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Synthesis of Poly(4-hydroxybutyrate)-Based Polyurethane
Foam and Its Application in Shoe Midsoles
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Abstract: A series of polyurethane foams (PUF) based on poly(4-hydroxybutyrate) (PAHB) were synthesized via the
prepolymer method under solvent-free conditions, using PAHB as the soft segment, diphenylmethane diisocyanate (MDI) and
1,4-butanediol (BDO) as the hard segments, and water as the blowing agent. The effects of catalyst and its dosage, surfactant
amount, isocyanate index(n(NCO)/n(OH)), hydroxyl value (OHV) of PAHB, NCO mass fraction (w(NCO)) of the prepolymer,
and blowing agent dosage on the foaming process and PUF properties were systematically investigated. The obtained foams

were characterized by Fourier transform infrared spectroscopy (FT-IR), differential scanning calorimetry (DSC), uniaxial
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tensile tests, and vertical rebound measurements to evaluate their thermal, mechanical, and resilience properties. The optimal
formulation was identified with n(NCO)/n(OH) of 1.10, OHV of 56 mg KOH/g, w(NCO) of 6%, and blowing agent mass
fraction of 0.36%. The obtained PUF exhibited a tensile strength up to 2.6 MPa, a tear strength of 13.9 kN/m, and a rebound
rate of 33%, which were comparable to those of commercial MDI-based PUF shoe midsoles from Huafon Group Co., Ltd.

Key words: poly(4-hydroxybutyrate); all-water-blown; prepolymer method; polyurethane foam; shoe midsole
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14mm Ui b ZBEHT 3 RARIEZ5 R, 0558 4. 5. 6 WL B P ME . 3R (R) A 3 R=(Hi/Ho)x
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BB FC A B 3. 3 fE 4% HANDPI {8 A FR 23 7] LX-A BIBBEG A B BE T, FHENZEUAS) LX-C BUARE C fif
JETT, #2218 ASTM D2240 AR, M08 5 R 22 /0 6 mm, 5% (1 0.1) s B i) Y A 5 R F8 /R 5280
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7 BPENT R, RRRE SR FE HEAT R BRI &, IR R4 AR R (C) o C=[(To-T)/(To-Tw)]%x100%, Horf T, Ry &
A e B (mm) , Ty A JFE AR AR R (mm), T iR 56 5 RS (mm) .

i B 56 AL v [ A 2SR B3 A B2 ) HZ-2003 L, R RE 5 [ 52 Tk 36 /LT iy Z2 0, A i
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1.3 XBTH
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Fig. 1 Schematic illustration of preparation of PAHB-PUF via the prepolymer method

TRl % B 300 g (19 PAHB INA SO, FRR L, 75 100 C FEASFR/K 2 h, 78 Ny SRE N Z kiR 2
70 °C, F € 10 min Ji5, PREFFE R 200 r/min, S IEFED R IRE 1 A9EC I A MDI, 0 15 min J5 FERE: 3 2
150 r/min, 4kZL 0 2.5 h J5 B

PAHB-PUF il 42658 (1) H b & . B TR (A B 515 10 B, #e LU DKE AL B W2 23 A SR DR 94 4 5 1Y)
PEAR R, TE R FE TR A 385, 780 IR T i E, LI TR RS & ) 18] (R A 45 AR B 30 TR R P-4 2 K )
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# 1 ANIA P4HB JZAE A w(NCO) i 13 5 IR Fic J7
Table 1 Formulations of prepolymers with different hydroxyl values of P4AHB and w(NCO)

Entry OHV/(mg KOH-g ") w(NCO)/% m(MDI)/g
1 43 10 168.4
2 56 6 111.0
3 56 10 180.8
4 56 14 279.1
5 102 10 2245

6], YUK & 52 5 ST BN 60 °C HEAR Y, FEBE 30 s WS TR 1 26 T 10, 10 5% 16K I 286 o 1) (Y vk R &
Je B PR R 1 LA, JFBE M BRIAR B B A AR ) o ()AL &I BRI I E S iE R, L LB AL B
2053 I BN M R T AR AR T AR R R IR A A, R A B E 60 °C 1 S A A H (100 mmx
200 mmx 10 mm ) 5 & Fh AR A AR 5~ 10 min J5 BUH R ZBR MR, A 70 °C RS TR vk — g5, 7E
E IR IR (25 °C, HIXHRE 50%) B SL 8 = i E 1 d, SRJ5 PEATRBY M. At A& PR & i D) R
rp RS R EL & 0 T A5 31 1 PAHB-PUF 19 B & 2 Fm o

(a) Free-rising foaming; (b) Foaming in a plate mold; (c) Foaming in a shoe midsole mold
€2 P4HB-PUF HYMEH
Fig.2 Photos of PAHB-PUF

2 GRS

2.1 FARERHE

IRZE B B TR AR A A5 2 i L AR L e I k) (203 70)) S5 A AL Ay PR 3 SR A, AR T3 3
ST, W HIR IR A B R o SR, TR AR B S AR S T SR VR R A R R B, i vt R AR
eI, T R AU RE R RN R IR 1] 48 R LM R A ) R DR O R A A B A S G (1000~
2 000 mPa-s) [ TR 1A,

[ PAHB F2{E A 56 mg KOH/g, w(NCO) % #il R AAZE B A 2 Wil 3(a) B . Bl w(NCO) iy3gn, i
SRR ) 288 P TR AT . — TR, TSR AR G 40 1 R B w(NCO) Y BN T B3G5 59— i, AR 2R PP R R 3 Y
MDI W B BAE ], FARAK R B . AT LAFF], w(NCO) H 6% T B IATE 70 °C I 6 3294 mPa-s, A F)
TR R EIRA, T 2 i A PR B s w(NCO) hy 10% 1 TR AR AE 55 °C B 19 26 M 1878 mPa-s, w(NCO)
H 14% B FURIATE 40 °C B AZREEE R 1771 mPa-s, RGN RIS TR .

[ w(NCO) N 10%, PAHB [ FEE(E X 7l SR AR 26 BE (52 m A K] 3(b) fir s o B4 55 1 PAHB il £ 75 21 1
TSR AR W B T v, 3R PR R FRAEL I PAHB T T it 114 990 58 1R 1 i Bt mp 6 Y R TR 8 ( — NH— CO— ) L 3]
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Fig. 3 Viscosity-temperature curves for prepolymers with various (a) w(NCO) and (b) hydroxyl values of PAHB

B, AT AR5 0] 25 55 T2 B i 1) S B P 4%, DT e S50 vy P 20 5 3k P 280 B 222 S i o 00 2R R U 1) v 128
Wi/, 65 C W HFHE AT —3. Wik, w(NCO) K 10% H H R AR 55 C B FHGRE, w(NCO)
6% [T A4S R Yl BE AE 70 °C LA L, T w(NCO) A 14% 1 T SR A4 X6 1 I B2 R 40 °C.,
22 REESFANERSRIE
22.1 AEALK AP K Ao R B o HOTAR L Fe BLAE R 1) 69 ¥ el R AL PS R I RN K T PR S Akt R N .
JBE S R 2 S S R TR 5 22 e AE R AR, B B TR B AR R R RN R S R R K
SN AR G CO AR, B 32 52 e Y IR 1) 285 B R L /DA L2 . n SR A 5 oy s P 3 e I g, SR 7= A R B
T AR B AN, fe 2 FBOHI . JFRAF ) Je 2, R Rt RAgE I Ak, SR TCIE o ik, S 80 R IR %
WA IR 2R . @Ak i R IT, SR TR N 56 mg KOH/g 1 P4HB #4514 w(NCO) 2 10% [ 14, 75 A
B 4143 1) n(NCO)/n(OH) A 1.10, w(DC193) 4 0.36%, w(H,0) N 0.2% W5 25144 T, # 78 A RE 4L 57 (T9:
Sn(Oct),, T12: DBTDL, A33: w=33% [ = Z. M — i & B i, AL T 0 30 R 0.45% ) X i AR 25 A
KT IE] BT ] A s (] 4) o T e IR S & FIREE e B i Hf i) - A 80 R fee B, T12 5 A33 il & i il iR e iml
B IF 240G, Ju 02 A33 il & i 1 R e w2400 0 ™ H (& 4(a) ), X2 3 R fh 7 T 1 TR 58 ke
R B TA] AR ], (L A33 1l A 0 Y60 TR IO 60 B ) e, BRE BRI B3 22 (181 4(b) ), PRI E 9% T Ak iE 47 Jm 22
H1 F 45 28 8 1k R0 2= {2 2 PUF 9 7K i FHAR I i, HL AT — 8 RO 35 1k, DR O 22 7 R IE & 3 i Ak 1R
(BEE B ]2 F 300 s) 119 [7] B USR] i b B2 PG L i ot o0 8. 26 A R) & v 07 KRN BE 7 19 25 1 T, T Ak 5 o i 43

60
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Fig. 4 Effect of catalyst type on (a) foam appearance and (b) foam rise time and tack-free time
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B Cw(TO) ) S 160 VK A % 0 6 26 IWF i 40 5 00 4 1 5 1600
B o 900 T A 2 25 5 25 O 41 241 B wTO) £ 6 1 is;
TAE K . 25 w(TO) BEZE 0.27% it , 7k 10 JBE Bk i 1l e et |
1 300's 77 A4, 22 T 5 1 5o 10 S48 TO I 4 L —— Tackfrce time | ;00 5
B PRI PE TO MEFTIR 2095, L w(T9) [ 4 E30] E
0.27%. t: 1300 2
222 4 Fi# a3t PUF 5L B E o5 04 % v § f =

333 A I 7 P 28 2 9 1, T . 1%
Wi, B MRS . R w(DC193) 1 4 1531 1 L 100
PUF F {5t 12 0 PR R L AL #2430 A L 6 s V0 027 036 04s

1 P 6(a) £ €6, 28 HE P9 36 43 7T %1, w(DC193) it w9

i A2 SRR AR B L BT S T XHEAGR AT R 51

Fig. 5 Effect of w(T9) on foam rise time and tack-free time

& 6(b) Al %1, 24 w(DC193) A 0.36% I, 74 1 F
BIfLAE R 78 pm, (HFLARAE 120 pm UL b AU IRECR 302, 2B AU A3 A o X 2R ATV 2 LU 52 T A
VR, LR RN R, VAL RE RS E MEAIC, AHAB AL AR A K R R S A 0T, TR R R B
Lo X w(DC193) 1 K H 0.55% B, IR A3 FLAR TR R 62 um, HARIHAELERIE SRS . 2 w(DC193)
Ak K F) 0.73% B, WLIK B9 F LR F TR 66 um, 5 BB A A6, Zr A 875 . 24 w(DC193) 42 K &
0.91% I, FLAS -V 2 PEBUIEE 43 4, E WA 55 pm, 76120 pum A 0 B9 AL o 33 2 B Sy ask 42 19 40 1 50 A
SR ECE BN AL 2, RS T IEE B RN, S B LR N . AR A I, XL
S A I AR Y ST FLIR Y mT e e, (AR IR AL AR S . 28 LRTIR, w(DC193) K 0.73% A1k

0.025 w(DC193)/%:
(b) —0.36
—0.55
0.020 —0.73
—0.91
z
£ 0015}
o
=
z; 0.010
2
[= 9}
0.005 |
>

- AOC 0 20 40 60 80 100 120 140 160 180 200
w(DC193) = 0.73% w(DC193)=0.91% Cell diameter/um

Kl 6 (a) I w(DC193) K PUF fi e B2 K5 (b) w(DC193 ) X 0 iR FL A2 434 A 2 1 (w(NCO)=10%, OHV= 56 mg KOH/g,
n(NCO)/n(OH)=1.10, w(H,0)=0.2%)

Fig. 6 (a) Polarized optical microscopy images of PUF prepared with different w(DC193); (b) Effect of w(DC193) on the cell diameter
distribution of the foams (w(NCO) = 10%, OHV = 56 mg KOH/g, n(NCO)/n(OH) = 1.10, w(H,0) = 0.2%)

223 PUF # FT-IR & 4E  P4HB il PUF 9 FT-IR 3% [ 40 [ 7 fir 7, i PUF 9 1 48 2 44 5 : w(NCO) =
10%, OHV=56 mg KOH/g, n(NCO)/n(OH)=1.10, w(H,0)=0.2%. H &l 7(a) W] I, 7€ 3525 cm™! &b 9 J& F P4HB
() ¥2 FERFAE I 7 PUF WP 98 @78 2%, PUF #£ 3320 cm ™' b (B T N—H 45 fe 30 . 1 [ 7(b) Al A1, PUF £
1700 em™ &b H A XS FR A9 X0, Hodr 1720 em™ &b h 3k Bt PAHB BRI C=0 i 45 IR 3%, 1690 cm™ 4k Ay i
Btrp—NH—CO—H' 1) C=0 MgaiR s .t A& i 50 14 5t 2 5340 (0.2% ) AR, IR EEAZE PUF i) i L3R
/N, H—NH—CO—H C=0 M4 4Rshl 7 B E A . 1525 em™! 4k g & BE A N—H 25 3R s o . it oh,
SEEIRBETE 2248 cm™! 2 1Y) N=C=0 MW I 5¢ 4 TH 2K, R H 5 AR T o8 2 /U .

2.2.4 n(NCO)/n(OH) *t PUF A4k e4%va T TR IR 4 B A7 AL S 7K 43 LA S MDI AJ fig kA= 19— 22 Rl )2 hi;
(4 MDI [ 2R W 45, FB K (B 4143 ) S2Br il w(NCO) 5 HiE w(NCO) B2, I T %% A BT
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|
3 525:. |B 3202 248: 1 720“1 690 :1 525
40003 5003 0002 5002 0001 5001 000 500 2 000 1500 1000
Wave number/cm™! Wave number/cm™!

€7 P4HB Al PUF ) FT-IR(a) 41 (b) 5Bl
Fig. 7 (a) Full and (b) partial FT-IR spectra of PAHB and PUF

n(NCO)/n(OH) X} i1 7K J1 2= VERER 52, R U & A 210 T i, B A1 K B 4143 i = 1Y 5 88 K E 5 /b NCO
B & i, O R A 18 B9 n(NCO)Y/n(OH), A [l n(NCO)/n(OH) X i (1Y) PUF Bt J7 UL K F12# PEREan 36 2 FrR, A
. PUF B R 7 -0 728 g £8 an &l 8 T o

# 2  n(NCO)/n(OH) % PUF J12£ 1 AEAY R
Table 2  Effect of n(NCO)/n(OH) on the mechanical properties of PUF

0 ) Shore A Tensile strength/ Elongation at Tear strength/ Rebound Compression
n(NCO)/n(OH) m(A)/g m(B)/g )
hardness MPa break/% (kN'm ) rate/% set/%
1.00 9.98 90.91 45 1.2 194 9.5 23 42.6
1.05 9.98 95.45 48 1.7 211 12.5 25 35.8
1.10 9.98 100.00 52 2.3 219 15.7 26 315
1.15 9.98 104.54 55 2.0 204 17.8 25 37.8

1) Ingredient A: m(BDO) = 8.65 g, m(H,0) = 0.22 g, m(DC193) = 0.81 g, m(T9) = 0.30 g; 2) Ingredient B was prepared according to Table 1, entry 3; Foam density = 0.35 g/cms;
WNCO) = 10%; w(H,0) = 0.2%

W 2 7, 24 n(NCO)/n(OH)=1.00 I}, T 15 25, n(Ncoy;a(O%H):
PUF $i7 f#158 B 45 ik N 1.2 MPa, JE 46 248 K R85 —_—105
42.6%, Bl n(NCO)/n(OH) 4 K F 1.10, $r 5 J 200 =——1.10

s |15

L1 £ 2.3 MPa, R4 A2 I % T B % 31.5%, X2

Jy Bl NCO K A1 B 14 T, 4 T 5 6 A 2 400 g Ls)
PUF J12¢ FE R . B n(NCO)/n(OH) 4k £z K, 2

ik 25 b ok S ) NCO JEF 3, 314t 9 NCO 4] A10}
5 T 0 — A I 8 R Y R, N

KT SCHR S, 45 2R 24 MR 8 SR M0k R e, 20
DL Al B B E S, e AR I R TR, W A ‘ ‘ ‘ ‘ ‘ ‘
KR % R, 25 F TR, B n(NCO)/n(OH) 0 50 100 150 200 250 300

Strain/%
(42 55, PUF 19 7 24 1 B 52 I SE I NS /N 1 ka4,
K8  AN[El n(NCOY/n(OH) il 415351y PUF [ 1-5i 725 28
24 n(NCO)/n(OH) 4 1.10 i}, PUF £545MERE B i, ik lii] n(NCO)/n(OH) il %13 %1 7 F1- A 2

Fig. 8 Stress-strain curves of PUF obtained at different

J& 22525 H [ n(NCO)/n(OH) 4 1.10, n(NCO)/n(OH)

2.2.5 PAHB %4+ PUF Mabtd % LA [FR(E

() PAHB M KL, §l £ T w(NCO) 2 10% By TR, 78 n(NCO)/n(OH) 4 1.10, w(H20) A 0.2% (1% &L T il 25
43 T —Z % PUF, M6 12 EREINZE 3 FiR .
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723 PAHB JE{HXF PUF J12=PERE M 520
Table 3  Effect of the hydroxyl value of PAHB on the mechanical properties of PUF

OHV/(mg KOH- gfl) Shore A hardness Tensile strength/MPa  Elongation at break/%  Tear strength/ (kN'mil) Rebound rate/% Compression set/%

102 49 1.4 113 9.6 15 414
56 55 1.7 161 15.4 25 30.8
43 62 1.9 145 17.6 27 31.7

n(NCO)/n(OH) = 1.10, Foam density = 0.35 glem®, w(NCO) = 10%, w(H,0) = 0.2%
i % P4HB ¥ {8 M 102 mg KOH/g i /N & ~26.2 C

56 mg KOH/g, X 1ii PUF B 58 FE M 1.4 MPa 34 il _\‘\

% 1.7 MPa, WAL 1l 113% B2 161%, #2 _\AW\

B M 9.6 KN/m M4 /i1 & 15.4 kN/m, 7] 3% i 15% 7

HAINZE 25%. M DSC Ik FHiR £ (& 9) ml LIEH i

= 102 mg KOH/g
%, B PAHB S A9/1N, PUF 19 T, 91 5 T R, = fg e Egﬁji
BIEIN ) PAHB FE{H A FEAR, BPAE: (PAHB #57) 53 e a— e
TG, A TR B SO 43 B L T AL 7
Lkt RT3 5m E B4R o 75— J7 i, 24 PAHB 2 H 19 K[ P4HB ¥4 19 PUF 9 DSC —¥cTH 4
HRLE IR E 43 mg KOH/gh}, PUF RY AR EC A fifi B 4% Fig. 9 Second heating scans of DSC curves of PUF samples
éd;;J;iEllz '—%"— @J 62, Egﬁ ’Q ﬂ:/; %3 ﬂ_—[%— @J 31.7%, Hfﬁ'% 143 {Q q*{ prepared using PAHB with different hydroxyl values

MR B3R 145%, 33X 02 XA Bl 5 BB 4 1 i i 35 K,
PAHB 5 B 1Y 25 0 1] 35 00 o 330 A 90 TR TP RS A SR 0P | BT OE R AN SR oK, ZR TR, R E R
56 mg KOH/g i) P4HB [ PUF 7E 6 B | 5 B . [m] 58 . Fe 45 48 T8 J5 T 09 M G T 35 4, PR #8272 (64 56 mg
KOH/g ) PAHB #1715 L5250 .
22.6 KRE 45 HoF PUF abeg#ea ASWESE iR oK AR g e — 9 2 3651, SR R v VR A [ AR B AL v i
17 R 25, P2 % AL S IR AL B4 B EA R, SR RES I K. YBA» (1,
entry 3) R 100 g i, il &5 215 PUF IPEREANER 4 FToR . BEZE w(HL0) M 0.18% B4 0.36%, 7 A HB
[C A BN 49 $2F+ % 54, hifisR FE i 1.5 MPa $2F+ % 2.7 MPa,
2 4 w(H,0) XF PUF J2 1 BE A 52 1
Table 4 Effect of w(H,0) on the mechanical properties of PUF

Shore A Tensile strength/ Elongation at Tear strength/ Rebound Compression
w(H,0)/% m(BDO)/g m(H,0)/g .
hardness MPa break/% (kN-m ) rate/% set/%
0.18 8.75 0.2 49 1.5 201 15.7 24 334
0.27 8.25 0.3 51 2.1 191 17.7 28 30.7
0.36 7.75 0.4 54 2.7 244 18.6 26 26.6
0.45 7.25 0.5 56 2.4 225 16.9 27 272

m(DC193) = 0.81 g, m(T9) = 0.30 g; n(NCO)/n(OH) = 1.10, Foam density = 0.35 g/cm3, w(NCO) = 10%

H PUF () DSC X FHR ik (B 10) AT LAF 3, T, H—22.4 °C Fh i 2 -18.4 °C, X J& Kk & i 57 i 12 40 4
(R N (AR DR EE B 3G EAb, B w(HL0) 3G N, = A i) CO, SR IE N, 45 A F k36 PUF My FL45H4,
i H R AR AR T R [, (E R i 7K & 15 % PUF 124 PERE R T B, X2 PR 2 il A v (9 it R 2 i CO,
ST R R, o DR U RS G TR AR A BB IG . 2 w(HL0) B & 0.45% B, PUF BYFLfifi 58
JE . TSR 5 R S5 YA T R R
22.7 FEARF w(NCO) st PUF HAL 89 %ok [ E B 40 (3 1, entry 2~4) [fi & 4 100 g, iR A H w(NCO)
X} PUF F124 P BRI S2 M AN 5 TR o

w(NCO) H 6% 7l A il 45 B9 PUF AR 5R BEFE 2.6 MPa. 24 F R MR i w(NCO) 8 il & 14% K, X 1
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TR B A B B OB T B & 3.5 MPa. £ A [F] (1
n(NCO)/n(OH) By 14T, w(NCO) Ky T B 44, 4%
B R g, 6 W PUF H AR B — NH— CO—
2, —NH— CO—1E Y B AZ B £ % PUF A 2] #b
S IRV T, DT 2 TR R )2 s B . 55— T,
B 5 2R A w(NCO) B3I, PUF 1 W7 24 fh 4R
H 363% | [ 2 151%, B3R H 34% T B2 23%,
JE4728TE 2R 16.9% $& 5 & 45.3%. X FZREF R
P BE % B AR B ow( NCO) B4 i A= i ok 1
—NH—CO—%= ¥ Ji B 25 4 1) ) 38 28 16 1) 4%, s —
BRI T B T EER Atz sh AT R AR T, X —
M PUF B #h 22 PERE L BE & Hh, BE & TUR (R

N T O #3948

w(H,0)/%:
—0.18
224 C — (.27
—0.36
~19.9 C 45

-18.4 C

-16.9 C
-50 0 50 100 150
T/°C

El 10 AR w(H0) il ## PUF (1) DSC — U FHE Lk
Fig. 10 Second heating scans of DSC curves of PUF samples
prepared with different w(H,0)

w(NCO)H4 /i, X} . PUF {9 T, & BT & (B 11) o LR seai g B0, nl DUGE o el 28 1 3R iR w(NCO)
KA TAF PUF B9 1AV 5, (BRI 2 AN R85 B89 B 755K o
# 5 w(NCO) Xt PUF J12£ERE 52 0
Table 5 Effect of w(NCO) on the mechanical properties of PUF

Shore A Tensile strength/  Elongation — Tear strength/ Rebound = Compression
w(NCO)/% m(BDO)/g m(H,0)g m(DC193)/g m(T9)/g .
hardness MPa at break/% (kN-m ) rate/% set/%
6 4.80 0.21 0.77 0.29 33 2.6 363 16.2 34 16.9
10 8.65 0.22 0.81 0.30 63 2.3 218 213 27 323
14 12.50 0.23 0.84 0.31 79 35 151 28.4 23 493

n(NCO)/n(OH) = 1.10, Foam density = 0.35 g/cms, w(H,0) =0.2%

23 PUFEXRBAEHRKAENINEA

B PR T A A AR L AR SR DL R B A [ R A A TR 45 AR T . IR, A B 56 mg
KOH/g 1] P4AHB M J5U RG] £ w(NCO) Ry 6% B9 T SR AR, ZEfEAL ] T Jit i 40 %N 0.27%, &350 i & 43 Kk
0.73%, n(NCO)/n(OH) 4 1.10, & W85 5 £ 43 50K 0.36% B 0L T, 7ER B bl 4615 3] T % 8 0.37 glem® 1

KALHEEP R, HEE AR 12 s

w(NCO)/%:
—0
—24.3 C 10
— 14
-17.9 C
-11.2 C
=50 0 50 100 150
7/°C

Bl 11 AR w(NCO) BUER A %1% PUF (19 DSC YT 2k
Fig. 11 Second heating scans of DSC curves of PUF samples

prepared from prepolymers with different w(NCO)

@

(b

12 (a)P4HB-PUF #E i IE T A1 (b) PAHB-PUF #E i
He
I

Fig. 12 (a) Front and (b) back views of the PAHB-PUF shoe midsole

JITAS A i 5 e 0 A A1 BN W) 1 7 A PUF 8 PRSI PR RE XS LL AN 32 6 T/ . 45 5 3% B, P4AHB-PUF #E
RS AP 5ER R 2.6 MPa, B 244K R0 358%, #2455 &k 13.9 kN/m, 4328 24558 4 4 3.3 kN/m, J5 IR i B
6.5 mm, FUE 24 h (Y 45 AETE RN 12.8%, [l 355y 33%, HoPERE R 5 46 16 4 A 5 FR 2> =) 7 dh £k (1) MIDI 74
PUF #Er AR SE



#2H I b, AF R (4REE TR ) 2R ARG IR 05 A B4 R 7 T A S 137

% 6 PAHB-PUF #E P 57 i i PUF P AR BEXT LU
Table 6 Comparison of properties between PAHB-PUF shoe midsoles and commercial PUF shoe midsoles

Foam density/ Shore A Shore C Tensile Elongation Tearing strength/ Delamination Wear scar Compression Rebound
Shoe midsole
(g/em’) hardness hardness strength/MPa at break/% (kN'm™) tearing strength/(kN'm ") width/mm set/% rate/%
Huafon PUF 0.35 37 56 3.1 326 11.0 1.9 <7 12.5 24
P4HB-PUF" 037 35 55 26 358 13.9 33 6.5 12.8 33

1) n(NCO)/n(OH) = 1.10, w(NCO) = 6%, w(H,0) = 0.36%
3 & &

(1) LA PAHB 1 MDI Jy J5U}Hfil 8 15 2R [R] w(NCO) I TR A, 76 BDO 4857 . K Ry & 1700 1 S50 B
il & 1% %) &5 PUF.

(2)2F R S5 AR Ry A A 700 S A R 88 e AR 5 00 IS 7 P~ 9/ Y DR 284 i) AT, G g I B 128 43 80K 0.27%
A T 14550 T 538K (0.73% ) A R T AR R 1 R 5k T, 49 B FLALAR I 5) 43 AR 1 PUF. Y4 PAHB 2 {H
M 56 mg KOH/g. n(NCO)/n(OH) 3 1.10., w(H,0) 4 0.36% I, il %5 2| i) PUF L5 A MEfE el

(3) R BRILIR 09 24 PERE T LU i R A 5 w(NCO) #EAT I8 35, B w(NCO) B4R 55, PUF 43 T4
—NH—CO—$4 i1, Yy BEAZIR s 48 i, fr 45 PUF 1B B2 Az f i J32 49 G (EZ TR AR Hh w(NCO) ik, JE iy
it it —NH—CO—2zift — 25 IR il PUF 43 T84 (032 )y, S 3r a8 | g ey N | FR4i A TE F 1K

(4) R FH#2{E N 56 mg KOH/g i P4HB il £ w(NCO) i 6% ) Hi R 1A, 24 n(NCO)/n(OH) H 1.10, w(H,0)
M 0.36%., w(DC193) H 0.73% I, il £ 15 2 % B Ky 0.37 g/em® (R 8E H S, HEA& T01E RE 5 g 48 A1 A RN 7Y
MDI #4 % 3§ RS P BEAH T .
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