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Properties of PCL-HTPB-PCL-based polyurethane elastomers
LI Runze, SONG Wensheng, HAN Xucheng, LIU Jichun
(Chemistry and Chemical Engineering, Henan University of Science and Technology,Luoyang 471023, China)

Abstract : Polyurethane elastomer (PUE) has been widely used in many fields because of its excellent performance. However,
with the constant extension of its application fields, the requirements for PUE performance have been becoming higher and higher.
In some special fields, general PUE has been unable to meet the special performance requirements. Therefore, in addition to adjust-
ing the variety and ratio of raw materials in the PUE formulation system, regulating the chain segment structure is also an effective
way. New sandwich copolymer diols (PCL-HTPB-PCL, for short is CHC) were synthesized by ring-opening polymerization of &
-caprolactone (e-CL) using hydroxy-terminated polybutadiene (HTPB) as macromolecular initiator. The —NCO terminated prepoly-
mer was prepared by the reaction of CHC with toluene diisocyanate, and the prepolymer was extended by 1,4-cyclohexyldimethanol
(CHDM) to obtain PUE with both polycaprolactone diol (PCL) and HTPB structures in its soft chain segment. The mechanical test
and related instrument analysis show that the molecular weight and content of CHC have a great effect on the mechanical properties
of PUE, have certain influence on microstructure, cross section morphology and thermal properties. Specifically , when the molecular
weight of CHC was constant, with the increase of CHC content in the preparation of PUE, the hardness and specific tensile strength
of PUE samples decrease, and its elongation at break increases. When the CHC content and the chain extension coefficient of the
prepolymer are the same, the higher molecular weight of CHC can make the decrease of PUE’ s hardness, can make the increase of
PUE’ s specific tensile strength, elongation at break and microphase separation degree, and the glass transition temperature of PCL
polyester chain in soft segment of PUE macromolecular and the melting temperature of hard segment of PUE macromolecular
increase.
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Tab.1 Formula composition of prepolymer

g
Sample CHC-I CHC-1I TDI
Gl 50 27.7
G2 50 232
G3 50 19.1
G4 60 18.6
G5 60 14.7
H1 50 26.7
H2 50 222
H3 50 18.3
H4 60 17.6
H5 60 13.8
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Tab.2 PUE formula composition

Samples  Prepolymer/g CHDM/g CHC-1/% CHC-1/%
PUE-Al 77.7 20.3 51.0

PUE-A2 73.2 16.7 55.6

PUE-A3 69.1 13.5 60.5

PUE-A4 78.6 12.8 65.6

PUE-A5 74.7 9.8 71.0

PUE-B1 76.7 20.0 51.7
PUE-B2 72.2 16.5 56.4
PUE-B3 68.3 13.4 61.2
PUE-B4 77.6 12.7 66.5
PUE-B5 73.8 9.6 71.9
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Fig.2 FTIR spectra of CHC and its raw materials
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Fig. 3 FTIR spectra of PUE samples

JE WP R A R R AN 4 Frs . B 4T, 24
CHC 4y F iz —E R, Bl CHC-I (8 CHC- I ) & &A1Y
BN, PUE 30 BE BB B 55 L7 i 5 25 BRI , {ELIRT
SUMHR R A 2 CHC 2 R IR Y B 22 450H] W]
i, fH 41 CHC- 1T frifil PUE 3R0FE 5 L i1
JE W 2 83 5 F i IR 4 i CHC- T el i
PUE-A I FE (A E R 1AM . FLJRF7E T . 24
CHC 4y ¥H&—E W}, B CHC & & 034, PUE ik
H RS B e a0 D SR (o AR R R LY A e 1
I WP SR TR BN T 2 CHC F & LR R Y 56
FBOHFE, I CHC- 1T 0 F &3 K, i CHC- 11 i
il PUE 434 v i B 5 S AFDCH AR, el B 5 1
55 URE AT B B A S5, R G i CHC- T il PUE i

95r

O
S
T

o0
[

Hardness(Share A)
~ o]
W (=)

~
S
T

LNy |

65 | | |
50 55 60 65 70 75
Mass fraction of CHC/%
(a) Hardness

(=1
1

—o— CHC-I
—— CHC-II

Specific tensile strength/(MPa-g™'-cm?)

193 N w £ W N ~ o] O
T T T

0 55 60 6 70 75
Mass fraction of CHC/%
(b) Specific tensile strength

280 .
260 /
X 240
% 220 */
= 200 e
= 180
E 160
§ 140
=120
100
035 60 6 70 75
Mass fraction of CHC/%
(c) Elongation at break
K14 CHC Mt K414 %F PUE J1°#PERE IUSZ IR
Fig. 4 Effect of CHC content and molecular weight on mechanical

properties of PUE

—eo— CHC-I
- CHC-II




ZRH¥ , 45 : PCL-HTPB-PCL SR &R MR 1 Mg 5

PERE AR, (A3 /Tt CHC- T W, &
P& PUE K185 rh 4B -4, il PUE K34
FEBA B FE K, A 381 PUE K445 19 22k, 1
HB G Pr & AT HES ; CHC- 1T+ PCL 3R fig i
Brisg & 145 PUE K43 F5E h CHC R Bt 1) 3R Pt
BURRMEYG N, 5y R B A ), B R LR AR R
AL, 8K A R B L 5 R B X A T8 3, A
T B SR 4E , $ 5 PUE OBIAR A B R . MU,
£ CHC 1 i FURAAY 55 ZEGHRIRT , th CHC- 1T jir
il PUE 2R 1 FL AR B T2 RIS 55
2.3 XRDH>#F

i T CHC- [ firikl PUE-A1iURE 1 CHC- 1T fir
il PUE-B1iFE ) CHC AT, Rk, DL 35y i
R ER 4T XRD 4341, H: XRD 43 # 4n 141 5 i
H & S ] LA Y, PUE-ATRAETE 20 8 21040 MY BEAS
Brah G 78 20 O 42.7°40 H PR B R 4R 1% s PUE-B1
TR TE 20 R 20°4b 13 LA B 45 A e HL e BT i
B FE 20 Sk 42.1°40 H BRER B R ARG 5 R T AE Y
5L LAY () SR 43 B AR AE , H PUE-B1 iRURE A B 2%
rm R BR AR B MR EE IR IS . JRRIAE
F . PUE-B1 ikt /b i F CHC- IT A4 i i K B 7 7
K ,CHC- I " PCL RERBEBLHE K , i3 PUE K53+
HErf CHC F B i SR B BERR I N, 2 (AR B %
YR, 2 IR AR s U AN B K A AR BEME L S5 i
B IX AR 3B 85 , TR TR BE A 245, 1 i A BE 1)
g5 MR I AR B, fF CHC % 2 A
VT TR AR BE R KO A B, A% PUE-AT 3R 1M
. PUE-B1ifRE il Be 25 S0 BB SR AR A4 [ /s
AR, E— 2P UESE T B CHC- I il PUE i
() L7 s B T R R A A

> PUEBI
Do — i
0 20 40 60 80
26/(°)
5 PUE{F: XRD %A
Fig. 5 XRD pattern of PUE samples
2.4 SEM % #7

& 6 5 PUE-A1 Fl PUE-B1 iU EE ¥ T T SEM & .

*(b) PUE-B
€6 PUE IFEWTIT SEM 4]
Fig. 6 SEM diagram of PUE sample section

F L6 AT LA, PRRRE f 0BT 1 2 52 1T AN SR L
SR BT, HL BT TR ) SO A A 22 7 R ILLE
PUE-B 1 iR W 17 v~ i I B T DXl o . i 4
N 55 PUE URE UM 23 B At DG . 2 CHC & i
FHIE TR AR 55 R EHERT, K CHC- T 4> T 4%
K, 24 I PUE 43 785 CHC FRBe ) 3R 4
T 55 FIVREE B2 ) & O R 2 PO 3 20 T B R 43
B Aot A el DT 22 A DR T e DA T DX G R, R
SRS X I B P

2.5 DSCa#r

/€ 7 4 PUE-A1 #il PUE-B1 i FE Y DSC % 4] .

B P& 7RI, PR K3 4% B Be Hh HTPB R 12
HEB R AL R IR B (T,)m T4 HTPB-PUE 1Y T,
B2 23R, 4 R-70 °CAEA"", PUE-AT IR
BE K 4y F B BE b PCL 3R i &% B9 7, B EE
51.2 °CAb , K 43 F 4% 1 B J ml il B (T,) Hh A
180.6 °CAb ; 1 PUE-B1 I KE Y T, i BEAE 64.2 °CAL,
T, BTE 189.5 °Chb . iX R CHC & AR (Til
RARY 55 R B R B, /&5 4 5 CHC- 11 7 il
PUE ilFE ) T, 71 T, 2 FHi o JRINAE T, PUE-AT il
FERT T CHC- T 40 F i8R, JE PCL R fg i Br
Ji ; 1 PUE-B1 il BE A BT CHC- T 4> F e iy, 1
PCL R EREE B K s Z5 A1 S0, CHC- 1T 23485
 H T PUE-B1 43 F-4i Hh CHC FBE R A FE B I
i B3 ) 245 S R B, DR Uil PUE-B 1R B9 7, 70, T

64.2 °C
PUE-B1

PUE-Al | 189.5°C

512°C~ Yy R
180.6 °C=~

80 —40 0 40 80 120 160 200 240
7°C

/

[€17 PUEIXAE DSCi[4]
Fig. 7 DSC spectra of PUE samples
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