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Tab. 1 Typical compositions of toughened epoxy networks
Sample Epoxy monomer Curing agent/phr Toughener
/phr Polyamide 650 D400 D400 : R3400 R3400 /phr

ERAO-ERA200 100 100 0~200

CN10-CN30 100 100 10~30
ERDO-ERD50 100 60 0~50
ERDRO-ERDRS50 100 12.5 :75 0~50
ERRO-ERR20 100 100 0~20

H AT, il a8 HL A e B 32 e % v 1 7 £k
AT R — K BRAR A< SR B — B 24 s 1
PERR I B P R ——oi R R L R T R R R I
(ETPB) , 76 ik B AR 2R iR AUy A TS i
(ES1) EATHE R O Mo, 38 3 76 207 5 i 5 | AR
PEIR AU 52 95 R0 g [R) 25 [ Ak, @74k T [ 4
TF [l A9 0 ) Pk K S kA5 DL K s 4,
MRS T ETPB X 3840 B g Fir A 14 il 1) 52wl , I 38
Tk SRR O 4% 485 g R B8 25 58 g 114 R s 5 31— o o L
] b B v S e B i B AU A IR R AR T &5 B B4
SEUR BN 25 A 1 R ZE R AT ) — b o 3 L [ 1k
TE I (=45 ~70 C ) i Bl P37 G = i 1) 20 4
PERR A AL, E— 255 8 T 1 SR i B L 1 £k 4 14
FHIE

1 XIEEH
1.1 ER5E&

VI A BB T . ETPB-3000, ¥F 48 {A 0.45
mmol/g, FiEE (70 T ) <25.0 Pa-s, X 2> T #4
3000, Tl g%, Koot (& B ) BHE B A A BRA w
iR FE T WS W AR ALK : CTBN-25, ¥R 5L 4H 0.65 mmol/
g FRH o T B 2 2900, Tl 2%, Kook (&)
PG A7 BR 2N 71 5 RUH A FUER SR G EST, Tl
9, BB AL T A FRTAEA A] 5 Rk . D400, FE i
250 mg KOH/g, Tk 4%, 2 sa ARil 5l ; R WA - 650,
[ 200 ~ 240 mg KOH/g, Tk 2, 2 s pRi 5 ; ik
PR I . R3400, e 280 mg KOH/ g, %t %74k T4
PR  REBEAE I ) . KH-550, Tl 2%, 8 ivE i
o, Tk g, i

ZR PR P . DSC 214 Y fi [ i} 9t 4%

s T R R L BT : Quattros Y, % [EI R K
IRBHEL 28 Al 5 % 56 i A8 {: Roto Visco 1 #Y, 7
HAAKE( M50 ; L+ J7 g i B #L . CMT1503 %, Bk
M =R AR/ A RA R B FP L.
UTMITI145 & G = P RERB B A3 BR A =] 5 i
YA R I HT-1043-5D AU |~ R 2 R AL ES B
FABRAF BCHREE T TH-110 B Fi N 2 gk
BABRAA,
1.2 EMkF*E

DIAUEY A RUA S5 B S BE R A i | 44 i Tab. 1
AYTC L B AR X 100 phr 2800 i 2 &t i 35 0590 L £k
AR A BRI S BST B ERIR G4 5
BUR AL IR A HEA, WA YL 34 1500 r/min, %
T TR L e — i 45 1k 1 45 A i A 2% T
RH A TWERE, R R B 650 [E4L5, B &1k
R E A 7 d; R Rk D400 [E4k, RN iR
B4k 7 d 8y deE R E AL 3 d BT 80 Tl [E 4k 4 h;
K IR ik i D400 FTHCrE R ikl R3400 Z 1L, k4%
424 70 C [k 12 by >R A elob: R fk e R3400 4k,
2k 70 TEL 12 h,
1.3 M E5RAE
1.3.1 R4 A FHRRN X

(1) PrLisg . 2 08 [E 4R GB/T 2567—2021, % H
HLF 7 REIRIG AL I (Fr A%k 100 mm/min) , 5
YR 45 FOE 1

(2)75 58 % . 2 W [ bR GB/T 2567—2021 , %
HL 7 REIR SR HLINE (B30 2 mm/min) , 5 X5
e IS ST

(3) wpifisRE . S B IE PR GB/T 2567—2021, % H
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Fig. 1 Chemical structure of ETPB
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Tab. 2 Mechanical properties of epoxy resins toughened with different liquid rubbers

Mass ratio of liquid

Tensile strength  Elongation at break

Impact strength Flexural strength

Sample  Toughener @ er/ES1/% /MPa /% /(KI-m?) /MPa
ERAO 0 36.49 43 28.49 57.25
ERAI0  ETPB 10 29.14 14.1 2624 36.05
ERA20 20 2436 125 28.44 34.52
ERA30 30 22.30 24.0 3021 2242
ERAS0 50 17.91 20.5
ERA100 100 11.86 31.0
ERA200 200 5.16 513
CNI0  CTBN 10 35.20 126 27.28 43.53
CN20 20 16.67 21.0

CN30 30
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Fig. 2 Tensile properties of neat epoxy resin and its blends with

ETPB in polyamide/E51

Fig. 3 SEM micrographs of the fracture surface of tensile blends:
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SEM &4 Fig.3 fir7n, M Fig.3(a) Al & iH, 4l BES1 #
SRR B 17 2 I F 0, AR R, SR
(M WT 4B 555 M Fig.3 (c) AT & ), 10% CTBN 2
T SRR I ek D T A AR AR, FL T B AR
FAFTH, AT RE T B MENE 650 5 E51 B4k 8k,
1M CTBN IEHEAL, # R %S 5 B R N, HRE
U A A PR LA i 3 HECAE EST 5 650 Y [E AL
i A Fig.3(b1) T WL, ETPB 5 J HHAT H AH 4 555
PIEARRARE/IN(~2 wm) |, TFEI 5 73 R B AR AR R
a2 B RS I Y T R A B & 30% , 4
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(al, a2) neat epoxy; (bl) containing 10% ETPB; (b2) containing 30%
ETPB; (cl) containing 10% CTBN; (c¢2) containing 30% CTBN
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Fig. 4 (a) DSC scans of neat epoxy in various curing systems; (b) DSC scans of blend samples with various ETPB contents in polyether

amine/ES1 (D400/R3400)

Tab. 3 Tensile properties of neat epoxy resin and its blends with ETPB in different curing systems

Mass ratio of

Sample Curing agent

Tensile strength Elongation at break

Curing condition

ETPB/E51/% /MPa /%
ERDO 0 Polyether amine RT/7d 53.02 5.1
D400
ERDIO 10 44.53 7.0
ERD20 20 34.30 9.7
ERD30 30 27.32 14.3
ERD50 50 18.40 47.8
ERDRO 0 Polyether amine 70 C/12h 19.70 30.1
D400 : modified
ERDR10 10 . 10.58 98.7
polyether amine
ERDR20 20 R3400 9.65 98.5
=1:6
ERDR30 30 11.46 119.1
ERDRS50 50 9.36 82.7
ERRO 0 Modified polyether 70 C/12h 5.28 58.1
amine R3400
ERRS5 5 2.93 106.9
ERR10 10 2.78 123.6
ERR20 20 3.82 145.4
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Fig. 5 Tensile properties of neat epoxy resin and blend samples with
different ETPB/E51 mass ratio in D400 within moderate or

room temperature

HE— 0 FERC )y DLRARAR I ETPB S F2 14
IR B 23 i ES1 AR, LA EEIE h [ Ak,
WF9E T AL P g 4 PEBE, 45 - 4N Tab.4 iR,
ETPB/E51 {R& i sy 2 1000% R FH 2R ik e
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() T 24l K R E T 120% , 24 % I 50% E51 S
(ERD200) , 4R 2 5L BB () 124 E | e

Tab. 4 Tensile properties of ETPB/E51 blends with high elongation at break

Mass ratio of

Tensile strength

Sample Curing agent Curing condition Elongation at break/%
ETPB/E51/% /MPa
ERD1000 1000 Polyether amine D400 23C/72h 1.16 94.3
+
ERD500 500 1.84 120.1
80 C/4h
ERD333 333 2.60 122.1
ERD200 200 4.96 134.1
ERR1000 1000 Modified polyether 70 C/12h 1.57 262.2
amine R3400
ERR333 333 1.86 231.5
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Fig. 6 DSC scans of E51/ETPB elastomers in D400
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Fig. 7 Digital camera images of 50% of ETPB modified epoxy/D400
blends: (a) before curing (physical mixing); (b) after curing
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K [E 47 E 17 [E 4L ( Sample ERB30-1) |, i fiv {1 58
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Tab. 5 Tensile properties of modified epoxy with high elasticity at broad temperature range

Sample Mass ratio of Mass ratio of epoxy Other Tensile testing Tensile strength  Elongation Initial modulus
ETPB/ES51/%  /hardener/other component temperature/ C /MPa at break/%  (String 1~2 N)/MPa

ERB30-1 30 100 :14.5 20 2.12 144.9 3.02
-45 33.51 214.3
70 0.66 36.2

ERB30-2 30 100 :14.5 : 10 SiO, 20 5.36 155.0 4.73
-45 30.86 171.6

ERB25-1 25 100 :19.2 20 5.14 127.8 5.89
-45 27.36 121.3
70 1.33 48.6

ERB25-2 25 100 :19.2 =10 SiO, 20 6.19 142.1 6.17
-45 32.07 103.0
70 2.33 74.2

ERB25-3 25 100 :19.2 :10 :2 Si0, and 20 7.62 160.0 6.36
silane coupling _45 3545 1043

agent

70 2.34 68.5

TR 10% 492K Si0, JEE} (Sample ERB30-2) , 5
FRINATURL R R A LG, 51 PR B3 J5 20 40 4
VI E PR e o, PR B R T T 2.5 fE &
5.36 MPa, Wi 24 SRk N R BAINA Sio, & T
8 R R AR TR TR R AN B
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TP )2 R, P T g iR S e T —
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A FEARZ oA 2D d i o B B R KH-550 %) 44 2K
Si0, A7 1 Pk 1 ( Sample ERB25-3) , 0] ik — b 42
oI T2 R, AR A DR A K R0 )
T 23% F1 13% , Al g2 TR m ek tEny Sio, 53
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Developing of Epoxy-Terminated Polybutadiene/Epoxy Resin with Hyperelastic
at Broad Temperature Range

Yue Zhu"*?, Jiming Chen™’, Jiabin Xia’, Gangyao Zhang', Qi Wang’, Lipeng Sang®, Kaishen Wen’
Yongxin Qi*?, Jianru Deng'
(1. College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China;
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ABSTRACT: Epoxy resin ES1 was toughened and modified using epoxy-terminated polybutadiene liquid rubber
(ETPB). As a reactive toughening agent, it is found that ETPB is suitable for medium-to-normal curing
temperature and can be mixed with epoxy resin at a high addition ratio of 1000% and achieve simultaneous curing.
ETPB can enhance the interaction between rubber dispersed phase and epoxy resin, and promote the formation of
the two-phase structure, which intensifies the toughening effect. By introducing novel polyether amine curing
system, a semi-transparent epoxy composite material with high elongation at break was obtained. ETPB/ES51
blends with a wide mass ratio of 1:10 to 10:5, can achieve tensile strength of 1.57 MPa to 11.86 MPa and
elongation at break of 31% to 262% by adjusting curing system, which show excellent tensile properties. An
elastic epoxy system at wide temperature range (-45 C to 70 C) with low addition of ETPB was reported by
synergistic toughening of inorganic nanoparticles, which is expected to be applied under extreme conditions such
as deep space and deep sea.

Keywords: epoxy-terminated polybutadiene; liquid rubber; broad temperature range; epoxy resin; toughen;

toughened at low temperature



