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(A Review on Synthesis of Wholly Aromatic Polyesters
for Industrial Fiber Uses)
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Abstract: Introduction of an aromatic group to a linear polymer makes the polymer molecule more rigid, in-
creases the cohesive forces, and thereby raises its tenacity and melting point. Simliar reasoning has led many
investigators to carry out experimental work in order to change wholly aliphatic polymers to aliphatic-aromatic
and aliphatic-aromatic to wholly aromatic. The present discussion deals with the latter case in which, for exam-
ple, the aliphatic constituent in aliphatic-aromatic polyesters are substituted by aromatic diols or diacetates to give
wholly aromatic polyesters of industrial interest. Processes for synthesis and fiber properties of the resulting poly-

mers are illustrated.
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Table T ZfElftk E2|olasl 29 A%
© ®A A= 5| R T TR MECO)

No. of (CHy) in Dicarboxyls No. of (CHy) in Glycol

2 3 4 5 6 7 8 9 10
0 173 88 98 49 76 — — — 79
1 — 33 — — ~48 — — — 29
2 172 69 — — 56 — — —_ 80
3 — — — - 38 — —_ — 60
4 47 46 58 37 56 — — — 70
5 - 51 — — -— — — — —
6 50 46 — — 57 — — - 77
7 — 60 — — — — — — —
8 74 55 64 53 68 — 70 — 74
9 — — —_ — — —_— — — —
10 75 58 — — 64 — — - 76

@ £3 Y725 BEREEFEY wEsCO)
No. of (CH;) in Dicarboxyls Sorts of Alicyclic Glycols
—o—~ H—o- —o—CHz~—<:>—CHz—O—
Trans

2 268 62 147
3 212 — 50
4 225 55 124
5 163 (lig) 42
6 — 50 36
7 127 41 50
8 144 50 78
9 . _ _
10 — 46 85

@ SALTL A i (CO)
No. of (CHp) in Oxyalkanoyls

—0—(CHz),—CO— 1 2 3 4 5 6 7 8 9 10
227 122 62 56 62 76 — 66 — 74
@ MEpERY 72 A ger $R T2 BRI Y /mEieo
charboxyls Gloycls Melting Points

<:>—C (trans) : —Q0—(CHz)3—0— 110
—OHgC——<:>—CH20— (cis) 205

1—1. 2iEFKE E2(0|AH|=(Table 1 28K) Tell A= pis)
o FREARRAES (CHp) Ol ot sl 453 o (CHp Sl ot ##el AL Bl A 2rp —
=3 FellA s> Wmste] EeldXal Fi Ry o 2 EiELo] ot
Bhell WikEESH = (CH: 9 #oF 2 B o (CHp)®] MAESY o I =& T2Alo] BA
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Table I F#&#ky) TrE B2 R E e 2 ) Eelol 28l 29 FiEh(°C)
Structure of Aromatic Dicarboxyls No. of (CH;) in Linear Aliphatic Glycol
~————=2 1 inear Aliphatic Glycol

2 3 4 5 6 7 8 9 10

—C—" —C— 265 233 232 134 154 8 132 102 130

—c~©_g_ 240 132 152 — 140 @ — _  _
0 o)

I i
—C— — O —C— >350 280 328 217 240 — 193 — 1e4

C=0
I

O-O en

o=¢

ol 0

_LHZC_ _CHZ_L 187 50 6 g 5 — — _

o) )

—-(IJ1 - —(CHy) 2-©— (! — 220
0 o}

—g—@—(Cth—@—(!— 170
O 0}

— ! —@—CH:CH—©— ) — 420
O 0

L -

o)

0

I i > I
— —©—SOZ— O —C— 340 320 — 288 279 — 215 — 230
(6] (6]
Il / Il
—C— —O(CHz)zO—\Q —C— 254 160 188 100 170 — @  __ 135
ﬁ) e
—C—@@ é}) 266 199 241 135 211 — 185 — 144
i i o
—C—@—C— : —Q—CH,— —CHs—OQ~— (Trans) 256
0 1 e

| )
—C—@*C- 1 —(Q—CH;— —CH2—~0Q— (Trans) 305
0
——C—@—O— :—0—(CH2)s—0— 185

0
Il
—C—CH;— —0—:—0—(CHy3—0— 172

&M A 54 A 23 198149 49 95



Table I [fERGEE7t2 5% &K S5 Sedad 29 R

O BHEAsL 2548 FEE SSHY mECO).
No. of (CHp) in Dicarboxyls

Structure of Aromatic Glycols
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-—O—@-—O— —O—CHz—@—CHz——O '—O—CHz-@—CHz—O——
350 214 132

267
310
194
230
165
186
135
165

Table V. &F&K £ o]z 2 AR
@ #kEAs Y HEEC SRS FER SR #8300
Carboxyls : Glycols

TPA

1t

V4

-0 _(CHZ) n_©_(CI_I2) o O—

—O—@—O— ®

1156
58
81
67

10
102
5
68
15
26
30
&7 it
Melting Points
n= 1 2 3 4 5
265 320 155 220 125
>370
335
R
CH,3 300/335
CF; >400

CCls 250/280
Phenyl  200/220

450

350

3

=1
1N

/420

245

355
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R R Ry
p : -—o—@—-c—@— o— CHs  CH;  250/290
| H CFs 290
Re H CCl;  130/150

CF 3 CF; >400
Phenyl  160/170

” —O—@—SOz—-—@—O— 250

@ =eHS A =L} FTEe] EE(°0)

Type of Polyester Structure Melting Points
i
—C __@—- o— Homopolymer 550
” Copolymer—QO —@ —0+TPA 400~480
” 260~450
" ” —-O—@ @*O +TPA 480~600
” ” IPA 300~500
CH;3

0O
— y: ._@ —0— Homopolymer 240~250
__C_@_O._(CH),,_ ” 220

i

G
i

- C ‘—CH 2“‘@ '—CHZ'— O — ” 190

CHs CH;
0 N_ S
- é‘j —CHe —'©"‘CH2— o0— " 325
CHg/ \CH3
2 zlo) miEio]l wirh o] Ez|oiAE|2(Table T 28)
22 & o] —0—, —S0,—7} o= B o EEMK YILEEAES HE CH; 22 33
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Table V. REHE B SR8 0

Hilol= @iis dHal el 2Fe]) BBl $x
300°C o] ol Al HIESIA] AFoll KEA T 7]7H
kst ojda Z2 % suislibd RER
gesasl e KIEAZ)H 200~300°C & 5B &
EZ2 (% 0. 1~10mmHg) & FlF 3=},

238 2%EE Sd2HE2E BRE &+
e FHEE FEE A iR ol HiEX
FETAA T Eggol>] wi Lol HuikelA¥E #
Al MEIREES W g7 G5
ol FIR=lx ek, b BHMWEER] A&
ZEEWHES FATEA SRhEe] e 2%
FiRLE A= 25 ENeE fRd2 Ta-
ble Vv, V[, I %

@© Dibasic Acid : ) P—Hydroxyl Benzoic Acid or
Glycol : }P—-Hydroxyl Benzoyl Phenyl
Catalyst 1 Tetra—n—DButyl— Q—Titante
(or Na—Alkoxide, Lithium Hydroxide, etc.)
Heat Transfer Medium} : Therminol ® 77
Using with Reactants
: Acetone
1 170~360°C, 14hrs

: Polycondensation Reactor, Dissolving,

Solvent for Separatfon
Reaction Condition
Equipment Filtering, Separation by

Drying Egnipment.

PN g W

: Molecular Weight >>10, 000
Polymer M.P. at 550°C decomposes
>400°C decomposes
Thermal Stability, (Weight loss)
<1% at 475°C
<59% at 530°C
: After Compression Molding: —
Compression Strength 2, 700kg/cm?
Flexural Strength 84, 000kg/cm?
Linear Thermal Expansion 5.1X1075
@ Dibasic Acid : Diphenyl Terephthalate
Glycol : P-Hydroxy Benzoic Acid Phenyl Acetate,
Catalyst : HC1 and Na-Ti Alkoxide.
Heat Transfer Medium : Therminol ®77
Solvent for Separation : Acetone
: Esterification 180°C~220°C, 10hrs
Polycondensation 220°C~340°C, 29hss

Repeating Unit

Properties of Polymer

Reaction Condition one or two stage

Equipment

Z2l A 549 A 2% 1981 49

: Esterification and Polycondensation Reactor, Dissolving, Filtering,

Extraction and

Separating by
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Polymer Repeating Uit :

Soxblet Extraction Method and Drying Equipment.

A ole-fo@--

Properties of Polymer : Intrinsic Viscosity —

Polymer S.P. 493°C (=M.P 300°C)

Density —

Tenacity —

Elongation = 1~3%

Modulus Initial —

Degree of Polymerization 10~70

Polymer Molecular Weigher 3, 500~20, 000

Heat Stability (Weight loss) 5% at 400°C, 3hrs
Dimension Stability >470°C

Table V. FEWHE #a HEEH
Dibasic Acid : Isophthaloyl Chloride-+Terephthaloyl Chloride

Glycol

: Hydroquinone

Solvent for Reaction : Pentachlorodiphenyl Ether
Solvent for Separation : Hot Acetone 5 Times

Reaction Condition : 145~335°C by steps, one stage

Heait Setting : 200~350°C

Drawing 1 200% at 250~350°C

Equipment : Conventional Polycondensation Reactor, Washing, Filtering and Drying Equipment.

Polymer

0 0
Repeating Unit: Il Il
—|—C— —C—0— —0——

Properties of Polymer : Intrinsic Viscosity 0.8~1.3

Table VI @

(@ Dibasic
Glycols
Catalyst

Polymer M. P. >370

Density >1.34~1.41
Tenacity =4g/den
Elongation >25%

Modulus Initial: 10% up than Tenacity (40% increase to itself)
at 200°C Tenacity = 2g/den Elongation, 130~300
WYl kS REMER
Acid : Terephthalic Acid.
: Diacetate Ester of p-Tolyl Hydroguinone, Hydroquinone.
: None

Reaction Condition : 110°C~360°C by steps, one or two stages

Initial stage—Naz
Later Stage—0.5mmHg Vaccum Ultimately

Equipment : Conventional Polycendensation Reactor.
Polymer Repeating Unit:

100

QOO
O

| y=0~40mole% of (z-+y)
CH3
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Properties of Polymer : Intrinsic Viscosity 2.4

Polymer M. P. =300°C
Density —
Tenacity 20g/den
Elongation —

Modulus Initial —
Molecular Weight

8, 000~25, 000

Others Unobviously High Mechanical Properties

@ Dibasic Acid : Terephthalic Acid
Glycol

Catalyst : None
Reaction Condition:

: Phenyl Hydroquinone or its Diacetate

140~350°C 10hrs by steps, one or two stage

Initial Stage—N,

Later Stage—1~10mmHg Vaccum Ultimately
Purification step Necessary 250°C 2hrs.
Heat Treating :230~325°C 18hrs by steps in inert atmosphere.

Equipment
Polymer Repeating Unit:

Properties of Polymer:

Intrinsic Viscosity

Polymer M. P.

Density

Tenacity; Polymer
:; After Heat Treat

Elongation

Modulus Initial; Polymer
n; After Heat Treat

Tenacity Retention in 150°C

Elongation ”
Modulus o
3,

THEAGHE A 2FEHRE D2 (&
S WRAZA AAAE ExHE il B
st kel BUEHke] MBS HRLE

REE FIAE & 3l BENoE HWET 5
glow FEHEE GMER FO52 A B
AZ = glojof ghop f8e] derA 2 Fgst

Eel A5 A2z 1981d 49

: Conventional Polycondensation Reactor Heat Treating Facility.

>1

=350°C

>3.4g/den
>21g/den
1~5%

>400g/den
=550g/den
>65%
>85%
>50%

of of 3t FiIgo]

18 e 2%FE EeldadZdelAs
FAMEEAEE FOoZ GEIF o, oLt
= ZE g3 CEAREY BE$E 4 BEBS
o] dulEx Jx HEAMHES BEHLS ESG
RS Ev EAREILE (modification) 3Fe 2
FIE, HHT T A

wrebd] REEAE 9 AN FIHE 7
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