ketone and vclume of the
solution was made up to 10 ml in a volumetric flssk. Thie
is the reaction mixture, 0.03 M with respect to dlisocyanecte
and 0.06 M with respect to 2-ethyl hexeanol.
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PART -1
POLYIMIDES







INTRODUCTION

Recent advances in space technology have produced e
continuing end growing need for hest-resistant polymers
i.e. polymers combining propertiees of temperature resgistance
end thermal stsbility. The former property is characterized
by high melting and softening points i.e. the maximum
temperature at which the polymer cen still be utilized es
solid, while the lstter is chesracterized by the time of
retention of the given value of mechanical strength end
other properties et high temperstures, which is e meessure
of service tempersture range. In order to schieve this
gcal, three pronged effort has been mede in past several
yeers.

(a) Improvement in existing polymers by the introduction

of structural modificetions
(b) Synthesis of newer class of inorganic or orgenic-

inorgenic polymers
(e) Teilor meking of new orgenic systems capable of

resisting hest effects.

In the first epproech, the conventional, inherently
flexible organic polymers were modified to reise the service
temperasture or inherently inflexible intractasble polymers
were modified into tractasble forms. Phenyl groups were
introduced in polymere like polyamides, polyesters etc.

while in lstter cese methylene unites or short cheins of



77

methylene units were introduced in polymers of poly-p-
phenylene types.

In the second approech, preparstion of different
inorgenic end orgenic-inorgenic (semi orgenic) polymers
was the consideration. The fact that bonds stronger than
ocarbon-csrbon bond e¢an be obtsined s# in silicones, led to
the development of semi-orgeanic polymers having inorgenic
chains fremed by orgenic substituents.

Thirdly, a completely new generstion of cerbon-besed
polymers with inherently rigid chsins has been developed.
This involves the preparation of highly stable, rigid sromatic
cerbocyclic or heterocyclic ring systems directly incorporeted
into the polymer chain. The exesmples of thie type sare
polybenzimidezcles, polybenzoxszole, polybenzthiszoles,
aromatic polypyrazoles, srometic polythiezoles, polyquinoxsaline
and polyimides etc. Thie forms the most importent and useful
epproasch. It may be unequivocally seid that one of the most
successful accomplishments in this respect wes the synthesis
of polyimides, which eare ring-chain polymers of the

gtructure:

where R eand R' are eromatic and other heet resistamt groups.

Bogert 2nd Renshawl reported for the first time, the
synthesis of & polyimide. It wes formed when 4-aminopkthelic
anhydride or dimethyl 4-asminophthalate were heeted.



CO_ -H,,0 i
g i
H,N~- 0 s
‘ —co” > co
Y
@( AT
COOCH
3 =2 o
HyN I »
COOCH ~CH,OH
3 Polyimide

Edwards and Robinson2 first reported the preparstion
of high moleculer weight polyimides, by fusion of the selt
from & diemine end tetracsrboxylic acid or a dismine and

a diacid/diester.

HOOC COOH
+ H,N - R-NH,
CH,00C COOCH,,
150%] A
HOOC - :: c00 fH;- R - NH,
CHz00C ~ COOCH,

Low molecular weight intermedieste salt

250-300°C 1 A

co ,CO Iﬂ
e
\\CO Cco —] n
Polyimide

The necessary criterion for obtaining products with
high molecular weight ie that the melting point of the

75



79

resulting polyimide must be below the reaction tempersature

80 as to obtein molten reaction product during polyconden-
sation. In e refinement of this method Edwarde and

Robinson® (2) heeted the prepolymer at temperstures just
below the melting point of the polymer, end (b) used mixtures
of dienhydride and suiteble dismines in aqueous ethsnol et
low temperatures to yield & prepolymer which was subsequently
heeted4. The success of all these processes was limited to
the preparsation of fusible polyimides. Using this technique
however, polyimides capeble of melting without decomposition
were also prepared5 from other anhydrides of the general
formula:

CO Cco

%, P M
o R 0 R= =0-, ~CH,-
e rd
co o

end diemines with shorter chsasins. e.g. hexsmethylene diamine,
tetramethylene diamine. The following elicyclic tetre-
carboxylic acid disnhydrides were employed6 in melt poly-
condensation with several aliphatic diamines end 4,4'-

dieminodiphenyl methane.

CcoO CoO
0/ \b
% 7

Cco 610]

Cyclobuteane tetrecerboxylic scid dianhydride

,/CO i CO~_
0 [ ] | 0
~¢o co”

Dienhydride of tricyclo (4,2,2,0%'°)-dece-10-ene-3,4,7,8-
tetracarboxylic acid.
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Hermans and Street7 studied croselinking in polypyromelli-
timides obtained by heesting selts of pyromellitic acid end
eliphetic diemines like hexemethylene diamine.

Aromegtic polyimides are normally infusible and their
preparation has been the subject of meny publicationse'lg.
Seversal methods have been developed for their preparation,
a few of which ere mentioned below:

(1) Two step preperation of erometic polyimides
(2) Polyimides from diheslides and aromatic diimides.

(3) Polyimides from diisocyenates.

(1) Two step preperation of sromatic polyimides

The generel polymerizstion procedure involves (i)
reaction of an aromstic disnhydride with sn sromstic diamine
in a suitable solvent to yield an intermediste of soluble
precursor polymer, i.e. the polyamic acid (ii) which on
subsequent cyclodehydrestion yielded the insoluble polyimide

a8 shcwn in the following reaction.

[ [

c C
dif::lgiil::ﬁi:o + HZN;Ar-Nﬂz
0

0
Pyromellitic dianhydride



81

Polyamic acid

l -H20
I I

//C . C
" M e i

Y

Polyimide

Bower and Froat16

investigeted the effect of sequence

of addition of the reagents on the molecular weight of the
polyamic scid. Addition of dry dienhydride to the amine
solution yielded highest molecular weights. Frost ond Kesse17
studied the effect of the retio of the starting resgents on
the variation in the viscosity of soclutions of polyamic acids
during their formation end also on prolonged stending.

Zeskoshchikova et 3120

observed that the specific viscosity

of polyamic acids depend on the concentration of the resgents
in the solvent. Wallach?1 determined molecular weights of
several polyemic =scids end studied the dependence of
molecular weight and molecular weight distribution on the

purity of the reesgents.



The synthesis of & polyemic ecid ie e bimoleculear
ecyletion of emines, consisting in e nuclecphilic stteck
on the emino group accompenied by the opening of the
enhydride ring (es shorn below) end the formstion of the

polymer.

co co
NGNS +

O\ /R /0 EEEEERREN] HZN "‘F' -Nle
CO \\\CO

l

A0 co-nm-Pr-nm,
O\\ ///R\\\\
co COCH

The complex formetion is indicsted by the intense
colour formstion on addition of dismhydricde to the amine
solution.

¥rasidlo et s1°2 studied the mechenism and kinetics of
reaction between pyromellitic dianhydride (PMDA) snd m-
rhenylene dismine by IR spectroscopy.

17

Frost and Kesce™ have suggested the following schere

for poseible aide reactions which may occur.

Hf /OH E

C S
.jg

Interrediate Polyimide

R



~ C - OH \\

~
O+ H,N = O + H 0
@/ 2 /

N_

Mnhydride Anine Isoimide

l H20
COCH

: : *COOH

In addition to the factors mentioned so fer, the course
of polyamic ecid formstion depends a2l2o on the nature of
reecting substence 523 .

Conversion of polyamic acid to polyimide forms the
second stege of the synthesis and is called either imidization
or cyclodehydration. This cen be accomplished in two wegys,
thermel and chemical.

10,122,16 5 yyrigigetion the

In the thermal method
polyeamic acid in the form of film, fibre etc. is partially
dried to high so0lid content (65-70%) by gredual rise in the

tempersture and subsequently curing st higher temperatures



(above 20000) in either vecuo or inert stmosphere. The

immidizstion can be followed by disappearsnce of -NH- band

1 and sppeereance of cheracteristic imide bends at

1

et 3247 cm

1

1776 cm — end 725 cm — in the IR spectrum and elso by

following the evolution of waterzz- Individuel polyimides

may need different progremmes of drying.

10,24

The chemicel method of immidizetion cen be effected

with the help of the dehydrating egents such as ecid anhydrides
and catalysts like tertisry amines.
It has also been shown that aromstic polyamioc acids cen

els8e be obteined in the ebsence of solvent by spplication of

high pressure25-

6

Recently, Dine-Hart end Wrightz have made a systematic

study of 2 lerge number of polyimides prepsred from four
tetrecerboxylic ecid disnhydrides end 21 different diemines.
Soluble erometic polyimides were obteined by Jspenese

27

workers from resctions of several dianhydrides with meny

diamines in m-cresol.

<8 introduced pendent phenyl groups slong

Herris et al
the polymer beckbone in order to achieve solubility to the
polyimides. These researchers prepared soluble, high
molecular weight polyimides from phenylated disnhydrides amnd

erometioc diemine. The reaction cen be represented as follows:
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where Ar = 1) 4(::>b ii) <<::>'0<g§£>‘

High molecular veight polyimides soluble in m-cresol

end tetrachloroethane were obtasined by reacting 1,5-cyclo-
octadiene-1,2,5,6-tetracerboxylic acid dianhydride with

diamines in m-cresol at 1100029.

A
@

0

1,5 Cyclooctadiene, -1,2,5,6-tetracarboxylic acid dienhydride

As the resction between dianhydride end diamine is
the most succesceful of all methods developed for polyimide
prepearation, an extensive work on it hase been done end this
regction is still being explored to obtain newer polyimides.
Recently Imei end Iahimoriag have reported the synthesis of
polypyromellitimides using N,N'-bis(phenyl sulfonyl)
pyromellitimide end sromatic diamines. It can be represented

a8 follows:



8b

-NHC;[::]:C-NHSO2
Cots 88 wCaCs

e
~CTIOL HOOY ++ Qe

0 0

Using these general procedures, preperetion of not
only erometic polyimides but also erometic poly(emide imide)
poly(hydrazide-imides), poly(smide-ester-imides) etc. has

been accomplished.

(11) Polyimides from dihelides snd srometic diimides
31

Nishizeki end Fukemi®®*3! prepered polyimides by
polycondensetion of pyromellitic scid diimides with

different dihalides in a2 poler solvent. The reasction can



be represented as follows:

co Co

co co
w’ “meo1-rr-c1 =, x t:I:::I:: B
N / N /

Cco co co co a

Tertisry amines end potessium carbonste catelyse the
reaction. Aromatic dichlorides do not enter the reaction
even after prolonged hesting. Aromstic chloromethyl
derivatives react in s menner similar to that of eliphatic
dihelides. Polyimides obteined are insoluble end heve low
molecular weights.

Silicon containing peclypyrcmellitic acid 1m163530
soluble in aprotic polar solvents were sglso prepared by

reaction between bishelomethyldisiloxasnes and pyromellitic

ecid diimide. This csn be shcwn as below:

H. CH
? 3 ﬁ 3 P co_
Hel-CH,~Si-0-51~CH,~Hel + HN NH
| | o ~ed”
CH, CHj 1
H. CH
CH iiso-iiscn N//CO O CO\\N
TR N0 o
L CH8 CH3 | n

Potessium pyromellitic scid diimide when reacted with



arometic chloromethyl derivetive, gives polyimide in good

:::I:::I:: NK + C1CH,-R-CH,C1

ylelds.

::]:::I// N~CHy=R-CH,

(111) Polyimides from diisocyenates

A Netherlends' patent32 disclosed the reesction of
diisocyanate with tetracerboxylic ecid and/or dienhydride
in polar sclvents to yield low molecul ar weight polyimides.
It was, however, Mayerss3 who published a report describing
this resction and suggested z possible mechenism. The

resction can be represented zs given below:

Cco CO_
OCN=R=NCO + 0// \\Rr//

oo N /
l -C0, *
Cco
/ \ AN,

\/\/

K5



RY

The reaction34 of a diisocysanecte with a diester of
tetrecarboxylic acid has been shown to give polyamic scid
ester which on hesting yields polyimide with the eliminetion
of alcohol.

Yod e, Naqyaas has reported the preparstion of poly-
imides by H~trensfer polymerizetion of cyclic diimides emd
diisocyanstes in solvents like dimethyl escetamide. Tertiery
emines were used as catalyst.

Recently, Carleton et a136 have found thet the precsence
of weter, enhances the rote of imide formstion during the
reaction of isocysnstes end anhydrides. According to them
weter hydrolyses the isocyanste to form uree which in turn
reacts with anhydride to give corresponding imide. However,
the presence of only cstalytic amount of water hes been
found to be effective in obtaining desired product i.e.
polyimide.

The polyimides prepsred by isocyenate methode sre of
low molecular weights. Alvino and Edelman37 hsve recently
reported the synthesis of high molecular weight polyimides
using diisocyanctes and a mixture of dianhydrides and their
scids in the presence of a tertisry amine catalyst.

Alberino and Farriasey38 heve prepsred low moleculer
weight polyimides, soluble in sprotic poler solvents, by
isocyenate met! od.

Thus, diisocyeanate method, slthough has not yet gsined
commercial importence, has been the subject of wide

rece erch.
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Properties of polyimides

(a) ZThermel properties
The high thermel stability of polyimides offers

advantage over other high polymers. Extensive smnd systematic
studies have been done on the course and mechenism of
decomposition of polyimides et high temperstures including
both thermel degrasdation and pyrolysiae’lo’11’39‘43.
Table-12 deascribees the thermal stebility of severeal poly
pyromellitimides, in inert atmosphere end in ambient air.

By means of differentiel thermal enslysis (DTA) end
dynemic thermogravimetric enelyeis (TGA) the thermel
stabilities of seversl polyimides have been studied =nd the
reletionship between the clemicel structure and thermal
stebility hass been evalusted.

Similerly, the determinstion of isothermal weight loss~—

i.e. weight loes at 2 perticuler tempersture, gives the
sexvice life of the polymer at that tempersesture.

40-42

Bruck y45 has studied the thermal stsbility of

several polyimides in inert atmosphere as well as the
thermoxidetive stzbility.

Sesla and Hickaﬁ46

investigeted the thermoxidetive
degradstion of polypyromellitimide by verying gas composition
(02,C02 end CO) of the atmosphere in which the samples were
immersed. Based on the thermel anslysis end mess spectro~-
metric anslysis of the decomposition of polyimidew products,

degredetion mechanisms have been put Iorvsrd4o’42'43'
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Teble-12: Thermel stability of polypyromellitimides by
the DTA method

In nitrogen In air
No gtggéﬁ: Incipient* Pesak Incipient
) B decomposi- temp. oxidation
tion - temp.,
temp. °C. ¢ o

1. 500 610 450

460(540) 530 300

<0)-

©
3. —'- 510 615 410

CH CH,
4. -2t:>-<:j;- 430 540 330
5. 4<::>—04<::>» 490 595 400
6. 4<::>F5024<::>— 420 485 300
7. 4<::>ﬁCH2{<::>- 480 550 230
8. 4<::>h(CH2)24<::>~ 470 580 200
9. 4<§§>FC(CHS)2{<::>— 400(450) 430(485) 320

10. (OB, )e- 370 430 290

* incipient hest absorption tempersture
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(b) Chemicsl properties
Most polyimides, particularly those highly thermo-

stable esromstic products of commercial importance, sre inert
to organic solvents and o0ils. They sare not particulerly
effected by dilute acids. However, they dissolve with
degredation in strong acids like fuming nitric acid or
concentrsted hot sulfuric acidlo.

Polyimides show low resistence to slkslis emd super
heated steam, and the imide graups are hydrolysed by these

agents.

Nishizaki47

has thoroughly studied the mechanism of
degradation of polyimides and has recorded the resulting
chenges in the externel properties of the film, the solubi-
lity and the IR spectra.

(e¢) Physigezl end mechenicel properties
The densities of polyimides are always much higher

then those of polyeamic scids. Polyimide densities depend
on the conditions of immidigetion. Thin films heve lower
densities due to nearly complete removal of solvent during
the thermgl treatment. On the contrary, preeence of solvent
i8 unavoidable in thick leyers which ultimetely reduces the
imidizetion tempersture and facilitastes crystallizstion.

Formetion of stable free radicels at high temperatures

48’49. The polymer cheins

is a cheractericstic of polyimides
congisting of phenyl ring, interlinked by means of five-

membered imide rings and hetero atom groupings sre responsible



for numerous properties. The variation in the locetion of
benzene rings relstive to the imide rings and heterostomic
groups ceuses charscteristic differences giving rise to
different clesses of polyimides based em structure-property
relationship.

The polyimides c=n be subdivided into severeal groups.
However, if the criterion for each group is considered to be
the presence, in the monomeric units, of hinges consisting
of heterostoms like -S-, SOZ- y =CO~, etc. and their location
with respect to imide rings, the polyimides can be arranged
in four groups. They are given in Table~13, elong with
illustretions.

Teble-13: Clessificetion of polyimides

Illustretions
anhydride emine

Group Description

Group I. Contein only erome-

tic rings, linked N
to each other d<::>*
directly or vie imide o

rings i.e. no hetero
atom

Group II. Presence of hetero 0
atoms in enhydride 4(::>“
component only

Group III Presence of hetero
atom in emine {(::>—046§§>—
component only - -

Group IV. Presence of hetero ?
atom in both anhy- l

dride end smine . ; *(::>PSOZ4<::>-
component \T:::j::
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Effect of chemicel structure on the physical properties
of polyimides belonging to different groups

Group I polyimides displsy meximum thermel stsbility.
Thermooxidetive procescses are minimum a8 compered to any
polyimide belonging to other groups. The values of elasticity
modulus ere high at both room snd elevated temperstures,
which may be sttributed to strong intremoleculer end inter-
rolecular forces. The effect of crosslinking on elasticity
modulus ie insignificent.

Group II polyimides resemble Groun I polymers in
properties. This is due to the fect that the hinge links
of enhydride moiety elthough present in feirly lerge numbers,
do not ensure merked ductility owing to the bulky nature of
the contigucus flat-shesped anhydride nuclei. Density is
elso high. They do not soften. Thermooxidative degradation
sppears to be easier than group I polyimides.

In Group III polyimides intermoleculer forces esre much
weaker than in groun X and group H polyimides. Effect of
high tempersture crosslinking sre considerable, especielly
if the polymer displays 2 merked tendency to softening.

The retension of ductility at cryogenic temperatures51
(upto the tempersture of liquid helium) is en importent
festure of this group of polyimides.

Group IV polyimides show high elasticity in a narrow
temperature range end have a melting point. It is poseible
to work group IV polyimides into products of thermoplastic
type due to their reedy softening znd melting cherscter.



Crosslinking takes place in highly elestic stetes but the
related changes in elasticity modulus are smell. They are
highly resistent to thermooxidative degresdation 1if
eliphetic links are sbsent.

(d) Electrical properties

Polyimides are medium frecuency dielectrics.
Their dielectric constant 1is 3 - 3.5 and does not vary

much with either frequency or tempersture. The specific

17 18

volume resistence at room temperature is 10 to 10 ohm cm,

while at 20C°C, it is ebout 10'* onms om. Irrespective of
the chein structure, the tangent of the dielectric loss =angle
ten 6 at rocm tempersture remains practically constant

(Table-l4)508 (exception polymer 5 in Tahle-14).

Teble-14°0% ; Dielectric losses by polyimides at 23°C
end a frequency of 5.105 hz.

— Polymer from
No. Amine 1 enhydride tem & 10

“« O 5r 6
e 29 -




It seems that in cese of polyimides the poler CO groups

are meinly responsible for dielectric losses and due to
their symmetricel locstion, the losses are less. The tangent
of the loss angle is 2-4 times lower then in polyesters of
poly(ethylene terephthslete) in which CO groupe form part

of the chain.

Applications

Polyimides can be used to produce practically &ll types
of technicel meteriels in which polymers are used in the

solid stste. Thus they are used in electro insuleting film

53-58 62-64

preparstion , enamel insul ation of coil ducte,

edhesives, sesling compoundes snd glues. Fibres and plastice

60,61

materials eare alsc being developed from polyimides.

Recent gpplications include their use in the preperetion of

fleme retardent foamssz’Eg.

oo
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PRESENT INVESTIGATION AND RESULTS

The synthesis of polyimides from diamines end
dienhydrides and determination of their properties hsave
been the subject of intensive reseerch for lest 15 yeers.
However, resesrch on the prepsration of polyimides, via
isocyenste route, is only & recent development. quers33
in 1369, reported the formetion of low molecular weight
polyimides from pyromellitic dienhydride (PMDA) end 4,4'-
methylenebis (phenyl isocyaenste) (4-MDI) in aprotic poler
solvent. Later several of the commercially svailable
diisocyanztes were used for the polyimide synthesis, but
none could yield a high molecular weight polymer. Very
recently, Alvino end Edelman37 have reported for the first
time, 2 synthesis of high molecular weight polyimides
using diisocyanctes. The resultent polyimides are capsable
of forming tough, flexible films having good properties
like polyimide films obtained from the reaction of diemine
end diesnhydride. These authors hove stested thet in the
preperetion of ebove polymere, the use of tetrecerboxylic
scid elong with the dienhydride and a tertiery amine catelyst,
is a necessery condition to obtain high moleculer weight
polymers.

In the present investigetion, polyimides hsve been
prepered by reecting 3,3'-sulfonylbis (phenyl isocysnste)
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(3-SDI) with PMDA end 3,3',4,4'-benzophenone tetracarboxylic
acid dianhydride (BPTD). Although polyimides from 4-MDI
have been synthesized esrlier, they were prepered egsain
for comparstive study.

Viscosities and nitrogen esnelysis of polymers are
given in Table~15. IR spectra of polymers ere given in

eppendix.

Polyimide from PMDA and 4-MDI

Dry PMDA end freshly distilled 4-MDI were pleced in &
round bottomed flask. A sufficient quantity of sprotic polar
solvent was added to get clesr yellow solution. The solution
was steadily heated to 13000. The poclyimide separsted out
in the form of fine yellow powder st 90°C. The solid was
filtered, washed several times with methahol to remove
solvent end dried. yield 35%.

[
POPITTOT
C C

; ¢

PMDA 4-MDI

— -

I I

c C

- O OO
0 0

- =

Polyimide

n
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Polyimide from PMDA end 3-SDI

Dry PMDA znd freshly distilled 3-SDI were pleced in a
round bottomed flesk end were dissolved in sufficient
quentity of sprotic poler solvent to obtain clear yellow
solution. The reaction mixture wes heated gresduelly to
130°C end meintained until polymer separsted out. The
polyimide that hed seperated out was filtered, washed with
methenol and dried. yield 45-50%.

0 + OCN NCO

0
PMDA l 3-SDI1

Y N
~N(§ﬁ<i>'@ ©

. An

Polyimide

To the filtrate obtained sfter filtrstion of the sbove
polyimide, was added sufficient quantity of water when
80lid precipitated out. This was considered to be the

intermediete polymer, the structure of which is discussed

in the discussion part.
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Polyimide from BPTD and 4-MDI

Dry BPID end freshly distilled 4-MDI were dissolved
in an sprotic polar solvent to get cleer yellow solution.
This was hested to 130°C in = stepwise manner. Yellow
coloured eolid of polyimide sepsrested out =t 30°C. The
polymer was filtered, washed with methenol and dried. yield

907.

P _
O::gi::]gi;]// \\[:::[:i@:>b + 00N{<::>—CH24Q;2>FNCO

B "
REBCROEpIOSNGE

0 0 Jn

L

Polyimide

Polyimide from BPTD end 3-SDI

Dry BPID and frechly distilled 3-SDI were placed in
2 round bottomed flesk and were dissolved in sufficient
quentity of an eprotic polar solvent to yield a clear
solution. This reaction mixture was heested greduslly to
130°C end meintained et this tempersture for seversl hours.

A8 no polymer separsted out, nor-solvent, water was added
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to precipitate the polymer. This was then filtered, washed
with methanol ond dried. yield 80%.

:@ \@i 0+ OCN NCO
w3

3-SDI

O===Q O==o

BPID

€ (] :D

0

-—N<%:@r%1§>u 5™

Polyimide

This resction waes repeated in m-oresol, which yielded
soluble, low molecular weight polyimide. The polyimide was
‘ precipitsted with ether, washed with methenol and dried.
The resctions were gzrried out in Dimethyl formemide (DMF),
Dimethyl ecetamide (DMAC) end N-methyl-2-pyrrolidone (NMP).
The reaction conditions, the neture of product obtained
end their inherent viscosities are described in Table-15.
Since the polyimides from 3-SDI ere new, their nitrogen
englysis is glso given in Table~15.
Viscosities were determined in 2 constant tempercture

bath =t 30°C ueing 0.5% solide polymer concentretion and
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Ubelhode viscometer.

IR spectra were recorded on Perkin Elmer E 137
spectrophotometer.

Thermogravimetric analyesis (TGA), differentisl thermal
analysis (DTA) and derivative thermogravimetry (DIG) were
mede gimulteneously with a Mom-Budspest derivetogreph type
OD 102 described by Panlik et 21°2 in eir at heating rate
of 9°C/min. Before the analysis, =11 the polymer samples
were conditioned at 100-120°C under reduced pressure of
10° mm/He to remove the entrapped solvent and eUsorbed

moisture, if eny.

Mom-Budepest Derivetogreph

The samples were placed in a2 pletinum crusible of
speciel shape which had an indenture et the bottom so that
the thermocouple placed in it messured the temperature st
the centre of the crusible. A similer platinum crusible
filled with Alzca wes used es the inert stendard. The
semple end the inert reference were hested at 2 programmed
rate in a resistence furnsce, and the chenge in weight of
the semple was recorded on a photosensitive peper by meamns
of a light beam reflected from a mirror sttached to the
pointer of the balance. The rete of chsmge of weight (DIG)
was elso measured at the seame time by the aid of a2 solenoid
fixed on the bglence beem end moving in the field of force
of e permenent megnet. The current induced in the moving

solenoid coil wes proportionsl and wae me easured by s



gelvenometer connected to the poles of the solenocid. A
beam of light reflected from this gelvenometer, therefore,
recorded the derivetive of the thermogravimetric curve
(DIG). The specimen tempersture (T) was measured by means
of 2 thermocouple inserted into the semple. A differential
thermocouple inserted in the sample =nd the reference
yields the temperature difference which is recorded ss e

thermogr am.
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DISCUSSION

The Table~15 summearizes the preparetion and moleculear
weight index (viscosity) of the four polyimides synthesized
in the present work. The nitrogen enalysis for polyimides
B and C is also given.

It cen be seen from Teble-15 that in spite of the
higher polymerigstion time for 3-SDI disnhydride resctions
the polymere obtaeined were of only low moleculsar weight as
compered to those obtained in 4-MDI-dienhydride reactions.
It is reported50b that polyimides with -802— groups in the
chein hsve comparstively low moleculer weighte, elthough
they eare obteined by rescting diamine with dienhydride.

In the present cese, it is interesting to note thet the
build up of higher molecular weight sppears toc be difficult
in 3-SDI dienhydride resctions, although 3-SDI is more
reective then 4-MDI. This mgy probably be due to the
plecement of -NCO groups st 3 positions in 3-SDI es
compered to the 4th in 4-MII.

Mayerss3 has shown that the reection of a diisocyencte
with & dianhydride proceedes eccording toc the scheme, shown
in Fig. XI.

Thus, a seven membered ring polymeric intermediate
is formed a8 a result of the reasction between a diisocyamnate
end e dianhydride which in turn loses CO, to yield

polyimide. The polymeric intermediaste, according to
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Meyers°2, is soluble in poler solvents like DMF, DMAC etc.
while the polyimide, like suthentic sample, is insoluble

in 211 orgenic solvents. This phenomenon was observed in
the present study in csse of polyimides A, B and C (Teble-15)
while in cese of polyimide D, alwegys low molecular weight
polymer was obtained.

A8 has been postulested by queraaa, the seven membered
ring polymeric intermediete shown in Fig.41 gives IR spectrum
identical to that of respective polyimide except that the
1660 cm—l peek is intense in cese of the intermediate due
to the presence of en additionel amide carbonyl of the
seven membered ring. The intensity of this pesk decreases
considerably when polyimide is formed after the loss of 002

from polymeric intermediate.

IR spectra of polymer A =zmd B

Mgyers' postulation mentioned sbove, holds good in
cese Of polymer A and B obteined from PMDA-diisocyanecte
reactions. TFig.l0 end 11 illustreste the IR spectra of
polyimides A and B while Fig.12 showing IR is illustrative
of the intermedieste obteined in csse of PMDA-3-SDI reaction.
In this resction the nolyimide thet had seprrsted out
from the solution wes filtered out and the intermediate
was isoclsted from the filtrste by precipitation with

weter, 88 explained in the experimentel section.

IR spectra of polymer C and D

In cese of polyimides obteined from BPTD-diisocyenste
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reaoctions, a peak of considereble intensity is seen at

1670-75 om 1 (Fig.13 =nd 14) which may be assigned to the
benzophenonic esrbonyl group. 4n sbsorption at this

frequency ie also observed in the IR spectrum of BPTD (Fig.l5).
In polymers C and D, this absorption wes present (Fig.l3
end 14 respectively) irrespective of whether the pol&mer
has been precipitested out or has remsined in solution.
Hence, it mesy be suggested thet the presence of 1660 om™ 1

bend cannot be the criterian to differentiste between 2n

intermediate and a polyimide.

Structure of polymer D

On the grounds (i) that the polyimide separstes out,
a8 it is formed, from the reaction mixture of diisocyanate
end dienhydride in e poler solvent end (11) the 1660 om
bend criterien, it was difficult to understend whether
polymer D was an intermediste or s polyimide - the finel
product. However, the presence of imide bend (et 1780,
1730 and 730 om-l) in IR spectrum of polymer D and
confirmation of evolution of stoichiometric emount of 002
gas during its formstion suggests that the BPID-3-SDI
reaction hes yielded s polyimide (polymer D) soluble in
poler solvents. The low molecular weight of the polymer
mgy be one of the reasons for its solubility. Noreover,
benzophenonic dismhydride has been shown earlier to give
soluble polyimiden38 with some diisocyamates. Alberino38
has reported the synthesis of soluble polyimides from

BPTD end 2,4 or 2,6 toluene diisocyenste or mixture of
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2,4 and 2,6 toluene diisocyenate.

Thermogravimetric analysis date

TGA curvee obtained for 211 the four polyimides A, B end
C, D are given in Fig.XII end XIII respectively. Teble~-16
shows the loss of weight et different temperstures for esach
polymer and these were celculsted from the respective TGA
curves. It is importent to note thet the conditioning of
polymers, i.e. heating st 100-120°C under reduced pressure
of 1072 mm/Hg for 2 to 3 hours wes found to be very essential,
becsuse it removed the entreped solvents and adsorbed
moisture. This was reflected in the TGA curves as they showed
considerable incresse in thermsl stesbility after conditioning.
Polyimides A znd B belong to III group (Teble-13) i.e.
they heve 'hinge' group in diisocyenste structure. Polyimide
A exhibits TGA curve similer to thet of the suthentic semple
described by Mayernsa. It can clesarly be seen from
Table-16 thet polyimide B starts losing weight st lower
temperstures a8 compared to polyimide A, thus indiceting
its lower thermooxidative stasbility. This may be due to
two fsctors. The first being the incorporation of —502—
graups in the polyimide chain which have already been

50e

shown to affect the thermal stablility of the polymer.

Secondly, the low molecular weight of the polymer. It is

a fact66

thet while polymer itself has a fairly stable
structure, much of ite instsbility arises from the end

groups which are highly resctive themn the rest of the
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Teble-16: % weight loss at different tempersature
for polyimides A, B, C #nd D.
Temp . Polyimide
8 A B c D
100 0.25 1.0 1.0 0.5
200 0.5 1.5 1.0 1.0
300 2.0 4.0 2.2 5.0
400 2.0 6.7 2% 8.0
500 3.0 14.5 3.0 15.0
600 31.5 37.0 31.5 36.0
700 47.0 56.0 58.5 56.0
800 53.0 72.0 76.0 61.0

109
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polymer molecule end consequently showing the direct
dependence of the thermsl stability on the moleculer weight.
In addition to the sbove two factors, benzene ringe in meta
position, might also be responsible in merkedly reducing
the temperoture of oxidetive degradation.

Polyimides C end D belong to the IV group (Table-13)
i.e. they heve 'hinge' groups in the structures of both of
the resctants. In such ceses, polyimides are expected to
poesess higher resistance to thermooxidetive degradation.
In the present study, however, polymer C appeers to be more
stable then polymer D. This cen be expleined on the similer
grounde es in cese of the low thermal stebility of polymer B.

Polyimides obtained from 4-MDI and either PMDA or BPID
(polymer A end C) show similer stability towerds thermo-
oxidetive degradetion. The szme is true with the polyimides
prepered from 3-SDI and either PMDA or BPTD (polymer B and D).
This indicetes that the presence of 'hinge' group like -CO-
in dienhydride component does not make significant difference
in thermooxidative degradetion properties of polyimides
when they eare prepaered by using either 4-MDI or 3-5SDI.

DTA and DTG were also recorded simultameously with
TGA and they confirmed the weight losses shown by TGA. It
could =180 be noted from Teble-16 that loses at higher
temperature were quite comperszble.

These four polyimides were obtained elso by ueing
other solvente e.g. dimethyl acetemide, N-methyl-2-pyrrolidone

etc. end showed similar beheviour as regards the progress
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of the reasction wes concerned. They elso exhibited
identical properties as heave been reported in Teble-15 end
16.

- Hence, it can be concluded thst irrespective of
isocyanste resctivity in uncetslyzed dianhydride-3-SDI
reactions, only low moleculsr weight polymers (polymer B
end D) were obtained a8 compered to those obtained from
uncetalyzed dienhydride-4-MDI re-ctions, which are of

reletively higher moleculer weight.
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EXPERIMENT AL

Matericgls

(1) PMDA was obtained from Koch Light Industries, England,
in the form of white powder. It wes used =8 such (on
sublimetion, no residue remeined behind showing its good
purity).

(2) BPTD was obtained from Gulf 0il Co. in the form of
yellowish powder. This too, geve no residue on sublimetion

end hence was used as such.

(3) 3-SDI was prepered in this ILeborestory es described in
Pert I. It wes distilled Jjust before use.

(4) 4~MDI was obteined in the form of flekes from
Ferbenfabriken Bayer, 8.G. West Germany. It was distilled

Just before use.

(5) All solvents were dried and distilled by following
standard procedures. DNF, DMAC, NMP and m-cresol were

used in the prepearation of polymers.

Preperation of polyimide from PMDA end 4-MDI

In 2 200 ml 3 necked round bottomed flask equipped
with a thermometer, 2 stopper, a gas outlet connected to
berium hydroxide test solution and a megnetic stirrer, were
placed 4-MDI (2.5 g 0.01 mole) end PI'DA 2.86 g (0.01 mole).
DMF (30 ml) wes edded to obtein 2 cleer yellow sclution
which was hested to 40°C &nd meintained for 2% hours.



115

The temperature was then slowly reised to 30°. at 75°C,
CO, ges evolution wes visible and ot 90°C the yellow
polymer sepereted out. The temperature wes further raised
to 130°C at which it wee kept for 2 hours. This wae to
confirm the completion of reaction. Polymer thus obtained
wes filtered, washed severzl timee with methenol to ensure
complete removal of solvent snd then dried at 60°C in en

oven to get 5.0 g polyimide.

Preperation of polyimide from PWMDA snd 3-SDI

PMPA 2.86 g (@.0C1 mole) end 3-SDI 3.0 g (0.01 mole)
were pleced in a 10C ml 3 necked round bottomed flask
equipped with a thermometer, a stopper and a2 gas exit
connected to berium hydroxide test solution and a magnetic
stirrer. DMF (30 ml) was a2dded to get clear yellow solution,
which wes kept et 40°C for 2% hours. The tempersture was
gradually reised to 90°C in sbout 1 hour. CO, ges evolution
was observed although it wes not brisk. Polymer hed not
separated out. The tempersture wss then reised to 130°¢
at which it wes meintained for 25 hours. After 19 to 20
hours of heating, polymer sterted sepersting out and after
25 hours of heeting no further polymer sepsration could be
noted. The polymer was filtered, washed with methsnol to
remove the solvent end dried et 60°C. yield 2.6 g.

The filtreste obteined asfter filtretion of the polyimide,
wee trested with sufficient water to get yellowish white
#olid. This was filtered, weshed with methanol =nd dried.
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2.0 g« This was proposed to be the intermediste polymer

on the baeis of its IR spectrum.

Preparation of polyimide from BPTD and 4-MDI

4-MDI 2.5 g (0.01 mole) =znd BPTD 3.22 g (0.01 mole) were
pleced in 2 100 ml 3 necked round bottomed flesk equipped
with & magnetic stirrer, & thermometer, & stopper and a gas
exit connected to berium hydroxide test sclution. To thie
mixture, DMF (30 ml) was added to get a cleesr yellowish
solution which was maintained et 40°C for 2} hours end then
gradually heated to 90°C in 1 hour. 4bove 75°C, the CO, gas
evolution was visible and at 90-9500 the polymer precipitated
out es yellow solid. To ensure the completion of reaction#,
the reaction mixture wee hested to 130°C end kept et this
tempersture for 2 hours. The polymer wes then filtered,
weshed with methanol till free from solvent and then dried.
yield 5.1 g.

Preperetion of polyimide from BPTD end 3-SDI

In a 100 ml 3 necked round bottomed flesk equipped with

e mggnetic stirrer, a thermometer, & reflux condenser with

a guerd tube and 2 ges exit connected to berium hydroxide
test sclution, were placed 3~SDI 3.0 g (0.01 mole) end

BPTD 3.22 g (0.01 mole). To this mixture NMP (30 ml) wes
added to get clear yellow solution. The reaction mixture
sfter keeping st 40°C for 24 hours, wes graduelly hested to
30°C in 1 hour. As the tempersture resched 30°C, CO, gee

evolution wes observed 21though it was not so brisk. No
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polymer hed separeted out. Therefore the tempersture was
further reised to 130°C et which it wes meinteined for sbout
10 hours. 8Still no polymer seperet ion was observed. In
enother set of experiment, even efter hesting the polymer
further to the boiling tempersture of the solvent (195-200°C)
polymer did not separate out. Polymer was then precipiteted
out with non solvent, weter, filtered snd washed with
methenol to remove solvent end dried at 60°C. yield 4.95 g.

An experiment was run to meassure the amount of carbon
dioxide evolved during this reaction. Equipment wes set as
described sbove except that the gas exit wes connected to a
U tube filled with soda asbestos. The U tube was ecuipped
with stopcocks on both sides which ensbled to connect the
tube to the reaction flesk while the reszotion was in progress
end to protect it from contect with air 211 other time. The
U tube was weighed accurstely before starting the experiment
(84.0066 g). The quantities of resctents mentioned sbove
were used in this experiment. Reaction wes carried out in
nitrogen astmosphere which 2lso served =8 cerrier gas for 002.
Heating schedule was 2% hours at 40°C, 1 nour at 30°C,
3 hours st 130°C.

After the reection wes over, the sods asbestos in U tube
showed chenge in colour from bleck toc white indiceting
gbsorption of CO2 gas. The U tube, =fter the experiment,

weighed (84.8820 g) showing inorease in weight by 0.8754 g
due to 002 absorption, thus indiceting the evolution of

neerly stoichlometric emount of CO, (0.88 g).
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PRELIMINARY WORK

Copolycondensetion is =2 well known procedure for
regulating the molecular structure and properties of
polyimides. Copolyimides (copolymers of polyimices) ere
prepered by condensation of more than one diasmine with one
dienhydride or more thamn one disnhydride with one diemine.
Similarly, they can 2lsc be prepered by condensation of more
than one dianhydride with 2 diisocyanate or more then one
diisocyenate with a dianhydride. The preparation of
copolyimides using amines has been described in patent

litersture. A Netherlemd patent’

discloses the preparstion
of a copolyimide using 4,4'-dieminodiphenyl ether and 2
mixture of pyromellitic dienhydride (PMDA) and 3,3',4,4'-
benzophenone tetracerboxylic disnhydride (BPTD). The polymer
obtained had good properties and could be used in the
preparation of filme and adhesive tapes. Similerly, a
British patcnt2 hes described the preperation of copolyimides
by rescting 3,4'-dicarboxy-1,2,3,4-tetrehydro-l-naphthalene
succiniec dianhydride end e different dianhydride or mixture
of dienhydrides with diamino diphenyl ether. The copolyimides
could be compression moulded st higher temperature tc give
tough, flexible molded articles. Copolyimides of
dienhydrides and diamines yielding polysrimides of group

I, IT end III (classification of polymides as described

in Table-13) show properties similar to the corresponding
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homopolymers.

Several property chenges achieved by modificetion by
copolymerization of polyimides have been reported in the
literaturos. Some of them have been briefed here.

As 2 result of copolymerizstion, if e dianhydride
forms group IV polyimide with one diamine and group II
polyimide with the other, the copolyimide obtained displsys
properties which ere intermediate between the two respective
homopolymers.

If a given dienhydride gives crystallizing, softening
group IV polyimides with each of the two diamines seperately,
the softening temperature of the copolymer wili be somewhat
lower then the softening point of either homopolyimide.

Meny copolyimides displey a better adhesion to gless
end metels then do the corresponding homopolyimides. In
certain cases, substential improvement in the parameters of
the final product may be brought sbout by copolycondensation.
For example, the elasticity of copolyimide of the mixture
of following two disnhydrides and the diamine is higher

then either of two homopolymers.

I

I/CO - CQ\ //CO C co

CO Cco

3,3',4,4'-Biphenyl tetrae- 3,3"',4,4'-Benzophenone
carboxylic dianhydride tetracarboxylic disnhydride (BPTD
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H?_N-@—O-@—O—@-NH2

Saluti et ai4 have reported the prepearstion of thermo-
setting polyimrides by copolymerizetion of terslin dianhydride,
maleic enhydride and 4,4'-methylene di-aniline.

Veollkommer et al5 synthesized chlorine containing
polyimides by copolymerizing bis-(4-emino phenyl ether),
tetrechloro-p-xylene diemine and pyromellitic disnhydride.

Etsuo et a16

synthesized copolyimide by using BPID,
4,4'-diamino-3,3'-dimethyl-diphenyl methene and 3,3',4,4'-
tetrsemino diphenyl methane.

Copolyimide fibres end threads were obtained by Farricsey
et al’ by utilizing a mixture of toluene diisocyemate (TDI)
end 4,4'-methylenebis (phenyl isocyanste )(4~MDI)ealong with
BPID.

Alberino8 hes reported copolycondensation of BPTD and
mixtures in verious proportionse of 4-MDI and TDI (2,4- or
2,6 isomer or mixtures thereof). All the copolyimides
obtained by Alberino were useful in the preparstion of high
temperature resistant msterials and in verious applicetions
for which polyimidee are known to be especially adopted.

In the present study, copclyimides of BPTD end mixtures
in verious proportions of 4-MDI and 3,3'-sulfonylbie (phenyl

isocyenste) (3-SDI) were prepared.
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PRESENT INVESTIGATION AND DISCUSSION

As has been observed in Section I of this part, BPID
when reacted with 3-SDI in eprotic polaer solvent, gives
a soluble polyimide. On the contrery, with 4-MDI it
gives insoluble solid polyimides.

Alberino8 while studying copolycondensation of mixture
of 4-MDI end TDI with BPTD, noted similer type of observations.
For exeample, when TDI was used as & mejor component, the
copolyimides obtained were soluble in poler solvent. This
prompted us to study the effect of copolycondensetion of
BPTD with mixtures in various proportions. of 4-MDI ond 3-SDI,
on the nature snd the properties of the resulting copolyimides
The resction of copolymerisation is given in Fig.XIV.

9 for the prepe-

The procedure as desoribed by Mgyers
retion of polyimides wes sdopted in the synthesis of =211
copolyimides. In a typical synthesie of a copolyimide,
BPTD end mixture of diisocyanste (4-MDI: 3-SDI rstio
vearying) were mixed in 1:1 moler proportion =and were
disesolved in dimethyl formamide (DMF). A clesr yellow
solution resulted. This was heated grsdually to 130°¢
et which it wes kept for 2 hours. The polymer that
precipitated wes filtered, washed with methanol to remove
solvents and dried. If the polymer did not separate out,

it wes precipiteted by edding & non-sclvent i.e. water,

filtered, washed with methenol and then dried. The
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reactions carried out are listed in Teble~1l7, which also
describes the reaction conditions =snd properties of the
product obteined in esch reaction. The viscosity of the
polymers, which are soluble in organic solvents, has been
determined in DMF, while those which are insoluble has been
measured in concentreated H280 .

The thermo-oxidestive stability of the copolymers has
elso been studied. Thermogrevimetric analysis (TGA), diffe-
rentiel thermal snalysis (DTA) end derivative thermogravimetry
(DTG) were obtained simultaneously on a Mom-Budapest-

10 in &ir

Derivatogrsph type 0D-102 described by Psulik et al
at e heating rate of 93°C/minute. The working of this
derivetogreph is described in Section 1 of this part.

The infra-red epectra of polymers were recorded on
Perkin Elmer E 137 spectrophotometer in nujol mulls.

It is evident from the nature of the copolymers obtained
in various copolycondengetions (Teble-17) thet the structure
of isocyenete plgys an importent role in these reactions.

It has already been observed (Part II - Section 1) that

pure 4-MDI (i.e. in the sbsence of 3-SDI) when rescted with
BPTD gives insoluble s0lid polyimide while 3-SDI (in the
absence of 4-MDI) renders only low molecular weight soluble
polyimide. PFrom the data in Teble-17, it could be noted

that when 3-SDI forme a major component in copolymerizetion
reactions, the copolyimides obtained sre soluble in polar
orgenic sclvents, while 4-VDI when uesed es & major component,

insoluble copolyimides sre obtained. This supports the
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conclusion drawn in the Section 1 of this part thest 3-SDI-
BPTD resction gives polyimide soluble in gprotic poler
organic solvente. The yields obtained in case of all
copolyimides, however, wers in the renge of 40 to 50% based
on the total amount of reactents used. It is spparent
from the viscosity deta (Table-17) that high moleculsar
weights were not built up in any of the copolyimides at any
of the molar concentrestion of either of the diisocyanate
in the resotion recipe. However, when 4-MDI wes used as a
major component, the viscosity of the copolymer incressed
noticesbly.

The infre-red spectra of =21l copolyimides were recorded.
As en illustrestion, IR spectrum of copolymer II (Teble-17)
has been given in Fig.l6. Imide bands at 1780, 1725 eand

1 1 was 2180

730 om — were present. A bemd st 1660-1670 em
observed, which may be as=cigned to the benzophenonic cerbonyl
group. The two medium intensity bends in the range of

1160-70 em * and 1300-1310 om™ Y

cen be assigned to the
presence of sulfone linksge in diphenyl sulfone nucleus.

Table-17 elso shows the sulfur contente of all
copolyimides. Although, random copolymerization mey be
expected to occur, the percentage of sulfur in the copolymer
wes found to0 increase, as expected, with increazse in the
prooortion of 3-SPI in the reactents used.

Fige. XV and XVI show the thermogrevimetric enelysis
(TGA) curves obtsined for different copolymers. Table-18

describes the loss of veight at different temperstures for
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Table~18: % Weight loss at different temperatures for
copolyimides I,II,III and V in air at

9°C/min.

Tempe~ Polymer

ratvre I 11 ITI v
100 0.5 0.5 0.5 1.0
200 1.0 0.5 0.1 1.0
300 1.0 4.0 2.5 2.0
400 1.0 5.5 5.0 7.0
500 8.0  13.0 10.5 14.0
600 31.5 33.0 30.5 30.0
700 49.0  46.0 54.0 58.0

800 58.0 55.0 69.0 73.0
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a given polymer and these were calculsted from the
respective TGA curves.

It has been shown earlier (Section I part II) thet
the polyimide obtasined from 4-MDI-BPTD resction is more
setable a8 compered to the polyimide obtained from 3-SDI-
BPTD reaction. The incorporstion of various proportions
of 3-SDI in 4-MDI-BPTD resction affects the thermeal stsbility
of the resultent polyimides in the expected direction, o8
cen be seen in Tsble-18. As the proportion of 3~SDI in
the copolymer inoreeses, its thermo-oxidative stability
is deorcesed. TFor exemple, the weight loss &t 400°C in
polymer I (Table-18) heving 4-MDI as 2 mejor component, is
minimum, while in case of polymer V, heving 3-SDI &8s s
major component, it is the highest. However, between 400°C
end 600°C the losses are quite comparsble. The maximum
weight lose is attained by polymer V, which agein is
derived from the reasctants in which 3-SDI is & major
component. DTA and DTG were sleo recorded simultsneously
with TGA and they confirmed the weight losses shown by TGA.
The temperature st which the polymers exhibited meximum
retes cf decomposition have been given in Table-19. These
were derived from the respective DTG curves. These polymers
did not show complete degredetion even upto 800°C. In
general, the thermal stebility of =211 these copolymers
felle nearly between that of the two parent homopolymers
and changes in a regular fashion with the copolymer

composition.



Teble-19: Temperstures at which decomposition
rete is at highest

Polymer Temperature ¢
I 580
II 560
III 605

v 610

1

d

]

0



EXPERIMENT AL

Mzterials

(1) BPTD was obtained from Gulf Chemicels Corporetion.
It wes used without further purification as no change in
purity wes noted efter its sublimstion.

(2) 3-SDI wes prepered as given in Part I. It wes
dietilled Just before use.

(3) 4-MDI wes obtained from Farbenfebriken Bayer A.G.
West Germany in the form of solid flckeg and waes distilled

just before u=me.

(4) Dimethyl formemide wes used after distillstion over
efficient coclumn.

The following procedure was used in general for the
preparetion of copolyimides.

In 2 100 ml three necked round bottomed flask equipped
with a thermowell, 2 gas exit, = stopper and a magnetio
stirrer, were pleced 2 mixture of diisocyenste (3-SDI:4-MDI
proportion verying in each experiment) end BPID in 1:1
moler retio. The quamtities of 211 the resctants used in
individual experimente sre given in Teble-20.

The reactants were dissolved in dimethyl formamide
(30 ml). The clear yellow solution was heated to 40
end meinteined ot this tempersture for 24 hours. The

tempersture was then raisged to 75°C in 1 hour =nd to



Table-20: The quantities of reactants used in

copolycondensation
No. 3=-SDI (g) 4-MDI (g) BPTD (g)
1. 0.09 0.675 0.966
2. 0.45 0.375 0.966
o 0.675 0.187 0.966
4. 0.72 0.15 0.966
5 0.81 0.075 0.966

90°C in another 20-25 minutee. Further increase in
temperature to 130°C was eccomplished in 1 hour and it was
meinteined for 2 hours. The polymer was obtained in solid
form. It was, however, precipitated out in certain ceses
where it remained soluble in the reaction medium et the

end of the reaction. It was filtered, washed with methanol
$o remove solvent and dried at 100°C at 107 ° mm/Hg to
remove entreped solvent eamd sbsorbed moisture. This was

then used for cheracterization.
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PRESENT INVESTIGATIONS AND DISCUSSION

Modified polyimides can also be termed as conolyimides.
Modificetions in the preperestion and properties of poly-
imides cen be =chieved by using a2 veriety of reasctents
end their relative amounts. In the present werk, isocyanate
modified polyimides heve been prepared and evelusted.

The diamines reesct with dianhydrides to give polyeamic
ecids which cen be caet and subsequently converted into
insoluble polyimide films. The diisocyan=tes, on the
contrery, have been reported by Mayersl to resct with
dienhydrides yielding insoluble low molecular weight
polyimides, incepable of forming films due to their
insolubility, in any orgemio sclvent. However, it has been
shown esrlier in the present dessertastion that 3,3'-
sulfonylbis (phenyl ieocyanate) (3-SDI), when reacted with
BPTD in zprotie polar solvent, geve scluble low moleculer
weight polyimide. The seome reasctents also geve soluble
low molecular weight polyimides in pr-cresol. Several
diemines have been reported2 to give high molecular
weight soluble polyimides when reected with & number of
dienhydrides in m-cresocl. The structuresof diesmines and

dienhydrides used esre given below:

\.
b’ il



Disamines

DO NGNGB
2

I

where R = OMe, OEt, COOH, OR or SO4H

Dianhydrides

BPTD

3 ’3 ! '4 ’4 ' _Biaphenyl
dienhydride

III
|
el N
O\ /\Q /O
1 i
0 0
PNDA

dianhydride

In view of the foregoing facts =nd in order to achieve

polyimide films of improved properties, a2 reaction of the

dienhydride with 2 mixture of helf mole of diisocyanste and

helf mole of the diamine wes investigested. Tackeso et a13
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have reported such resction in whieh they hesd reacted one
mole of PMDA with helf mole of methylene disniline eand

half mole of 4-MDI in an aprotic polar solvent to get poly
(emic scid imide). This, on hesting yielded polyimide.
Similarly, Tekeshi et al4 have synthesized 4-MDI modified
polyimide from 1,2,3,4-butsne tetracerboxylic ecid end 4,4'-
diaminodiphenyl methene.

The reactions cerried out amd the nature of the
resulting polymer in the present work, ere summearized in
Table-21.

Reactions I end II (Table-21) were cerried out in
m-crescl. BPTD when reacted with either of the two diamines
(Te&ble-21) or SDI in m-cresol, yielded soluble polyimides.
The edvantsge of this fact was taken in the reactions I and
II to obtain soluble modified polyimides directly. Polyimide
solutions in m-cresol were used in the preperstion of films.
A pert of the solution was precipitsted with non-solvent,
ether to get solid polyimide, which was used for IR spectral
investigetions. The structure of the pclyimide cen be

reprecented as follows:

where R = BPTD nucleus, Rl = Afrylene dismine nucleus

R? = 3-SDI nucleus.



7

(epTUT SUOPTT
pToe oTme ) -0XIAd =2~ suR 3w
q Atod 8Tqntog TAyjem-y TAusydypouTmE TP~ % % VaAd 1as-¢€ A
(epywry U0PTT
pyoe otwR) Re T & 7.Xs B B auoyins
a Arod eTqnToOS T4y 3 om-y TAusydypoutmeIp~,c‘¢g VaNd 1a8-€ AT
eprtwyLrod suoyns
0 eTqniosuy TogeJIo~u TAueydypoutme yp-,g* g VaNd Ias-¢€ . )
aptmyArod 8 uB Yol
g eTqntes TosaJo-~m TAusydypoutu Ip=~, % % drdd Ias-¢€ %
epTuTATOd suoJTns
14 aTqnTog ToseIo-m TAueydypoutme Ip=~,£4¢€ TLdg Ids-¢ i
paute3qo
UOT18TA JsmATod ®pTJIp #j8uB £o *oN
-2qqy JO aanjey  JUSATOS auTwe T( -Aqus (1 -08TT(Q UOTjoRay

peute3qo sIswmiyod Jo 8InjeBU pus posn 83U 0B ayyg - sepjutArod pPeTITPON

$TZ~9Tq3 g



As an illustretion, the IR spectrum of polymer A
from reection I is given in Fig.1l7. The IR spectrum showed
the presence of imide bends a2t 1775, 1725 znd 725 om L. A
small pesek et 1665-70 cm_l mey be assigned to the benzo-
phenonic cerbonyl group. The medium intencity bends st

1300 and 1160-65 em *

show the presence of sulfonyl group.
In the third reaction (Table-21) a part of the polymer
hed separsted out. It was filtered, washed with ether to
remove solvent and dried. The IR spectrum of this €2mple
(Fig.18) showed presence of imide bsnds a2t 1790, 1730 =2nd

%Scﬁi

indicating the formetion of an insoluble polyimide
in the resctionm.

In order to obtain scluble, homogeneous sclutions,
reactions IV end V were crrried out in N-methyl 2-pyrrolidone
to get poly(amic ecid imide) which was subsecuently heated
to remove solvent and weter yielding polyimide. The reactions
can be represented s given in Fig.XVII. In recactions IV
end V (Table-21) the sequence of sddition of the resctents
has been changed &8s compered to thet followed by Takao et a13.
In their experiment, the dianhydride was initially reacted
with a dismine followed by the reaction with a diisocyanate.
In the present work, &hc dienhydride wes initially reacted
with the diisocyanste and this was followed by the
resction of the remsining dienhydride with = diamine, that
wes added later.

The solutions of polyimide A end B and poly(emic =cid
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imide) solution® of D =nd E (Teble-21) were cast on bress
dishes of 1.8 cm dismeter. The following heating schedule
was adopted tc remove the solvent, end water resulting

from immidization.

Temperature °C Hours Pressure mm/gf Hg
60 4 2
80 1 2
100 1 2
125 2 2
150 2 2
180 2 2
200 1 7

In czse of polymer D snd E, the supported films
(coetings) obtained were hested for en additionel hour at
250°C to ensure meximum immidizstion, which was confirmed
by the IR spectrum in nujol mull of crushed film. As en

1illustretion, the IR spectrum of polyimide D is given in

Fig.19. It shows sbsence of -NH bend st 3200-3300 cm L

end presence of imide bends at 1780, 1725 and 730 cm <.

1 end 1140-1160 e~

The medium intensity bends at 1300-10 cm
can be ascsigned to the sulfonyllgroup from diamine and
diisocyenate nuclei.

Electricel properties of these thin films (coeatings)

cbtained on brass dishes were measured. They hesve been

given in Teble-22. All the polyimices displayed good

volume resigtivity which was of the order of either 1014
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13 ohms.cm. The dielectric constant was in the

or 10
renge of 1.5 to 2.8 at an spplied voltege of 103 Hz at
25°C. The dissipation fector or ten & as has been

expressed here, was better for ell the four polyimides.
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EXPER IMENT AL

Preperation of modified polyimides A, B and C

In 2 3 necked 100 ml round bottomed flask equipped
with a megnetic stirrer, were placed = mixture of =
dienhydride (0.002 mole) 2nd the diisocyanste (3-SDI)
(0.001 mole). To this m-cresol (30 ml) wes added to get
a turbid solution end the reaction mass wes heated to 160°C.
This temperature wee maintained for 6 houwrs. During first
3 hours of heating, the resction mass wes turbid emd later
beceame qlear. After 6 hours at 160°C, the clear reaction
mass wes cooled to 30°C end the diamine (0.001 mole) was
added. The reection mixture wee kept at 160°C for 1 hour
and cooled to get clear viscous brownish polyimide solutionm.

In caese of resction III (Teble-21) only, & yellowish
green polymer had sepereted out on the side walle of the

regetion flask.

Preperation of modified polyimide D end E

In a 3 necked 100 ml round bottomed flesk was kept a
mixture of PMDA (0.002 mole) end the diisocyanate (3-SDI)
(0.001 mole). Thie wes dissclved in N-methyl-2-pyrrclidone
(30 m1) to get & cleer yellow sclution. Thie was heated

as given below:
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Temperature °C. Time hrs.
40 2%
75 X
90 1
130 2

After 2 hours at 130°C, the cleer reddish yellow
resction mass wes cooled to 30°C end 2 diemine (0.001 mole)
was added. The cleer solution wes hested to 70°C for
10 minutes end cooled to give poly(emic scid imide polymer)
which on further heating (see Discuesiocn) yielded the
peolyimide.
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PRESENT INVESTIGATIONS AND DISCUSSION

Poly( emide-imides) constitute a separate class of
high tempersture polymers. They contain in their repesating
units, both amide as well e8 imide groups. An excellent
review 2nd bibliography on this subject ies eveileble in

the litersturel’Z.

Varioue methods of poly( amide-imide)
synthesis sre kmown, s few of which are of importence, heve
been mentioned below end the relevant reections =zre given

in Fig. XVIII.

(1) In the resction of 4-chloroformyl phthalic enhydride
with a diamine, HCl amd water molecules are eliminsted to

glve the poly(amide imide) polymorg.

(2) By reacting = diacid, containing imide groups in its
nucleus, with a diemine in the presence of tertisry amine

catelyet4, poly(amide-imide) ies obteined.

(3) Reaction of an asromstic diamine with 2 mixture of
pyromellitic anhydride and arenedicerboxylic acid halide
givee brown coloured strong film of the poly(amide-imide)s.

(4) A diisocyanste, when reacted6 with trimellitic ecid
enhydride yields poly(emide-imide) by elimination of
carbon dioxide.

3,7-11

Numerous articles in the form of patents 2znd

pspers have been reported in the litersture in reocent years.
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In the present work, a poly(amide-imide) pclymer was
synthesised by rescting 3-SDI with trimellitic =o0id anhydride

in dimethyl formamide (DMF) sclution. The reaction can be

I
SO C\\
ocn@ 2@NGO +  HOOC- o

C
1 |
3-SDI 0

Trimellitic acid enhydride

- ]

|
Eacac®s

represented as given below:

1
+

L

poly( emide—imide)

- The poly(emide-iride) polymer, thus obtained, was
soluble in polar sprotic solvent like DMF. The solution
wes ceBt on bress dishes of 1.8 cm diameter and solvent was
removed by following the hesting schedule as hes been given
in the preperetion of modified polyimides (Part II, Section III).

The electricasl properties of the costing (film) obtained

on brgss dishes were determined and are given in Table-23.
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Table-23: Electricsl properties of poly(eamide-imide)

Dielectric tan & at
Volume constant ot 103 he
resistivity 103 hz. st at 25°C
25°cC.
7.2 x 1012 3.6 0.0018

A pert of poly(eamide-imide) solution in dimethyl
formamide was precipiteted by non-solvent, waster. The
polymer was filtered, weshed with methsnol to remove
solvent and dried under vacuum. The IR spectrum of thie

polymer semnle has been given in Fig.20. It showed the

s

presence of 3200 em — pesk corresponding to secondary emine

from >CONH- group. The presence of bands at 1780, 1725

1

end 740 cm — confirmed the presence of imide groupe in the

polymer. The bends ocorrespording to the sulfconyl group

1

from isocyenate nucleus can be seen at 1315 em — and

1165 er L.
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EXPEF IMENT AL

Prepearation of poly(emide-imide) polymer

In & 3 necked round bottomed flesk, equipped with =
reflux condenser, a thermowell =and a magnetic stirrer were
placed trimellitiec scid anhydride (1.3 g) and 3-SDI (2.52 g).
To this,dimethyl formemide (30 ml) was added end the clesr
solution was slowly heated to 110°C st whieh it was
maintained for 15 minutes. The temperature was further
raised to the boiling point of solvent in sbout 25 to 30
minutes end the reaction mess was refluxed for 2 hours and
cooled to get cleer reddish solution. This poly(emide-imide)

solution wae used in the preparztion of film.

Meterials
Trimellitic acid anhydride was obtained from Koch-
Light Leborestories Ltd., England.
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PART -1

STUDIES IN THE VULCANIZATION OF
POLYURETHANE ELASTOMERS AND
NATURAL RUBBER (NR)
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INTRODUCTION

Urethane elastomers constitute a major field of
epplicationg of polyurethsnes. The eerly developmental
work in solid polyurethene elestomers started in the 1940's
by German end English resesrchers independently. It wes
based on polyesters and diisocysanztee. Linear polyesters
were prepared for the first time by Hormannl, by using
dicarboxylic acids and glycols. However, due to their low
softening temperstures, with exception of poly (ethylene
terephthalate)2 they were of least practicel significenoce.
In 1940, Schlack? tried to increasse the molecular weight
of these polyesters by chain extension with diisocyamsate
but with a limited success. It ie to Pinten® goes the
credit of prepering highly elastic isocyemate rubbers
(I rubbers) for the firet time. Diisccyenestes =nd polyesters
were the raw meteriels for their preperstion, while
trimethylol propane was used o8 the crosslinking egent.
These materiale showed high tensile strength end sbrasion
reslstence but poor tesr resistance and had e tendency
to herden upon storege.

> prepered Vulcolans - the poly-

Bayer and coworkers
urethszne elsctomers.
In the first step 2 linear hydroxy termineted polyester

is reacted with a diisocysmate to form a pregolymer.



n R(NGO)2 + (n-1) HO~~~OH
Isocyenate l Polyester

0
frobeodom}
OCNR NH-C~0 w~~"~0=-C-NHR (NCO

n=1)
Prepolymer
The chain extension of the prepolymer wes echieved by
formation of urea groups by the addition of controlled

amount of water and thus leaving sbout 2-5% of unrescted

isogyenate groups.

OCN

NCO + Hy0 => OCNw~ NH-C-NH~~~NCO + €O, |

Prepolymer Weter Chein extended polymer

At eleveted temperstures (125-150°C) the excese
isocyanate groups of the chein extended polymer react with
sctive hydrogen of either urea or urethene groups of other
chein to give crosslinks. The most fevoured reaction being

between the isocysneste and uree groups.

2 OCN NH—E-NHV NCO

Chein extended polymer

\N\ANOCEVWW\MN—@-NH ij - CO~

4= -
HJ‘\M’\/‘NH'E"NH WV“IC 0 nne

Cross linked polymer.



Several modificetions in vulcolan were reported and
different chain extenders like diesmines, =minoslcochols and
glycoles were tried.

The polyurethene elestomers were also developed in
Englend and United Stetes. Imperisl Chemicel Industries
filed a patent6 in 1941 describing the curing of a polyester-
emide-diisocyenate adduct with formaldehyde snd this
meterisl’ '® was s0ld commeroislly in the form of a millsble
gum under the trede name, Vulcsprene. Data9 on Chemigum SL,
en isocyemnste cured millesble gum from Good Year, wes
published in 1953. Du Pont developed the polyurethsne rubbers -
Adiprenes - based on poly(oxytetramethylene) glycols rather

then polyenterslo'll.

Adiprene B wes another isocyeanate
cured millable gum. Formstion of urethene-urea elastomers

by one shot cesting technique, comprising direct conversion
of the raw meterials into finel polymer, was another landmerk
in the development of these olastomernlz. Recently,
thermoplastic urethene elesstomers hsve been developed which
cen be processed on conventional rubber and plastioc
machineals'14.

Urethene elastomere exhibit outstending mechemical
properties. They are well known for their generel toughness,
excellent wear and teasr properties and good o0il resistance.
Due to these properties, so0lid polyurethene elestomers are
now widely utilised as engineering materials.

Polyurethene elestcmers sre commercially availeble

in the following 3 forms:



i) Coetable
ii) Millsble gum
ii1) Thermoplastic
The castable elastomers =re obtzined by mixing the
reactentes in ligquid stste end pouring the liquid reaction
mixture into a mould which is ultimstely cured to a rubbery
stete. The millsble gume =re prepered as storsge stzble
polymers having hydroxyl end groups. These sre processed
on a conventional rubber mzschinery and cured with either
polyisocyenates or peroxide or sulfur curing systems.
Thermoplastic urethesme elestomers are obtained by a technique
similer to that of milleble gums. Hovever, the moleculear
weights of thermoplestic materiels are quite high due to the
allophenate orosslinks that zre present =t ambient tempersastures
but bresk at higher temperatures. Moreover, they are soluble
in common organic solvents.
Use of polyurethsme elastomers in enginecring meterisls

has s8teadily shot up in lest few yeears.

Chemistry of urethene elestomers

Severeal resction stages are involved in urethane elastomer
prepsretion. They include the preparstion of a low moleculear
weight prepolymer, chein extension to a higher molecular

weight soluble polymer amd croeslinking.

(1) Prepolymer formetion

The reaction of e diisocy=znste with 2 hydroxyl-

termineted polyester or polyether or polyestersmide results



in the formetion of en isocyanate-terminested prepolymer.

OCN~-R-NCO + WO~ (H

Diisocyanate l Polyester or polyether or
polyestereamide

0 0
OCN—R-NH-E-O O~@-NH—R—NCO
Prepolymer

(1i) Chain extension

Chain extension of the prepolymer with difunctional
active hydrogen-containing compounds like water, diamines,
glycols or eminoalcohole leads to the formstion of a higher
molecular weight soluble polymer.

Substituted uree linksges sre formed elong with
evolution of carbon dioxide as 2 result of chain extension

with water.

2 OCN-RrNH—@-O O-@-NH-F—NCO + H20

Prepolymer l + Water

OCN—R—NH—@—OVVVVMVVWVO-@—NH-R-TH

E <i==o + €O, T
OCN-R-NH~-C-0 _. ..~~~ 0~C=NH~R~NH

Subegtituted urea.
Chain extension with glycole tz2kes plece with the

formetion of urethane groups.



-
i |
1

l
2 OCN—R-NH-@-OMWO-C-NH-R—NCO + HO-R' - OH

Prepolymer Glycol

OCN—R—NH-I-O W\N\NO-E—NH—R—NH-K-(')
(W W
OCN-R=-NH~(=0 " ""~0=C~-NH~-R-NH~-C-0

Uretheane

Substituted urea type crosslinks sre formed when diamines

are used a8 chein extenders.

@
OCN'RPNH‘E‘O‘NMV“N”O“ -NH-R-NCO + HZN—P'—NHz

Pre-Polymer Diamine

OGK-R-NH—E—O w.wn-E-NH-R'—NH-@-lirH
R
l

OCN—R-KH—@-OVuﬁwvmo~@~KH—R -NH-@-NH
Substituted urea

Hydrogen sulfide, dithiols, dicsrboxylic scids etc.l’

are also used as chasin extenders.

In the sbove scheme, wherein an excess of isocyamate
was used, a =NCO terminsted polymer results. These polymers
ere not highly stable in spite of their high moleculer

weight because of the presence of reactive isocyenate groups.



Stable polymers with better sclubility mey be produced by
using e slight excess of =n active hydrogen compound,
rether then an excess of isocysnste. For exesmple, poly-

urethane with terminal hydroxyl groups would be formed if

en excess of glycol is used.

(n-1) OCN-R-NHOCO 0CO-NH~R-NCO + n HO-R'-CH
Prepolymer l Glycol

HO R'-0CONH~R-NH~0CO w~0CO=NH-R=NH~0CO «4—R"'-0H

(n-1)
Hydroxy terminsted polyurethene.

(1i11) Curing or orosslinking
(e2) Urethene crosslinke sre introduced by using triols
such as trimethylolpropesne, glycerol etc.

OCN-R-NH-@-OwANMW~O—@—NH-R-NCO + HvaIiWOH

Prepolymer l Triol
O—E‘NH“RPNH"E"O Urethane crosslink.
-RrNH-E-O O-QLNH-F—

In case of isocyanate terminasted polyurethene polymers,
the isocyenste groupe of polymer will react among themselves

at elevated temperatures, toc form sllophanste crosslinks.

g
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|
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Similerly, the presence of urea snd amide groups in

polymer will yield biurete end scyl urea linkages respectively
by reaction with isocyanate groups. This cen be illustreted
by hest cure of 'Vuleolen' st 125-150°C =nd can be

represented as:

2 OCN—R-NH-i-O \/\/\/\/‘NH“E"'NH A O-j—HH-R-— RCO

l Polymer with uresa group in chain

OCN-R-NH-E-O WN—@—NH

=0
T RN .
-R-NH-I—OWVNH- =NHw = O -TH
|
Biurate crosslinked polymer NCO

(b) Storege stesble, hydroxyl terminsted adducts can be cured

by reection with the excess diisocyanate or triisccyanate

as follows: ﬁ- E
n-1 NOCHZCHZO FHuv o~ NEH- —OCHQCHZOH +n R(NCO)2
Hydroxy terminsted polyurethane \L Triisocyanete

R—NH-E— 0-CH ZCH 2 OE W\NVNH—f- Of.;".I'IZC«‘H2 OE—NH—
=0

O :o O
I I | I
P-NH~ —OCHZCHZO— -Nvw~NH -OGHZCH20 NH~-



(¢) Vulcaprene - 2 hydroxy terminsted polyurethsame elastomer
prepered from diisocyenate and polyester-emide czn be cured

either with diisocyenete or with formaldehyde.
n HOM’E-M{V\WO"@’N}I-P-NH‘E-OW -NHe~QH 4+ n-1 R(NCO)2
Vulcaprene A 1 Triisocyanate

0
R-NH~-C-0 vv*NC-If v QmC = NH=R=NH~C= 0 "\ ~C-NH

?so
r
|
I

R-NH- @-— O~ E—ELO—E-NH-P-N H- L OWE—%JH
!
C’ 0

I

0=

R-

Isccyenete cured Vulceprene

Urethane elsstomers (Vulcsprene) cen also be vulcanized
by heesting with formsldehyde-evolving substences end =
smell emount of acid (or acid forming compownd)'®. The
source of formaldehyde mey be paraformaldehyde or e
product of condensetion of amines with formeldehyde. The
letter, first adds =28 to DNH groups of one cheain with the



formation of methylol groups, these methylol groups react
with DNH units of another chein, forming methylene bridges.

2 HOW-E—NH-\MM’O-E-NH-R-NH—E-O ww@-Nmeon + CH,0
J{ - H,0

HO v~ —ﬁ-— — -o—@-m—n—m—g-o omQ=NH o OH
Hy
HOM—E- N o-@-m—n-m{-i— O—Mi-NH —

Formaldehyde cured Vulcaprene

(d) In cese of elastomers prepared from 4,4'-methylenebis
(phenyl isocyanste )(4-MDI) end either polyethers or polyesters,
peroxides such as dicumyl peroxide can slso be used for curing.
Crosslinking takes place presumebly through free redicel
formetion at the methylene group of the diphenyl methene

diilocyanatol7.

—o—gm-@én@m-@-o

Free radical thet participates in crosslinking

(e) In cose of mmell smounts of unsaturstion being present
in urethene elastomer, converntional peroxide or sulfur curing
sy stens generally used for unsastureted hydrocerbon rubbers,

megy be employed to effect the crosslinking.
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PRESENT INVESTIGATIONS AND RESULTS

Numerous commerciesl organizations supply millable
polyurethsne gums (Tsble-24) under different trede nemes
like Adiprene, Vulceprene, Elastothene etc. and various
curing systems are used in the vulcanizetion of these gums.
Amongst the most widely used vulcanizetion systems are
diisocyanastes or polyisocyanstes, peroxides amd sulfur
systems.

Fine111°7

has described the preparation of crosslinked
goft polyurethane elestomers from poly(propylene) adipeate
end either 2,4-TDI or mixture of 80:20 2,4- end 2,6-TDI or
4-MDI. These polymers were crosglinked by either 3,3'-
diarino diphenyl sulfone or 4,4'-diesmino diphenyl sulfone
end still remeined soft. Such polyuretheanes had good
physicel properties and were shown to heve use2 in meking
shock sbsorbers if fillers like cellulose were incorporected
in the polymer.

By using 3,3'-dinitrodiphenyl sulfone as the starting
meteriel, a highly reective diisocyamnate, 3,3'-sulfonylbis
(phenyl-isocyenate)(3-SDI) was synthesised. The reactivity
of 3-SDI was found to be much higher (Part I, Section II)
a8 compared to 4-MDI, which is generally used for cross-
linking in polyurethane elestomers. Therefore it was
thought that the use of 3-SDI might reduce the vuleanization
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time considerably, thereby increasing the efficiency of

the process. The polyurethemne elasstomer used in the present
work was 2 hydroxy terminsted stable gum prepsred from en
adipate polyester besed on 2 mixture of ethylene and
propylene glycol, 4-MDI =nd ethylene glycol as a chain

extender.

Preperation of polyester - polyethylene, polypropylene
edipate (PEPA 55)

Polyethylene polypropylene adipste (PEPA 55) was
prepsred by the condensetion of (80:20) moler mixture of
ethylene glycol and 1l,2-propylene glycol with adipic acid.
It wes 2 white waxy moterial with hydroxyl number 55 =amd the

acid number less then 1.

HOOC(CH2)4 COOH + HO—(CH2)2—0H + HOCH(CHQ).CHZ.OH

Adipie ecid Ethylene glycol 1,2 Propylene glycol
HOHZvavww-CHZOH
PEPA 55
4-MDI

This was obtasined from Ferbenfebriken Bagyer A.G.(W.G.)
in the form of flskes =znd wes distilled Jjust before use.

Preperestion of urethene elastomer

The polymer wae prepsred by reacting 1 equivalent of

PEPA 55 with 1.2 equivelent of MDI e&nd 0.2 equivelent of



164

ethylene glycol. The gum obtained was white, soft in the
beginning end beceme herd after keeping it for some d&ays

at ambient temperature.

HO w~r~rrn~OH + 00N4<::>»0H24<::>»Nco + HOCH,CH, OH

PEPA 55 4-MDI Ethylene glycol

|
@NH-@O.M.EQ@CHZ@NHQOWM

' THe

Gt o

OH OH
Polyureth ene

Compounding of polymers

The polyurethene prepsred was easy to procees on 2
rubber mixing mill. The compounding recipes are given

in Teble-25.

i



Table-25: Compounding recipe

Compound A Compound B

Polymer 100 100
Stearic acid 0.5 0.5
SRF black 30.0 30.0
4-MDI - 10.0
3-8DI 10.0 -

The compounds A and B were studied rheometricelly.

The description in brief, of rheometer used and its working
is given in Section 2 of this peart.

Vulcenizstion was cerried out immedistely after
compounding and also after resting the compounded stocks
for 24 hours at ambient temperstures. The temperatures
used for vulcenizetion were 140°C and 160°C. The results
obteined sre given in Tables 26, 27, 28 =2nd 29. These data
were calculated from rheometric curves shown in Fig.XIX, XX
XXI znd XXII respectively. The meening of each pereameter
in Tebles 26, 27, 28 eand 29 is given in Table-31.
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Teble-26: Parameters obtained st 140°C vulecanization
(immediately after ccmpounding)
Stock Polyurethene rubber compound
Prehe at 20 seconds
Temper ature 140°¢C
Chart Motor 30 minutes
Renge Sel 100
Arec + 3
Compound
A B
l. Initiel Viscosity - Lo (1b.in) 25.30 14 .60
2. Minimum Viecosity - Li (1b.in) 8.90 5.20
3. Thermoplesticity - Tp (Lo-ILi) 15.00 J.40
4. Induction time - ti - time for one 2.60 2.90
unit rise sbove
i (minutes)
5 Scorch time - t2 - time for two 3.23 3.60
units rise ebove
Ii (minutes)
6. Maximum cure - Lf (1b.in) 18.10 58.80
7. Optimum cure - 0.9 (Lf-Ii)+1i 17.18 53.44
(1b.in)
8. Optimum cure time - t90 (minutes) 7.25 25.50
9. Cure rete - CR 100/T90-t2 24+ 87 4456
10. Reversion time - RT - time to resach

98% LF efter 13.75
paseing Lf(minutes)
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Table-27: Peremeters obtained st 160°¢ vulcenizetion
(immediately after compounding)

Stoek Polyurethene rubber compounds
Prehe at 20 seconds
Temperszture 160°¢
Chert Motor 30 minutes
Range Sel 100
Are + 3
Compound
A B
1. Initiel viecosity - Lo (Ib.in) 23.00 12.00
3. Thermoplasticity - Tp (Io-Ii) 11.60 7.40
4. Induction time - t1 - time for one 1.50 2.50
unit rise shove
Ii (minutes)
5. ©Scorch time - t2 - time for two 1.85 3,00
units rise sbove
Ii (minutes)
6. Meximum cure - Lf (1b.in) 25.20 25.20
(lbtj.n)
8. Optimum cure time - t30 (minutes) 5.55 3.00
3. Cure reate - CR 100/T90-t2 2702 16+66
10. Reversion time - RT -time to resch
98% LF after 10.00 15.60

paseing Lf(minutes)
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Table-28: Peremeters obteined at 140°C vulcenizetion
(compounds rested for 24 hours st
embient tempersture)
Stock Polyurethene rubber compound
Prehest 20 Beconds
Temper st ure 140°¢
Chert Motor 30 minutes
Renge Sel 100
Arec + 3
Compound
B
1. Initial Viscosity - Lo (1b.in) Scorched 38.50
2. Minimum Viscoeity - ILi (1lb.in) 15.00
3. Thermoplesticity - Tp (Io-Ii) 23.50
4. Induction time - ti - time for one 2.58
unit rise above
Li (minutes)
5. Seorch time - t2 - time for two 2.85
units rise sbove
Li (minuteeg)
6. Meximum cure - Lf (1b.in) 69.00
7. Optimum cure - 0.9 (Lf-ILi)+Li 63.60
(1b.in)
8. Optimum cure time - t90 (minutes) 19.00
3., Cure rate - CR 100/T90-%t2 619
10. Reversion time - RT - time to reeach

984 LF after

passing Lf(minutes)
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Tgble-29: Parameters obtained at 160°C vuleeanizetion
(compounds rested for 24 hours at smbient
temperasture)

Stock Polyurethane rubber compound
Preheat 20 seconds
Temperature 160°C
Chart Motor 30 minutes
Renge Sel 100
Arc + 3
Compound
A B

1. Initiel Viscoeity - Lo (1b.in) Scorched 13.80

2. Minimum Viscosity - Ii (1b.in) 8.00

3. Thermoplasticity - Tp (ILo-Li) 11.80

4. Induction time - t1 - time for one 2.00

unit rise sbove
Ii (minutes)
5« Scorch time - %2 - time for two 2.25
units rise zbove
ILi (minutes)
6. Meximum cure - Lf (1b.in) 24.80
7. Optimum cure - 0.9(Lf-Ti)+1i 23.12
(1b.in)

8. Optimum cure time - t20 (minutes) 5.35

9. Cure reste - CR 100/T90~%t2 3225

10. Reversion time -~ R - time to resch 6.65

98% LF after

pescsing Lf (minutes)




DISCUSSION

In the present study, the polyurethsme gum was
prepered using polyester (PEPA 55), 4-MDI end ethylene
glycol. The diisocyanestes used for ocrosslinking were
3-5SDI end 4-MDI. The former has been used for the first
time and the latter, a standard one, for the purpose of
comperison. The reasctivity of 3-SDI was found to be much
faster then 4-MDI (Part I, Section II) and hence it would
be expected to cure the elastomer at 2 higher rate then
thet with MDI. This was found to be the case when curing
beheviour of both the diisocyanstee was studied on rheometer.

After the preliminery study of vulcenizetion of
urethene elestomer with 3-SDI, it wes decided to cure the
compound immedistely sfter milling instead of sllowing it
to remein st smbient tempersture for 24 hours before
vulcenizetion. Subsequently, the compound of 4-MDI weas
elso cured under similer conditions.

Compound A contains 3-SDI curing system while compound
B contains that of 4-MDI. At curing tempereture of 140°¢C,
compound B displsys overzll superior properties (Teble-27).
Although initial viscosity emd thermoplesticity in csasse of
compound A were higher than comnound B, scorch delsgy amnd
meximum cure vslues for the latter were exceedingly good.

The compound B did not show amy reversion while compound A,



171

glthough reverted, showed considersbly good reversion time.

When the curing temperature was 160°C, both the
compounds showed similer maeximum cure properties, However,
initiel viscosity =snd thermoplesticity for compound A
were superior to that of compound B. Scorch time for
compound B was better than compound A. Although both
compounds A end B showed reversion, the time recuired for
reversion was 10 minutes for compound A end 15 minutes for
compound B.

Vulceanization of compounde A =nd B wes studied also
after keeping them st azmbient tempersture for 24 hours before
subjecting to curing in rheometer.

Both et 140°C end 160°C a scorching was observed in
compound A and when it wes further vulcenized, disintegre-
tion of croeslinks wes observed (Fig.XXI emd XXII). This
showed that the diisocyanate had reacted completely, with
e very high reaction velocity, with the =sctive hydrogen
groups in the urethane elastomer.

Compound B =2t curing temperature of 140°C, imperted
better properties and improved processing conditions when
it was kept et embient temperature for 24 hours.

Initiel viscosity end thermoplesticity were considerably
increased showing better flow properties. Although scorch
time wes reduced to some extent, maximum level of cross—
linking incressed noticesebly end optimum cure time also
decressed coneiderably (comparison of compound B in Table-26

end Table-28).
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In a2 similer feshion, initiel viscosity eamd thermo-
plasticity increased when temperature of 160°C was used
for curing (Teble-27 =nd 29). However, no change was
observed in the degree of meximum crosslinking. Optimum
cure time wes decreased but was accompenied by decrease
in reversion time.

No rheometric deta is found in the litersture for
comp erison of the present date obteined for 3-SDI curing

system, in vulcanigetion of polyurethesne rubber.

Conclusion

It can be conciuded that 3-SDI does not sppear to be
an useful curing sgent for urethene elsstomers when used
alone. On the contrary, 4~MDI impearts overall better
properties. The fast reesctivity of 3-SDI could be mede
use of, in the speedy vuloanisstion of urethsne elastomers,
if employed in proper combinstion with either 4-MDI or

some other suitzsble diisocyamsate.



173

EXPERIMENT AL

Preperation of polyethylene polypropylene adipste (PEPA 55)

In a2 5 litre 4 necked round bottomed flask, equipped
with 2 nitrogen inlet tube, 2 thermowell, a mercury sealed
stirrer =and a distillstion condenser, were placed adipic
acid ngglé%g) ethylene glycol (565.28 g) and 1,2 propylene
glycol (173.48 g). The reaction mixture wes heated in a
nitrogen atmosphere till the condensastion was complete. The
hesting was done at 160°-170°C for 6 hours, 188~30°C for
12 hours end 190°-200°C st 1 mm/Hg for 6 hours. The resultent
polyester wes soft, white, waxy moterial with hydroxyl

number 55 and acid number less than 1.

Preparation of polyurethane elastomer

In a2 2 litre enamel pot degessed polyester (495.0 g)
was mixed with distilled 4-MDI (75.2 g) end the mixture wae
elowly heated to 100°C when & clesr viscous liquid was
obt 2ined. The temperesture wes maintasined at 100°C for
3 minutes smd ethylene glycol (3.2 g) was added to the
viscous prepolymer. After maintzining the tempersture at
100°C for snother 2 minutes, the highly viscous polymer
was poured in silicon greese costed enamel treay and was
cured at 90°-100°C for 17 hours. The white, solid, hydroxy
terminated linesasr polyurethane, thus obtained, was

utilised for crosslinking study.
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INTRODUCTION

The naturel rubber (NR) is cis-polyisoprene:

Hs

CH3 H

/
c

d//H H CH \\C=C
NI 2\cﬂ‘c/ SN
A \H

c
\cn
i

—CH,

CH3

The vulcanization of NR megy be effected with the
eld of sulfur, synthetic resins, orgsasnie peroxides,
ionising redietion end other polyfunctionel reagents, eand
diurethene derivetive of a diisocyanate end p-nitrosophenol.
Crosslinking of NR is csused by many factors including
the opening of double bonds, splitting of labile hydrogen
of the X-methylene groups, chain scission accompenied by
the formetion of polymeric radicels etc. The intermolecular
croesslinks, thus, formed heve profound effect on the

properties of vulcenizstes.

Sulfur vulcanization

Sulfur vulcanizetion of NR has been reviewed in
numerous publicationul_7- Despite the development of
meny non-sulfur crosslinking systems for the vulesmizetion

of NR, the sulfur vulcenizstion has remesined the most
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preferred one for more then a century. Sulfur systems are
effective in the presence of most other compounding ingre-
dients like fillers, accelersators, cosccelerstors, extending
oils, entidegradents etc. Sulfur in the crosslinks mgy be
present as monosulfide, disulfide or polysulfide (Fig.XXIII a)
but it may 2lso be present as pendent sulfides (Fig.XXIII b)
or cyclic monosulfide or disulfide (Fig.XXIII ¢).

Fig.XXIII.

Vulcanigation by synthetic resins

Vulcenization by synthetic resins has been reported in

the literstureS 12,

The resins based on 2,6-di(bromomethyl )-4-
methyl phenol, 2,6-di (bromomethyl)-3~bromo-4-methyl phenol
etc. are vulcenizing sgents while those, based on phenols

like o-cresol, o-or p—aminophenol in which only one position

(o - or p) is unsubetituted, =zre not useful in vulcanization.
Vuleanigzation by resins reduces the unssturation of rubber

end eventually increases its heat resistance. The unreascted
resin scte es antisging agent by reecting with rubber

peroxides thet are formed ot higher temperatures and thereby

terminsting the chain reection of oxidative degredation.



Vulcanizetion by peroxides

Peroxide orosslinkingl3 ¢en be expleined by the following

example:
T iﬁs e
C.H.-C-0-0-C~C_H — 2 C.H.-C=0-
657 655 65571
CH, CH, CH,

Peroxide Peroxyredical H
Abstraction of .
hydrogen from o~ .o .CH2—0H=C-CH2 -
methylene group

}13 * 00 oéH-CHg?_CHZ )
----- ?H-mgc—CHao R THS
CHé :
-o.--CH"’CHz -CH EEE] < -o-CH"CH.‘:C"CH -o+C H - -OII
= 4 65
CH3 Cﬂé
Crosslinked polymer.
Yulcenigation by ionizing raediation
14,15.

Crosslinking of NR is also produced by ienizing radistion
Redicals produced from bismaleimides of the type:

®

TH—-CQ /co—gﬁ
PERED.
CH~CO CO~CH

where R = phenylene, hexamethylene, ethylene.

eccelerate the ionization induced vulecanization of NR.
Bismeleimides, however, do not form homopolyimides in presence

of rediation.
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Other polyfunctional compounds used for the vulcemi-
zztion of NR coneist of polynitrosc compounds, diazoamino-
benzenes, bisthiols, biemeleimides, bisazodicerboxyletes,

end metal ions (for carboxylsted NR).

New vulcenization reaction of NR

With the objective of developing newer types of cross-—
links which impeart excellent strength and dynamic properties
with & high resistence to reversion and to chsnges in
structure during service, Baker et a116 in 1370 introduced
a2 novel diurethane system for crosslinking of NR. They
reacted p-nitrosophenol with an eliphatic or eromstic diiso-
cyenate to get an addition compound termed as diuretheme.

The reaction can be represented =8 given below:

OCN-R=-NCO + 2H0—Ns®=o

Diisocyenate l p-Quinone monexime

Qi:i:>=N0—E-NHRrNH-£—ONd<Zz>b0

Diuretheane

This system, however, has its limitations due to short
scorch time end long cure time. The mechenism, as suggested

16

by Baker et el for the vulecenization of NR by this system

is given in Fig.XXIV. It has three critical festures:

(i) 4n oxime/ieooyencte adduct 1 is thermally split into

its components, auinone-monoxime (p-nitrosophenol)
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FIG XXIV BAKER'S REACTION SCHEME FOR THE VULCANIZATION
WITH NITROSOPHENOL /DHSOCYANATE ADDUCTS
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end diisocyemate.

(ii) The reaction of quinone monoxime la as its teutomer
p-nitrosophenol 1b involves the nitréfgroup of 1b

end introduces & phenol group into the polymer lec.

(111) The crosslinking resction wae originally assumed to
be based on the resction of diisocyenaste with the

phenol group, to give a urethane crosslink, 1d.

17 have discussed

Reecently, Lautenschlaeger et =al
exhaustively the mechenism by which the diurethene pertici-
petes in the vuleanizetion of NR. The meochsnism proposed
by these authors for splitting up of the urethene into
different frasgments ere given in Figs. XXV and XXVI, while
those suggested for the eventual crosslinking of unsaturated
polymer by resction with these fragments ere given in
Fig. XXVII and XXVIII.

Fig.XXV shows the decomposition of phenyl isocyanate
adduct of p-nitrosophenol (i) by heating in p-xylene at
130°¢. 002 gas wes elimineted amd isolation of diphenyl
urea in 15% yield wes possible. Diphenyl urea could srise
via a cleavage of 1 et bond a, b end c. The resulting
intermediate species 2 smd 3 would be reactive towerds
unsgstureted polymers. The remaining fragments 4 end 5
would combine to give diphenyl urea 6.

In & similer feshion, ionic eplitting of the nitrosophenol/
diisocyenate adduct 7 (Fig.XXVI) leeds to the fregments 8, 9
and 10 to 12. 13 end 14 would be formed by eliminestion of
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CO, gas. The actual proportions of 8 and 9 would depend
on the relative stability of the N-0-C bonde in 7. The
=0 bonds ere assumed to be the weeakest, favouring the
formation of the electron-deficient species 8.

Fragment 9 cen then undergo reaction with unsetureted
compounds to give recasction produete 15 and 16 (Fig. XIVII )
which cen combine with 11 to give either uretheme 17 or
urea 18 crosslink.

The nitrenium ion 8 would reect with unsaturated polymer
to form cyclic nitronium ion 19 and the overall nucleophilie
eddition would be ccmpleted by the addition of the fragments
10 eand 13 to give an emino or urethane crosslink. Alterne-
tively, proton or hydride transfer could lead to simple
modificetion of the polymer by pendent iminoquinone groups
accompenied by the formetion of resasctive polymer. The latter
would undergo subsequent resction with emnionic fregments to
form additionel crosslinks (Fig.XXVIII ).

Thus, bssed on the results obtained after exhaustive
investigstions, above mechanism pronosed by Leutenschloeger
et all’ set sside Baker's mechanism.

17a has recently reported that the urethsame

Barnard
crosslinking syctems sre not only compsestible with ordinery
sulfur systems but ere synergistic with them, giving more
crosslinks them would be expected. Thus, combinstions
containing equal emounts of the two systems, or richer in
urethame, give vulcenizates heving very high proportion of

thermally steble crosslinks amd nearly spprosches those
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of urethene vulcenizates proper. By verying proportions
of urethane and sulfur systems, z good balence cen be
sought between the tesilor-made properties of vulcenizetes
end the cost of the product.

Houghson Chemicels, Lord Corporstion in USA, have been
licensed by Malsysisn Rubber Producers Research Associstion
for world wide meanufecture =smnd ssle of urethane vulecenizing
egents. Houghson is now marketing three urethene reegents

in USA end through its sgents, in meny perts of Europe =nd

elsewherel7b.
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PRESENT INVESTIGATIONS AND DISCUSSION

Modern trends in the rubber industry =re esimed =t
greater productivity end faster throughput by wsy of
shorter curing cycles =nd higher curing temperstures. Such
preactice along with stringent conditions of service for
resulting vuleenizastes, hes demended reversion recsistant
high strength sulfur systems. As an slternstive to the
sulfur systems, the development of newer types of crosslinks
has been necessitated.

In view of these fects Bsker et 6116

T

end Leutenschlaeger
et al® studied the vulcenizetion of NR with diurethanes of
p-nitrosophenol with number of diisocyenates. The results
of their investigstions were encoureging showing the
promising nsture of the new crosslinking system.

In the present investigestion, a new diurethene wes
prepsred from p-nitrosophenol end 3,3'-sulfonylbis (phenyl
isocysnate) (3-SDI) and ite performsnce was evalusted in the
vuleenizestion of NR. Diurethene from p-nitrosophenol end
4 ,4'-methylenebis (phenyl isocyanete) (4-MDI) wae slso
prepared and its vulcenizing sction was studied in e
similer menner.

IR spectra of the compounds prepsred are given in

Appendix end the elemental smslysis in experimentsl sectlion.



Synthesis of p-nitrosophenol

p-Nitroeophenol was prepered by the method described
by Leonard and Curryn.

Nitrosation of phenol was carried out both in presence
end sbsence of sodium hydroxide. The product obtained in
case of lstter experiment was of better quality esnd the
yields were good. The light brown crystslline precipltate
which resulted wes filtered, washed with waster and dried to

get p~quinone monoxime. yield 82-85%. m.p. 136°cC.

H -OH
H,S0
2" "4 5
KNO2

0

Phenol p-Quinone monoxime

Diurethane of 3-SDI with p-nitrosophenol

3~SDI wse prepared according to the method desoribed in
Section I, part I.

For the preparstion of diurethene the procedure
described by Baker et 5116 weas followved.

p-Nitrosophenol eand 3-SDI were reacted in toluene &t
100°C to get a greenish yellow diurethsne which was washed
with toluene znd dried. yield 807 m.p. 130°C (decomposed).

ocp@-soz@—nco ¥ -OH

p-Quinone monoxime
3-SDI ‘

Toliene 0



o} N-O- —HN-[::] -[::]-NH-G-0~N=<:::>=0

Diurethene

S0

Diurethene of 4-MDI with p-nit:gbhenol
N

Thies was prepered by following Baker'a16 method.

p~Nitrosophenocl end MDI were rescted in toluene st 100°¢C %o
get a yellow diurethene which wes washed with toluene and

]

dried. yield 804 m.p. 177°C

N-OH
ol
OCN NCO
0
4-NVDI p-Quinone monoxime
l Toluene

[
o r-o b (S on Sy k- oa )

Diurethane

Monsantc Rheometer snd evaluation of croselinking sgents

The Monsanto oscllleting disc rheometer is a valuable
tool for rubber compourding, auality contrcl end resesrch
applicetions. The specificstions zbout the use of this
valusble apparstus heve been published by Americsn Society

20

for Testing ewd Moteriels (A.S.T.M.)" " and slso described

1

Q

b
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in Monsanto Technicsal bulletin21. Although Monsento

Rheometer resembles the Mooney viscometer superfieially,
it is en oversimplificstion of the latter.

A brief summery of the method of its operetion is
given below.

The rubber specimen is placed in 8 rectanguler cavity
and hee embedced in it e biconicsl rotor which is oscillated
sinusoidelly by meens of motor driven eccentric. Due to
these oscillations & shear strain is exerted on the test
specimen and the force (torque) required to oscillate the
disc is proportionsl to the stiffness (shesr modulus) of the
rubber. The toroue is recorded sutogrephicelly as a function
of time.

The stiffness of the rubber specimen incresses a8 cure
begins. A complete curve is obtained when the recorder
torque either rises to an equilibrium value or to a2 maximum
value. The time recuired to obtain & cure curve is a
function of the test tempersture and the curing characteristics
of the rubber compound. The following measurements can be
teken from a cure curve.

(2) Meximum torque

(b) Time required for incipient cure (scorch time)

(¢) Time required for optimum cure or 2 percentasge of full
cure, and

(d) Maximum, equilibrium or highest torque attained by
g particular cure curve.

The minimum torque is proportionel to the stiffness
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or low shear rate viscosity of the uncured compound. The
gcorch time i8 2 meessure of proceccing safely. The time
to optimum or some percentage of full cure is sn inveree
measure of cure reote while the fully cured torque is =
messure of cured shesr modulus or stiffness at the test
temperature. The cure rate index is the asverege slope of
the rising cure curves.

A1l these dzta =re useful in formuleting compounding
reeipe as per requirements of end use properties of the

vulcenizetes and zlmo in esteblishing curing conditions.

Evalustion of crosslinking egents

The effect of various proportions of diurethanes per
hundred parts of rubber (pphr) cn vuleenizetion wes studied.
Teble~30 describes the six compounds prepsred on & laboreztory
type 6'"x12'"' mixing mill. The compounds 1,2 and 3 contain
diurethane of 3-SDI in 5, 10 and 15 peartes per hundred parts
of rubber while compounds 4,5 snd 6 contein diuretheane of
4-MDPI in 5, 10 2nd 15 perte per hundred parts of rubber.

The compounds 1 to 6 were cured using Monsanto Oscillating
disc rheometer Model MPV-900 ot temperatures of 150o end 180°C
with a proper range selection amd suitable chert motor.

The curing behaviour of the different stocks were recorded
graphically on & flat bed recorder attached to the rheometerzl.
The peremeters 1 to 10 with full description of each

in rheometric studies of rubber compounds have been given

in Table-31.
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Teble-30: NR tyre tread compound having different
proportions of diurethenes

Base stock@
Smoked sheet RMA-IX 100
HAF Black (Philbleck) 50
Minersl oil 5
75% Dispersicn of Cea0
in Minerel oil 5
ZDC 2

SDI Diurethene MDI Diurethane
1 2 3 4 5 6

Diurethene 5 10 15 5 10 15
compound

@ Compounds mixed on labors=tory type
6"x12" mill.
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Teble-31l: The paremeters =nd their meening in
Rheometer studies

Parasmeter Meaning

Initiel Viscosity, Lo(in/lb) Effect of mestication- Time
and procedure of milling.
Effeet of Peptizers

Minimum Viscosity Li(in/1b) Joint effect of sccelerstor
end processing; characteri-
ses flow properties in moulding.

Thermoplasticity, Tp(To~-Ii | Plestic effect before chemical
(in/1b) reaction sterts

Induction time, t% - time for Time when chemical reaction
)

one unit rise above starts.
Ii (min
Scorch time, t, - time for Cheracterises processing ssafety.
two %nits rise sbove
Li(min)
Maximum cure, Lf (in/1b) Highest crosslinking reeched.
Optimum cure, 0.9 (Lf-Ii) + Level of cure at which most
1i(in/7b) properties sre setisfactory.
Optimum cur-, 50 (min.) Time to reach optimum eure
level.
Cure rete, CR 100/(t90—t2) Comparative value of cure
(min.) ectivity.

e
Reversion time, RT - time to Time to"ach noticesble fell
resch 98% LF after in meximum vulecenizetion
passing Lf(min.) level i.0. chain scission
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In the initisl step, the tempersture of vulcarization
was chosen to be 150°C which is usuelly the conventional
vulcanigzaetion tempersasture in industrial operstions. The
rheometric resultes - psrameters of the compounds 1 to 6 =zt
150°C heve been described in Teble-32. They were obtained
from Fig.XXIX.

From the ceflculated peremeters in Table-32, it sppesared
thet scorch time went on decreasing with increese in the
concentretion of diurethsne compound, in generel. Slightly
longer #corch delsy wes observed in cese of compounds 1 and
3 a8 compered to compounds 4 and 6 respectively. Scorch
delay in cese of compound 2 though less, compered to compound
5, was nearly the ssme. It was also observed that maximum
cure level in ocasse of compounds 2 and 3 was higher as compered
to compounds 5 end 6 respectively and that of compound 1 was
elmost eguel to compound 4.

The maximum cure level in 3-SDI-diurethene compounds weas
found to increase from 29 tc 53.5 1b/in. with the incresse
in the concentration of diurethene from 5 to 10 pphr, while
the similar increase in the concentrastion of 4-MDI-diurethene
compounds increesed the maximum cure level from 30 to 35 1b/in.
only. This difference is quite noteworthy. Optimum cure time
in cese of both diurethanes incressed with incresse in
concentration. Optimum cure time for compounds 1,2 and 3
was more then that for compounds 4 emd 5 end 6 respectively.

In cese of 3-SDI-diurethene, the thermoplasticity

increased when concentrastion was incressed from 5 to 10 pphr,
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but remained congtant even on further increase in the concen-
tretion to 15 pphr. However, the thermoplesticity was found
to decrease with incresse in concentrstion, in cese of 4~MDI-
diurethane.

No reversion was observed in all the compounds (1 to 6)
at 150°C.

High tempereture cures hsve been considered en attrective
proposition. However, vulcanizetion of NR =t higher tempe-
retures imparts inferior qualities on the finsl product due
to reversion. Thie aspect was studied by vuleenization at
higher temperstures (i.e. 180°C).

The Rheometric results - perameters of the compounds 1
to 6, at 180°C obteined from Fig.XXX, heve been given in
Table~-33.

No compound was found to be steble towards reversion at
180°C. The paremetere in Table-33 indicate that the reversion
time in case of compounds 1,2 =nd 3 was considersbly good
as compered to compounds 4,5 and 6 respectively. Although
the scorch delsy was better in 211 the six ceses, compounds
1 and 3 showed little effectiveness in delsgying scorch time
over compoundes 4 end 6 respectively.

Maximum cure was found to increesse with inerease in
diurethane concentration, in genersal.

However, the maximum cure in compounds 1, 2 and 3 was
higher than in compounds 4, 5 and 6 respectively. The

meximum cure level in 3-SDI-diurethsne compounds was found
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to increase from 24.7 to 46 1b/in. when the concentration
of diurethane wes increcased from 5 to 10 pphr. while for
increcse of gimilar concentretion in case of 4-MDI-
diurethene, cure level wae found to incresse from 29 +to
33 1b/in. only. This observetion was similar to that noted
in case of the compounds vulcaniged &t 150°C.

Optimum cure time for compounds 1, 2 and 3 was found

to be little higher than compounds 4,5 end 6 respectively.

Conclusion

3-SDI-diurethene imperts overall better properties on
the crosslinked NF &8s compered to 4~MDI-diurethsne. It cen
also be said thet the orosslinking esgents used in the
present work have characteristiocs of good reversion and

eging resistence, st vuloanizetion tempersture of 150°C.



EXPERIMENT AL

Synthesis of p~-nitrcsophenol (guinone-monoxime)

In 2 3 litre three necked round bottomed flesek eguipped
with 2 dropping funnel =zmd an efficient mechanical stirrer
were placed phenol (60.0 g), sodium hydroxide (27.0 g) emd
potassium nitrite (66.8 g). To this mixture 1.5 litres of
water wee added slowly end the clear solution thus obteained
was cooled to -5°C. With efficient stirring of the sbove
sclution, concentrated sulfuric ecid (150.0 g) in 400 ml
water was slowly dropped into it at --50 to 0°C over = period
of 2 hours. The stirring wee continued for enother 2 hours
at -3° to 0°C end the solution was then filtered. The
brownish crystalline precipitete obteined was weshed with
100 to 200 ml of ice-cold weter =md eir dried. yleld 55 g.

In another experiment, the nitrosstion was carried out
following the procedure described sbove except that the use
of sodium hydroxide was totally avoided. This gave the
desired product in light yellow colour unlike brownish
obtained in the ebove experiment. The yield obteained was 56 g.

Diurethsne of 3-SDI with p-nitrosophenol (guinone-monoxime)

In a2 3 necked 250 ml round bottomed flask ecquipped

with o stopper and 2 mechanical stirrer were placed 3-SDI
(3.0 g) end p-nitrosophenol (2.46 g). To this toluene

(100 ml) was added =nd the suspension was heoted in asn 0il bath
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at 100°C with constent stirring. The greenish yellow adduct,
obteined after 20 minutes of heating, wes filtered, washed
with toluene end dried under vacuum. yield 4.8 g.

. ~ 74
Mnelysis: Caled.for C,cH, 0pN;S: C 57.75%, H 3.29%, N 10.26%

Found: C 57.77%, H 3.78%, N 9.83%

Diuretheme of 4-MDI vith p-nitrosophenol (quinone-monoxime)

In a 100 ml 3 necked round bottomed flask equipped with

en efficient mecheanicel stirrer were pleced 4 MDI (2.5 g) end

p-nitroephenol (2.46 g). To this mixture, 75 ml of toluene

was sdded and the mixture was stirred =t 100°C for 20-25 minutes

t1i11 it gave a pele yellow fewn. This was filtered, washed

with toluene and dried under vacuum. yileld 4.3 g.

Anelysis: Celcd.for C,oH, 0.N,: C 65.31%, H 4.03%, N 11.29%
Found: C 65.50%, H 3.86%, N 1C.65%

Rubber compounding

The compounding ingrediente were commerecial grade rubber
chemicals.
(1) High ebrasion furnsce bleck (Philblack)

(2) Minerel oil (processing oil)
(3) 75% Dispersion of calcium oxide in minersl oil

(4) Zinc dimethyl dithiocarmate

Mixing

A1l mixes given in Teble-30 were prepsred on a

conventional lsboratory size 6"x12" two roll rubber mixing
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mill. Rubber was masticeted on & cold mill, immedietely
& bend wes formed. All the ingredients were then mixed
according to the compounding recipee given in Teble-30.
The crosslinking sgent was added at the end. The mix wase
cut thrice from either side snd rolled six times through
tight mill and sheeted out. The sheets were kept ot

embient temperature for 24 hours before vulcenizetion.
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