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Influence of Copolyether Diol on Low Temperature Resistance of Laminated
Polyurethane Bearings

YUAN Yong', XU Xiaoxing

(School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The low temperature resistance of castable laminated polyurethane bearings(CLPB) was improved by
introducing 3-methyl-tetrahydrofuran/tetrahydrofuran copolyether glycol(3MCPG). The mechanism of the effect
of different 3MCPG mass fractions (0%, 6%, 9%, 12%, 15%, and 25% ) on the polyurethane elastomer( PUE)
was investigated at the microscopic level, and a series of mechanical experiments were conducted at 23, 0, — 10,
—20 °C for the modified PUE and CLLPB, respectively. The results show that, by the introduction of SMCPG, the
degree of microphase separation and glass transition temperature of the soft and hard segments of PUE are reduced.
Compared to the tensile strength at 23 °C, the tensile strength of PUE-0% and PUE-25% at —20 °C is increased
by 50.8% and 20.1% , and the vertical stiffness of CLPB-15% and CLLPB-25% compared to that of CLPB-0% is
decreased by 2.5% and 4.4% , and the horizontal stiffness of CLPB-0% and CLPB-25% is increased by 106.0%
and 44.2% at — 20 °C, respectively.

Key words : copolyether diol; laminated polyurethane bearing; low temperature resistance; degree of

microphase separation; vertical stiffness; equivalent horizontal stiffness
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Table 1 Basic properties of materials

Material Molar mass/(g-mol ) Melting point/°C Density at 40 °C/(g+cm ) Flash point/C
PTMG 2000.0 35.0 0.97 280
3MCPG 2000.0 12.0 0.97 310

TDI 174.2 21.8 1.21 111
MOCA 267.0 107.0 1.35 208

1.2 A&

PUE >k H] #il K 2 & . & 56, % PTMG Fl
3MCPG 1R & % A TE 5 100 1 5 R B2 3 100 3 38 Sy
i 3MCPG # # w( L PUE i d ) 3 518 0% .
6% .9% . 12% . 15% .25% " ¥ 3 BE f4 F5 7E 105 C,
Zoanh 1 hfii R — IR G W 5 A T IBK R E R
Z75°C, % TDUM A FHE A W IFAE 75 “CF fig 4%
2 h DL 2 FURAK B2 E K MOCA W 1) 11 2§
P IR P A RN S R . B R RV TR A ) e
HEAL T 7E 120 CFBiAL 1 hJe 345 7F 100 C
itk 12 h, 15 8 PUE {4 .PUE %) & 5 0 an &
1 ffi7s .PUE # it %78 5 PUE-w.

b T il % CLPB, PUE 1 K A i i 28 & i
CLPB #y il £ i B2 0 & 2 Bir s . 76 5 30 M 41 25
CLPB A5 H 2 i, 4 A 2 11 28 3 it 420 0 il i 4z 38, DA
Hm PUE SN M = (8] 09 742 1 B )5 ¥ PUE BedE
LA AKX T H] T i %5 CLPB (9 89 Al 542 F1
JEEHE 3 59 R 300, 4 mm. 4 CLPB 75 % 5.84 kg 1
PUE ¥ i 28 B 81 B AL & 6 Jedl il .CLPB i {4
RN CLPB-w.
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¥ SPM-9700 #4 J5 + J7 W f 55 75 % i T P
1 Hz 4l W58 PUE G TE &, PUE 14 RS Ry
24 mm X 8 mm X 2 mm. ¥ F DSC-2C B 2% /5 3 3 i
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PUE £ fi A9 8B FC A B2 AR 4l ASTM D2240¢Standard
test method for rubber property )7E % i I 5 .
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RV R, an B 3 BT, B Ak A 3 i A AR R
TR JE R A7 8 h. 5% FH L164D AU I DeMattia i 3735
5 ML PUE 32 £ 3 47 1t ith 7 P g 003, 000 3 4 AR
GB/T 13934—2006{ i Tt A5 15 25 H4 28 1 A e it 4
SR04 11 38K 0 (78 B 7 SR YR AT, B UG 5
STl i o - N T T G S o |
SYWY-35000D # i % ] ik 2l &5 & 857 3 46 AL F0
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5 8 ] s 45 ARV 57 )85 AR S GB/T 20688.1—
2007 e S HE 55 1 8B4y - W s AR e SRR IR0 T 1)
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Fig.2 Preparation of CLPB
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Fig.4 Three-dimensional model of CLPB

®2 CLPBHIR~TS#
Table 2 Size parameters of CLPB

D/mm dy/mm T/mm ¢./mm n S,

320 300 120 8 7 9.4

Note: D—outer diameter of CLPB; d,—diameter of inner steel
plate; T—total height of CLPB; ¢,—thickness of single inner PUE
layer;n—number of PUE layers;S,—first shape factor.

2.1 AFM & #7

A A SMCPG # # F PUE iy AFM & I [& 5 fir
N A B A bR R M AL 22 0. f B’ 5 (a) 1T
UL PUE b W AR &5 4 , B B 23 F 18] 5 & R Ui, 9 3%
RBHC T BT 52 DX, 76 MR T 22 43 5ORE 5 15 X0
OB WP 55, ME LIS B — RE AR R ZE M R 2
S A 5 RS B S T AT, R 3 R B e, [R5
PUE #4 B R . i &1 5 (b) ~ (D) 7 UL« B %5
3MCPG £ #4255, SMCPG Ryl 5L FH A5 T 4 )5
SR TE B, 05 750 B A X L B 5 5[] At A R B 11 5
AR T 0 F 5 W B R AIR T o TR s in e 1
gy T FRORE B 2 IR T BT A I AH 0, R B0
A A3 5 A FEE (Y B AIG . 2 W1 PUE Hp iy 5 B AT R 52 19 9
P B 55 T, 3 B Oh A P AR I T4 2
)T HH

8 0/): 0/(°): 01(°):

P 20.39 18.59 15.00
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0/(°): 01(°): 0/(°):

17.00 12.56 11.97
-14.57 -13.61 ~13.77
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Fig.5 AFM images of PUE with different 3MCPG contents

(f) PUE-25%
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PUE-0Y% f4 7 2401 4 2 iy 489 U F&AK 3] 467 %, 24k,
oM —4.5% 3\ PUE-25% iyl 240 26 i 625 %
PR3 612% , 284k % K —2.1%, i B SMCPG 7] LA
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Table 3 T, for PUE with different 3MCPG contents
C

PUE-0% PUE-6% PUE-9% PUE-12% PUE-15% PUE-25%

—29.4 —35.1 —39.4 —44.9 —48.0 —57.9

R AR ARG I % PUE By 2404 8 10 52 5 >4 022 M 23 °C
T B #] —20 CHE, 3K 4 PUE-0Y% % BT 47 58 FE
36.2 MPa 14 /il #] 54.6 MPa, 3 & %} 50.8% , i {1
PUE-25% RYBTHIHREE M 25.4 MPasfin#) 30.5 MPa,
B KR 20.1% , U] SMCPG B 51 AR L i 3 B AR
PUE By 1% i 0 1k #4 5 B & B2 A 23 “C R B& %1
—20 °C, i PUE-0% 9 J 7 R B 1 17 100 i i 2]
7800, 24k R Ky —54.4 %, il 4 PUE-25% (1) J& 3T 1K
H 1 26 800 FEAKF] 15 900, 28 Ak %k —40.7 % , 136 B
SMCPG A %2 5 17 PUE (A IR il i 3 e

*4 PUERBHRMEMERIEEHIIKER

Table 4 Test results of low temperature tensile and bending resistance of PUE

Elongation at break/ %

Tensile strength at break/MPa

Number of bending X 10 */times

Specimen
23°C 0°C —10°C —20%C 23°C 0°C —10°C —20°C 23°C 0°C —10°C —20°C
PUE-0% 489 477 469 467 36.2 41.4 45.5 54.6 1.71 1.24 1.00 0.78
PUE-6% 516 502 505 490 34.0 33.9 39.5 46.5 1. 80 1.34 1.09 0. 88
PUE-9% 526 509 504 497 33.2 35.1 38.5 444 1.98 1.44 1.22 1.07
PUE-12% 524 511 508 512 32.1 34.3 38.0 42.2 2.22 1.66 1.43 1.21
PUE-15% 533 525 526 518 30.9 33.0 35.3 39.8 2.48 1.88 1.53 1.43
PUE-25% 625 618 619 612 25.4 26.3 28.2 30.5 2.68 2.16 1.70 1.59
PUE 9 8B [C A B2 i 45 5 4 73R 5. & 5 7] &6 CLPBHIZENIE
A1 B % 3MCPG 2 5t i 14 i1, PUE i) B 1< B i e
i ’U\é% 3MCPG B %K 1k PUE. ﬁ??ﬂ?ﬂ% CLPBH} s Specimen  P,/kN  P,/kN Y,/mm Y,/mm (kN~Kr;1/m h
i 2 PUE B 4 Rk G BRI 25, PUE B9 Hp
EEEE&FZ:E{EE:F88O CLPB-0% 1236.4 2296.1 2.004 2.785 1357.85
CLPB-15% 1236.4 2296.1 2.035 2.836 1322.97
%5 PUEMBRBEINLER CLPB-25% 1236.4 2296.1 2.202 3.019 1297.06

Table 5 Test results of Shore hardness of PUE

PUE-0% PUE-6% PUE-9% PUE-12% PUE-15% PUE-25%

91.0 90.1 89.5 89.2 88.9 88.0

2.4 CLPBREES MR
2.4.1 CLPBYEH IR (Y% 1] R B2

SMCPG W5 A m T PUE MMM IR P e, [F At
WAL T AR FCHE B . At 58 H SMCPG it PUE
145 19 CLPB 8 [ Wi B (K,) % T 52 B i AR AT b
KA ek a0 (1) AR 1 K (BN 6 firs

K=t (1)
Y,— Y,

Ko PP, ol o BT R T POXE R R R 1 R
25 MPa) I 0. 745 H1 13455 Y, Y, 43 A& 26 3/ IR 416

I e N KA

M2 6 1] UL . 24 SMCPG B 15% 1 25% i,
KAG 9 T T 2.5% F14.4% ;{H 2 CLPB iy %1t
JE R ST REIA #] 20 MPa Lt , 12 #8415 55 i B e A1
KER 12 MPa, 2t 5 19 CLPB RE WS 8 15 /7K
#77; CLPB % K H B %5 ] 0 77 19 A8 Ak s 5 n 1 7
fizs . 78, R R SMCPG $ & F CLPB 1Y K,
1B 349 B 25 15 1) F 17 g B 3G g b BRL G AT DA gk A
CLPB 7 3% b 3845 4 48 faf i KX CLPB 77 4=
2.4.2 CLPBZEE T AR 8 ) Wi A

CLPB ) K BRI (0, —10,—20 “C) Ay 28 1k
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Fig.8 Variation of K, value of CLPB at low temperatures
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First circle

Third circle

CLPB-0%

CLPB-15%

CLPB-25%

CLPB-0%

CLPB-15%

CLPB-25%

Temperature/C
K,/ K/ K/ K,/ K,/ K/
(kN- h, (kN he, (kN - h,  (kN- h,  (kN- he, (kN - h,,
mm ) mm ) mm ) mm ) mm ) mm )
23 6.43 18.18 4.70 17.33 4.54 16.11 4.49 15.31 3.62 14. 21 3.51 12.32
0 9.98 26.67 6.29 19. 69 5. 89 17.93 6.65 22.04 4.47 18.62 4.13 14.82
—10 13.22 28. 64 7.68 21.88 6.93 19.59 7.94 26.75 5.47 20. 28 4.73 17.29
—20 14.97 25.39 9.21 23.13 7.76 20.54 9.25 25.20 6.39 22.27 5. 06 19. 56
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Fig. 10 K, variation rate of CLPB at low temperatures
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