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Four different types of unsaturated: pelyesters, made by varying the molar ratios of chlorendic -
acid to isophthalie acid, were copolymerised with styrene. Thermal stability, self extinguishing
property, red heat resistance and chemical resistance of all these types were determined and
compared with red heat resistance of ‘ ATLAC’ and thermal stability of highly rigid phthalate and
isophthalate polyesters. It was noted that the heat, flame and chemical resistance can be en-
hanced by more density of cross linking, absence of free homopolymer of the cross linking
monomer  (styrene), . avoidance of phthalate ester group, and incorporation of halogen
containing compounds like chlorendic acid.

High strength to weight ratio, low pressure mouldability, easy handling, low cost
of fabrication, easy maintenance and cleanliness of glass reinforced polyester articles
have made polyester a unique and versatile material. Low thermal stability and in-
flammable nature of most of the polyesters have limited the scope of their applications.
In the case of high speed aircrafis, guided missiles, rockets, heavy electrical and chemical
industriest, there is a great demand for high temperature stable plastics. Therefore
attempts were made by various workers 2—5to make polyester heat and flame resistant.
Some of the commercialised products of this type are Hetron Resin—92 by Hooker
Chemical Corporation, ATLAC resin, FRB-05A by Atlas Chemical Industries, and
Laminac by American Cyanamid Co. Ltd. The information isall of a patented nature®—1,
The object of the present studies is to develop a suitable polyester with enhanced flame
resistance, thermal stability, transparency and chemical resistance and to correlate chemical
structure with the above mentioned properties.

EXPERIMENTAL PROCEDURES

Four different formulations were made by varying the molar ratios of chlorendic
acid* to isophthalic acid and following data were collccted in respect of these and other
commercial formulations like ATLAC**, highly rigid phthalate and rigid isophthalate
polyesters, on () chemical resistance!? (i7) red heat resistance!?, (1) self extinguishing
property’3 and (7v) thermal stability™.

Preparation  of resins

The four resins based on maleic anhydride, isophthalic acid, chlorendic acid and
1-2-propylene glycol were prepared according to method developed in our laboratories's,
Isophthalic acid was partially replaced by chlorendic acid. Different resins with varying
amounts of halogen content were prepared. The general type highly rigid and general
type rigid isophthalic resin were also madé according to the above method. All the
resulting base resins were mixed with minimum amount of styrene required. The
characteristics of the resins are given in Table 1. ’

*Chlorendic acid is Hexachloro-endomethylene tetra hydro phthalic acid and is written ag Het acid,
_#**3ample  was -provided by Atlas Chemical Industries, Wilmington, under the name ATLAC
382-FRB-05A.
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TasLE 1
COMPOSITION OF HET. ISOPHTHALATE AND GENERAL TYPE POLYESTERS AND THEIR PROPERTIES

Molar ratio T , " Resin properties
Polyes- Diol Maleic  Isoph- “Chlor- Phthalic  Acid Molar ratio Viscosity SPI GEL'"
ter 1-2:propy- anhyd.-  thalic endic anhydride value of of - timeat
Nos. lene glycol  ride acid acid styrene  solution 180°C
to unsatura- at
tion in 25°C
base
polyesters
1 g2 1Y o8 02 — 292 1.7 800 65"
2 22 T 1 06 0-4 — 27-8 1-9 1000 530"
3 2-2 Y 0-4 0-6 — 21-2 2-1 1100 525"
4 2-2 1 02 0-8 — 243 2.3 1300 55"
5 2-2 1 1:0 — — 20-0 1-58 1200 53"
6 4-4 7 3 — — 1 40-0 10 900 4'30”

RN . [
Prepamtwn Qf test_ spemmen for thermal stabzlzty amd chemical resistance
szpeelmens were cut from polyester glass laminates (chopped strand mat of
low alka,h .content E- glassg manufactured by the Fibre Glass Industries, Inc., Amsterdan,
N. Y, was used) The glass mat 0. resin ratio in the laminate was 3/7.

 For the prepardtion-of glass reinforced polyester test piéces, 66" x 1/8” chromium
plwted riold was used. A 4hin film of PVA was applied from solution on the mould to act
as-mould relossing agent: A resin mix of predétermined pot life containing the polyester,
MEK.P.as Wraﬁ&wbait octate as accelerator was applied to the glass mat which
wamgut into suitable sizewnd placed in position. The glass mat was impregnated: with the™
resincby versical strokes of a stout brush. After the impregnation sometime was-allowed
for the air bubbles to rise te-the surface. The laminate was covered with clean cellophbane
film and air along with excess resin was squeezed out by means of a roller. The laminate
was allowed to cure. Test pleces of size 2" X2"x 1 /8" and size 3" X 2" X 1/8” were cut from
the lasminate; 7 w0t
parasion qf test speczmen for testing self extinguishing property and red heat reszstame
“*The resin mix, confa ing polyester resin, initiator and accelerator was poured into
suitable s.8. moulds (5" x0-5"x0-5", 3x15x120 mm.) and allowed to cure at room tem-
perature and later post cured at 100°C by infyg-red lamps for 30 minutes. The specimen
(6"%0-5"x0-5") was marked with two lines for lengths of 1” and 4" from one end of the
specimen, :

TESTING OF S?EQIMENS

Thermal stabdzty test
The resistance to heat (i.e., thermal stability) was evaluated accordmg to method of
Eliot 4,

The loss in weight and appearance of the test specimen a fter keeping the spec:men at
260°C in a constant temperature oven for a definite penod of time were noted. The data

collected ar¢shown in-Ta ble 2.
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, TaBLE 2
STUDY OF STABILITY OF POLYESTERS AT 260°C.

Losses in weight after (in percent)

Polyestor o .
No. - : Remarks
(See Tablel) 1 hour 2hours - 3 hours 4 hours 5 hours R

1 - 47 6-4 7-5 8-0 9-4 No distortion

R 2 4-45 54 0 7-35 9-25 10-5 —do—
3 3-05 3-9 4-37 5-49 6-55 Colour change is marked
4 4-85 7-1 7-85 9-7 12-9 —do—
5 4-35 - 4-9 6.9 66 75 No distertion
6 565 70 89 11-4 12-5  Distortion

Self extinguishing property test

The flammability tests were carried out according to A.8.T.M. standards 3,

The specimen (5" X3"X$") was cf'anlped at one end in support with longitudinal axis
liorizontal and its transverse ais inclined &t 45> to the hotizontal. Under the tést specimen
a piece of 20 mesh Bunsen burner gauze about 4 in. square wa€ clamped in horizontal
position 3/8” below the edge of the specimen so that about §” of specimen was extended
beyond the edge of the gauze. A pan of water was placed on the floer of the hood in position
to catch any burning particles which might drop during the test. Fhe specimen was ignited:
for 30 seconds by placing the blue flame 1” high of a-standard 3/8” diameter Bunsen burnsr
in contact with the end of the specimen. In case, the specimen continued burning, the busnes
was placed 18” away. If the specimen got extinguished then another ignition was apgﬁa
for 30 seconds and the burner was extinguished. The extent of burning was measured aleng -
the lower edge of the specimen. The results are presented in Table 3. - .

Red heat resistance test

A cast polyester test specimen 3 X156 %120 mm. was brought into contact with a gbw
bar (Apparatus IGI *) electrically heated to 950°C and loss of weight after 3 min. was
determined in mg. and extension of flames in cm. The product of loss in weight (%) and

‘Tasuy 3

STUDY OF FLAMMABILITY OF RIGID POLYESTERS

Polyester Length Rate of No. of No. of :
No. burnt burning ignitions specimens Remarks
(See Table (1) (in.) (in. /sec.) applied tested
1 13 0033 1 4 Self extinguishing - ’
2 3 ) — 2 —do.— Self extinguishing
. : i - non-burning -

3 3 — —Zo— 6 ~—do-—

4 . Q'S L - -fdo— 4 o —do— )

5 13 0037 . 1 ~—do—  Self extinguishing
6 5 -0084 —do— ~—do— . Highly combustible
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TaBLE 4

" RED HEAT RESISTANCE OF RESING

Polyester Loss in Extension of ‘Red ixg@_t e
No. weight ™ the flame resistance Remarks
(Bee Table 1) (mg.j. - ... (om.approx.) (mg.cm.)
1 2503 3 7509 ‘Very poor resistance to heat,
, ’ combustible, .
2 1508 2 3160 Poor resistance to heat, but
: : self extinguishing, )

3 560 1 ) 560 Self extinguishing and good

- . Tesistant to heat.

4 - 1253 1:5 -1879-5 Poorresistgnce.

Atlac* 1065 1 1069 Self extinguishing and to-

lerably good resistance to
‘heat, ) ) ’

the flame éxtension in cm. is the
results.are shown in Table 4.

Testing of laminated specimens against chemicals

The resistance to chemicals was evaluated accordin
The samples were immersed in chemica] reagents, The
of time for the check of weight and appearance, The
noted. The results are given in Table 5,

The acid numbers of thefuIiSa»turated

most of the commereia products, However, their solubility in styrene varied depending on

the percentage of chlorendic acid in the polymers. It was observed that molar proportion

of styrepe to unsatura tion in polyesters give a solution of sui

1200. cps) increa sed with chlorendic acid content. Thig may be due to non-similar structure

260°C for b hrs. (see Table 2). It can be due to inc
linking by the optimum a'mount of Styrene!”,

Is an optimum molar ratio of unsaturated m
optimum ecrosslinking and the resultant cured

point of view the above resin was betit;

quality measure for the . resistanee to red heat. The

g to A.8.T.M. standards on plastics!t,
Y were removed a t different intervals
loss in weight and delamination were

RESULTS AND DISCUSSION

¥ Atlac is the name of a, commercial re;

polyesters prepared (Table 1) were comparable ta

S in weight (6-59) after aging at
orporation of chlorendic acid” and cross
According to Funke & ‘Hamann'?, there
onomer to unsaturation in = polyester for
products have high hydrolytic and thermal

er than even commercia] resin ATLAC (Table4).

in mnufactured by Atlas Chemical Inddistries.
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TaBLE 5

CEEMICAL RESISTANCE OF WET ISOPHTHALATY, POLYESTERS MENTIONED IN TABLE NO. 1

9% loss or gain in weight after 68

‘% loss or gain in weight after 116
oo he :

i hours = )
(*hemicals SR - — Remarks
_ Polyester Nos. * Polyester Nos. ‘
1 ] ‘3 4 1 2 3 4
Ortho .. th0-26. +0°135 +6-09 —0-175 +1-608 +0-241 +0-2 —0-175 Polyester No. 1 got
phosphoric damaged; other
acid . . v were fairly good.
Xylene 146 +358 —0-2 485 472 +4-8 —0-4 47-0 Polyester No. 3 Is
- - : “ not damaged; fibres
_ . were vigible in
e . ‘ others,
Dioxane =~ —9-2 411 -—0-02 —0-156 —11-2 +42:34 —0-04 +4-95 All were damaged;.
fibres were visible
Chloroform  -—0-92 +-2:85 +7.0 —3-8 30 446 +9:0 —815 —do—
Fthylene ' <46  —3:62 425 —2:58 =51 —6:2 ‘450 - —~2-63 All were damaged;
dichloride - © ' fibres were visible.
Carbon 7-3 400815 —0-02 —4:65 95 40345 —0-04 --4:52 No change in phy-
tetra- S e e T sical appearance.
chloride : } :
19 sodium.- 897 -£0:62  —0-01  0-46 —6°67 40-82 —0-01 "—0-683 Fibres visible i all
hydroxide, , o e B R TP RS except in No. '3
) oo o s . black in colour.
109 sodiupd’ " 40-314 40406  4+0-3 +0°22 -41-38 40-625 +0-2  40-212 All - remained
.chloride ’ o e TR © uneffected. ’
109 sdium —17:0 —3-95 —1-2 —2-33 —17-4 —=5-3 —1-5 —3-365 Allspecimen turned
hydroxide : ) black.  Fibres
C } visible. a
109, hydro-  0-525 +0-862 +0:01 +0-328 .0-7 _ 4044 40-2. -+0:355 Satisfactoryinphy.-
chloricacid "+ " 7 ’ i ‘ . ) sical appearsnce.
309, sulphu-  +1-036 4+0-61  40-313 +0-368 +1-148 +-0-63 +0:2% 079 No change in phy-
‘ric aeid - B : . i : C ) sical appearance.
39, sulphutic +0+8274-0-55 * + +0-10"+0:448 +0-02 "40-70 " +0-02" +40-51 * No marked change
acid - o, .. o - ; Sy - in appearance,
Soluble . 4-41-5 423 480 . +19:9. +54 25 ‘41047 410  Biownin colour.
phenol v o _— e o Swelled fibres
' . : . _— visible. . .
- Aleohol 447 248 - 4181 +3-56 +3-6  0-03 +1-89 No change in phy-
(95%) .- p ’ P : © " Tsical appearahce.
Aloohals0% 457 +f1+48 '—0-01" +0:595 +535 +1-6 —0:03 +0-78 —do—
Pistillsd 40-366°4-0:61 +0-03" +0-180 +2-0 "' 40-84 008" +0-306 —do—

. water .

The high loss ‘in weight of -
after agingat 260%C for 5 hrs.
cient. amount of styrene and low chlorine cont
further,-supported by the poorer-chemi

-(Table 4), and self extinguishing property”

No.:3.- -

g

polyester No. 1 &2 of Table' 1 (9:5% and 10-5%)
(Table 2) may be dueto less crossTinking because of insuffi-
ént comptired t6~ polyester No. 3. This is
cal résistance (Table B), red heat ' resistance
(Table 3)of polyester No. 1"& 2 than polyester

"Héwever in resin No. 4 (Table 1) inspite of higher chlorine content, th.e'h‘i'g.h loss™ in
weight (12-9 %) after aging at-260°C. for 5 hrs. may be atéributed to homwpelymer of
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styrene'® in the cured resin as the styrene was more than optimum amount required for
complete cross linking. The homopolymer of styrene is more susceptible to degradation'®
at high temperature than cross linked polyester. In this case as well, the poor chemical
resistance (Table 5) and self extinguishing property (Table 3) show. further the possibflity
of presence of polystyrene in this cured product.

High loss in weight (12-5 %) and distortion in the resin No. 6, which is a geperal
purpose unsaturated phthalate polyester and low loss in weight (75 9,) in resin No. b
which is unsaturated isophthalate polyester, can be explained according to studies of
Bender et al 9. Bender mentions that phthalate polyester degrades easily to give volatile
phthalic anhydride- at high temperature whereas isophthalate polyester does not do so.
The effect is due to vicinal carboxylic groups. On these very lines the self extinguishing
property of resin No.-5 over inflammable na ture (Table 3) of resin 6 isalso justified.

CONCLUSION

~ On the basis of results discussed above, it wasnoted that apart from the incorporation

.of highly chlorinated chlorendic acid, high cross linking density, absence of coihponetits

likely to form discrete molecules on heating like phthalic anhydride and absence of homo-

polymer like polystyrene play a vital role in imparting therfnal stability and flame resis-

tance to the polyester. Further work is in progress to compile extensive data to verify the

' a,bo_vq correlation of thermal stability of polyester with halogen content by means of

 differential thermal analysis and measurement of dielectric properties and then to corre-
" late structures against properties of polyesters.. . U
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