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122 OROANIC POLYMERS CHEMISTRY

Availability of starting matenials is economically important to industry and here there is an
appoartunily o convert chain |'|-n11_|,'|'|'|.|:'r|p.|.ﬂlnn monomers  into - matenals useful for condensation
polymernsation. There are two recent routes from chain monomers 1o acdiponitrile.

First method mvolves the conversion of 1, 3-butadiene into adiponitnle (Scheme-4}

HeM
CHy=CH—CH=CH ——— CHy=CH—CHy—CHy—CN
LIS
HCN 107

NC—CH>—CH>—CH»—CH»—CN
Scheme @ 4
The second route i1s electrochemical method, In this route serylomitnle 1s converted into adiponitrile

by electrochemical hydrodimensation (Scheme - 5),
5]

CHy=CH ———— CH,—Cli
| cathode |
{.'iN (.-‘N

|
H H

i CHy—CHo
| i e
‘ CN

]
| | dimersiation

| NC—CHy—CH;—CHy—CHo—CN

| ’ adiponitrile
|

[

Scheme 5 ; Electroreductive route

J % . ~ =3

_Schacic acid is produced from the natural product {castor ‘_Ii\‘Cnsmr oil gives ricinoleic acid on

,I hydrolysis. This acid-on-sxidative cleavage gives sebacic auﬂ (50% yield),
e NaOH
| Castrol 0il ——— Cl'h—[CHﬂh—CHDHu—CE[1—CH
| 250'C I
i’ HOOC—(CH3);—CH
|
!

OH

I

CH3—(CH3)s—CH—CH3 + HOOC—(CH;)g—COOH
2-octanol Sehacic acid

e —
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There i also an electiochemical route from adipic acid 1o sebacic soid (Scheme - 6)

COOCH, COOCH,
| I
(Cl5), . (CHa)y
| —— |
('H, aniule CH»
I H |
oo 00"
Adipic acul as acyl radical
hall ester salt
—C0,
COOCH;
|
(CHa)q
|
("H-

alkyl radical
dimerisation

H1CO0C—(CH1)3—CH;—CHy—(CH3)3—COOCH,
Sebacie acul diester
y Scheme & : Electronldative route-from-mliplcucid—
h_ N}:Inn -6
. Nylon-0 1s used on a large scale. The monomer caprolactamyis the cyclic amide of w.aminohexanoic

acid (aminocaproie acid),
The polymer is made from lactam rather than the amino acid since water does not need to be removed

during the chain build-up. Furthermore, the lactam does not need to be prepared from the amino acid.
Instead, it 1s prepared from cyclohexane (Scheme — 7).

OH O
|
O{air)
R e
160°C
10 atmos
Co salt Cyelohexanol Cwelohexanone
NH,0H
N-OH
: L Hasoy
NH Bechomann
Peartan pe ment
l':'uprn!l:.'inm Cowlodwe vanons ¢xmmw

Scheme 7 : Commercial route of preparation of caprolactam
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124 ORGANIC POLYMERS CHEMISTRY

Another interesting route uses photochemistry. Cyclohexane and nitrosyl chloride m hydrochloric

acid are irradiated by a mercury vapour lamp. The reaction is cooled to — 10°C (Scheme 8).
N—OH HCI

Hydrechloride salt of vxime

N= Dechmann
reammangement

@1

Coprolactam
Sch-uma 8 : Photochemical.route-to-caprolactam.

_.—-—'—'
——

: L/?? 4, Properties of Nylons
’ _u_l_',.'amldcs of these types are_tough, flexible, have high-impact strength and are resistant to
brmlun Fhr: length nfai:phanc unit alters hydrogen bﬂndlng and affects glass transition and crystallisation

“and hence mechanical and physical | properties and_processing characteristics (Table - 1).
._Table 5.1. Physical properties of commerical grade-nylon—

6.6 6 6.10 6.11
¥ i e——— -
| Coystalline. mp.('C) 265 215 25 185
e — i T : e
" || Tensil stregth (MPa) B0 75 60 40
Elongation at break (%) % - 150 _130 280
Impact strength, (J/m) H'_ﬂ__:j 45 95 05
Water absorption at saturation (%) 8.0 9.0 2.5 200
| AT

/I(hc principal structural difference between various types of nylon is in the length of aliphatic.chain.
segments separating adjacent amide groups. The amide groups lead to m.'.:-mmt'cmmr hydrogen _bonding

so_thal Lf}"il'l”lh&[lnn readily occurs to give materal_of high mmlm!, point and tensile strength.-
s the length of aliphatic segment increases distance between adjacent amide groups also increases.

T hl'-. increase in distance decreases hydrogen bond strength. Due to decrease in hydrogen bond strength
there is reduction in melting point, tensile strength, heat destortion temperature and water absorption and
an increase in elongation and impact strength. The selection of a particular nylon for a given application
strength generally involves consideration of the relative importance of mechanical properties, water
resistance and ease of processing. For example, textile fibres are usually prepared from nylon 6.6 and
nylon 6 since these polymers have the highest tensile stmng[hb Monofilaments for use in such applications
as brushes, sports equipments and i surgical sutures are l'uc-rrtmlljl,r of Nylon 6.10 and 6.11 since these

pnI}'mus have greater flexibility. and water msmanu.

e —
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Because of their crystallinity, the nylons are soluble at room temperature in polar_protic solvents,
such as acetic acid, formic acid and phenols. Nylons are also soluble in alcohols, nitrobenzene, benzyl

alcohol and giycols at elevated temperatures.

Concentrated mineral acids attack nylons rapidly at room temperature but dilute acids have a less
marked effect. Resistance to alkali is very good at room temperature but is generally reduced at elevated
temperatures. Oxidising agents such as chlorine and H,0; attack nylons. Oxidation of nylons also occurs
in air on exposure to ultraviolet light and/or temperature above 70°C, discolouration and reduction in

mechanical properties occur.

5.4. FATTY POLYAMIDES
" Fauy polyamides are prﬂ-du::'ls obtained by the reaction of di and polyfunctional amines with
polybasic acids prepared from unsaturated vegetable oil acids. Su.:IlI;.l.ElE amines arefethylenediamine gnd
dielthylenetriamine. The acids from the oil arc obtained as follows :
' Vegetable oil
(linseed, soyabean, tung oil)

oy

NaOH _
Fatty acids

. -~
heated at 300°C

for several hours

residue

The residue is known as.dimer m:idj\'l'his dimer acid is used for the production of polyamides. The
main constituents of residue af¢ substituted cyclohexenes which arise through Diels-Alder additions..,

(CH,);—COOH
(CH,);—COOH
.I.
_ CH,—CH=CH—(CHj4)4—-CH>
(CH,)—COOH linoleic acid
isomerised !
linoleic acid
(CH,),—COOH
CH :—CHZCH —(CH :L"‘Cl 1,
(CH.}o—CH,
i .|l'l'lt1||'-!l-c acid dunes
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Linoleic acid dimer reacts with diamine to give polyamide.
(CHy)7—COOH

—(CH4);—COOH
+ 2NH,—CH;—Cl ]g-—-NI Ig
CHy—CH=CH—(CH,)4—CH;

(CHz)s—CH;

150 - 230°C

(CH3);—CO—NH—CH;—CH;—NH—

I
(CHy);—CO—NH—CH,—CH,—NH— + H,07T

CH;—CH=CH—(CH;)4—CH,

(CHz)s—CH3

The fatty polyamides prepared from dimer acids are of two main types, namely solid polyamides
and liquid polyamides. Solid polyamides are largely linear polymers obtained by the reaction of dimer
acids and diamines. These polyamides have molecular weights in the range of 2000 - 15000. Solid
polyamides find use in such applications as coatings for flexible substrates like papers, plastic films and

[umigium foil. The coatings are heat-sealable and relatively impermeable to water vapour.
hﬁlﬂ: liquid polyamides are hlgh|_‘," branched products of lower molecular weight which result from
dimer_acids and polyamines containing three or more amino groups. The pnnmpal use uf liquid fatty

"'|_| '
Aot

_5¢_XROMATIC POLYAMIDES /A

Aromatic polyamides are obtained from agomatic d1bnsu: acids_and_aromatic_amines. Aromatic
pnlyﬂnndcs are chamu:t:n'itd by greulcr-lhnmmLsmhjﬁ[}.'_nn lrcngth Most |mpnrtanl ammalu: pnlj.'.umdes

._-_-..-.

pﬂT} {p-phenylcm {nlrephthalnmndc}ﬂ— N
Poly (m-phenylene isophthalamide) is produced by reaction uf isophthaloyl chloride and

m-phenylenediamine :
n CIDC\@/CGC! = n HZN \@/CHz

%\@,{:ﬁm@rm + HCl

e —e——— |
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This type of polyamide has very high melting point (380 - 390°C). At ordinary temperature this has
mechanical properties comparable to those of the aliphatic nylons, but at elevated iemperatures the aromatic
polyamide is greatly superior. The fibre of this polymer is used in electrical insulating applications where
resistance Lo elevated temperatures is required.

Poly (p-phenylene terephthalamide) is other important aromatic polyamide. It is produced by reaction
of terephthaloyl chloride and p-phenylenediamine.

0] 0O

I I
n Cl—C —C—Cl+n H:N—@—NHE

—

-E c— —C—NH—@—NH- +2n HCI

This polyamide is supplied in fibre form. It is an extraordinarily strong material. The specific tensile
strength (tensile strength/density) of the fibre is higher than that of any other fibre commercially available.
The polymer does not melt but carbonize at about 425°C. It retains its mechanical properties over a wide
range of prolonged periods. There 1s little change up to about 180°C and even at 250°C. The matenal is
attacked by mineral acids and alkalis and is also sensitive to UV light. The fibre of this polymer have
three major applications. It is used as reinforcement in radial tyres and mechanical rubber goods, in ballistic
protective fabrics and ropes, and as reinforcement in polymer composites for aircraft and aerospace
components.

Pulycsters are defined as polymers containing recurnng —~
T o K& o Ho
- i f | . |‘ n :
lﬁ} #\d fh ;H‘-' AL N o |"'|f'11 t |
I i -Ir 1 |
, i e O e U

groups in the main chain. Thv.:j||r are prepared by a polycondensation reaction between a dlcnrhuxylm ﬂ::id
and a diol. Poly ethylene terephthalate (PETP) is a very important polymer from which terylene (dacron)_
textile fibres are ‘made. 'l'h'_"starung matenials i.e. terephthalic acid and ethylene glycol are obtained from

_ p-xylene and ethylene glycol respectively. The synthesis of terylene may be summerised in t]'n: following. -

WO Steps ;

s (i) The acid i is first converted into its dimelthyl ester which.is then reacted with excess of glycol in
_an ipert almnsphf:ra at 195-200°C ;l:mpcratun: with the continuous removal of almhnl
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0 0
I |
CH;0—C — C —OCHj; + 2HOCH, . CH; OH

cthylene glycol

dimethyl terephthalate

catalyst | 195.200°C
(condensation)

0 0
I |
HOCH,CH-O.C — — C—OCH;CH;0H + 2CH;0H

diglyveol terephthalaie

150 - 260°C | under reduced pressure

{—OCH-,CH-.D C@ -:IL—H:HDCH- CH,OH

(1) In second step, diglycol terephthalate 1s heated at high temperature around 250-260°C under a
very high vacuum to remove the excess of glycol and complete the polymerisation reaction.

The polyesters denvative from aliphatic acids and alcohols are not of much industrial importance,
mainly because of their low mt:llmg pmms Introduction of aromatic rings into the polyester chain increases
the rrrelnng point of the polymer. Thus, the polyester polyethylene terephthalate (PETP) has a high melung

point (265°C) and 15 resistant to heat and moisture. This polyester is virtually unattached by many

chemicals.
It 1s extensively used to make textile fibres. Garments made from its fibres resist the formation of
wrinkles and are easy to wash. Moreover, terylene fibres are blended with other fibres. such as wool and
cotton -to-produce “wash and wear™ fabrics. Polyethylene terephthalate is also useful for film making
because 1ts film has got some important properties, such as high tensile strength, and resistance to tcaning
and is used to make magnetic recording tapes. A film of this polyester is sold under the name ‘mylar’.
Aliphatic unsaturated polyesters. however find some industrial use. Unsaturation 1s introduced in the
polvester by the reaction of unsaturated dicarboxylic acid such as maleic acid with ethylene glycol.

nHOOC —CH = CH —COOH + n. HO—CH; — CH.—0H

:
H-+0—C—CH =CH—{!3’—D-——CH3—CH3-]F OH + (2n— 1) H20
0 0
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The double bond present in the backbone of the chain is utilised to cross-link the resin with styrene
using free-radical catalysts. The unsaturated polyester-styrene combination, is used as the resin matny, in
fibre-reinforced plastics and as decorative coatings.

. £.7. PHENOLIC RESINS (Phenol-Formaldehyde. Resins)
Phenol-formaldehvde 1FF1 resins are formed by the polycondensation between henol/and
formaldehyde. Two important type of reactions are involved between the phenol and formaldehyde-during

the formation of phenol-formaldehyde resins.
(1) Firstly, the two components react with each other in the presence of acid or better in the presence

of base which will accelerate the reaction by forming the phenoxide 10n, to introduce the m:-lhxlul groups

in the ortho and para positions to the —OH  group m" the phenol. -=--
OH

‘li' CH,OH
H—C—H 'I rﬁﬂ @

CH,OH

The resulting o-and p-methylol phenols are more reactive towards formaldehyde than the phenol and
rapidly undergo further substtution with the formation of di- and tnmethylol phenol denivauves.
OH

CI{-.CIH

CH.O0H
@/
—

OH CH JOH OH

|
@ HOH.C CH;OH

CH,0H

OH
CH,0H
@ O/

CH,OH EH'DH
(ii) In the second type of reaction methylol phenols further undergo condensation with phenol to give

the methylene compounds :

CH-OH CH,
- & 665~
| oK
HOH,C 1
(i) O @ —» OH ,__>—c1-| C \

CH-0H [ H,OH
Two types of phenol-formaldehyvde resins have been synthesised depending  upon the
phenol-formaldehyde ratio (P/F). nawre of catalyst and the number of steps in the process.

)
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