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Abstract

This paper studied the experimental synthesis of polyurethane modified epoxy resin cured at room temperature. Through infrared
spectrum detection means, it could accurately grasp the degree of reaction; and it could make the use of universal testing machine
to test the mechanical properties of adhesives. The tensile shear strength of the adhesive system was improved by adding nano
filler. The results show that when the curing agent content is 50 phr, the curing time is 60 mins at room temperature and the tensile
shear strength can reach 10.31 MPa. When 1% nano filler silica is added, the tensile shear strength reaches 14.10 MPa. Its
toughness is better than the toughness of epoxy resin.

Keywords: Isocyanate; Toughening; Epoxy Resin; Nano Filler

R RS M I E A BB BRI ROAA R
Wk, wr R, ERES
LALWEL A BB Je G HORBF AL ot, dB3T 10000

B B AXHRERRRABAMANEAM BEER AN TEMAER. BT Lol HWAANF &, f5HEE R T H#
AR AR 7 R AL R A M. B Ak AR R R AR RN T RE. LRERET
% E b & & 50phr B, %R T E A EHE Y 60mins, 4 8 4058 F T 35 2| 10.31MPa. 4 R m 1% 49 KR — A LR A
FAT B 058 3k B 14.10MPao 0 91 B LV IR A R B 4T

KU FAMBAE; W, HEAME, HKEH

515

SEIRIEAT TR DL R S s AR (1B SR, K ER B R B S MU BRI LT K E
RiFM. # R AR Z RIMRESS, LG SRS AARER L . R A A AT LA 4
SAEG IR RAT RS, B T I SRRy SR O RS P A R AR A H] 2007
FEFREIBE ARG K, B EMRE T A A ARSI R 8%, I 3% X AR B 60%, &
G 3 FIARRH B 2> 25%~409%0 . [ vk FH RORE 7RI 0D v 2 ) AR B o FROR AR A T DA 3 2
B ORRAESEEAT, SE R AT AR (A S BRI AR R LA IR A R AR, AR R
ZE G RIBERITR ANE . N S SRR B i, DARCEIRZE R A IO ZE B FR™ o PR UM R it 7 DR L 286 45
9 APEIHUMGREE R IS0 dh kR, BEPEREr S, B IS TIA. BT EHL HUEERRT
O, By FER AR IR IR . SR 25, RIBSHRIEAR. DRI, ARSCRERE b3 1] A FEE ot TSR A IRRG 771 34
ITGPIE,  DLORSRAGEEBAT s B A W ROk 1) . KRBT AR, SRR A P S0 i JROHS 7 B AR ) 3
P, FORETELE, ST R R RERE T R ERER S (-NH-COO-) A B MRk Ik 5 i

EEEE: BERESHLITR, R4S 2016YFD0700603, EIHHREUSHEHEIMERBEHAR; IHAFESHLITL,
B 45 BE2015007, FRAFUEEGHRHEERIEXREHARREHLEETL; IIHNERAREERERLEES, WAKS,
211525Q9, FHEAMRIRIEEZERARMR.

-1-
www.ivypub.org/rms



Wbk, UHBE& S, EEEEEREn e AP, H R NIRRT I BRI e B I R, T DM R R
W, BB —FEE R — 5 I R G R 5 5 R (R R AR R RORG 7 o N A AZDR Ot i v B i e R
EM RR BRI R BT Y R A — e ), KR E— BN a2 35 .

1 SCIGERy

1.1 CIgEA)

TREH R T REREE (MDIS0) , MHE % BN (PPG) , WTHERATARAR: —HHER
T8 (DBTDL) , _Eifgbidy AR AR AR, AWM (E-5D) , FrE—tLITHRAR: A~
B (458 , MIMINERAETR A (4R FS-2B , N B EEHE TAEE R A E s B4R 3132, I E#EE
Jiet MR PR A s BT KBH-403, (MBS HFA R TR A s MRS RX-669, MM TH
PR REE, 28ral, Jbatfb ) 9ekEiR RO74, @i/KMASMH 8 b, #EE 4 E 2, BaEiss kA
WA 3401 FRINHEM R A A TR A Al o
1.2 SEIGH|E
121 RBREEEXMAEMENTREEK

B IR R R EIRER (MDI-50) BIADY OB, EESRY FAEE 70CKHE, #Etn -
NCO) : n (-OH) =2. LAV TR /KA —FE (PPG) , MIAGERER — H R T8 M, 55 0.5h H
ZEAMEIEIER, MRS 3h JE i FIREEIE R =B N 54 AREIEIIN ((.NCO) : n (-OH) =L:AINAIR
AMAE (E-51) , IINEER HERR T8 &N, & 0.5h LA MEENER, Ml H 2h 584,

1.2.2  ERFEFIROH &

A o3I BRI A SR U U PR E A R BN TR B, 428 B v i NABIBE T . #
7, TEACEEGUKIERL, R RS, R R TR B S BRI

B 443 4% K1k FS-2B 5@ 407 3132 i% [ — & LU BB TP, TR A1), BaMES

fERES, ¥ A4 B A MRARK, WRIEMZEREA L. FERE: 25°C, 1h.
1.3 SLENEE

{8 37 AR e 21 4 1% (FTIR),  Nicolet NEXUS 670, 35[E Thermo Nicolet A#]; Jifitikiedl, CTM-
100GD, fhhagfxasilig (L) BRAR; HZTEM, DZF-6050, JbilRIAIEAR AR BRI
THEFE, JSQ1201, JHIFEEETI T A ihAk TAXAR G IRA ] A HE VeSS, SG3300H, by ehsiE A ss .
1.4 A& FRAE

BSR4 GB/T 7124-2008 Frviill & ;

CLAMETEIMAR X 58 GG B 1 3 S5 B S N PR AT 3R ALE
2 ZFER5Te
2.1 YIRS HFRIE

MDI-50 5 PPG NI FF44 s % (0.5h Bsf) F1 MDI-50 5 PPG Jx 3 584 I He 4T byt B an i 1 s :

& 1 %0: MDI-50 5 PPG FFUG s STl 4. 7F 3480cm-1 Ak H R Ui 49-OH 25, 7E 2270cm-1 Ab 3R
B S5 (R 6 -NCO 6, 7F 1730em-1 MBI 7 BSIE (Mg, 76 3280cm-1 AbFF4E-NH FImRiscise B, i
B MDI-50 H s G, WIFFaRSE % %, BiA -NH 4 k.

-2-
www.ivypub.org/rms



HE 1: MDI-50 5 PPG W ZEHEH, 7F 3480cm-1 Ab-OH JEFEAY 2, -NH FEFIHR LI IS 06T 1 o
g, -NCO JEFIWL I IR MR TS« X UiB] MDI-50 5 PPG Bi5E4 T o Wt FRPIANEE BT LRI, B
AT Ja A A AR R AR ARk, R IR R AR A S B

— MDISPPGRITFUR . i

— DI 5PPGES o

2
El
‘=
Z
5
&
&

r T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm-1

tt

1 LI5METEE
IER NIRRT FR L S WURRIE BT 4R S . (0.5h I ) A s B8 R £L 41 6 3% el G ] 3.

Transmittance/%

r T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

2: IHMEIEE

R 2: BARRSCE R IOEF LR, -NCO SEMIIIE AR et T, THER BRI 2 4%, ZE Rt
i 34800m-1 4b-OH JERIRMEIEREAF1E, WO IRRLE e 2 5k, 1M HLAE 9200m-L AR FEEF LSS A BRI
WEEAEAE, KRN, WOITFEIEER SIS, BT RIS 53 R b .

2.2 [EMLFIE E XTI RIS Bl LB (8] R0 58 158 B RS2

Sk G S 5 R A B E A E R A SR, HEAb B e . BTSRRI 1,
WS B 2, ZRIEACTPR IR SRS g, FHIEIR A IR — D UHE, R AE A5 A 71 5 b Rk 2 o
I, FLFEACI TR0 . PRI R A 70 5 B de e, DRI R LA R & AP A e R . B TSR AR i) B B A
50phr. fERFEAE ML 9 AL, IAEMIS R AR IERTE. a8 3 Soarho i gy )5 E B [ A6 1) & s AR i
2k R, B AT BN, AR B s B Se g e s . AR LTS R A2 50 4y phr, e
BIYIaREIR R 7 HOKMEY 10.31MPa. BEE AL S BRI, A ETU)sR R 2 N EE o DRIRT DA Y
WE R PR IR SR PMEAERT & .

PR BTY) 5 E B B SR PR R . FE AR B BRI B R A N, A 770 5 8 O 1 b i 2R M e P 3
EW AR AT R E RS, LI R & R IE B i K B BRI B i, HEEE
BTSSRI A AL s i e LRI B S AN, 2K AL RIS AT #E, (834
B, ARAEREHBE AR, 2N B BT D) .

-3-
www.ivypub.org/rms



—m— 0 DR A A (A R e ]

10.54

//_ /'\\\
1/ \

30 40 50 60 70
B L &

© ©
° o
1

PAFBID)GRE  (MPa)

= ~

& 3 B3 & Ex R R RS A M BE B LR RS D M RERI R
PR R DR SO I A S P [ A S TR B 7 5 AR e, B a3
[—

100

4 =
80 \- /
SN :
704 g [ ] /

\. .
60 \-/
30 40 50 6 70

[E S ()

& 4 8RR EREE L & ST aRa s
MK 4 ATUUE B BEE AL S S R Asg 0, LEALR G 2 — BAEmD, & &2 50phr, J[H
ARt E) L B ME. 60 20 %8h . B BT S E8n, HEALR RIFEE K. 35680 2 B E AL 7T U6 R 4R
Fedbun, FHIEEVEFE, LRI SONRCRE . R 2457 EIA 3] 50phr, s& i E. Hp ey
15 3 K{E 10.31MPa.
2.3 IBEXNMMEIAE SRR R E 200

I8 GBIT 7124-2008 FrAExs SR MG PR A R ALY, BEAT R BT DI s BE B, e ma TA J B
SR AR LR 2.

[t )

& L ASENEE IR EHEEE R BT PRI F200

i[5 Fr BT V)58 % (MPa) B (%)
25 °C 1031 7.01
3B _°C 116 6.67

R 1 Ar5l, MR 35°CHF, FREM R EL A R A BT PR AR b 25°C R By D my,
W LA R A BB R o EH U T R0 2 vl B AR R T SR PR TR SRR I 190 e B ) 5 R A T e 2R
e, T L AT R A Sk o s AR, — 7 TR 5k BT Ak AR B Mg i, 3 — 5 T SR U B e
REAVIRE LD, J 7 2 (A ELREAR S e s AT L S BT B 1 i, [T TR st o T IR EE, {6
HoyFHIzshign, [k R52#il ER A 518 R385, (RS i W AL A8 B FE 34—, AT R4
W REE PP RE S =

2.4 SRIMERRIEREX B E BRI E N BE B V)58 B A 2T
R PR CSEPR U AR FEORG 70 )z e BT 1 E P DB R I AR SR BEAT EAOME, SR 9K A A T
REBE S EM IR EORGR RRL BT DS e RIS, R — 2 YR N IR KRt 48 /. 99KIA

-4 -
www.ivypub.org/rms



K RO74 i /K Ak SR — SR S A0 250 B e Sk P S I [ A A ol B U 5 P P R i L 2

E Rt SO E AL R E R DA

b s BORHAT (N) Fr A BY 7] 55 15 (MPa) B (%)
0.00% 3857.14 10.30 5.01
0.50% 4046.18 11.00 5.03
1.00% 5264.66 14.10 5.78
1.50% 4660.89 12.50 5.44
2.00% 4275.13 11.50 4.55

FRIE FE R EE BoR: 9KIERH N & 5 S 2% LA IR, SRR et R SE0R i R Rt 771 4o fof B 1) 5 P 40
T AR INGUOR IR AR R IR AGPRIUEHO NN Ry 1%, LRI 8T U755 5 bR S In ik R 38 &
36.89%, UYKIERIPIMATEAN 2%, HAHBTUIRRE RIS IR REEm 1 11.65%. X2 R AGOKIERLH)
IINAE 5 S 5 2 S0 T A 22 7 [0 0 AR AR FRAIG, WS 200820, AT A A5 I e 42 Sk IR 2 () PR Dt
A, PRERGAE R . T HLAOREDRIAS & B RAFINURIERE, BORSFRIR RIMAGKIER], AT DURIHECK 2L
faf, AHSE— EUREARBRT, #ias RIS, PRkl ny DLFHIERSUW Y e, B MRS, (H240K
RPN BEAEEARRME, 20N, R RN, YORIEENEAE S, MR TRt
W0, AR R AL S R AR BT DI R . R M PKIE R NI 1%, HL R BT U] s A 3
& KN 14.10MPa.

25 REEENMEHREMENTIMYT

RIEE 5 fron: LACRIMERNE (E-51) JBORFFIE SR T HA By U)o B BE I (8] 2 fita sy, o Kd
FRETYISRE Y 12.90MPa; REACTKASIN 199K BURE — S8 P 1k 3R 2 5O SE M I A 2 Bkt PR il R Hefar A B
DI RES [ 3, IR KRBT VIR 5 14.10MPa; 1 2 A48 5 2 g o 1 20T i FRORL 777 250 o
BT SR I (A AR s, e KPR BT VISR 10.31MPa. #R#E1E 5 7% HEM /N (E-51) KK
AINAT — NBOR BT, 10 5 2R A B R RS 7R LT a3 Bl AN T . AR (E-
51 JRORK U EL A7 e BY 1) 555 58 o A [ 08 A o RS vt SRR SR A S5O i i 77 EL o BY 1) 58 B AT AR I A
—ANEHERT G, AL BT R AR AR AR, I U B 1 SR e O P S I A A R R 1R AT 216
ey, AHHR BT ISR B AR, 7R R E I E M IR A R R AR N 1% K SRk L A B ) 9 152 EE SRR A 4R
Pl (E-5L) KSR BT D)5 5 T 9.30%.

6000 -
5000

4000 -

Hidk
)g

T T T T T
0 10 20 30 40 50
if1E) S)

5 A BT BB BFL I BERT [8) T L5 A
3 ZHig
%5 K B R B PRI 0 DU S RS RAER ToR, T TR R 804 0 S bR R R N, R
FEIE B 2R 2 A MR LA B 40 G M AR R L AR Sz ] 46 £ S e S G PRt 0 s
SRS, SRR — 2.
(1) SZB & FR B ME e PR R MG TR 1), ECr o 34703 P R A 590 1) 2 R R T 2. b B 47)

-5-
www.ivypub.org/rms



9iE 52 55 [ A TRV R [ 40 7 &5 & S0phr {81, A Feett.  PE] e SR el PR S80S i JEOHE 772 i1 4 771) 25 & 50phr

it

ORGSR e, AL TR PR
(2) eI, A3 T SRS i 2 S0 i ARG 771 B (o BY D) 9 BE R 2 I SR i B e 4350

1%KL — S Ak, A HBTY)95 5 A 3] 14.10MPa.

(3) FRZME A EFR A AR BRI 5 ORI S R R 710 W2 i B v, R T AV AT

L«
SE 3k

[1] FES G % R A A E A MRHETR 4 Tk b i) B2 [3]. 44 BHEL22,2016,6(6),315-321.
[2] X4K, 5K2535, e VR RROR R AR ZRIR [I]. At BER, 2015, 22(8):39-39.

[3] kM. WEREHSE A APRHEIR 42 Tk A 1 R [3]. B4 k=, 2007(9):27-33.

[4] =T, Bah. SGMREREARES FRRA]. (WZR{ T, 2015, 44(12):73-75.

[5] Abdollahi H, Salimi A, Barikani M. Synthesis and architecture study of a reactive polybutadiene polyamine as a toughening

agent for epoxy resin[J]. Journal of Applied Polymer Science, 2016, 133(40).

[6] ikE e, B HAEURHREFIIMI. 402 ok Hi iRAt, 2010.

[7] W, i, T, TR AR S R [M]. 462 Dl kL, 2014

[8] EHZE, X7, W% 5. RAMSEIA S IR IBOR BB 72 5 5 2t e [J]. L2 5%, 2008, 30(5):54-57.

[O] a7, SR BEMT g S LR [M]. A6 Tl Hi ikt 2012.

[LOT 5408 k5, TV A, VR4, B s i DR ] £ o 1 R PR S0 i RS RG AR 72 [3]. HUB i 5 B 301k, 2012, 41(3):30-33.

[11]Lou C, Zhang X, Wang Y, et al. Toughening epoxy resin with blocked isocyanate containing soft chain[J]. Journal of Applied

Polymer Science, 2015, 132(4).

[1]
(2]
(3]
[4]
5]
(6]
[7]
(8]

(9]
[10]

[11]

REFERENCES

Yujing Zhou, Tao Yang, Guanghong Fan. Applications of Polymer Composites on Automotives[J]. Material Sciences, 2016, 6(6),
315-321.

Liu Gang , BuwnmaFigafton ©f aaghddivie technologies applied in automobile[J]. Petrochemical
technology, 2015, 22(8):39-39.

linwen Zhang .Application of Resin Matrix Composites in Automobile Industry[J]. New material industry, 2007(9):27-33.

Guo Yuening, Yan Huijie. Structural Adhesive in the Zar Body Application[J], Shandong Chemical industry, 2015, 44(12):73-75.
Abdollahi H, Salimi A, Barikani M. Synthesis and architecture study of a reactive polybutadiene polyamine as a toughening agent
for epoxy resin[J]. Journal of Applied Polymer Science, 2016, 133(40).

Yulong Zhang, Lei Tang. Epoxy adhesive[M]. Chemical Industry Press, 2010.

Ping Chen, Shengping Liu, Dezhong Wang. Epoxy resin and its application[M], 2014.

Yueju Wang, Jie Liu, Jianjun Yang, et al. Progress in Research and Application of Epoxy Adhesive Modified by Polyurethane[J].
Chemistry and Adhesion, 2008, 30(5):54-57.

Yijun Liu. Polyurethane resin and its application[M]. Chemical Industry Press, 2012.

Shenggiang Hao, Yefa Tan, Hua Tan, et al. Study of High Property Epoxy Adhesive with Fast Curing at Room Temperature[J].
Machinery manufacturing and automation, 2012, 41(3):30-33.

Lou C, Zhang X, Wang Y, et al. Toughening epoxy resin with blocked isocyanate containing soft chain[J]. Journal of Applied
Polymer Science, 2015, 132(4).

-6 -
www.ivypub.org/rms



[fEERAN]

YW (1990-) , F, Wik, RN, ML AIEBE AR R ARE, NEEEME R,
Email:1105571253@qqg.com, Hif: 13717639921

-7-
www.ivypub.org/rms



	Research of Epoxy Adhesive Modified by Polyurethane

