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Waterborne polyurethane adhesive modified by epoxy oil soybean and
3-aminopropyltriethoxysilane
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Abstract: Waterborne polyurethane (WPU) modified by epoxy soybean oil (ESO) and 3-aminopropyltriethoxysilane
(KH550) were synthesized. The properties of the modified WPU were characterized by FTIR, TG, DSC, DMA,
AFM, particle size analyzer and tensile test machine. The effects of contents of ESO and KH550 on the properties
of WPU emulsion, its film and adhesive strength were studied. And the effect of KH550 on the crystallinity and
microphase separation of WPU was analyzed. With the increase of contents of ESO and KH550, the properties of
WPU dispersion were improved, the water absorption of WPU film decreased first, and then increased. Tensile
strength increased, while elongation at break decreased. The T-peel strength of the adhesive to PVC/PVC
increased first, and then decreased. With increasing KH550 content, thermal stability of the WPU film was
improved, crystallinity decreased, degree of mixing of soft segment phase and hard segment phase was enhanced.
When the contents of ESO and KH550 were 4% and 2%(mass), respectively, the properties of WPU adhesive were
perfect.
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Table 1 Recipe of waterborne polyurethane

Sample ESO/%(mass) KH550/%(mass) NCO/OH DMPA/% Solid content/%(mass)
WPU-0 0 0 1.35 6 40
WPU-1 0 2 1.35 6 40
WPU-2 2 2 1.35 6 40
WPU-3 4 2 1.35 6 40
WPU-4 6 2 1.35 6 40
WPU-5 4 0 1.35 6 40
WPU-6 4 1 1.35 6 40
WPU-7 4 2 1.35 6 40
WPU-8 4 3 1.35 6 40
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131 ikt BUD RIS ek
b TR, R FHSEE Perkin Elmer Spectrum 2000
RUE B2 AMGIE G AT RAE, WEGEHE: 400~
4000 cm™.
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(1) Instron3367 ZL S0 ATL X Fise M F oz Aok 5 B 4K o
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Fig.1 FT-IR spectra of ESO(a), WPU(b), WPU modified by
ESO(c), WPU modified by ESO/KH550(d)
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Fig.2 TG curve of WPU film of different KH550 content
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Table 2 Influence of amount of ESO on properties of WPU emulsion and its film

Sample Contact angle/(?) Surface free 1 Particle size/nm Water absorption/% Gel content/%(mass)

Water Ethanediol energy/mN - m
WPU-0 61.3 54.8 42.8 80.23 33.12 0
WPU-1 67.2 55.0 35.7 100.37 24.55 10.3
WPU-2 85.1 75.2 16.4 160.46 10.83 45.7
WPU-3 90.3 81.4 12.3 180.57 8.15 60.7
WPU-4 87.7 79.5 14.6 220.91 885 724

# 3 KH550 BRI =T WPU ik R AR B 14 e RS20
Table 3 Influence of amount of KH550 on properties of WPU emulsion and its film

Sample Contact angle/(®) Surface free 4 Particle size/nm Water absorption/% Gel content/%(mass)

Water Ethanediol energy/mN + m
WPU-0 61.3 54.8 42.8 80.23 33.12 0
WPU-5 70.4 57.3 338 107.44 20.78 10.3
WPU-6 87.7 79.7 18.4 170.53 9.43 40.5
WPU-7 90.3 81.4 12.3 180.57 8.15 60.7
WPU-8 88.5 80.2 13.9 230.45 8.27 70.8
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F4 7[R KH550 &8/ WPU B REY M RERR
Table 4 Thermal properties data of WPU
modified by KH550

Sample TJC T,I'C Timax/ C Ty C T/ C
WPU-5 250.1 350.4 462.3 -58.5 43.2
WPU-6 261.3 363.1 472.8 -55.6 39.7
WPU-7 266.7 370.2 480.6 -52.4 37.8
WPU-8 270.4 382.6 488.9 -51.7 34.3

Tl B [B) 0 DR A R 2 e, 0 R e P s ) ks e
RN &

232 DSC 5 DMA 941 A T 43 ir SR A BE R )
S BEEDL. AR T R A B B AL
AR S B A s kg . B 3. B 4 il
AN[HE & ) KH550 [ PU JRi i DSC #i£k 5 tans il
4, X4 T NRKBINBIE AR, Tn A
BRI E . B RS e S g, R4S
RULRE S RS BTN, 4 i BTG, B
B B 34k 5 A% 35 B i -58.5°C L+ 3)-51.7°C. X
Ut AR B S B AH 2 B AR FE DRSS« PR AU I

WPU-8
T~V
| WPU-7
(=] \/
g L WPU-6
WPU-5
~60 —40 —20 0 20 40 60 80 100 120

temperature/°C
K3 ANfF] KH550 % & WPU Ji 5[ DSC ithk
Fig.3 DSC curve of WPU film of different KH550 content
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Fig.4  tangcurve of WPU film of different
KH550 content
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O BAX, IR M X SO BB X . Bl
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FERE AR, R gk B S B AR R T 2 A
B, A B SR BLA A ELAE IG5, R R
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Fig.5 AFM 3D images of WPU-5, WPU-6, WPU-7 and WPU-8
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Fig.6 Influence of ESO content on stress-strain curves of film

stress/MPa

350 400

0 50 100 150 200 250 300
content of KH550/%
Bl 7 KH550 & &0 [R5 R A7 R AR R R

Fig.7 Influence of KH550 content on stress-strain

curves of film

x5 RIEMRHRESERMIKCE
Table 5 Tensile strength and breaking elongation
of WPU

Sample Tensile strength/MPa Breaking elongation/%
WPU-1 29.04 331.92
WPU-2 33.12 312.30
WPU-3 34.62 287.92
WPU-4 39.05 255.35
WPU-5 25.09 280.73
WPU-6 27.12 275.03
WPU-7 34.15 270.58
WPU-8 38.11 230.00

17 By 24 K g NP, B 7 A [A) KHS50 &R
FR BB IR B g AR il 2%, B KH550 FH &3, i
L ) 7 e 558 5 7 AN T3, 7 A SR AE AN T B8
%, BRIERCUPVIR gk 41, Rl B 55 B (] 1) &
VEFH s, S 20 3 A B A Y RIAE T, TR B
P o et Lot ER P PR WTTE e TR
KRR
2.6 mhEEMERE

IKVER R BA LU S R MR, iR
QNS HS5EMERmMZmAEEET). ES)
N E S FUAR Z AT, Al R iRt A B IR
UFIRGEEERE . JE I I E BRI PVCIPVC b4
24 h J5 T BYSI B9 A8 4k, B S AN A ESO KH550
M EX MR R E R m, Wk 8 Frw, M
ESO. KH550 &3, T Y5 Bssm s 2oy
TnJE s> a4, 76 ESO A 4%. KH550 A4 29%(3)
R B B R B 5 P AR B oK WIF AR T B

360

3401

320

® ESO

2801 = KH550

T-peel strength/N «(2.5cm) !
W
(=3
3

260
240
0 1 2 3 4 5 6 71 8
ESO(KHS550)/%
K18 ESO. KH550 & Xt iRF7 T BRI
558 JEE 1) )

Fig.8 Influence of ESO, KH550 content on T-peel strength
curves of adhesives
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mn PE A, AH 23 BS IS o
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