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Title: PREPARATION METHODOLOGY OF RADIATION-CURABLE RESIN: 

UNSATURATED POLYESTERS. 

Abstract: 

Two types of unsaturated polyester have been prepared according 

to normal alkyd methods of preparation. In this work the emphasis" 

has been given to the preparation methodology of unsaturated 

polyesters in styrene. Their molecule weight distributions fall 

between normal alkyd's i.e. 2500 to 3500. 

Objectives: 

1. To prepare two types of unsaturated polyester by means of 

condensation polymerisation. 

2. To acquire the technique of preparation of radiation-curable 

resin i.e. unsaturated polyester. 

Introduction: 

The purpose of finding new technology is to produce better 

product at a cheaper price. Before the advent of radiation 

technique, people had been using thermal technique with the help 

from initiator such as peroxides to cure the coating formula

tions. 

Unsaturated polyesters, dissolved in styrene or other unsaturated 

monomers, were one of the earliest types of resin to be used in 

radiation curing [1]. They are found to be very popular as a 

filler in the surface coating of wood substrates because their 

price is relatively cheap. Their main drawbacks are their 

relatively low curing rate, the high volatility of styrene, 
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yellowing upon curing (in case of UV curing), and other process

ing problems. They are not popular for use on metals, plastic 

foils and paper due to their insufficient flexibility and 

adhesion [2]. 

The development of the plastics material (i.e. polyester portion 

of polyester/glass fibre moulding) into a practical polyester 

finishing system for wood was completed first in Germany in the 

1950's [3]. The result was a smooth, hard, glass-like finish with 

excellent resistance to most forms of damage that occur in 

domestic usage. 

Charlesby et al. [41(1958) and later Hoffman and Smith [5] (1966) 

established that polyester resins cured by electrons are compar

able in their properties with those cured by peroxides. Pietsch 

[6] (1970) studied the cure performance of unsaturated polyester 

coatings on wood and other porous substrates under irradiation 

with fast electrons. 

In 1960's their development saw very rapid expansion with the 

introduction of new method of curing i.e. ultra-violet and 

electron beam radiation. This development has led to an extension 

of the chemistry to compositions based on resins and monomers 

containing acrylic unsaturation. 

Ingredients of Unsaturated Polyester Coatings: 

I. Preparation of unsaturated polyester resins. 

Unsaturated polyester resins are based on components which 

introduce unsaturation directly into the polyester backbone [7]. 
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This unsatuzation must be capable of direct addition copolymeri-

zation with vinyl monomers. 

To give a linear polymer, any of the dibasic acids or dihydric 

alcohols listed belov can be used: 

Acids 

isophthalic acid 

succinnic acid, 

HOOC(CH2)2COOH 

adipic acid, 
HOOC(CH2)4COOH 

sebacic acid, 
HOOC(CH2)6COOH 

terephthalic acid, 

HOOC (C» COOH 

trimellitic anhydride 

,co-0 
HOOC & CO' / 

Alcohols 

Ethylene glycol 

Glycerol 

pentaerythritol 

diethylene glycol 

1,2-propylene glycol, 
CH3CH2C(CH20H)3 

neo-pentyl glycol, 
HOCH2C(CH3)2CH20H 

1,3-butanediol, 

HOCH2CH2CHOHCH3 

1,4-butanediol, 
HOCH2(CH2)2CH20H 

1,6-hexanediol, 
HOCH2(CH2)4CH20H 

1,2,6-hexanetriol 
HOCH2CHOH(CH2)3CH20H 

but the ingredient must include some unsaturated components. 

These are often acids or anhydrides, e.g.[8]: 

Maleic anhydride 
H--c-c(x 

H--c--CO/ 

Phthalic anhydride 

@o 

Citraconic anhydride (methyl 
maleic anhydride) 

nj^p^CO^ H3C« 

HC'^co/" 

Pumaric acid 

CH-COOH 
II 

HOOC-CH 



Mesaconic acid (methyl Acenitic acid 
fumaric acid) (propene-1,2,3-tricarboxylic 

^c-rcooH a c i «-«o» 
H 0 ° C - C H «_cc0« 

lcHiCOOH 
I taconic acid (methylene succinnic acid) 

II 
c—cooti 

They aze typically prepared from the following components: 

alcohols; a saturated acid (phthalic anhydride/acid); unsaturated 

acids (maleic or fumaric) [9]. 

In case of maleic anhydride, at elevated temperature (resin 

cooking temperature), its form of the rigid double bond, 

largely changes to the fumaric form, 

II 

Typical molecular proportions can vary from 22:10:10 to 22:5:15 

(a slight excess of hydroxyl in each case: see Results and 

Comments)[31• The reaction is carried out in nitrogen atmosphere 

to prevent the unsaturation being destroyed. Standard alkyd 

preparation methods [3] are used and since no monoglyceride stage 

occurs, all the ingredients are present from the start of the 

reaction. But if iso-phthalic acid is used, it is reacted with 

the diol first, before the addition of maleic anhydride. If this 

is not carried out, unreacted insoluble iso-phthalic acid will 

remain at the end of the resin preparation. 
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Part of a typical unsaturated polyester reaction might probably 

be represented by the following equation [7Ji 

en, u r£v- c *^ ,r-c°v 
<§C 

0 H <J>H 
CH-V"1 V - > t u I \ C 0 / + ^ 

A 

0 f 

II. Mixing ni the resin with the cnpni ymori-Zable vinvl monomer 
C3K 

The equally important step in preparing the unsaturated polyester 

resin is mixing with the copolymerizable vinyl monomers such as 

styrene, vinyl toluene, chlorostyrene, methyl methacrylate (MMA), 

acrylonitrile (AN), divinylbenzene, ethylene glycol dimethacry-

late, butylene glycol dimethacrylate, trimethylol propane trime-

thacrylate (TMPTMA), 1,4-butanediol diacrylate etc. As the 

polyester resin is highly viscous, the monomer has to be 

extremely fluid, and a solvent for the resin. So that the mixture 

is sufficiently fluid for application. The mixing is carried out 

when the resin is cooling, by introducing the monomer to the 

resin. Although these two components are reactive, no reaction 

can begin unless free radicals are present in the mixture. 
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Anyway, to be safe, small quantities of inhibitor are added to 

the mixture- For examples, hydquinone or other phenolic materi

als. 

Synthesis Procedure: 

Experimental.. 

Epilation Hi-

Ingredients: 

i. Saturated acid: Phthalic anhydride, 237 g (1.6 mole). 

ii. Unsaturated acid: Fumaric acid, 278 g (2.4 mole). 

iii. Alcohol group: Propylene glycol, 167 9 (2.2 mole); Diethy-
lene glycol, 191 g (1.8 mole); Glycerine, 37 g (0.4 mole). 
Subtotal: 4.4 mole. 

The ratio: i:ii:iii = 1-6 : 2.4 : 4.4 

Sarmulatinn B2_. 

Ingredients: 

i. Saturated acid: 
Phthalic anhydride, 237 g (1.6 mole); 

ii. Unsaturated acid: 
Maleic anhydride, 235 g (2.4 mole). 

iii. Alcohol group: Propylene glycol, 167 g (2.2 mole); 
Methylene glycol, 191 g (1.8 mole), 
Glycerine, 37 g (0.4 mole). 
Subtotal: 4.4 mole. 

The ratio: i:ii:iii = 1-6 : 2.4 : 4.4 

She_ Sourc "^ Ma^n-r chemicals: 

Phthalic anhydride, maleic annydride, fumaric acid, diethylene 

glycol and styrene were of synthesis grade supplied by Merck, 

West Germany. 

Propylene glycol and hydroquinone were obtained from Aldrich, 

U.S.A. and glycerine was from BDH, England. 
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All chemicals were used without further purifications. 

The Sten^ followed; 

Both Bl and B2 were prepared in one-liter four necked reaction 

flasks each/ equipped with a mechanical stirrer, a thermometer, 

an inlet tube for nitrogen gas and a reflux condenser as 

illustrated in Pig. 1. 

Note: If apparatus with ground glass joints are not available, 

corks are more suitable than rubber stoppers for this reaction. 

1. All the ingredients of Bl and B2 were charged into reaction 

flasks and left overnight to get better mixing thus better 

result. 

Note: For the alcohol group (for these ingredients), glycerine 

was first poured into the flasks due to its high viscosity. Its 

leftover was rinsed with other alcohols. Even water could be used 

to rinse the glassware as during the condensation the water would 

come off. 

Note: Normally xylene is used as a solvent for this condensation 

reaction (theoretically, ca. 20 g per one mole of water, conden

sed). It is not in use here because non-solvent system is one of 

the major advantages of radiation-curable resins. 

2. Both mixtures were heated slowly while sirring, with heating 

mantles up to 100 C. At the same time the flasks were slowly 

bubbled with nitrogen gas. 

Note: A stream of inert gas had to be maintained throughout the 

reaction, otherwise the resin tends to be yellowish in colour and 

steam-boiler type explosion may occur. 

3. At this stage an exothermic reaction took place, and the 
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heatings were switched of*. When the temperatures reached maximum 

and started to fall, the heatings were on again. 

Note: In a newly charged batch, the temperature would increase by 

some 50 degrees because of the exothermic reaction. But if the 

mixture is kept overnight before heating an increase in tempera

ture is reduced. 

4. Then the temperatures were raised to about 150 C in 1 hour, 

and maintained at this temperature for another 1 hour. At this 

stage water started coming off (see Appendix 1). 

Note: At this stage, half esters of dibasic acids were formed. 

5. The temperatures were raised again to about 200 C in 4 hours 

and maintained not to exceed 200 C. When the condensed water 

released, exceeded 95 ml and 42 ml for Bl and B2, respectively, 

the acid number (AN) of the batches were measured periodically 

(see Appendix 2). 

Note: If the reaction temperature was higher than 200 C, the 

resin becomes more yellowish. 

6. The heatings were stopped when the total water condensed vere 

97.5 ml (AN 4G.5) and 46 ml (AN 48) for Bl and B2, respectively. 

The batches were cooled down to 130 C before mixing with styrene. 

Mixing with Stvrene. 

Mixing ratio for the unsaturated resins and styrene was 7 to 3. 

240 g of styrene monomer was placed in a one-liter beaker and 

mixed with a little e.g. 0.2 g of hydroquinone dissolved in few 

ml of acetone. 30-40% of 560 g of the liquid resin was poured 

gradually, while stirring, into styrene. The temperature of the 

mixture was kept at not higher than 70 C by water bath. Then 
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another batch of the resin was added slovly into the. mixture. The 

stirring was continued until the temperature dropped to 40-50 C. 



Results and Comments. 

Table 1: Reaction temperature as a result of heating. 

Heating 
time 

0 
20 
30 
35 

40 
50 
SO 
70 

80 
100 
115 

(min.] 
Tempera 

I 
Bl(temp./ml water) 

29 
60 
98 
118 

Heating stopped. 
The mixture cloudy 
due to characteristic 
of acid i.e. fumaric 
which not completely 
dissolve in organic 
materials. 

131 
127 
123 
117 

Condenser joint 
changed to bent one 
to get milder evapo
ration. 

Heating on. 

11.8 
153 
157 

ture ( C) 

B2(temp./ml water) 

29 
60 
70 
82 

Clear because anhydride 
dissolved in organic 
mati 

Heati 

srials. 

88 
102 
112 
122 

ng stopped. 
The mixture completely 
clear 

123 
109 
100 

130 

140 

Condenser joint changed 
to bent one. 

Water started coming 
off. 
The temperature was 
kept at ca. 150 C. 
(If the water vapour 
temperature > 100 C 
meaning that alcohol 
i.e. glycol got mixed 
with water. Reason 
for excess alcohol 
being used. 

148 C/3.0 ml. 

144/3.0 

94 
Mixture getting 
clearer/less yellowish. 

95 
Mixture completely 
clear. 
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Heating on. 

155 
175 
185 
195 

210 
240 

141/3.5 
139/4.0 
143/10.5 
149/19.0 

Mixture getting 
clearer. 

148/22.0 
145/25.0 

100 
107 
111 
116 

122 
140 

Temperature vas main
tained at ca. 150 C. 

Increase the temperature to 200 C, only when 
the mixture completely clear. This might be indicated by the 
bubbling as it indicates the vater being released. 

270 147/26.0 

Bubbling rate 
decreased. 

158 

Bubbling started meaning 
that reaction just started. 
Nov, temperature could be 
increased. 

300 
330 

360 
405 
465 

157/36.5 
160/46.0 

169/56.0 
183/70.0 
186/77.0 

159/2.0 
158/3.5 

No more water coming off, 
temperature needed to 
be higher. Increased 
temperature slowly to 
200 C. 
If the stirring rate 
faster, so the water 
release. 

1S1/5.0 
169/14.5 
186/25.0 

When the water is released more than 80% (normally but not 
necessarily, depending on cases; by calculation), 

Acid number (AN) is measured periodically (see Appendix 1 and 2). 
Smaller AN the better but higher risk of gellation. Hence in this 
case AN between 30-45 acceptable. 

Stirring rate: 200 rpm. 

495 
555 
615 

202/83.0 
195/87.5 
189/91.0 

1 9 5 / 3 0 . 5 
1 9 9 / 3 7 . 0 
2 0 2 / 3 9 . 5 
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The rate of water release getting slower. 

645 204/92.0 199/40.5 

Difficult to maintain constant temperature with this kind of 
heating mantle. Its regulator ineffective. 

675 204/93.5 196/41.5 

The cooking was stopped after 11.5 hours, and continued 
tomorrow morning. Cooling time 0.5 hr. 

To continue the heating, each flask was first flushed with 
nitrogen,then the stirrer was rotated manually due to high 
viscosity of the resin. After some time, stirring was started 
with low speed until viscosity dropped. 

At this stage; 

clear cloudy due to bubbles. 

When the temperature increased to betw. 190-200 C, 
time was set. 

Time (min.) temp./water ml. Time (min.) temp./water ml. 

710 195/94.5 
735 191/95.5 705 193/42.0 
765 193/96.0 735 195/42.0 

The rate of water released 
too slow so the condenser 
joint (arm) was changed to 
shorter one. 

825 207/97.5 795 202.5/42.5 

For Bl, heating was stopped For B2, heating was stopped 
at this stage when the water after 925 min. AN was 48 and 
release was 97.5 ml and water release 46 ml. 
AN 46.5. 

To summarize, the synthesis monitoring curves are plotted for 
both Bl and B2 as shown in Fig. 2 and Fig. 3. 
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Molecular Weight Distribution (MWD) Measurements. 

The MWD of the synthesized resins vere measured with Toyo Soda's 

HPGPC using polystyrene as standard (courtesy of JAERI, Taka-

saki). The solvent used was tetrahydrofuran and the concentration 

of the samples was about 0.5 weight %. 

It is found that MW of Bl and B2 are 2762 and 3227, respectively 

as shown in Fig. 4 and Fig. 5. 

DISCUSSION. 

Basically there are two kinds of set up that can be used to 

synthesize unsaturated polyester as shown in Fig. 1. In the 

beginning of the synthesis process, it is advisable to use a 

straight joint to connect the condenser to the reaction flask. 

When water starts to come off, the joint is changed to longer one 

i.e. bent connecting tube to get "mild evaporation" as illustra

ted in Fig. 1(11) or (III). 

In this synthesis process i.e. through the condensation polymeri

zation, the control of temperature and nitrogen gas flow to 

achieve an inert environment, are important. In the case of 

temperature, besides starting the reaction, it also can initiate 

a radical polymerization, thus the functional group of the 

polyester i.e. double bond would be consumed. In this work, it is 

found that fluctuation in temperature rather high as shown in 

Fig. 2 and 3 due to poor temperature control of heating mantles 

used. To get more stable temperature, it is better to use 

silicone oil bath. 
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The temperature control is more critical when mixing the poly

ester with styrene. Since the resin is very viscous at room 

temperature, it has to be in warm state when mixing. To minimise 

the possibility ox gelavion, few mg of inhibitor was added and 

the temperature was maintained at not higher than 70 C. Besides, 

the stirring must be very thorough. 
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Appendix. 

1. Theoretical Calculation of the Volume of Water formed during 
synthesis. 

(a) Formulation Bl. 

2.4 mole Fumaric acid (FA) 
1.6 mole Phthalic Anhydride (PA) 
2.2 mole Propylene Glycol (PG) 
1.8 mole Diethylene Glycol (DEG) 
0.4 mole Glycerine (Gly) 

Hole OH and 0 a v a i l a b l e ; 

i. 2.4 mole FA = 2 X 2.4 mole OH, 
4.8 mole OH require 4.8 mole H to form 4.8 mole H20 

Similarly, 
ii. 1.6 mole PAH = 1.6 mole mole 0, 

1.6 mole 0 require 2 X 1.6 mole H to form 1.6 mole H20. 

Therefore, the total volume of water released would be (4.8 + 
1.6) mole X 18 ml/mole = 115.2 ml. 

As, 
4.8 mole OH require 4.8 mole H to form water, and 
1.6 mole O require 2 X 1.6 mole H to form water. 
Therefore mole H required = 8.0 mole. 

Mole H available; 

i. 2.2 mole PG = 2 X 2.2 mole H = 4.4 mole 
ii. 1.8 mole DBG = 2 X 1.8 mole H = 3.6 mole 
iii. 0.6 mole Gly s 3 X 0.4 mole H = 1.2 mole 

Total mole H available =9.2 mole. 

Excess mole H = 9.2 - 8.0 = 1.2 mole. 

(b) Formulation B2. 

2.4 mole maleic anhydride (MAH) 
1.6 mole phthalic anhydride (PAH) 
2.2 mole propylene glycol (PG) 
1.8 mole diethylene glycol (DBG) 
0.4 mole glycerine (Gly) 
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By the same concept and calculation as in (a): 

Mole 0 available; 

i. 2.4 mole MAH =2.4 mole O vhich require 2 X 2.4 mole H to 
form water, H20. 

ii. 1.6 mole PAH = 1.6 mole O vhich require 3.2 mole H. 
Total mole O = 4.0 mole which require 8.0 mole H. 

Therefore the volume of water, H20 (1 g mole of water = 18 ml) 
released would be 4.0 X 18 = 72 ml. 

Mole H available; 

i. Prom 2.2 mole PG = 4.4 mole H 
ii. From 1.8 mole DEG =3.6 mole H 
iii. From 0.4 mole Gly s 3 X 0.4 mole H 

Total mole H = 9.2 mole H 

Excess of mole H = 9.2 - 8.0 = 1.2 mole 

2. Calculation of Acid Number (AN) [9]. 

There are two ways of following the course of the reaction: 
(a) the volume of water released and 
(b) the drop in acid value or number, since one -COOH group 
disappears for every ester link formed. 

Defination: Acid Number or Acid Value is the number of milligrams 
of KOH required to neutralize 1 g of resin. 

Withdraw 1-2 g of sample from the reaction flask and dissolve it 
in about 30 ml of acetone. Titrate the solution with 0.1N KOH 
dissolved in 90% ethanol with a phenol red-bromothymol blue as an 
indicator. At the end point, the colour of the solution will turn 
to light bluish green from light orange yellow. The Acid Number 
can be calculated by the following equation: 

AN = 5.61 X V X f 
W where, 

tf is the weight of sample, V is the titrated volume of KOH 
solution, and f is the factor of the KOH solution. 

Determination of f-factor: 

Titrate 0.1N KOH with standard 0.1N HC1 with phenolphthalein as 
an indicator. 

f-factor = 0.1N HC1 (standard) 
0.1 N KOH 

or 
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the factor can also be determined by titrating directly the KOH 
solution with aq. solution of potassium biphthalate- with phenol-
phthalein as an indicator. 

3. Table 2: Material data for the Svstheses [9], 

Compound M.W, M.P. ( C) B.P. ( C) 

Maleic Anhydride 
Phthalic Anhydride 
Fumaric Acid 
Propylene 
glycol 
Diethylene glycol 
Glycerine 

4. Table 4: Charact 
(Ref. A.S. Hoffman, 

Composition 

1P/MA/PG = 1/1/2 
PA/MA/PG = 1/1/2 
IP/PA/DEG = 2/1/3 
IP/FA/DEG = 2/1/3 
IP/MA/PG = 3/1/4 
IP/MA/PG = 2/1/3 
IP/MA/PG = 1/1/2 

98 
148 
116 

76 
106 
92 

erization 

52.6 
130.8 
200(sublim. 

liq. at 
lig. at 
liq. at 

R.T 
R.T 
R.T 

of Unsaturated Po! 
Atomic Energy Review, ! 

Acid No. 

15.6 
47.2 
16 
25 
11 
15.1 
15.6 

Intrinsic 
Viscosity 

(inWs) 
0.087c 

0.041'= 
0.083d 

0.066J 

0.087c 

0.079e 

0.087e 

9{2) 

) 

. 

Ives-

,347 

Est 
mol 

202 
284(sublim.) 

189 
244-5 
290(decomp.) 

ter Backbones-
-371(1971). 

imated 
•wt(MN)

b 

2400 
800 

2300 
1700 
2400 
2100 
2400 

IP: isophthalic acid 
MA: maleic anhydride 
PG: propylene glycol 

PA: phthalic anhydride 
FA: fumaric acid 
DEG: diethylene glycol 

Calculated from the following (determined for a polyester 
resin of composition IP/MA/PG = 1/2/3 in chloroform at 30 C 

Measured in benzene, 23 C 

Measured in chloroform, 23 C 
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A. Separable reaction flask 

B. Straight joint 

C. Reflux condenser 

D. Stirring rod 

E. Bent thermometer (0-250 C) 

P. Nitrogen gas inlet 

G. Stirring seal or sealing joint 

M. Mechanical stirrer 

II 

B. 
C. 
D. 
E. 
P. 
G. 
H. 
M. 

Separable reaction flask 
(four-necked) 
Bent connecting tube 
Dean-Stark trap (100 ml) 
Stirring rod 
Bent thermometer (0-250 C) 
Reflux condenser 
Stirring seal or sealing joint 
Nitrogen gas inlet 
Mechanical stirrer 



M J III 

A. Separable reaction flask 

B. Bent connecting tube 

C. Side-armed adapter 

D. Stirring rod 

E. Bent thermometer (0-250 C) 

P. Liebig condenser 

G. Stirring aeal or sealing joint 

H. Nitrogen gas inlet 

I. Graduated cylinder (100 ml) 

J. Thermometer (0-150 C) 

M. Mechanical stirrer 

Fig.J: Synthesis set up. 

Three alternatives: I. Straight joint used in initial stage, 
II. Using Dean-Stark trap or 
III. Side arm vith condenser. 



A A. 

F i g . 2 t S y n t h e s i s M o n i t o r i n g of F o r m u l a t i o n Bl 



-I 1 i 1 1 i r-

5 10 
Time (hour) 

Fig. 3: Synthesis Monitoring of Formulation B2 
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1.4 

19293 

PEAK NO. 3 
START 

2315 
2 . 1 
398 

TOTAL 
STfiRT 

1335 
1.1 

158662 

BASE 
TOP 
1485 

2 . 0 
43680 

UALLEY 
TOP 
1820 

8 . 1 
2349 

UAULEV 
TOP 
2365 

2 . 5 
345 

TOP 
1820 

8 . 1 
2349 

END 
1475 

1 .4 
19293 

END 
2315 

2 . 1 
3 9 8 

END 
2460 

1 . 4 
2 6 6 

END 
2460 

1 .4 
266 

2800 

CCOUNTJ 
2588 

ON MU HZ 
3.76559E+04 4.48604E+84 5.38626E+04 

rtu/riN nz/m AREA 
1.19 1.28 6.08655E+01 

tt'J 
, 4S6e2E+04 
OREO* 

1 .88 

MN nu t nz no 
j |566e5E+03 f2;76255E+83 4 . 7 6 1 5 2 E + 0 3 2 . 76254E+03 
' riU/tlN MZ/MU AREA ARER5J 

1 .76 1 . 7 2 3 . 0 3 7 3 6 E + 0 3 9 5 . 2 6 

HN MU nz nu 
3 . 4 4 8 4 8 E + 8 2 3 . 4 7 8 8 2 E + 8 2 3 . 4 9 3 1 2 E + 0 2 3.47881E-* 

ttU/MN MZ/MU AREA 0RER5! 
1 .81 1 . 8 1 9 . 1 8 2 4 4 E + 0 1 2 . 8 5 

82 

rtN nu MZ nu 
1.44597E+03 3 . 4 8 6 6 5 E + 0 3 1 . 6 6 5 0 2 E + 0 4 3 . 48663Ei-03 

MU/flN MZ/MU AREA ARERZ 
2 . 4 1 4 . 7 8 3 . 1 8 S 4 5 E + 0 3 1 0 0 . 0 6 

P i g . 4 : GPC curve of s y n t h e s i z e d unsa turated p o l y e s t e r , Bl . 
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TOTAL 
START 

1420 
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2704 2 7 0 2 . 8 7 1 .91 2 . 9 2 9 4 8 E + 0 3 1 0 0 . 8 0 

Fig.5". GPC curve of syn thes i zed u n s a t u r a t e d p o l y e s t e r , B2. 


