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ABSTRACT 
 

Polyvinyl butyral (PVB) was prepared by the condensation reaction of polyvinyl alcohol (PVA) with 
n-butyraldehyde using a catalyst which is a kind of deep eutectic solvent (DES) made of 
dodecyltrimethylammonium chloride and p-toluenesulfonic acid. The raw materials and products 
were characterized by Fourier transform infrared spectroscopy (FT-IR). The effects of the following 
reaction conditions on the degree of PVB acetal, yield and agglomeration of the products were 
investigated: the mass ratio of n-butyraldehyde to PVA (mBA/mPVA) of 0.48-0.96, the mass ratio of 
catalyst to PVA (mcat/mPVA) of 0.16-0.64, the low temperature reaction temperature (5-20℃), and the 
low temperature reaction time (1-3h). The results showed that at mBA/mPVA =0.8, mcat/mPVA =0.32, 
low temperature reaction temperature of 15°C and low temperature reaction time of 2 hours, the 
obtained PVB was a homogeneous powder with the highest acetal degree of 73.85%. 
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1. INTRODUCTION 
 
Polyvinyl butyral (PVB) resin is a terpolymer 
composed of hydroxyl, acetoxy and 
butyraldehyde groups, which are randomly 
distributed in the long molecular chain. These 
three groups also affect the physicochemical 
properties of PVB, such as viscosity, solubility, 
water resistance and phase solubility, and their 
interrelationships can be seen in Fig. 1 [1-3]. 
PVB with higher hydroxyl value has higher water 
solubility and can be used to prepare hydrophilic 
separation membranes [4]; PVB with higher 
acetoxy value has better water resistance and 
can be used to prepare ceramic flower paper; 
butyraldehyde group value increases, phase 
solubility and water resistance both increase. In 
the actual production process, the ratio of the 
three differs due to the different raw materials 
and production processes, and thus the 
performance of the products also differs. PVB 
resin has high mechanical transparency, good 
mechanical properties, and good adhesion to 
glass, ceramics, metals and other materials [5-7], 
so it is mainly made into films used in safety 
glass, photovoltaic battery interlayer materials 
[6], in addition to widely used in coatings, 
aluminum foil paper and other aspects [9-11]. 
Due to the expansion of the automotive industry, 
the demand for PVB films with sound insulation, 
UV resistance, high impact strength, 
transparency, and high and low temperature 
resistance will continue to increase [12-15]. 

 

Polyvinyl butyral (PVB) is a resin formed by the 
condensation of polyvinyl alcohol (PVA) and n-
butyraldehyde under the catalytic effect of acid. 
The current synthesis process often uses 
hydrochloric acid [16] as the catalyst, and the 
concentration of reactants is high at the 
beginning of the reaction, in order to prevent the 
products from agglomeration, a lower reaction 
temperature is required to slow down the 
reaction, as the reaction proceeds, the 
concentration of reactants in the system 
gradually decreases, and the temperature needs 
to be gradually increased to speed up the 
reaction and make the raw materials fully react. 
At the same time, in order to make the long-chain 
PVA molecules in solution to stretch and stretch 
to better combine butyraldehyde molecules, most 
common PVB synthesis processes add 
surfactants as emulsifiers, such as SDS, sodium 
dodecyl sulfate, sodium dioctyl sulfosuccinate, 
etc. [17-18]. The emulsifier generates a large 
amount of foam during filtration, which requires 
repeated washing with large amounts of water to 
remove, which undoubtedly increases the 
operational process and production costs, and 
also puts pressure on the wastewater treatment 
system [19]. Some studies have shown that NMP 
[20], ethanol [21], and dimethyl sulfoxide [22] can 
be used as solvents to increase the solubility of 
PVA and PVB to improve product quality, but this 
can also bring about increased production costs, 
safety hazards, environmental pollution, and 
other problems. 
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Fig. 1. The relationship between PVB structure and 
characteristic 
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Deep eutectic solvent (DES) is a new type of 
green solvent, which has similar properties to 
ionic liquids and has the advantages of easy 
synthesis, low cost, safety and non-toxicity [23-
25], and is usually formed by a certain proportion 
of hydrogen bond acceptors (HBA) such as 
quaternary ammonium salts and quaternary 
phosphonium salts and hydrogen bond donors 
(HBD) such as amides, carboxylic acids and 
alcohols by hydrogen bonding [26]. In this paper, 
a new PVB synthesis method without the 
addition of emulsifier was found by studying the 
condensation process of PVB with 05-88 PVA 
(polymerization degree of 500 and alcohol 
resolution of 88) and n-butyraldehyde, i.e., the 
deep eutectic solvent of 
dodecyltrimethylammonium chloride-p-
toluenesulfonic acid was used as a catalyst to 
solve the problem of spreading the long chain of 
PVA in solution and large amount of foam 
generated in filtration. The effects of catalyst 
dosage, butyraldehyde dosage, reaction 
temperature and time on butyraldehyde dosage 
of PVB were also investigated in this paper. 

 
2. EXPERIMENT 
 
2.1 Reagents 
 
The chemicals involved in this experiment 
include polyvinyl alcohol (05-88, Shanghai 
yuanye Bio-Technology Co., Ltd), n-butyl 
aldehyde (Shanghai Macklin Biochemical Co., 
Ltd), dodecyltrimethylammonium chloride 
(Shanghai Titan Scientific Co., Ltd), p-
toluenesulfonic acid (Shanghai Ltd.), sodium 
hydroxide (Tianjin Jiani Chemical Co., Ltd.), 
hydroxylamine hydrochloride (Shanghai Titan 
Scientific Co., Ltd.), ethanol (95% wt%) 
(Shanghai Titan Scientific Co., Ltd.). All of them 
are AR grade. 
 

2.2 Preparation of DES 
 

The appropriate amounts of 
dodecyltrimethylammonium chloride and p-
toluenesulfonic acid were weighed separately 
according to the molar ratio of 1:0.9, and both 
were placed in an oven at 55°C for 2h. After 
drying, the two were mixed and poured into a 
flask, stirred at 80 ℃ under the heat of the water 
bath until completely dissolved, the solution was 
clarified and transparent, and the resulting 
product was dodecyltrimethylammonium 
chloride-p-toluenesulfonic acid deep eutectic 
solvent. The product was sealed and kept in a 
silica gel oven for storage. 

2.3 Preparation of PVB 
 
Add some (about 60mL) water to the three-
mouth flask, weigh some (about 5g) PVA into the 
three-mouth flask and stir continuously, wait for a 
period of time so that the PVA absorbs water and 
dissolves, in order to prevent the dissolution of 
heating into a lump. Heat to 80 ℃ so that PVA 
completely dissolved, the solution is a 
homogeneous transparent liquid, no obvious 
undissolved material. Weigh a certain amount of 
DES, dissolve it in 10 ml of water and add it to 
the flask. 
 
The completely dissolved PVA solution was 
cooled to a certain temperature, and a certain 
amount of n-butyraldehyde was gradually added 
to the PVA solution at a rate of 10ml/h. After 
10min of complete addition of n-butyraldehyde, 
PVB gradually precipitated and formed a white 
suspension. After holding the reaction at low 
temperature for a period of time, the temperature 
was gradually increased to 35℃ at a rate of 
40℃/h, and then held at 35℃ for 0.5h. After 
holding, the temperature was increased to 60℃ 
at a rate of 40℃/h and held for 0.5h. 
 
After the reaction solution is cooled to room 
temperature, the PVB resin pellets and the 
recovery solution are filtered out and washed 2-3 
times with pure water PVB pellets. The particles 
obtained by filtration were crushed and dried in a 
vacuum oven at 50°C to obtain the sample. 
 

2.4 PVB Synthesis Principle 
 
PVB is produced from PVA and n-butyraldehyde 
by hydroxyl aldol condensation reaction. Under 
acid catalysis, n-butyraldehyde combines with a 
hydroxyl group to form a hemiacetal and 
removes a molecule of water; the resulting 
hemiacetal is unstable and further combines with 
another molecule of hydroxyl group to produce a 
condensed butyral group. The reaction process 
is shown in Fig. 2 [27-28]. 
 

2.5 Performance Tests 
 
2.5.1 Determination of acetal degree of PVB 
 
The acetal group in PVB reacts with 
hydroxylamine hydrochloride to produce 
hydrochloric acid, and the degree of acetal can 
be calculated by titration with standard NaOH 
solution using methyl orange as indicator, 
according to the amount of base, the formula is 
as follows 
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AD acetal degree of the sample, % 
V volume of NaOH solution consumed to 

titrate the sample, mL 

V0 ： volume of NaOH solution consumed for 

titration of blank, mL 

c ： concentration of standard NaOH solution, 

mol/L 
m: mass of the sample, g 
 

3. RESULTS AND DISCUSSION 
 

3.1 Characterization of PVA and PVB 
 
The reaction between PVA and n-butyraldehyde 
involves the formation of a chemical bond 

between the -OH group of PVA and the -COH of 
n-butyraldehyde, resulting in a C-O-C group. Two 
samples of PVA and PVB were characterized by 
Fourier infrared transform spectroscopy (FT-IR) 
using KBr compression technique, respectively. 
The corresponding FT-IR spectra are shown in 
Fig. 1. In Fig. 1, the IR spectra of PVA and PVB 
samples share some common vibrational 
absorption peaks: both have absorption peaks in 
the region near 1745 cm-1, indicating the 
presence of -COOC- in both molecules, and both 
have absorption peaks near 2960 cm-1, indicating 
the presence of -CH2 in both molecules. In 
comparison with the IR spectrum of PVA, two 
new peaks of 1004 cm-1 and 1142 cm-1 appeared 
in the PVB spectrum, both due to the stretching 
vibration absorption of the C-O-C structure. 
Therefore, we can assume that the reaction of 
PVA with n-butyraldehyde occurred successfully. 

 

𝐴𝐷 =
0.141 ×  𝑉 − 𝑉0 × 𝑐

𝑚
× 100% 

Fig. 3. FTIR spectra of PVA and PVB 

Fig. 2. PVB synthesis reaction principle 
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3.2 Effect of Butyraldehyde Dosage 
 
The effects of butyraldehyde concentration on 
product quality, acetal degree and agglomeration 
were investigated by varying the mass ratio of n-
butyraldehyde to PVA(mBA/mPVA) in the range of 
0.48-0.96 at a low temperature of 15°C, a low 
temperature reaction time of 2h and the mass 
ratio of catalyst to PVA(mcat/mPVA) in the range of 
0.16-0.64, and the results are shown in Fig. 4. As 
can be seen from the figure, the degree of acetal 
increases with the increase of n-butyraldehyde 
dosage, and the degree of acetal is 73.85% 
when mBA/mPVA is 0.8, at which time the PVB is a 
homogeneous powder. This is due to the higher 
concentration of butyraldehyde increases the 
chance of n-butyraldehyde reacting with hydroxyl 
group, which is conducive to the positive 
reaction. When mBA/mPVA reached 0.8, the rate of 
increase of the acetal degree slowed down and 
the degree of agglomeration of the product 
started to increase, which may be due to the too 
fast reaction rate making it difficult for the 
generated PVB to be fully dispersed and thus 
cross-linked into clusters with each other. 
Therefore, the appropriate value of mBA/mPVA is 
0.8 in terms of economy and product quality, i.e., 
the mass ratio of PVA to n-butyraldehyde is 
1:0.8. 
 

3.3 Effect of Catalyst Dosage 
 
The catalyst used in this reaction is DES 
composed of dodecyltrimethylammonium 
chloride and p-toluenesulfonic acid, which is an 

important controlling factor of the reaction. On 
the one hand, under the catalytic effect of p-
toluenesulfonic acid, one molecule of aldehyde 
reacts with two molecules of alcohol to produce 
stable acetal; on the other hand, 
dodecyltrimethylammonium chloride has 
hydrophilic amino group and  hydrophobic long 
carbon chain, which can stretch the long chain of 
PVA in the solution and expose the hydroxyl 
group to react with butyraldehyde to improve the 
acetal degree and inhibit the generated PVB 
cross-linked blocks. 
 
The effect of catalyst dosage on the degree of 
acetal and agglomeration was investigated by 
changing mcat/mPVA at 0.16-0.64 under the 
conditions of low temperature 15°C, low 
temperature reaction time 2h, and mBA/mPVA of 
0.8, and the results are shown in Fig. 5. As can 
be seen from the figure, the yield and degree of 
acetal increased continuously with the increase 
of catalyst dosage when mcat/mPVA was less than 
0.32g; when mcat/mPVA was greater than 0.32, the 
increase of degree of acetal was not obvious. 
Therefore, from the viewpoint of cost, mcat/mPVA 
of 0.32, i.e., the mass ratio of PVA to DES is 
1:0.32 is more appropriate. 
 

3.4 Effect of Low Reaction Temperature 
 
The acetal reaction includes two parts: low 
temperature and high temperature. At the early 
stage of the reaction, the reaction is more violent 
due to the high concentration of n-butyraldehyde 
and hydroxyl group, and the reaction is controlled  

 

 

Fig. 4. Effect of butyraldehyde dosage on the degree of PVB acetal 
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at low temperature to reduce the reaction rate; at 
the later stage of the reaction, the concentration 
of n-butyraldehyde and hydroxyl group is low, 
and the reaction is controlled at high temperature 
to accelerate the reaction rate and increase the 
degree of acetal. 
 
The effect of low temperature reaction 
temperature on the degree of acetal and 
agglomeration was investigated by varying the 

low temperature reaction temperature from 5 to 
20°C under the conditions of low temperature 
reaction time of 2h, mBA/mPVA of 0.8 and 
mcat/mPVA of 0.32, and the results are shown in 
Fig. 6. When the temperature was lower than 15 
°C, the mass and degree of acetal of the product 
increased with the increase of the reaction 
temperature, while the agglomeration of the 
product gradually improved. This may be due to 
the slower reaction rate when the reaction 

Fig. 6. Effect of low reaction temperature on the degree of PVB acetal 
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Fig. 5. Effect of catalyst dosage on the degree of PVB acetal 
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temperature is low and there are still more 
butyraldehyde and hydroxyl groups in the 
solution at high temperature reaction. When the 
temperature was increased, the reaction was 
more intense and the resulting PVB solids were 
cross-linked with each other leading to product 
agglomeration, while the unreacted hydroxyl 
groups were wrapped and thus could not 
continue the reaction, resulting in a lower degree 
of product acetal. Similarly, when the low 
temperature reaction temperature is higher than 
15°C, the degree of acetalization starts to 
decrease and the degree of agglomeration 
increases. Therefore, the suitable temperature 
for low temperature reaction is 15℃. 
 

3.5 Effect of Low Reaction Time 
 

The effect of low temperature reaction time on 
the degree of acetal and agglomeration was 
investigated by changing the low temperature 
reaction time to 1-3h under the conditions of low 
temperature reaction temperature of 15℃, 
mBA/mPVA of 0.8 and mcat/mPVA of 0.32, and the 
results are shown in Fig. 7. When the low-
temperature reaction time reached 2h, the 
degree of acetal had reached a high value and 
the product was a homogeneous powder, and 
the increase of the degree of acetal was not 
obvious when the reaction time continued to be 
increased. Therefore, extending the reaction time 
could not effectively improve the product quality 
and significantly increase the energy 
consumption of production, so the low 

temperature reaction time was chosen to be              
2h. 

 
4. CONCLUSION 
 

In this experiment, PVB was synthesized from 
PVA and n-butyraldehyde using a deep eutectic 
solvent (DES) made from 
dodecyltrimethylammonium chloride and p-
toluenesulfonic acid as the catalyst. The 
qualitative analysis of the raw materials and 
products by Fourier transform infrared 
spectroscopy (FT-IR) showed that the product 
contained a large number of C-O-C groups, 
indicating that it was the target product. The 
effects of the reaction conditions such as the 
mass ratio of n-butyraldehyde to PVA mBA/mPVA 
at 0.48-0.96, the mass ratio of catalyst to PVA 
mcat/mPVA at 0.16-0.64, the low temperature 
reaction temperature (5-20℃) and the low 
temperature reaction time (1-3h) on the degree 
of acetalization, yield and agglomeration of the 
product PVB were investigated. The results 
showed that under the conditions of 
mBA/mPVA=0.8, mcat/mPVA =0.32 and 2h low 
temperature reaction at 15℃, the obtained PVB 
was a homogeneous powder with the highest 
degree of acetalization of 73.85%. 
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Fig. 7. Effect of low reaction time on the degree of PVB acetal 
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