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  Abstract :  In this study, the polyurethane resin was synthesized by applying PTMG and DMBA 
of different composition ratios for the synthesis of water-dispersible polyurethane used in wound 
coating resin. The varying properties of the synthesized water-dispersible polyurethane were 
measured through tensile strength, elongation, and abrasion resistance analysis. As for the tensile 
strength measurement result according to the PTMG content, the sample with the highest reaction 
molar ratio was measured as 1.08 kgf/mm2 and the elongation was measured as 520%. As for the 
tensile strength result according to the DMBA content, the sample with the highest reaction molar 
ratio was measured as 0.51 kgf/mm2, and the elongation was measured as 435%. The degree of 
surface destruction by the abrasion resistance measurement was visually confirmed through SEM.
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1. Introduction

  Skin is one of the organs that protects the 
human body from external stimuli, prevents 
moisture loss, regulates body temperature, and 
performs important life protection functions 
such as preventing bacterial invasion. When    
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skin defects occur due to burns or various 
traumas, the protective action is lost, resulting 
in functional impairment, resulting in various 
side effects such as moisture loss and bacterial 
infection from the outside, making the 
treatment of the affected area difficult[1-6]. It 
causes secondary dysfunction and, in severe 
cases, also affects life extension. Therefore, in 
order to quickly heal the wound and minimize 
various side effects, wound treatment using an 
appropriate dressing is essential.
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  The main factors involved in wound healing 
can be briefly described, such as wet 
environment, infection, foreign body and 
necrotic tissue, temperature, oxygen 
concentration, and PH. And the ideal dressing 
material requirements are the ability to 
maintain adequate moisture on the surface in 
contact with the wound, the ability to absorb 
exudates, the ease of attachment and removal 
from the wound, the ability to transmit gas 
and water vapor to the outside, insulation 
from the outside, defense against the invasion 
of bacteria, non-toxicity to the human body, 
excellent mechanical properties, economic 
efficiency, etc. are mentioned[7-10].
  Conventional gauze-type dressing materials 
are easy to absorb wound secretions, but do 
not have a protective function against bacterial 
infection, and delay treatment by keeping the 
wound dry. There is a disadvantage of having 
to change the dressing several times a day 
because there is a lot of exudate in the initial 
stage of healing.
  Currently, various occlusive dressing materials 
that improve the problems of gauze-type 
dressing materials have been developed and 
used, but due to the high price and lack of 
controllability of hygroscopicity and moisture 
permeability, they are not applied to extensive 
wounds but are only usining specific uses. The 
types of dressing materials currently mainly 
used include a film type, a hydrocolloid type, 
a hydrogel type, a nonwoven fabric type using 
sodium alginate, and a polyurethane foam 
type.
  In particular, polyurethane foam type is used 
as a material with versatility and possibility of 
wide wound application due to easy control of 
hygroscopicity and simplicity in manufacturing. 
However, most polyurethane foam dressing 
material is harmful to the human body by 
using a catalyst for promoting urethane 
reaction, has weak mechanical properties, and 
has the disadvantage of causing collapse of the 
foam upon absorption of exudate.
  In addition, since it has large pores due to 

the open cell structure on the surface, there is 
a disadvantage in that bacteria invasion from 
the outside and regeneration cells from the 
wound surface adhere to the inside of the 
open cell of the polyurethane foam, causing 
pain to the patient when changing the 
dressing. In order to compensate for these 
shortcomings, studies are being conducted to 
directly apply a water-dispersible polyurethane 
resin to the affected area.
  In this study, polyol and carboxylic acid 
were used for diisocyanate (IPDI) in the 
preparation of polyurethane prepolymers for 
the synthesis of water-dispersible polyurethane 
wound coatings. As the polyether polyols, 
polytetramethylene glycol (PTMG) having two 
or more hydroxyl groups in the molecule and 
having a molecular weight of 2000 is used[11]. 
In addition, in order to impart ionicity to the 
prepolymer, dimethylolbutanoic acid (DMBA) 
was applied to impart ionicity to the 
prepolymer, and the polyurethane resin for 
water-dispersible wound coating was 
synthesized through emulsification[12-15]. As 
for the water-dispersed polyurethane resin, 
samples were prepared by varying the number 
of moles of reaction of PTMG, IPDI, and 
DMBA, and the change in physical properties 
according to the composition change was 
analyzed.

2. Experiment

2.1. Reagent/analysis equipment and 

synthesis method

  Polyether polyols used for polyurethane 
synthesis for this study were polytetramethylene 
glycol (PTMG, molecular weight 2000, Junsei 
chem.Co.) and isophorone diisocyanate (IPDI, 
Bayer), which is an aliphatic diisocyanate. 
Dimethylolbutanoic acid (DMBA, GEO) was 
used to introduce a hydrophilic group using a 
carboxy group, and acetone (BASF) was used 
to suppress an increase in viscosity that occurs 
when imparting ionicity to the prepolymer. As 
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Sample PTMG(mol) DMPA(mol) IPDI(mol) TEA(mol) EDA(mol) DBTDL(g)

P-1 3.00 0.02 4.00 0.02 0.015 0.001

P-2 3.20 0.02 4.00 0.02 0.015 0.001

P-3 3.40 0.02 4.00 0.02 0.015 0.001

P-4 3.60 0.02 4.00 0.02 0.015 0.001

D-1 4.00 0.03 4.00 0.02 0.015 0.001

D-2 4.00 0.05 4.00 0.02 0.015 0.001

D-3 4.00 0.07 4.00 0.02 0.015 0.001

D-4 4.00 0.09 4.00 0.02 0.015 0.001

Table 1. Polyurethane resin composition table with different synthesis ratios of PTMG, 

DMBA, and IPDI 

a catalyst, dibutyltin diraulate (DBTDL, 
Aldrich) was used. Triethylamine (TEA, Fluka) 
was applied to neutralize the ionic prepolymer. 
Ethylenediamine (EDA, Fluka) was used for 
chain extension, and UTM (Universal testing 
machine, Instron Co., USA) was used to 
measure tensile strength and elongation 
properties to check the physical properties 
change of the synthesized water-dispersed 
urethane. Taber abrasion tester (TO 880T, 
Test One, Inc.) was used to measure the wear 
resistance, and SEM (Scaning electron 
microscope, Saron Tech, Korea) was used to 
visually check the condition of the destroyed 
surface.
 For the synthesis of water-dispersible 
polyurethane, the basic composition was 
synthesized at 90℃. of an NCO-terminated 
prepolymer made of polyol and diisocyanate, 
and then DMBA was added to impart ionicity 
to the resin and reacted for 1 hour. After 
cooling to 40℃ or less, the neutralization 
reaction was completed using TEA, and the 
prepared distilled water was slowly added 
dropwise to disperse the resin through 
high-speed stirring. In order to increase the 
cohesiveness of the resin, EDA was mixed 
with distilled water, slowly added, and then 
stirred for about an hour to complete a 
water-dispersible polyurethane for wound 
covering resin(Fig. 1). However, two kinds of 
water-dispersible polyurethane resins were 

synthesized by varying the number of moles of 
PTMG and DMBA in the basic experimental 
method described above, and the related 
synthetic composition is indicated in Table 1. 
In addition, the film sample used in the tensile 
test and elongation test was weighed 20g on a 
120mm glass shale and then naturally dried 
for 12 hours and then heat-dried at 120℃ for 
1 hour to prepare a 50mm horizontal and 
100mm long coating film. Samples for the 
abrasion resistance test were prepared in a 
state coated with a spray to a thickness of 0.1 
mm on the surface of leather (vegitable, KDIC 
Corporation).

3. Results and Discussion

3.1. Analysis of mechanical properties 

(tensile strength, elongation, 

adhesive strength)

  To measure the tensile strength, the prepared 
sample was measured for tensile by setting a 
tensile speed of 100 ± 20 mm/min by UTM. 
To measure the elongation rate of the film, 
the test machine proceeded in the same 
method as the tensile strength when it was cut 
compared to the initial length of the specimen. 
The change in the final length was divided by 
the initial length and calculated as a 
percentage.
  Fig. 2 shows the results of measuring the 
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Fig. 1. Synthesis process of water-dispersible polyurethane.

tensile strength of water-dispersed 
polyurethane samples with different synthesis 
ratios of PTMG.

Fig. 2. Tensile strength measurement result of 
polyurethane resin with different 
PTMG composition ratio.

  In the presented measurement results, in the 
case of sample P-1 prepared with a synthesis 
ratio of 3.00 mol of PTMG, the tensile 
strength was measured as 1.78 kgf/㎟, and In 
the case of sample P-4 prepared with a 
synthesis ratio of 3.60 mol, the tensile strength 

was measured to be 1.08 kgf/㎟.
  As a result of this, it was confirmed that 
the tensile strength decreased as the synthesis 
ratio of the polyol increased. This is the final 
step of the water-dispersed polyurethane, 
which is the soft segment cohesion by chain 
extension, which increases the chain extension 
as the isocyanate bond ratio to the polyol 
increases. It can be inferred that the reaction 
of the NCO group at the end of the chain 
involved in the reaction is small and affects 
the tensile strength of the film.
  It can be inferred that the soft segment 
cohesion by chain extension, the final step of 
the water-dispersible polyurethane, affects the 
tensile strength of the film as the reaction of 
the NCO group of the chain end group 
involved in the chain extension becomes less 
as the isocyanate binding ratio to the polyol 
increases.
  Fig. 3 shows the results of measuring the 
tensile strength of samples with different 
DMBA synthesis ratios. In the presented 
measurement results, in the case of sample 
D-1 prepared with a synthesis ratio of 0.03 
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mol of DMBA, the tensile strength was 
measured as 0.97 kgf/㎟, and in the case of 
sample D-4 prepared with a synthesis ratio of 
0.09 mol, the tensile strength was 0.51 kgf/㎟
As the synthesis ratio of DMBA increases, the 
tensile strength decreases. This is due to the 
result that the molecular weight decreases as 
the content of DMBA increases, so that the 
particle size between average particles 
decreases, and the average particle size 
increases as the chain extension reaction 
between adjacent particles progresses.

Fig. 3. Tensile strength measurement result of 
polyurethane resin with different 
DMBA composition ratio.

  Fig. 4 shows the results of measuring the 
elongation of the samples with different 
synthesis ratios of PTMG. In the presented 
measurement results, the elongation value of 
Sample P-1 prepared with a synthesis ratio of 
3.00 mol of PTMG was measured to be 
422%, and in the case of Sample P-4 
prepared with a synthesis ratio of 3.60 mol, 
the elongation value was measured as 520%.
  These results confirmed that the elongation 
increased as the synthesis ratio of the polyol 
increased. It can be confirmed that the soft 
segment cohesiveness due to chain extension of 
the water-dispersed polyurethane decreased the 
ratio of isocyanate bonding to the polyol, so 
that the reaction of the NCO group of the 
chain end groups involved in the chain 
extension was reduced, and the elongation 
increased by softening the film.

Fig. 4. Elongation measurement result of 
polyurethane resin with different PTMG 
composition ratio.

  Fig. 5 shows the result of measuring the 
elongation of the samples with different 
synthesis ratios of DMBA.

Fig. 5. Elongation measurement result of 
polyurethane resin with different 
DMBA composition ratio.

  In the presented measurement results, the 
elongation value of Sample D-1 prepared with 
a synthesis ratio of 0.03 mol of DMBA was 
measured to be 349%, and in the case of 
Sample D-4 prepared with a synthesis ratio of 
0.09 mol, the elongation value was measured 
as 435%. In this way, it was confirmed that 
the elongation increased as the synthesis ratio 
of DMBA increased. This is because the 
molecular weight decreases as the DMBA 
content increases, and the chain extension 
reaction between adjacent particles proceeds as 
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Fig. 6. Abration resistance measurement result of polyurethane resin with different 

               PTMG composition ratio by SEM.

the particle size between the average particles 
decreases. The particle size is due to the fact 
that it becomes larger.
  Fig. 5 shows the results of abrasion 
resistance measurement to measure the surface 
strength of a water-dispersed polyurethane 
sample with different synthesis ratios of 
PTMG. 
  According to ASTM 1175 test method, after 
measuring the weight of the test piece using a 
taber abrasion tester (TO 880T, Test One, 
Inc.), make 1,000 rotations with the wheel 
number CS-10, and then visually check the 
fracture state of the worn surface. To do this, 
SEM (Scaning electron microscope, Saron tech, 
Korea) was used. s can be seen with the 
naked eye, it can be seen that the P-4 sample, 
which has a high synthesis ratio of PTMG, 

has the highest degree of surface destruction. 
This is similar to the tensile strength, the more 
OH groups of PTMG involved in the synthesis 
of the prepolymer, the greater the interaction 
with amines for chain extension. It is 
interpreted as a result of low cohesion because 
there are relatively few reactors that will act 
on the bonding.
  In Fig. 7, the abrasion resistance measurement 
result of the water-dispersed polyurethane 
according to the DMBA synthesis ratio was 
visually confirmed using SEM in the same 
manner as in Fig. 5. As a result of checking 
the photographed surface, the higher the 
proportion of OH groups of DMBA involved 
in the synthesis, the less reactive groups that 
will act on binding to amines for chain 
extension are distributed, which is inferred as 
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D-1 D-2
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Fig. 7. Abration resistance measurement result of polyurethane resin with different

               DMBA composition ratio by SEM.

a result of lower chain cohesion.

4. Conclusion

  For this study. Basically, polyurethane resin 
was synthesized by poly tetramethylene ether 
glycol (PTMG), isophrone diisocynate (IPDI), 
dimethylol butanoicc acid (DMBA) were 
reacted as starting synthetic materials, 
neutralized with TEA, dispersed in water, and 
dispersed through chain extension reaction. 
  Two kinds of urethane resins for wound 
coating were prepared by reacting PTMG and 
DMBA in different proportions to the above 
basic composition. 
  The prepared resin was prepared as a film 

to determine the tensile strength and 
elongation, and the abrasion resistance was 
measured by spray coating on the leather 
surface, and the following results were 
obtained.
  As a result of the tensile strength test, the 
polyurethane film containing a small amount 
of PTMG (3.00 mol) was measured as 1.78 
kgf/㎟, and the tensile strength of the urethane 
film containing a large amount of PTMG 
(3.60 mol) was measured as 1.08 kgf/㎟. As 
the ratio of the NCO groups of the isocyanate 
reacting to the OH group of the polyol 
increased, the number of reactors involved in 
chain extension decreased, tensile strength 
decreases due to lower cohesion. In addition, 
as a result of measuring the elongation, as the 
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amount of PTMG increased, the elongation 
increased from 422% to 522%, which was 
resulting in the opposite result of the tensile 
strength.
  Next, as for the change in tensile strength 
according to the content of DMBA, in the 
case of Sample D-1 prepared with a synthesis 
ratio of DMBA of 0.03 mol, the tensile 
strength was measured as 0.97 kgf/㎟, and 
Sample D-4 prepared with a synthesis ratio of 
0.09 mol. In the case of, the tensile strength 
was measured to be 0.51 kgf/㎟. This is 
because the molecular weight decreases as the 
synthesis ratio of DMBA, which is a 
carboxylic acid used as an emulsifier of 
water-dispersible polyurethane, increases, and 
the particle size between the average particles 
decreases. As the concentration of is increased, 
the final particle size increases, and it is 
interpreted that the cohesiveness due to the 
chain extension reaction decreases. Therefore, 
in the case of the same elongation, it was 
found that the elongation was increased from 
394% to 495%. As for the surface strength of 
the resin according to the content ratio of 
PTMG and DMBA, as the amount of PTMG 
and DMBA increased, the cohesiveness due to 
chain extension decreased, and the result was 
confirmed that the surface strength decreased.
  As a result of the above, if physical changes 
and structural analysis of each composition are 
made in the future, it is considered that it can 
be used as a synthesis of resins corresponding 
to environmental influences by applying the 
physical properties of the wound coating.
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