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A b s t r a c t  Synthesis conditions of terpene-phenol-aldehyde 
resin with a high softening point were studied based on the 
reactions among a-pinene, phenol, and formaldehyde. A 
suitable catalyst system and the best processing conditions 
were obtained by laboratory experiments. The influence. 
of the raw materials ratios, reaction temperature, reaction 
time, and catalyst dose on the softening point, yield, and 
color of the synthesized resin was examined. The physical 
and chemical characteristics of the resin were determined: 
softening point ->140~ (ball and ring method); color value 
-<7 (Gardner); acid value (KOH mg/g) <1; bromine value 
(Br2 mg/100g) <64; saponification value (KOH rag/g) <1; 
average molecular weight -830. The yield of resin was more 
than 85% (based on the total raw material). 

Key words a-Pinene - Phenol- Formaldehyde. Polymeriza- 
t ion.  Condensation 

Introduction 

Terpene-phenol-aldehyde resin, a co-polymer product ob- 
tained by cationic co-polymerization of monoterpene with 
phenol and aldehyde, is a new modified phenolic aldehyde 
resin. It is transparent, light yellow material that  is soluble 
in most solvents and is compatible with rubber, rosin, and 
others) It is a useful as an adhesive, serving as a tackifier. In 
coatings it increases the hardness of the coating, and drying 
is accelerated] The resistance of window sealing tape to sag 
and heat flow is enhanced by adding terpene-phenol-form- 
aldehyde resin. 3 The resin can be used to make a sealant 
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that has excellent adhesive deformation properties and 
long-term stability. 4 Phenolic resin modified with terpene 
can also be made into an aqueous emulsion that shows good 
stability during storage at 20~ Veneer plates laminated 
with the emulsion show good shear strength. 5 In addition, 
the resin can be used in other fields, such as in polyurethane 
foam, printing ink, and shoe making); 

The terpenes usually used for the synthesis of terpene- 
phenol-aldehyed resin are a-pinene, fi-pinene, limonene, 
carene, camphene, and others. The phenols used are phe- 
nol, 3;4-dimethylphenol, 4-methylphenol, and others. The 
aldehyde used is mainly formaldehyde. 

There are two methods for synthesizing the resin. With 
the first method, phenol is condensed with aldehyde in the 
presence of an acidic catalyst and is then alkylated with 
terpene in the presence of Lewis acid or protonic acid. s'9 
With the second method, phenol is first polymerized with 
terpene in the presence of an acidic catalyst and is then 
condensed with the formaldehyde. 1~ Up to now, the 
terpene-phenol-aldehyde resin produced with these 
methods has had a low softening point (softening point at 
less than 100~ and a deep color. There have been few 
reports on the synthesis of terpene-phenol-formaldehyde 
resin with a high softening point. 

The main purpose of the present study was to synthe- 
size the terpene-phenol-aldehyde resin with a high soften- 
ing point and a light color from turpentine produced in 
China (in China the main source of terpene is turpentine, of 
which the main component is a-pinene), phenol, and form- 
aldehyde and to determine the suitable reaction conditions. 

Materials and synthesis method 

Materials 

Turpentine obtained from the Fujian Forest Chemical En- 
gineering Factory was fractionally distilled, and a-pinene 
with a purity of 98% was produced. Formalin (formalde- 
hyde content 37%), phenol, and other reagents were all of 
analytical grade. 
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Synthesis method 

Comparing the two synthesis methods, the second one is 
better because the resin produced by the first method has a 
deep color before being decolorized, a low softening point, 
and low yield. It is difficult to remove the decolorizer by 
filtering if the decolorizer is added to the reaction liquid 
because of the high viscosity of this liquid. In contrast, the 
resin produced by the second method has a higher softening 
point and a lighter color. In addition, the yield of resin is 
somewhat higher than that of the first method. Hence, the 
second protocol was chosen to synthesize the resin. The 
simple process is shown in Fig. 1. 

The synthesis of resin was carried out in a round- 
bottomed flask with four necks in which a stirrer, a ther- 
mometer, and a reflux condenser were fixed. The polymer- 
ization reaction was completed in a 0.5-1 round-bottomed 
flask. A waterbath was used to control the reaction tem- 
perature, a-Pinene, phenol, BF3-C2H60 (catalyst-i), and 
solvent were added to the flask, and the reaction was carried 
out under the predetermined temperature and time. Hot 
water or alkali was added to the reactants to break off the 
reaction, and the reactants were washed with water until 
reaching neutrality (determined with pH test paper). The 
water was separated from the organic phase. The organic 
phase obtained after washing was further reacted with 
formaldehyde in the presence of trichloroacetic acid (cata- 
lyst-2). The reactants were also washed with water until 
reaching neutrality. The washed reactants were first dis- 
tilled at normal pressure to remove the solvent and the 
unreacted raw material; then they were further distilled at 

c~-Pinene and solvent N 2 Phenol and solvent Catalyst-1 

I I I I 

[ Polymerization I 

Hot water "~1 Hydrolyzation and washing I-----~ Waste water 

Formaldehyde---~[ Condensation ~ Catalyst-2 

Hot water - ~  Washing 1 �9 Waste water  

Normal pressure distillation ~ - ~  Solvent 

I Vacuum distillation ~ Oligomer 

Resin product 

high vacuum (0.099Mpa) to remove the oligomer, and the 
products were obtained. 

Determination of the main quality indexes of ~erpene- 
phenol-aldehyde resin 

The items determined were the softening point, acid value, 
saponification value, bromine vaIue, color value, and 
average molecular weight of the resin. The latter was 
determined by gel permeation chromatography (GPC) 
using Waters HPLC/GPC. Two columns (Waters 500 A and 
100A) were used by series connection. The average mo- 
lecular weight of the resin was calculated with Waters Data 
Module. The softening point and the color value were de- 
termined with the ball-and-ring and Fe-Co methods, respec- 
tively. ~I A solution of KOH-C2HsOH was used to determine 
the acid value and the saponification valueJ ~ 

Results and discussion 

Main factors influencing the synthesis of a-pinene-phenol- 
formaldehyde resin 

During the synthesis process it was found that polymeriza- 
tion and condensation are key steps because the color, soft- 
ening point, and yield of resin are influenced directly by 
them. The polymerization conditions of a-pinene with phe- 
nol have also been studied, n In the present study, the main 
purpose was to probe the suitable condensation conditions 
for obtaining the resin with a high softening point and a 
light color. 

Influence of the a-pinene/phenol/formaldehyde molar 
ratio on the characteristics of the resin 

The molar ratios of the reactants greatly affect the yield, 
softening point, and color of the resin. The experimental 
results are shown in Table 1. 

It was found that the molar ratios of reactant directly 
affected both the yield and the softening point of the resin. 
When the ~-pinene/phenol ratio was 1.0:0.6, the yield and 
the softening point were improved along with the change in 
the phenol/formaldehyde ratio, from 1.0:0.9 to 1.0:0.8. 

Table 1. Influence of the ratios of reactants on the yield, softening 
point, and color of resin 

MR (mole) Y (%) SP (~ C (Gardner) 

1.00:0.60:0.54 67 142 7 
1.00:0.60:0.48 85 144 7 
1.00:0.60:0.42 84 145 7 
1.00:0.60:0.36 86 136 7 
1.00:0.50:0.50 84 134 7 
1.00:0.50:0.45 90 126 6 
1.00:0.50:0.40 86 123 7 

Fig. 1. Flow diagram for the operation of synthesizing resin. Catalyst- MR, molar ratio of a-pinene: PhOH: HCHO; Y, yield of resin: SP, 
1, BF3-CzH60; Catalyst-2, trichloroacetic acid softening point of resin; C, color value of resin 



Influence of various catalysts on resin characterist ics 

Influence of the condensat ion react ion t empera tu re  on the 
yield, softening point,  and color of resin 

a -P inene  could be po lymer ized  with phenol  in the presence 
of Lewis acid or  p ro ton  acid (e.g., A1C13, A1Br3, BF3-HOAc,  
BF3-(C2Hs)20, p-MeC6H4SO3, H2SO4, HC103) or in the 
presence of a strong acidic cationic exchanger  (e.g., Lewat i t  
SPC 108/H). Each catalyst  had a different  effect. A m o n g  
them, B F  3 had  a good catalytic effect. A resin with a high 
softening point  could be p roduced  in the presence of BF3, 
a l though the color of the ob ta ined  resin was a little deep  
without  the presence of ant ioxidant  or decolorizer.  Zinc 
dust  could be used with chalk as an antioxidant ,  z but  the 
chalk was difficult to remove  by filtering, and the t ranspar-  
ency of the resin was not  good. This study showed that  
several  methods  could improve  the color of resin: when a 
little ammonia  or iodine was added  to the reactants  at the 
beginning of the dist i l lat ion process,  the reactants  were 
p ro tec ted  with N2 or  CO2 during the react ion and distilla- 
tion. Therefore ,  BF3 was selected as the catalyst for the 
polymerizat ion.  

Alka l i  and acid could be used as the catalyst for the 
condensat ion  react ion of a -p inene /phenol  p repo lymer  with 
formaldehyde.  The catalytic effects of the various catalysts 
are shown in Table  2. 

I t  was found that  t r ichloroacet ic  acid (TCA)  was the best  
catalyst  because the yield and softening point  of resin were 
ra ther  high and the color was not  deep. The  influence of 
T C A  dose on the yield, softening, and color of resin is 
shown in Table  3. The test results showed that  the T C A  

Table 2. Influence of various catalysts for the condensation reaction 
on the yield, softening point, and color of resin 

CA Y (%) SP (~ C (Gardner) 

TCA 
3 90.5 127 7 
5 85.7 143 7 

H3PO4 
3 88.0 118 6 
5 87.8 122 5 

NaOH 
3 88.5 139 10 
5 87.2 154 11 

HCI 
3 83.0 123 10 
5 82.0 124 11 

CA, catalyst and dose (weight percent based on total raw material); Y, 
yield of resin; SP, softening point of resin; C, color value of resin; TCA, 
trichloroacetic acid 
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dose had an impor tan t  influence on the characterist ics of 
the resin. The  color deepened  at a T C A  dose of more  than 
7.0%. In contrast ,  the softening poin t  and yield were some- 
what  low at a T C A  dose of less than 1.0%, and the react ion 
rate  was slow. Hence,  the suitable T C A  dose was 3 . 0 % -  
5.0%, 

Figure 2 shows that  the t empera tu re  of the condensat ion 
react ion greatly influenced the resin characteristics. When  
the t empera tu re  was be low 90~ the yield and softening 
point  increased as the react ion t empera tu re  rose. On the 
other  hand, the color of the resin deepened  with the in- 
creased react ion t empera tu re  and was obviously deepened  
when the t empera tu re  was over  90~ A suitable tempera-  
ture was 80~176 

Influence of the length of the condensat ion react ion on 
the yield, softening point,  and color of resin 

The durat ion of the condensat ion react ion consisted of two 
parts: the "dropping  t ime" of the reactants  and the constant  
t empera tu re  durat ion.  T C A  was first mixed with formalde-  
hyde, and the mixture was d ropped  into the react ion 
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They  were relat ively s teady when the phenol / fo rmaldehyde  
rat io  was in the range of 1.0: 0.8 to 1.0 : 0.7, but  the softening 
point  decreased  at a phenol / fo rmaldehyde  rat io  of more  
than 1.0:0.7. When  the a -p inene /phenol  ratio increased 
f rom 1.0:0.6 to 1.0:0.5, the yield of resin hardly  varied, 
whereas  its softening point  was obviously reduced.  In con- 
trast, the color of the resin deepened  when the a -p inene /  
phenol  rat io was less than 1.0:0.6. Based  on these results, 
the suitable reac tant  a-pinene/phenol/formaldehyde rat io 
ranged from 1.00 : 6.00 : 0.36 to 1.00:0.60 : 0.48. 

Fig. 2. Influence of reaction temperature on the yield, softening point, 
and color of resin 

Table  3. Influence of trichloroacetic acid doses on the yield, 
softening point, and color of resin 

TeA (%) Y (%) SP (~ C (Gardner) 

1.0 84.0 134.0 7 
3.0 90.5 136.5 7 
5.0 85.7 145.5 7-8 
7.0 84.3 139.0 9-10 

Y, yield of resin; SP, softening point of resin; C, color value of resin; 
TCA, trichlorocetic acid 
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Fig. 3. Influence of dropping time of formaldehyde and catalyst on the 
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Fig. 4. Influence of constant temperature duration of the condensation 
reaction on the yield, softening point, and color of resin 

mixture of a-pinene and phenol. The experimental condi- 
tions were as follows: the a-pinene/phenol/formaldehyde 
molar ratio was 1.00:0.60: 0.48; the reaction temperature 
was 80~176 and the T C A  concentration was 4%. The test 
results are shown in Fig. 3. The yield and softening point of  
resin increased slightly as the dropping time was prolonged. 
When the dropping time was more than 40min, the yield 
and softening point did not increase, but the color deepened 
slowly. The suitable dropping time was 20-40 rain. 

The influence of the constant temperature duration on 
the yield, softening point, and color is shown in Fig. 4. The 
yield and softening point increased with prolongation of the 
constant temperature duration. At  a constant temperature 
duration of 2h, the yield was the highest and the softening 
point reached about 140~ The yield and softening point 
hardly increased after 2h. The color of the resin deepened 
with prolongation of the constant temperature duration. A 
suitable constant temperature duration is 1.5-2.0h. 

The total time of the condensation reaction was deter- 
mined on the basis of the dropping time and constant 

Table 4. influence of distillation temperature on the characteristics 
of the resin 

Ut (~ Y (%) SP (~ C (Gardner) 

230-240 100 120 9 
250-260 95 131 8 
270-280 90.5 142.5 7 
290-300 83 143.5 9 

Dt, distillation temperature; Y, yield of resin; SP, softening point of 
resin; C, color of resin 

Table 5. Main factors and test results 

Test no. Main influence factors Test results 

MR CA RT KT Y SP C 
(mole) (%) (~ (h) (%) ( ~  (Gardner) 

1 1:0.6:0.48 1 80 1.5 88,1 130.0 7 
2 1:0.6:0.48 3 85 2.0 85,6 143.8 7 
3 1:0.6:0.48 5 90 2.5 80.0 147.0 8 
4 1:0.6:0.42 l 85 2.5 82.2 145.0 7 
5 1:0.6:0.42 3 90 1.5 82.1 141.6 8 
6 1:0.6:0.42 5 80 2.0 84.0 138.8 7 
7 1:0.6:0.36 1 90 2.0 81.0 132.0 8 
8 1:0.6:0.36 3 80 2.5 83.4 126.0 7 
9 1:0.6:0.36 5 85 1.5 84.0 129.4 8 

MR, molar ratio of a-pinene :PhOH : HCHO; CA, dose of organic acid 
catalyst; RT, reaction temperature; KT, keeping time; Y, yield of resin; 
SP, softening point of resin; C, color value of resin 

temperature duration. A suitable total reaction time was 
2.0-2.5 h, and that of the dropping time was about 0.5 h. 

Influence of distillation condition on resin characteristics 

Under  the same reaction conditions, the distillation tem- 
perature influenced the characteristics of the resin, espe- 
cially its yield and softening point, as shown in Table 4, The 
yield decreased and the softening point increased with 
an increasing distillation temperature. At  a distillation 
temperature of more than 270~176 the softening point 
hardly changed but the yield significantly decreased. The 
probable reason was that some of the oligomer was distilled 
away. At  a distillation temperature of 270~176 the soft- 
ening point reached 142.5~ and the yield was more  than 
90%. Therefore, a suitable distillation temperature was 
270~176 

Opt imum technological conditions for the condensation 
reaction 

To reduce the mutual influences among various factors and 
to obtain the best synthesis conditions, the experimental 
conditions were further refined by means of the orthogonal 
test. The factors chosen were the raw materials ratio, reac- 
tion temperature, reaction time, and the dose of catalyst- 
T C A  for the condensation reaction. These factors, their 
levels, and the test results are outlined in TaMe 5. The 
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results of the analysis of variance (ANOVA) showed that 
the reaction temperature had the greatest influence on the 
qualities of resin. The next most important factor was the 
reaction time. The catalyst dose and the reactant ratios had 
less influence. Based on the results of the ANOVA, the 
optimum technological conditions for the condensation re- 
action were as follows: The a-pinene/phenol/formaldehyde 
molar ratio was 1.00:0.60:0.42-0.48, the reaction tempera- 
ture was 90~ the condensation reaction time was 2.0h 
(including the dropping time of 30min), and the TCA con- 
centration was 3% (based on the total weight of the reac- 
tants). The main quality indexes of resins synthesized under 
optimum conditions are shown in Table 6. The appearance 
of the synthesized resin was a light yellow, fragile solid. The 
resin was soluble in benzene, toluene, xylene, and other 
organic solvents; but it was not soluble in water. 

Probable reaction mechanism for the polymerization and 
condensation among a-pinene, phenol, and formaldehyde 

Based on the phenomena occurring during the course of the 
experiments, the probable mechanism of the reaction is 
as follows: As shown in Fig. 5, a-pinene first caused the 
isomerization reaction in the presence of Lewis acid, and 
C+-I and C+-II were formed. Then the C+-II attacked the 
phenol as an electrophilic reagent. The electrophilic sub- 
stitution reaction took place on the benzene ring, and the 
carbon-carbon links were formed. The C+-II mainly at- 
tacked the para-position of phenol because of the steric 
resistance. In the meantime, a part of the C+-II cation also 
attacked the oxygen atom of the phenolic hydroxyl, and 

Table 6. Main quality indexes of the synthesized resin 

Characteristics Quality index 

Softening point (ball and ring, ~ 
Color value (Gardner) 
Acid value (KOH mg/g) 
Saponification value (KOH rag/g) 
Bromine value (Br mg/g) 
Average molecular weight 

->140 
-<7 
<l 
<1 
<64 
-830 

ether links were formed. Therefore, the prepolymer of a- 
pinene with phenol was formed by two kinds of link. 

As shown in Fig. 6, in the presence of catalyst the 
prepolymer of a-pinene and phenol could react further 
with formaldehyde. Formaldehyde first combined with 
H § ions, and C+-III was formed. C+-III attacked the 
unreacted ortho- and para-positions of the phenol. 
Hydroxymethyl was formed on the phenol cycle. H20 
( lmol)  was dewatered between two hydroxymethyl groups 
on the different two molecules. Thus the resin was 
formed. 

Conclusions 

Terpene-phenol-aldehyde resin with a high softening point 
and light color was synthesized by the reaction among a- 
pinene, phenol, and formaldehyde. The main factors (e.g., 
reaction temperature, reaction time, catalyst dose, and the 
ratio of the raw materials) affected the yield, softening 
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Fig. 6. Formation of a-pinene- 
phenol-formaldehyde resin by 
the further reaction of formalde- 
hyde with the prepolymer of 
phenol and a-pinene 
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point, and color of the resin. The reaction temperature was 
the most important of the various factors, and it had a great 
influence on the color of the resin. The optimum techno- 
logical conditions for the condensation reaction were de- 
termined: the a-pinene/phenol/formaldehyde molar ratio 
1.00:0.60:0.42-0.48; the reaction temperature 90~ reac- 
tion time 2h (including the dropping time of 30rain); con- 
centration of the catalyst 3.0 %; and distillation temperature 
270~176 
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