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¥ 341 10 mmol PEG 1 PTMG Jin A\ = [ B3k
H, 110 °C B 2 B 7K 2 hs ¥ #1260 °C J5 i A 60
mmol IPDI, 7£ 90 °C i % 2 h: ¥ 1 % 60 °CJ5 I 10
mmol BDO, £ 80 °CHN I £ AT H 8 S M 1 hs %
122 60 °CJ5 M TMP, 7£ 70 °CZZHL 1 he R )54 4A]
2 60 °CHIN 5 HIE WAL, 76 70 °C T4t 4
h: ¢ J5 » I\ 40 mmol HO #EAT ¥ 5% , S B 34 18]
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Vertex80+Hyperion2000 74 {8 HL IH-A% 46 21 AR5l Ak
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1.3.2 PUU A Lo ik M e )X =0, 7E 5 B 1K
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[ AR PUU A AR 25 mmx4 mm MEEIR E T
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JEFRHR R, B2 AR KR E] 100%.
1.3.3  PUU ## & &9 454 b2 48 03X, 5 T8 19 PUU £
i 25 mmx4 mm WEEIR . SR Instron5967 Hi ¥
T3 e BHRIE ML (ZE [FH Instron 2 1), 43 A R T4
JBE « 3R ST AT v K RN 100% 7 Ik 28 7K B Jie 1) v e
. IR Y 100 mm/min, 91 3 Y FIME .
1.3.4 PUU A & 649 )5 45 P A 3K o PUU FE B30
B 42 10 mm- = 10 mm B F 7% , K H Instron5967 T
JIREABHRIRAIL , 23 A MR it 75 T AR AS P v

SR =

Tab. 1 Composition of raw materials of PUU samples

Sample /nzllg”i’"]li/[(g)“’\ n(IPDI)/mmol n(BDO)/mmol  m(TMP)/g Zgzlgtir;lfg 7;?;(31)
PUUL 5:0 60 10 0.179 0.10 40
PUU2 4.5:0.5 60 10 0.179 0.10 40
PUU3 4:1 60 10 0.179 0.10 40
PUU4 3.5:1.5 60 10 0.179 0.10 40
PUUS 3:2 60 10 0.179 0.10 40

(MPEG/PTMG is mole ratio
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Fig. 1 Synthetic route of a hydrogel
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Fig. 2 Infrared spectra of dry adhesive films with different PEG/
PTMG mole ratios
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Fig. 3 (a) Equilibrium swelling plots of PUU with different PEG/PTMG mole ratios in deionized water at 37 °C; (b) partial

enlarged view of (a)

Tab. 2 PUU1~PUUS hydrogel Fickian diffusion law parameters

Sample n R Mechanism
PUU1 0.6412 -2.3908 0.9999 non-Fick
PUU2 0.6321 -2.4050 0.9992 non-Fick
PUU3 0.6443 -2.0386 0.9989 non-Fick
PUU4 0.5780 -2.2949 0.9998 non-Fick
PUUS5 0.5616 -2.0639 0.9999 non-Fick
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— ] 43R 3 B 24 n<<0.5 W), J& T Fickian 5 24
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Ul Tab.2 A7 o
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Fig. 4 Relationships of In t with In f for different PEG/PTMG

hydrogels
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Fig. 5 SEM pictures of PUU1~PUUS

Tab. 3 Secondary kinetic parameters of PUU1~PUUS hydrogels

Sample Ax107 Bx10° S./% kx10%/h" R ESR/%"
PUUI 1.96 5.87 170.36 1.76 1.0000 168.49
PUU2 2.63 6.68 149.70 1.70 0.9999 147.78
PUU3 2.20 8.33 120.05 3.15 1.0000 118.98
PUU4 3.50 10.13 98.72 293 1.0000 97.55
PUUS 5.55 13.42 74.52 3.27 0.9997 74.19

(DMeasured equilibrium swelling rate
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Fig. 7 (a) Tensile stress-strain curves of PUU dry gel samples; (b) tensile stress-strain curves of balanced swelling hydrogel samples; (c)

tensile stress-strain curves of 100% swelling hydrogel samples
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PUUI~PUUS T-#E , 15 M T4 1 7K B R DA B s Tk 26
N 100% [ 7K B Jisz 1) oz e 5 55 5 D Al K 26 1 o
PTMG fI N & 138 2 1 £ — B EA . Fig7
() T M oz A 55 P52 M 8.02 MPa 4 i1 £1] 15.33 MPa,
T A T A K Rk 3] 1122.4% , Fig. 7(b) V- 47 v ik 1)
TR BRI F 47 A 5 B A 1.74 MPa 31151 10.53 MPa,
KR KR IEF] 1121.6% , Fig.7(c) 100%3% ik 7K
FiE 149 Bz AF 5% B 43 ) N 3.73 MPa, 6.47 MPa Fl 7.16
MPa,

EH T 7K 5 W 1 3 2 1 R s e LK, A K
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P H ) 2 k5 A AT R B 23— v ) Bk ) S B A B
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Fig.8 73l 45 th PUU T8 P47 v ik DA S i ik
2R 100% 1 7K B Je A% s 1 s 4 2 77 - A8 it 48, e
95 N A I N 90% . Fig.8(a), T %k I 1 T 45 N2 77 M
66.79 MPa & i %] 131.71 MPa, [ 45 8 M 2.10 MPa
B4 9.86 MPa; Fig.8(b) , i iz ik i 7K e it 1 15 4
% 73 M\ 1.02 MPa 3 Jii1 ] 87.72 MPa, JE 4 & & 0.31
MPa 1 Jil1 1 5.30 MPa; Fig.8(c), 100% 1% K /K ¢ 1% 1)
JE 45 N 7153 51 A 2.65 MPa, 35.18 MPa #191.71MPa,
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Fig. 8 (a) Compressive stress-strain curves of PUU dry gel samples; (b) compressive stress-strain curves of balanced swollen
hydrogel samples; (c) compressive stress-strain curves of 100% swollen hydrogel samples

Fig. 9 Comparison chart before and after hydrogel compression
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Fig. 10 (a) Compressive stress-strain error bars of PUU dry gel samples; (b) equilibrium expansion compressive modulus error bars
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JE 4 A5 23 5] 4 0.52 MPa, 1.42 MPa #11.53 MPa.
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properties of sulfonic waterborne polyurethane hydrogels with

Influence of PEG/PTMG Mole Ratio on Performance of
High-Strength Polyurethane Urea Hydrogel

Yunan Zhao, Yiping Huang , Junjie Bao, Huijie Zheng, Mingming Zhao, Qingqing Quan, Ganggang Zhu
(Key Laboratory of Environmental-Friendly Polymer Materials of Anhui Province, College of Chemistry and
Chemical Engineering, Anhui University, Hefei 230601, China)

ABSTRACT: Using 1,4-butanediol (BDO) and water as chain extender, the ratio of polyethylene glycol (PEG)
and polytetrahydrofuran ether glycol (PTMG) in soft segment was changed to synthesize a series of polyurethanes
(ureas) and the hydrogels were prepared. Polyurethane (urea) and different forms of hydrogel were tested by
infrared spectrometer and electronic tensile machine, and the results show that with the decrease of PEG/PTMG
mole ratio, the tensile strength, tensile strain and compressive modulus of the hydrogel are enhanced, and the
swelling rate is reduced. In the initial swelling phase, the hydrogel diffusion index is greater than 0.5, indicating
that the swelling behavior in the initial swelling stage is non-Fickian diffusion. When the n(PEG)/n(PTMG)=4/1,
the tensile strength, compressive stress and compressive modulus of the swelling equilibrium hydrogel are 3.53
MPa, 37.02 MPa and 1.51 MPa, respectively, and the swelling rate is 118.98% . PEG/PTMG polyurethane
hydrogels are expected to be applied to artificial cartilage tissues.

Keywords: polyurethane urea hydrogel; mechanical properties; swelling kinetics



