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Preparation and Properties of Dimeric Fatty
Acid/Polyethylene Glycol Polyester
Terminated with Rosin Acid
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Abstract; A new kind of non-ionic polymeric surfactant, the dimeric fatty acid ( DFA) /polyethylene glycol
FENG Guang-zhu (PEG) polyester terminated with rosin acid, was prepared with rosin acid and a polyester which was syn-
thesized from DFA and PEG 400, and its surface activities were studied. The optimum reaction conditions of esterification were
as follows: molar ratio of DFA /PEG 400 1 : 1.20, stannous chloride as the preferable catalyst at amount 0.30 % of DFA, reac-
tion temperature 200 °C , reaction time 6 h, the conversion can reach 98.11 % . Number-average molecular weight (M) of the
product is 6 135. Weight-average molecular weight (M, ) of the product is 7 438. The coefficient of distribution of molecular
weight (M,/M, ) is 1.212, which indicates a narrow distribution of molecular weight. Orthogonal experiment results of rosin
acid terminated reaction of dimeric fatty acid polyethylene glycol polyester showed that optimum reaction conditions were as fol-
lows : molar ratio of materials n( DFA/PEG polyester) : n(rosin acid) 1 : 1.30, dosage of catalyst SnCl, 0.20 % of polyester,
reaction temperature 215 °C. After 2.8 h, termination ratio of the end hydroxyl groups of polyester reached 62.75 % . Rosin acid
terminated DFA/PEG polyester surfactant has excellent emulsification properties, emulsification stability, power to disperse calci-
um soap as well as performances of defoaming and inhibiting foaming.
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Dimeric fatty acid (DFA) was synthesized usually from tall oil fatty acid which has two active carboxyls
and long-chain alkyl radical, and its chemical property is similar to fatty acid. Because of its excellent reaction
activity, DFA has been widely used as intermediate in the synthesis of a variety of organic compounds. DFA
and its derivatives are safe, nontoxic and uninflammable materials, showing many specific physical and chemi-
cal properties. Thus they have been widely applied in many fields such as surfactant, paints and coatings, ad-
hesives, lubricants, solidified fuel. Rosin is a kind of natural resin with high economic value. As an important
chemical raw material , it was also widely used in surfactant, paper-making, adhesive, paint, printing ink,
rubber, food and other industries. A serial of surfactants, which is similar to natural fatty acid in structure,
can be synthesized by DFA and rosin acid as reactants. These surfactants have excellent application perfor-
mance to benefit human being and ecotype'"’.

Polymeric surfactant has many excellent application performances, such as emulsification, lime-soap
dispersion, solubility enhancement, and so on. These good performances were related to the structure and

molecular weight of polymeric surfactant'>™*'. Generally, molecular weight of the DFA/PEG 400 polyester was

controlled by adjusting the molar ratio of DFA and PEG 400. The molecular weight became larger when molar
ratio is closer to 1, but the hydrophilic property of polyester is worse > .

In this study, controlling molar ratio of reactants, a new kind of polyester with appropriate molecular
weight, was synthesized by condensation polymerization using DFA and PEG 400 as raw materials, then using
rosin acid to terminate the end-hydroxyls of this polyester in order to adjust the hydrophilic-lipophilic balance
(HLB) of non-ionic polymeric surfactant. This polymeric surfactant has rigid, space sterically hindered
lipophilic groups and hydrophilic polyether chains, therefore this polyester shows composite performance of
aliphatic alcohol surfactant and polyether surfactant, and has good performance in emulsification and emulsion
stability , power to disperse calcium soap, defoaming foam and inhibiting foaming, wetting power and solubility
enhancement. It could be used in daily chemical industry, food industry, pesticide industry, metal-processing,
etc. It is a non-ionic polymeric surfactant which is low noxious to human being, with good biodegradability and

environment affinity.

1 Materials and methods

1.1 Materials

DFA was purchased from Zhejiang Yongzai Chemical Industry Corporation. PEG 400 was purchased from
Tianjin Bodi Chemical Industry Company. Rosin acid was purchased from Guangxi Wuzhou Pine Chemicals
Ltd. Other chemicals are of analytical grade, and they were used without further purification.
1.2 Analysis'®

Acid value (AV) was determined according to GB 12008.5 - 1989 ; Hydroxyl value ( HV) was deter-
mined according to GB 12008.3 - 1989 ; Molecular weight of polyester was determined by GPC, using a laser
light-scattering mass detector ( LC10A-Waters 510, DAWNEOS) , and the conditions are as follows: chroma-
tographic column, SHIM 800p, mobile phase THF, flow rate 0.5 mL/min; Shimadzu Prestige 21 FT-IR was
employed for IR studies.
1.3 Calculations

ER =(AV, -AV)/AV, x100 % TR = (HV, -HV)/HV, x100 %

1.4 Determination of surface activity

Surface tension and critical micelle concentration (CMC) were measured by TX- 550A (Bowing Interna-
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tional Company). The performances of defoaming and inhibiting foaming ER—esterification ratio, AV,—initial
acid value, TR—termination ratio, HV ,—initial hydroxyl value, emulsifying power, power to disperse
calcium soap were measured according to literature'®’ . The system of water/soybean oil was used to measure

emulsifying efficiency.
2 Experimental

2.1 Synthesis of DFA/PEG polyester '™

Put PEG into a 100 mL flask and heated in an oil bath at 110 °C for 0.5 h,to remove water absorbed by
PEG. Fixed quantities of DFA and PEG 400 were put into a 100 mL flask, added suitable amount of catalyst.
Mixed enough, put flask in an oil bath. Kept mixture reacting under stirring for definite time at 0. 097 MPa to
obtain the product.

Purification of polyesters; 3 g product was dissolved in 30 mL acetic ester, using 30 mL salt water to
extract water-solubles. Then removed acetic ester in water bath at 85 C, and put product into vacuum drying
oven (65 °C, 0.097 MPa) and vaporized solvent to obtain purification product.

2.2 Preparation of rosin acid terminated DFA/PEG polyester

Rough rosin should be refined. Rough rosin (25 g) and 10 mL hydrochloric acid were added into 100 mL
ethanol, refluxed about 0.5 h at 85 °C, then stewed 4 h at —5 °C. The light-yellow solid product was
obtained after filtering, having acid value 165.17 mg/g.

Weighed fixed quantities of polyester and rosin acid, put them into 100 mL flask. Controlled the reaction
time, amount of catalyst and molar ratio of the reactants, keeping them in an oil bath and reacting under

definite temperature for definite time, then the yellow viscous liquid was obtained"”’.

3 Results and discussions

3.1 Synthesis conditions of DFA/PEG polyester
Main influencing factors are the kinds and amount of catalysts, reaction time, reaction temperature and

ratio of reactants. The effects of these factors on synthesis of polyester were studied.

3.1.1 Influence of the kind of cata- Table 1 Effects of different catalysts on esterification conversion
lysts The catalysis effect of different catalysts amount/ % esterification conversion/% color

X none 0 63.71 fawn
CatalyStS were shown in Table 1 » at tem- concentrated sulfuric acid 0.3 94.02 jet black
perature of reaction 180 °C , molar ratio toluene-p-sulfonic acid 0.3 94.38 carmine
of reactants 1 : 1.20, and reaction time _S"CL 0.3 93.85 fawn

4 h.

It can be showed from Table 1 that using stannous chloride as catalyst, the conversion ratio of product is
not the highest, but the color of product is fawn and the lightest. DFA has double bond which is easy to be
oxidized at high temperature. Stannous chloride is a kind of antioxidant which can reduce the incidence rate of
secondary reaction and increase the ratio of esterification effectively. Meanwhile, stannous chloride is a kind of
acid-catalyst, which can increase the concentration of hydrogen ion in reaction system, so the speed of whole
reaction can be increased effectively. Thus choosing stannous chloride as catalyst is suitable.

3.1.2 Influence of amount of catalyst The conditions of experiment are; temperature 180 °C , molar ratio of
reactants 1 : 1.20, reaction time 4 h. By analyzing acid value of sample at different times, and calculate the
degree of reaction. The influence of catalysts amount was showed in Table 2.

It can be showed in Table 2, when the amount of catalysts is added to 0.25 %-0.30 % , esterification
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ratio is over 90 % . When amount of catalysts is added further, esterification ratio also reaches more than
90 % , but the transparency of product decreases. So the amount of catalyst is 0.30 % .

3.1.3 Influence of ratio of reactants Under the conditions of: amount of catalyst 0.30 % , temperature
200 °C, reaction time 4 h, the influence of the ratio of reactants was studied. If PEG was excessive, the end
group of polyester is mainly hydroxyls.

As shown in Table 2, when molar ratio of reactants is 1 : 1.20, esterification ratio can reach 96 % . Con-
tinuous increase of PEG amount influenced the molecular weight of product, so suitable ratio of reactants is
1:1.20.

3.1.4 Influence of reaction temperature Increasing Table 2  Effects of reaction conditions on

temperature can increase the reaction velocity and esterification conversion

enhance the rate of conversion. Under the conditions of - reaction conditions esterification conversion/%
0.20 80.62
f 1 . 1 io of
amount of catalyst 0.30 % , molar ratio of reactants 0.5 %9 24
1 :1.20, reaction time 4 h, the influence of reaction 0.30 90. 11
temperature can be seen from Table 2. catalyst amount/% 0.35 84.39
e . . 0.40 82.85
It can be seen from the result that esterification ratio
0.50 83.46
increases with increased reaction temperature. However, 0.70 85,38
reactants would be decomposed at higher temperature. At 1.00 91.09
. 160 62.40
reaction temperature above 200 °C , the color of product 170 63 31
would darken obviously, the possible reason is cross-link- 180 93.48
ing or degradation of reactants or product. So the suitable reaction temp. /C 190 95.67
. . 200 96.02
reaction temperature is 200 °C..
. ) ) ) 210 96.02
3.1.5 Influence of reaction time According to reaction 220 96.03
kinetics theory, esterification ratio can be enhanced by 1:1.00 91.39
increasing reaction time. However, during extended reac- b+1.10 93.11
. . . . n(DFA) : n(PEG) 1:1.20 96.38
tion time, secondary reaction, such as degradation, can 1:1.30 97,21
occur, which may influence the performance of product. 1:1.40 96.96
Under the conditions of ; molar ratio of reactants 1 : 1.20, 1:1.50 96.63
2 78.60
reaction temperature 200 °C , amount of catalyst 0.30 % , 4 9440
it can be seen from Table 2, the reaction rate is high reaction time/h 6 98.11
at the beginning of reaction, but after 6 h, the reactio 8 98.70
10 98.70

n rate becomes slow, so the suitable reaction time of
esterification is 6 h.
3.2 Synthesis of rosin-terminated DFA/PEG polyester

According to esterification mechanism and some preparatory experiments, factors which affect termination
ratio are mainly reaction temperature, amount of catalysis, ratio of reactants and reaction time. These factors
have been studied respectively.
3.2.1 Effect of reaction temperature on termination ratio Under conditions of : molar ratio of reactants 1 :
1.50, amount of catalysis 0.20 % , reaction time 3 h, the results of reaction at different temperatures are
showed in Table 3.

From Table 3, when reaction time is 3 h, the terminated ratio increases with the rising of reaction
temperature, and reaches the maximum at 220 C. When temperature is over 220 °C , termination ratio would
decrease, secondary reaction would increase and the product would darken. So the appropriate temperature of

220 °C was used in following experiments.
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3.2.2 Effects of ratio of reactants on termination ratio Temperature 220 °C , amount of catalysis 0.20 % ,
reaction time 3 h, the effect of ratio of reactants on esterification conversion of end-hydroxyl is showed in
Table 3.

It is obvious from Table 3 that termination ratio increases with the amount of rosin increasing. When
molar ratio of reactants is 1 : 1.30,termination ratio reaches the maximum 60.53 % , therefore molar ratio of
reactants 1 : 1.30 was used for the following experiments.

3.2.3 Effect of amount of catalysis on termination ratio Table 3  Effects of reaction conditions on

Under the conditions of; temperature 220 C , molar ratio of termination ratio

reactants 1 @ 1.30, reaction time 3 h, the results of reaction reaction conditions termination ratio/ %
at different amounts of catalysis are showed in Table 3. ;zg 4212(9)(2)
From Table 3, the effect of amount of catalysis on the 210 55.30
termination ratio is small and unconspicuous, this is  reaction temp./C 220 60.69
because DFA/PEG polyester included about 0.30 % of zig :jzg
catalyst SnCl,. When 0.20 % catalyst SnCl, (0.20 % of 1:1.10 33 38
DFA/PEG polyester amount) is added to reaction system, 1:1.20 46.84
termination ratio reaches 60. 65 %, so the amount of cataly- n(DEA/PEF polyester) : : :Zg 2223
sis 0.20 % was used in the following experiments. n(rosin acid) 1 1:50 60:60
3.2.4 Effect of reaction time on termination ratio Under 1:1.10 33.38
the conditions of; temperature 220 °C, molar ratio of g o ::Zi
reactants 1 : 1.30, amount of catalysis 0.20 % , the results catalysis amount/% 0:20 60:65
of reaction at different times are showed in Table 3. 0.30 59.10
It is obvious from Table 3 that termination ratio reaches 0.40 59.10
the maximum (60.56 % ) when reaction time is 3 h. If the ; i?;
time is longer, the ratio of terminated end-hydroxyl decrea- reaction time/h 3 60.53
ses since secondary reactions increase. : :1?2

3.2.5 Optimum of reaction conditions  Orthogonal
experiment, of four factors and three levels, was designed in order to optimize the reaction conditions. The
factors are respectively ratio of reactants, reaction temperature, reaction time and amount of catalyst. Optimum
reaction conditions were as follows ; molar ratio of materials n( DFA/PEG polyester) : n(rosin acid) 1 :1.30,
amount of catalyst SnCl, 0.20 % of polyester, reaction temperature 215 °C , reaction time 2.8 h. According
to optimum reaction conditions, termination ratio of the end hydroxyl group is 62.75 % .

3.3 Analysis of product

3.3.1 Infrared spectrum analysis of product From infra- Table 4 Molecular weight distribution of

red spectrum it can be seen that 1740 ¢cm ™' is the charac- DFA/PEG 400 polyester

teristic absorption peak of product, which is the stretching samples My My My /M
polyester 6088 7798 1.281

ibrati f C=0; th sorpti k at 1100 ¢m ™' is th
vibration of C==0; the absorption peak at 1100 ¢cm "~ is the refined polyester 6135 2438 .

stretching vibration of C—0O. These informations show that
the product contains ester bond. The vibration of —OH at 3500 ¢m ' is smaller than polyethylene glycol,
namely the end hydroxyl is decreased, namely the product has been ended by rosin acid.

3.3.2 Analysis of molecular weight of product Polyester and refined polyester were analyzed by GPC, the
result is showed in Table 4. It is known that molecular weight of refined polyesters is increasing, showing that
soluble substances have already been removed. The narrow distribution of molecular weight indicates the

improved effect of refined polyester.



12 N A 4 5 26 £

3.3.3 Analysis of surface activities The result of measurements of surface activities is showed in Table 5.
Interfacial force and CMC of rosin terminated DFA/PEG polyester are lower. It has excellent emulsification

and emulsification stability, power to disperse calcium soap, performance of defoaming and inhibiting foaming.

Table 5 Surface activities of rosin acid terminated DFA/PEG polyester

ctome Yeme CMC defoaming foam inhibiting power to disperse  emulsification power emulsion
/(1x10"* N+m~") /(mmol - L -1 /mm foaming /s caleium soap/% ( soybean oil ) /min stability /h
product 30.21 1.07 20.0 160 9.6 25.0 9
K, 38.19 8.24 186.0 3
oP-10 24.0 8

4  Conclusion

4.1 The optimum esterification conditions for DFA/PEG polyester are as follows: molar ratio of DFA /PEG
400 1 : 1.20, amount of catalyst stannous chloride 0.30 %, reaction temperature 200 °C , reaction time 6 h,
esterification ratio can reach 98.11 % . Number-average molecular weight (M) of the product is 6 135, the
coefficient of distribution is 1.212, showing a narrow distribution of molecular weight.

4.2 The suitable synthesis conditions for rosin acid terminated polyester surfactant are as follows: 0.20 %
catalyst, molar ratio of polyester/rosin 1 : 1.30, reaction temperature 215 °C , reaction time 2.8 h, termination
ratio can reach 62.75 % .

4.3 A new kind of non-ionic polymeric surfactant, rosin acid terminated DFA/PEG polyester was prepared.
The product is a dark yellow viscous oleo liquid, and its interfacial force and CMC are low. It has excellent
emulsification property and emulsification stability; excellent power to disperse calcium soap; excellent

performance of defoaming foam and inhibiting foaming; and it has poor foaming property.
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