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Fig. 1 (a) Synthesis route of PUU elastomer. (b) FTIR spectra of PUU and PUU-s elastomers. (c) Survey XPS spectra for PUU
and PUU-s. (d) Surface morphology and element distribution of PUU-2 elastomer. (The online version is colorful.)
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Fig. 2 (a) tano curves of PUU-s eclastomer. (b) Curves of the E' of PUU-s elastomer. (¢c) TGA curves of PUU elastomer.
(d) DTG curves of PUU-s elastomer. (The online version is colorful.)

Table 1 Thermal properties of PUU elastomers.

Sample Ty5% (°C) Ty 100 (°C) Ty300 (°C) Tyri (°C) Ist Tma;n(d 2 3rd

PUU 273.90 294.62 348.97 156.28 294.39 398.18 -
PUU-2 wt% 284.76 306.37 368.16 164.05 317.41 368.19 423.16
PUU-3 wt% 289.13 311.97 371.18 165.80 300.20 362.10 422.86
PUU-4 wt% 291.82 313.42 369.92 165.95 310.90 351.35 424.14
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Fig. 3 (a) Stress-strain curve of PUU-s. (The online version is colorful.) (b, ¢) Bar chart of mechanical properties of PUU-s
elastomers with different PDMS contents. (d) Compression set of PUU-s elastomers with different PDMS contents.

Table 2 Mechanical properties of PUU elastomers.

Elongation at break

Sample Toughness (MJ/m?)

Tensile strength

Y ’ dul
Oung S mocuius Shore hardness (A)

(%) (MPa) (MPa)

PUU 514.7+11.3 88+6.6 43.5+4.1 64.949.1 90
PUU-2 wt% 538.3429.7 99.6+9.3 39.7+1.8 69.5+11.5 88
PUU-3 wt% 471.6+43.0 82.2414.6 39.0+4.6 61.8£14.9 89
PUU-4 wt% 527.6+10.9 88.0+4.7 36.6+1.3 68.9£10.4 88
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Fig. 4 Loading and unloading curves of PUU (a) and PUU-4 wt% (b) under different strains. Cyclic tensile tests of PUU
(c) and PUU-4 wt% (d). Dissipated energy (e¢) and maximum stress (f) of PUU and PUU-4 wt% with the number of cycles.

(The online version is colorful.)

U MR B SR TH G5 AL, 3 T R e G S R K
REC). 8 T 7K 55 ol R T 2 ) ) ke £ o
PR FE PUU-s [ R T SEHK HERE, W S() s .
B T {5 ) Al S 8 s K 3 T AE R R T
3ANANE XN, I IV 3B AE R i 1) 4 fil
. G5 EW] . BE% PDMS &I, PUU Y
IR Bl A 75,208 R 22 95.2°, PUU-4 wt% [ #%
filh ff 34 0 T 26.6%. BT PDMS B A HAK R 11
Ae, EREGWREIE T EERIE, BT
PUU #UHAR R T 5K 77, HISS T 38KEE ST, &
2 53R A BRI BRREY. HRHE Fowkes 72571

IR -SSR AL B 2R TH 7K 7T (yy = 72.7 mN/m) Al
KR F1(8 = 23.9 mN/m), FF45 4 KB fil
FTHE PUU Kok 5 A AR R T R (A X
(3))3. fifi &5 PDMS 7 & M 0 wt% 38 I 22 4 wt% ,
PUU-s [ R [ BEAK XM 90.2. 82.8. 73.6 F144.8
mN/m. 5 PUU M LL, PUU-4 wt% [ 2 If At P A%
7 50.3%. [Klt, K F PDMS Xf PUU #1444 3k 4T
otk A BT OGE R R L AR YR DU AR
18, PR BB DA R i i A P e 2 R T PR RE 1Y
SEMAR6AT, SR A Y FRAR T e A Bh T 32 mdh kL
TS B 1A R D B2 I A 1 e



1864 =0

n T

ok 2023 4F

120 F(@)

5 100 -

Water contact angle (

UV

100 L ®

75 1

501 I

25+¢

Surface energy (mN/m)

?UU oU Ul wto/ 0? U A w&o/ 0? uU A w&o/ °

Fig. 5 Contact angle (a) and surface energy (b) of PUU-s elastomers with different PDMS contents.
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Research Article

Study on Poly(urethane-urea) Elastomers as Sealing Material for Tunneling
Boring Machine’s Main Drive

Jing Yang, Yan-hui Li, Shou-bing Chen, Xin-rui Zhang, Ting-mei Wang, Qi-hua Wang, Yao-ming Zhang"
(State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000)

Abstract Four kinds of castable poly(urethane-urea) elastomers (PUU-s) were prepared by introducing
different contents of hydroxy-terminated polydimethylsiloxane (PDMS) to the PUU, which was synthesized with
polytetramethylene ether glycol (PTMEG), 2, 4-diisocyanato-1-methylbenzene (TDI) and 4, 4'-methylene-bis(2-
chloroaniline) (MOCA). The effects of PDMS content on the mechanical properties, heat resistance, fatigue
resistance, recoverability, dielectric resistance, and tribological properties of PUU-s were systematically studied.
The results show the diamine used as curing agent reacted with —NCO and yielded the urea group, which offer
high density hydrogen bonding sites that allows the PUU elastomers to perform an excellent mechanical
properties. The tensile strength, elongation at break and toughness of modified PUU-4 wt% elastomers are (36.6+
1.3) MPa, (527.6£10.9)% and (88+4.7) MJ/m?, respectively. While PDMS was introduced to the PUU through
chemical bonding, the PDMS content affects the physico-chemical properties of the PUU. The transition
temperature of PUU-s elastomer decreases from —24.3 °C to —26.4 °C with the increase of PDMS content. The
lower surface energy of PDMS endows PUU-s elastomer with excellent heat resistance (7pg; = 165.95 °C) and
hydrophobic properties (surface energy = 44.8 mN/m). In addition, due to the enrichment of PDMS on the surface
of PUU-s elastomer, the wear loss and friction coefficients decreased from 0.074 cm3/1.61km and 0.2 to

* Corresponding author: Yao-ming Zhang, E-mail: yaomingzhang@licp.cas.cn
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0.022 cm?/1.61km and 0.05, respectively. The excellent anti-wear resistance is comparable to that of commercial
high-performance thermoplastic polyurethane. Moreover, the poly(urethane-urea) elastomer prepared in this study
possesses excellent solvent resistance, the tensile strength remains (45.48+7.3) MPa even after long-term
immersion in 80 °C water, which indicates the long service life of our PUU elastomer as sealing material. On one
hand, the flexibility of PDMS could reduce the intramolecular friction, on the other hand, the dynamic
dissociation and recombination of high-density hydrogen bonds consumes partially solve the friction heat
accumulation caused wear and sealing failure. Therefore, the PUU synthesized here can be used as a sealing
material under harsh conditions, such as the sealing material for the main drive of the tunneling boring machine.
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