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Preparation and properties of PUE based on cyclohexyl-modified PBCHA as soft segment
QU Miao, LI Jixin
(School of Petrochemical Engineering, Shenyang University of Technology, Liaoyang 111003, China)

Abstract : Polyester polyurethane elastomers (PUE) were synthesized with cyclohexyl modified polybutylene adipate as the
soft segment and dicyclohexylmethane diisocyanate (HMDI) as the hard segment (HS). The effects of HMDI, succinic acid cyclo-
hexanediel diol (SCHD), and catalyst content on the thermal stability and mechanical properties of PUE were studied by infrared
spectroscopy , thermogravimetric analysis, differential scanning calorimetry, and mechanical property testing. The results show that
with the increase of HS content, the tensile strength first increases and then decreases, and the tensile strength reaches a maximum of
13.85 MPa, and the elongation at break decreases when the mass fraction of HMDI is 21%, the SCHD addition(mole fraction of
SCHD in total alcohol in PBCHA synthesis) is 2%, and the catalyst content is 0.75%. The elongation at break increased with the
increase of modifier content, and the optimal elongation at break is 1 981.36%. With the increase of HMDI content, the temperature
at 10% weight loss(T,,) increase gradually,and the thermal decomposition temperature of 7}, and 7, do not change much. HMDI

max

content has the greatest effect on 7, and 7, , SCHD content has the greatest effect on T, ,and the highest 7,,, thermal decomposi-

tion temperature could reach 302.65°C, and the amount of catalyst added has little effect on it. With the increase of SCHD content,
T, and T, gradually decrease, and when SCHD is added as 4%, T, and T, reach the maximum in the experimental range, which
are 357.82°C and 399.69°C, respectively. Considering the thermal and mechanical properties, the optimal formula for this experi-
ment is 21% HMDI, 2% SCHD, and 0.75% catalyst.
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Tab. 1

Acid value, hydroxyl value, and viscosity-average molecular

weight of PBCHA with different SCHD Addition amounts

%3 1L10°C/min By Z I ZIE INHE] 600°C B9 PUE 89 TG #i7
Tab.3 TG data of PUE heated from room temperature to 600 °C

at a rate of 10 °C/min

SCHD

Viscous-average

addition A(CILdeZl}f)e/ Hydr(o;gl. z?f;lber/ B
amount/% (g+mol™)

2 0.21 40.04 6957

3 0.30 38.07 6336

4 0.15 39.54 6597

5 0.26 37.49 6438

6 0.24 36.38 6235

Note: SCHD addition amount is mole fraction of SCHD in total
alcohol, the same below.
*2 EXEITE
Tab.2 Orthogonal design table

Sample HMDI Contﬁft SCHD addition . Amount of cata-
(4)/(mol+% ") amount(B)/(mol-% ) lystadded(C)/%

PUE-1 19 2 0.70
PUE-2 19 4 0.75
PUE-3 19 6 0.80
PUE-4 21 2 0.75
PUE-5 21 4 0.80
PUE-6 21 6 0.70
PUE-7 23 2 0.80
PUE-8 23 4 0.70
PUE-9 23 6 0.75
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Fig. 5 FTIR spectrum of PUE
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NS , 7F 1 166 cm ™ 4b A ER RIS (C—O), #
H] HMDI 5 PBCHA &4 T R A R, A % T R e
HPUE,
2.4 PUE® TG 2 #r

23 5 PUE LA 10 °C/min B 111 5 )N 55 95 T
2600 °CH TG Kt . Hodr . T, H R T 10% B X L7
B IR 5 T, AR T 50% XTI (TR 5 T, e K
AR g 3R S X O P 7L

Sample T0,/°C Tyy,/°C T ./°C
PUE-1 278.74 349.11 382.91
PUE-2 265.79 347.96 381.27
PUE-3 250.33 347.68 378.15
PUE-4 297.51 357.82 399.69
PUE-5 286.32 347.55 395.67
PUE-6 273.51 354.63 396.69
PUE-7 302.65 350.99 392.05
PUE-8 294.70 349.90 389.40
PUE-9 292.27 348.68 388.74

F4~FK 6 HPUEW Ty, Ty, T, IESE I3 HT R
% 4~ 6 Bt , 0 RIEEIR, T, I RZ T [H K B
>A4>C, TSO/E@%ZHHLI%‘A>B>C,Tmm%ﬂrﬁlu%‘
A>B>C, F W] HMDI Jit &t 73 ZUX T, , T 5 W0 B2
K, GCHD JF 438O0t T, 5 M Fe K, AL 750 R o 42
X % B I FE S /N o A AR R BT o BRI T
0.7%, 1% N B AN TE 4, 15 T 0.8%, 2 I i ik
P, MELAE ] R A P aE RGN 5T, R0 7 i
oy XA A A R A L TG 438 B DSC 434t
BT, iR 4~3R 6 M KIEZR AR E  Tid
M B U 1) i PUE-4, HMDI JiT & 53 30 0 21%,
SCHDﬁéﬁnEﬁz%,f}éﬂc Al o AR 0.75%
%4 PUEMIT,, EXHHER

Tab. 4 Orthogonal analysis table for 7,,, of PUE
Item A B C
K, 264.95 292.97 282.32
K, 285.78 315.60 285.19
K; 296.54 272.04 279.77
R 31.59 43.56 5.42
%®5 PUEMIT,, EXHHER
Tab.5 Orthogonal analysis table for 7, of PUE
Item A B C
K, 348.25 352.64 351.21
K, 353.33 348.50 351.49
K 349.86 350.33 348.74
R 5.08 4.14 2.75
*®6 PUEMT, EXHHE
Tab. 6 Orthogonal analysis table for 7, _of PUE
Item A B C
K, 380.78 391.55 389.67
K, 397.35 388.78 389.90
K, 390.06 387.86 387.74
R 16.57 3.69 2.16
€l 6 i PUE-3/6/9 I TG i 2k . 4347 &l 6 135 3

(B0 T, 76 SCHD B i Al R B 0 R, Bl &
HMDI ﬁﬁﬁ%&ﬁ@ibu T 0o, TE 19%~23% X [H] N , 5
BT XSk T PUE 78 e 9] 20 i ek 2 2
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Tab.7 DSC heating data of PUE

Sample T/°C T /°C
PUE-1 —46.03 48.88
PUE-2 —44.59 49.51
PUE-3 -43.34 -

PUE-4 —43.75 49.25
PUE-5 —43.22 49.71
PUE-6 —-41.32 -

PUE-7 —49.64 48.75
PUE-8 —48.63 49.09
PUE-9 —46.61 -

Notes: T, is glass transition temperature; T, is melting point.
R E AR,
2.5 PUE# DSC 5 #7

# 8 N PUE Y T, IEAZ SR R R oA o 204
T8 RIE VAL, |R,|>|R,|>| R, |, HMDI Jifi & 43
0%t PUE () T PG I 14 8 52 i e K, 4B 2 8 Th i K
fE ], PUE-7 Rt IGHR M RE S DL 5+

#8 PUEM T EXRBHMERSH

Tab. 8 Orthogonal experiment analysis of influencing factors for

T, of PUE
Item A B C
K, —44.65 —46.47 —45.33
sz —42.76 —45.48 —44.98
K, —48.29 —43.76 —45.40
R -5.53 -2.71 -0.42
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Tab.9 Tensile strength and elongation at break of PUE

Sample Tensile strength/MPa  Elongation at break/%
PUE-1 7.57 1 547.89
PUE-2 6.83 1 872.65
PUE-3 6.43 1981.36
PUE-4 13.85 1365.43
PUE-5 11.87 1 653.75
PUE-6 11.15 1756.30
PUE-7 11.94 819.34
PUE-8 10.86 919.56
PUE-9 9.72 1 065.67

10 PUE $i {38 B IE 32 SKI0 #00 R4

Tab. 10 Orthogonal experiment analysis of affecting factors for

tensile strength of PUE
Item A B C
K, 6.94 11.12 9.86
K, 12.29 9.85 10.13
K, 10.84 9.1 10.08
R 5.35 1.27 0.27

F11 PUE BT R IE X S0 200 E = 547
Tab. 11 Orthogonal experiment analysis of affecting factors for

fracture elongation at break of PUE

Ttem A B C
K, 1 800.63 124422 1407.92
K, 1591.83 1481.99 1434.58
K, 934.86 1601.11 1512.22
R 865.77 356.89 0.27

K, 7E HMDI JFi 5 350 19%~23% i, i % HMDI
Jo S 43 B BE I, B A iR e B K R )N, Herp
HMDI 5 i 7350 21% i, 7RI K 28 b7 A g 15
B K 13.85 MPa, iX H1 T HMDI i 24385038 Jin . Wi 1
FEBE L2 4y TR B A XIS HS X R
PE R AR A T AR (B VR D 3G, S A e B 1
K, SCHRRR R, 75 B0 K R = kL 2 A2 B
AR I LA AR 3 K . SCHD s itk R £k 751
T AEO PUE $7 A58 5 ) 5% 1 28 A6 # SR J2 1R 1
5B, Bt SCHD FBE I, B s BT B 5 B & A7)
e B3 N, o A B SIS BRI . o3BT R
10 TP KAE AT DU AR 2R rpoak B e A R i om
J B S 25 HMDI 5523 %2 21%, SCHD #8711
TN 2%, AL 80 0.75%, MK IE A SEER Y
A, MR A AR, >R, >R, |, Wi
fifi K 2R 32 2L 27 HMIDI i it 43 55014 5% i) 25 b 34 e
K, SCHD Bk 2, AL B i o3 /N W2
i KR Bl 25 HMDI 5 &5 20 500088 i im [, b &
SCHD s il B i 3 0, P L 7E % M & ik 31l e
FERY 2L K% 1 981.36% I HS i 7050 19%,
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