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Process Optimization of Polyurethane Pre-polymer for Medical Application

Kwang-Tae Hur , Yang Koo, Man-Kyung Ha, Jae-Seob Kwak'
Graduate School of Mechanical Engineering, Pukyong National University - Department of Mechanical
Engineering, Pukyong National University

Abstract : Recently, the modern society in development and industrial growth is investing a lot of time and much effort
to improvement and environment of life quality. Thus, the casting tape which uses environmentally friendly and human
body friendly water hardening process Polymer is rapidly substituted for the gypsum cast product which has been
plentifully used in medical treatment. Until currently, prior researches have a tendency to focusing the analysis about
chemical creation expense and reaction quality rather than the issue about optimization of the process for this
polymerization. In the polymerization process which has been accomplished with actual same chemical creation expense,
there has been a problem which is the possibility of getting a different result. This is because the optimization of
respectively control factors is not accomplished which affect at polymerization process. Therefore, this research sees the
chemical qualities of casting tape Polymer, consequently selects the polymerization process which is suitable. And, by
using a experimental design, this research will evaluate the affects which the respective factors have on remaining NCO
and viscosity. futhermore, this research will carry out the process optimization which can get the above results.

Key Weonds : Polyurethane Pre-polymer, Design of Experiments, Optimization
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Fig. 1 Chemical reaction formula for polyurethane
oligomer and polyol
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Table 1 Specifications of eguipments

ftems Specifications
Motor AC servo motor(0~60Hz)
Polymerization furnace 34

Measuring device for viscosity BROOKFIELD, DV-1I

Measuring device for NCO KEM, AT-610
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Table 2 Factors and levels used in experiments

Level
Factors
1 2 3
Water temperature, A (C) 80 90 100
Holding time, B (hour) 1 1.5 2

Impeller revolution speed,
C (rpm)

Impeller shape, D (Type)

8 b 5

Photo. 2 Impeller shape
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Table 3 Experimental results and calculated S/N
ratios for viscosity
Viscosity(cps)
Run N
m ny Average S/N_ratio
1 3965 3933 3949 -24.09933
2 4207 4187 4197 -47.86105
3 3890 3912 3901 -34.01745
4 3553 3410 3482 5351418
5 4633 4552 4593 -56.17468
6 4207 4280 4244 -49.41881
7 4267 4310 4289 -50.60866
8 3760 3827 3194 -44.08486
9 4360 4300 4330 -51.62266
10 3600 3692 3646 -49.75579
11 3927 3880 3904 -34.33690
12 3723 3880 3802 -44.50472
13 4160 4240 4200 -48.06858
14 3814 3760 3787 -44.36131
15 3353 3440 3397 -54.88909
16 4115 4033 4074 -42.31903
17 3577 3480 3529 -52.55307
18 4033 4050 4042 -39.26574
19 3773 3680 317 -47.16959
20 3953 4144 4049 -42.74677
21 3627 3873 3750 -47.41380
22 379 3816 3806 -43.18814
23 3527 3653 3590 -51.25706
24 3487 3387 3437 -54.24341
25 3410 3496 3453 -53.95952
26 4207 4213 4210 -48.30005
27 3823 3976 3900 -39.24409
Table 4 Experimental results and calculated S/N
ratios for NCO
NCO(%)

Run
my m; m; Average S/N ratio
i 13.06601 13.24242 13.00811 13.10551 0.91496
2 12.62122 12.56049 12.62611 12.60261 -2.90835
3 12.71812 12.91130 12.89468 12.84137 -1.30357
4 12.99138 12.87705 12.92837 1293227 -0.57758
5 12.93876 12.81596 12.82656 12.86043 -1.14516
6 12.48520 12.55374 12.56912 12.53602 -3.31340
7 12.73736 12.65061 12.61651 12.66816 -2.49537
8 12.86895 12.78833 12.76956 12.80895 -1.52431
9 12.69126 12.50675 12.59985 12.59929 -2.93953
10 12.85019 12.81890 12.94404 12.87104 -1.06317
11 12.55476 12.40701 12.55606 12.50594 -3.49685
12 11.81711 11.97262 11.89855 11.89609 -6.46449
13 13.40511 13.35783 13.31452 13.35915 3.85047
14 13.51105 13.48312 13.43032 13.47483 5.57639
15 13.22317 13.37531 13.18543 13.26130 2.57739
16 13.41307 13.53978 13.55631 13.50305 6.00240
17 13.58441 13.54447 13.69092 13.60660 7.99740
18 13.28873 13.38933 13.18535 13.28780 2.88902
19 13.45053 13.54993 13.50688 13.50245 6.03424
20 13.38142 13.46792 13.42377 13.42437 4.78081
2 13.18337 13.06838 13.07701 13.10959 0.99321
22 13.61086 13.78466 13.75484 13.71679 10.65662
23 13.57588 13.41993 13.41499 13.47027 5.43333
24 13.22864 13.23856 13.33125 13.26615 2.67067
25 13.49304 13.54236 13.42749 13.48763 5.77186
26 13.40932 13.45186 13.59169 13.48429 5.65390
27 13.22349 13.15552 12.98195 13.12032 1.05584
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Fig. 3 Influence of polymerization factors on viscosity
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Fig. 4 Influence of polymerization factors on NCO
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Table 5 ANOVA for S/N ratio
Factor S e} \4 F0
A 20.99 2 10.50 033
B 389.95 2 194.98 6.18**
C 498 2 249 0.08
Viscosity
D 44152 2 220.76 7.00%*
e 567.56 18 31.53
T 1425 26
A 190.28 2 95.14 11.63%*
B 52.96 2 26.48 324
C 6468 2 32.34 3.95%
NCO
D 141 2 0.71 0.08
e 14729 18 8.18
T 456.62 26
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Table 4.6 Verification tests of optimum conditions

Optimum conditions

A(C) | B (hr) | C (rpm) | D (type) | Results
Viscosity 90 1 330 'a' 3945¢cps
NCO 100 1.5 330 a' 13.71679
Viscosity 1807
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