54455 1 T B o ok N Vol.54, No.1 !
2026 4 1 H ENGINEERING PLASTICS APPLICATION Jan. 2026

doi:10.3969/j.issn.1001-3539.2026.01.001

=R EIER MDI E RSB H R & i 5 1ERE

hERES, ML, IKEE, R, Ri8E, B, Keh, RAeE, KifE, KFR, HHE
(ORI Tk 2= B, LS4 R B A AT UL, KB 030008)

T A s = R A W b = 5 FUBR B (MDID) A 2R R s 7R 5 W B A0y B 5 SRR A B R R B e B AR ) A
o) 4 B2 A Y S R 40 T R, , BROIRAR LR ML HE P AR L, AR 4E Sk R S AR B R AR AL 3 M ) R R B S U B
A F A s BT B R 5 69 MDI AR R B SR, B TR RS T AMDI AR Ke-TAE T
B (PCL-1000)#= R B¢ % 7UEE(PPG-3) 4 2k B 44 i5 9] MDI A 8 2.8 # AR (TMPU), 2 4K T TMPU ¥ RE &4/ [ 2
ZBE1,8-F =B 1,2-F = Fi(1,2-ODO)| A PPG-3 & & 3 A E Bl M A A e 69 % vk, AR50 &9, 1,2-ODOE A
P 4R T 2 F RS E M, TMPU 8935 08 & 51 3 T35 95%, B8 AR A 4.77%, AR TiL 2] 1.65 A L3I
PPG-3, TMPU #9344 3% J& 3% & 7 34 45.0 MPa, 4 2L 3% & 5% 3% 115 kKN/m., #tsh, 31N 1,2-0DO #9 5K Mk 2 ) 4
STVA Y B BCE TR AR G SRR A ik A 3R £ 106°, i@t £ 43R F #(DSC)ALXT TMPU #9 3k 3510 £ 08 & )L(Tg)kﬂ'
AT, 2R A TN 1,2-0D0 #1449 TMPU 44, 3 T, 4 18.5 °C, 3% & T L =B 41 &-49 TMPU(-14.5 °C)## 1,8-F
Z B4 &89 TMPU (=13.1 °C), 3h S #AURS AT P T, 89 TAALH 5 DSC g — 5, #ESH R 57,1,2-0DOK & F 51N
PPG-3 /& , TMPU #4745 4 8 & 32 7+ £ 263 °C, B I th RAF 09 AASE 1

F4BR  BABE TR A A5 1,2-F B BE W AR B Ak

FESFES:TQ323.8  XEAHRIAFE:A  XEHE:1001-3539(2026)01-0001-10

Synthesis and properties of high strength and transparent polyurethane elastomers with MDI
SUN Ruibing, LI Yunlun, ZHANG Tao, KANG Yunshuo, DANG Haichun, BIAN Xiangcheng, ZHANG Jing, WU Chenying,
LIN Mengyu, ZHANG Ziliang, YANG Siting
(Shanxi Center of Technology Innovation for Polyamide Materials, Taiyuan Institute of Technology, Taiyuan 030008, China)

Abstract : To address the issue of low transparency in diphenylmethane diisocyanate (MDI)-based polyurethane elastomers,
chain extenders containing hydrophobic alkyl chains were employed to inhibit the formation of hydrogen-bond networks between
chain segments, disrupt the orderly arrangement of hard segments, reduce crystallinity and improve the compatibility of soft segment
phases. Subsequently, polyether polyols were used as branching centers to produce MDI-based polyurethane elastomers with both
high strength and high transparency. Using a prepolymer method, transparent MDI-based polyurethane elastomers (TMPU) were
prepared with MDI as the hard segment, and & -caprolactone polyol (PCL-1000) along with polyether polyol (PPG-3) as the soft
segments. The effects of different chain extenders [ethylene glycol, 1, 8-octanediol, 1, 2-octanediol (1, 2-ODO)] and PPG-3 content
on the transparency and other properties of MDI-based polyurethane elastomers were systematically investigated. The results indi-
cate that 1, 2-ODO can significantly enhance the transparency of TMPU materials, with the light transmittance reaching up to 95%,
the minimum haze of TMPU is 4.77%, and the refractive index can exceed 1.65. Additionally, the tensile strength of TMPU reaches
45.0 MPa, tear strength reaches 115 kN/m by adding PPG-3. In addition, the introduction of hydrophobic alkyl side chain of 1, 2-
ODO can significantly improve the hydrophobicity of the elastomer, increasing the contact angle to 106°. Differential scanning calo-
rimetry (DSC) was used to analyze the glass transition temperature (7,) of TMPU. The test results show that TMPU prepared with
the incorporation of 1, 2-ODO has a 7, of 18.5 °C, which is significantly higher than that of TMPU (—14.5 °C) prepared with ethyl-
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ene glycol and TMPU (—13.1 °C) prepared with 1, 8-octanediol. The variation trend of 7, obtained by dynamic mechanical analysis

is consistent with that from DSC. Thermogravimetric analysis indicates that after introducing PPG-3 into 1, 2-ODO system, the

initial decomposition temperature of TMPU is increased to 263 °C, demonstrating excellent thermal stability.

Keywords :polyurethane elastomer ; chain extender ; 1,2-octanediol ; high transparency ; microphase separation ; mechanical

property
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Tab.1 Experimental formula

Prepolymer

Sample m(PPG- m(PCL- m Types of chain ~ m(Chain
P 3)/g 1000)/g (MDI)/g extenders extenders)/g
TMPU-1 0 100 75 EG 10.6
TMPU-2 0 100 75 1,8-ODO 25.1
TMPU-3 0 100 75 1,2-0DO 25.1
TMPU-4 0.9 95.5 75 1,2-0DO 25.6
TMPU-5 3 85 75 1,2-0DO 26.9
NCO

PPG-3

75~85°C,2h

1,2-0DO

N o ﬁ M jlv MO \ N
A LT s S S N R YV

El1 TMPU & s n =&l
Fig. 1 Schematic diagram of TMPU synthesis route
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Fig. 2 FTIR spectra of TMPU
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Tab.2 Molecular weight data of TMPU

4 4 4

Samples f;’fo}‘{) Zfﬁfﬂ) Z[i;xoiol) [n)/dL-g) PDI
TMPU-1  0.295 0.879 1.81 0.62 2.97
TMPU-2 122 3.26 7.12 1.50 2.67
TMPU-3  1.82 461 10.0 1.4 2.53
TMPU-4  0.793 241 5.48 0.94 3.04

Notes: M, is number-average molecular weight; M is weight-aver-
age molecular weight; M, is Z-average molecular weight; [7] is intrinsic

viscosity; PDI is polydispersity index.
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Fig.4 XRD curves of TMPU
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Fig. 5 SEM photos of TMPU
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Fig. 6 Comparison of transparency of TMPU
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Fig. 7 UV-Vis curves of TMPU
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53.6% F161.5%, 63 b 435l K 40.8% 1 52.2% , 41
J6FAUA 1.54 F11.55. LA 1,2-0DO R ¥ 4% 71 ()
TMPU-5 #1 B} 1915 6 23K 94.3%, i & F TMPU-1
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Tab.3 Transparent test data of TMPU

Transmittance Transmittance Refractive

Samples  Haze/% (@)% (b)/% index(n,)
TMPU-1  100£0 53.612.5 40.8+2.1 1.54£0.3
TMPU-2 1000 61.544.0 522425 1.55£0.5
TMPU-3 47715  87.8432 87.842.2 1.670.2
TMPU-4 52322  95.0+3.9 92.2+3.1 1.65£0.3
TMPU-5 5.76+1.8 94.3+2.7 91.4+3.4 1.59+0.2

Notes: Transmittance (a) is obtained by haze meter test; transmit-

tance (b) is obtained by UV-Vis photometer test (800 nm).
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BIEEA B B RO 3 EE i, TMPU-3 i3
HFaibf T 87.8%, BN R bIkE] T 87.8%, %5 A
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Tab.4 Mechanical performance tests data of TMPU

Tensile Tear

Samples strength/ ]ii(;iiztﬁz strength/ Sho:leesllsard-
MPa (kN-m")

TMPU-1 28.8+4.1 267+48 114+4 94.0+0.4

TMPU-2 38.4+1.2 420£12 135+2 96.0+0.5

TMPU-3 36.3+3.3 373+18 55+4 77.0£0.2

TMPU-4 45.0+1.6 31046 75+4 85.0+0.6

TMPU-5 39.9+0.7 327+35 115+12 97.5+0.3
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Tab.5 Solubility test data of TMPU

Samples G/ S%
TMPU-1 0 0
TMPU-2 0 0
TMPU-3 0 0
TMPU-4 0 0
TMPU-5 100 1216

TMPU-1 TMPU-2 TMPU-3 TMPU-4 TMPU-5
&8 TMPU 7£ DMF Hi e 24 h 5 A IE A
Fig. 8 Photos of TMPU after resting in DMF for 24 hours
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Tab. 6 Thermal performance test data for TMPU

7, 7, T /T
Samples  (DMA) (DSC)  T,°C e et T,
°C °C
TMPU-1  -1.58 —145 256 257 327 406
TMPU-2  -131 —13.1 296 322 339 386

TMPU-3 38.8 18.5 246 263 320 387
TMPU-4 38.0 20.3 258 273 333 378
TMPU-5 43.9 22.2 263 272 331 400

Notes: 7,(DMA) is glass transition temperature detected by DMA;
T(DSC) is glass transition temperature detected by DSC; 7j is initial

decomposition temperature; 7,

max

is the maximum decomposition temper-

ature of small-molecule organics; 7

e 18 the maximum decomposition

temperature of MDI hard segment cleavage; T

a3 18 the maximum

temperature of soft segments decomposition detected by TG.
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