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Curing Kinetic Analysis of Soy-based Adhesives with Waterborne Polyurethane Modification
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Abstract: The bonding strength of the soy-based adhesive was examined. TG analysis was employed to re-
search the curing characteristics of the adhesives blending with different amounts of waterborne polyure-
thane. The kinetic parameters were evaluated by dynamic method,including apparent activation energy, pre-
exponential factor and so on. Moreover, the structure feathers of defatted soy flour and various cured soy-
based adhesive samples were investigated by applying FT-IR. The results showed that the wet shear
strength was dramatically improved while the chemical structures of soy-based adhesive were changed after
alkali treatment and WPU modification compared with defatted soy flour by FT-IR analysis. There were
four main decomposition stages in the DTG curves of modified soy-based adhesive while two stages in un-
modified sample. The kinetic analysis indicated that the curing process could be described as consecutive
first-order-cure process. Moreover,with the increase of the addition level of WPU, the apparent activation
energy of each stage of curing process increased.
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FOE B - R & NCO JE[A] L M & A 5L 53t
G, FLA SR DR S 2 PR M S A 5 TR R
A R R R LR R 2 W 2 5 A R 1 N
P R A B 58 45 WPU R A 5 2 i kG 791 0 3
TR BICPE Hh s DASUI 4R R R o 5 e K 50 1 T 7K 46 4% 5
PR, HAET. X WPU Sef: K 5 5 e RS 570 [ 16 4 g
A T T AIE 2 RS 7R [ Ak R R TT LA
T b A ORI A R R L T AR ) AR
R SN AL S DT Sk R 5 35 TSRS 70 1 A i e
PRI LR . AT S A G RS 7 184k 5 0 3
I BIRSE 7 e LA WPU LR oM K o 3 5 R 741
FF G % E AL S R TG-DTG 4 94> ¥, %
FE L[ Ak B N ¢ PE L 38 i Coats-Redfern #1435 43
B 56 B . i o [k 2o A B B AL 2 % H Bl g 2 A
R A5 30 Bl T 2 S8 Sy i — 20 43 B R R R 7 ]
b SN AL B S P Ak G B0 T2 A B A 4R

1 M5 7 &%

1.1 ##

R EE R (SFA) Sy 225 40 5 SCHkE i s 4k
UG AR . ORK [ A &= WPU (5%, 10% .
152620 %) W A 75 56T = 5 R 8 # B BR A w1
i & B (40£2) Y0 . B B 5 000~15 000 mPa -+ s,
Xof R T J R ) 0 AT R IR e v L A B v R B R R
Kl FPA RS E TRGR TR T TREEEN
HEAT BT 43T
1.2 FT-IR 4#F

W TR B R R R A B AR R, DA R R

FHE % 140°C  Jf1E IR [ 1k 2 h, 58 Bk i i 200 B
i o K BIF A T AR 0 BEOR 7R B B I K TR AR BT
ThermoFisher NICOLET-is5 %1 £1 4 5 1% 4 - ]
L KBr H fr P B 400~4 000 em ',
1.3 MESH

AR AR 56 32 B4 A K 0T IR 0 [ A B g 2% L B
FEXT G R ¥ VR T M 1 K T L RS ) e WPU A IR
FRIBGEAE (720, 5) mg, K50 A5 A 75 ] if 5t 2 ]
A7) STA 449C BIFAEE 43 B X, FHE 2 10°C -
min AN A EHN 40 mL e min ',
1.4 KEREMNK

TEFHE IR FE 120°C (A K BF ] 8 min, #4 K K
1.2 MPa &4 F, JE#] 600 mm X 600 mm HYJJIX &
Me, ¥ W E AR GB/T 9846 KL 8 il M0 A% 128 124, 1)
T3 fie 2 I HUAS U 34 0 T A S G 5 B L 4% TR
T o R R ) TT 288 M ARG Ty 3 Sk ik 4 0 A7 Ak
BRI R A A

2 HEXRHRM

2.1 RERBRESH

K AR WPU im A i P 1) R R 8 Ji ok 5+
RSB R 1, 7] LUE &t WPU 4k
TR 5 TR JRORS 70 B 9 A5 I 5 9 JEE B WPU
IS BB TG _E T 25 A 8 ok 1006 1, sk 011
KA E R, SR WPU AN A X K 535 e kG
FIPERERGE A G R W] T AERIE S . R
HAEAS WPU 22 6] K A2 1 SR BN T T i
JKH AR 254 L 3 500 1 LR A PR RS 5

x1 XEERHAKEGRE

Table 1  Shear strength of soy-based adhesives

SFA SFA+WPU5 SFA+WPUI10 SFA+WPU15 SFA+WPU20
TAMEA R E (MPA) 0.85 0. 87 0. 90 1.04 1.12
WA A — 0.65 0.71 0. 84 0. 90

2.2 FT-IR %#7

WPU [ i 2 & & 35 (— NH,) f1E 3 (—OHD .,
7 A R I o A b onT g Y sg B R S OR B R A
T WY T BRI R4 F A B R TE R = 4 )
ARG AL B AR O 7 R 791 55 7K Ok P 5 it g o Lt
K. BT MR TR LR R RS 7 (SEA) K AN
[M] WPU i A & el M i K 7 JE BORG 70 f FT-IR 3%
Bl AT DU R W2 A R IR R s e kB T XL T
KX A5 B AE 1 644 em 'L 1 518 em ' &
1224 e b, EE R C=0 43, N—H &l
Pesh, C— N ffigifik sh & N—H Zghdzh . JBifg
T (SF) LR T JREORE 77 (SFA) K it R T 35 Jie b

) FT-IR 3% K 22 5 FZHEPAE 1 560 em ' IR
W b R 111X (1 518 em ') 4324 %y 2 A2 it
g, Hoh— AN RS E 1 560 em ! [fFE L BEE WPU &
T T, G A U A R e e B RS B, AR XA
MEWERATRER 2 4 — R RS E A ST
Wik it o ol T Jrde 6 AT 1 5 S 84 o, R R G i
5 WPU K I8 B #0016 e 56 141 . [ B o 28 B[]
o B, R Bt TR R e G R A Al i — 2D
S8R DT IR o e ) AR RS 3
2.3 EMLIERERTE

WPU ., K & 3 AL 7 (SFA) K A sl WPU it A
e VR IR R RS ) A A B2 TG-DTG il £&
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Fig.1 FTIR spectra of soy flour-based adhesives
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TG and DTG curves of different adhesive samples
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Table 2 Characteristic temperatures and the maximum weight loss rates of different adhesive samples

- FEAIE L B2 (dW;/dt) max/ (% + min~ 1) %«Eﬁﬁ%/%

T./C  T./C T:/C T./C @AW /dDme  AWo/dD e (AWs/dDme (AW /dD) e G000
SFA 87.9 / 316.7 / —1.44 / —38.33 / 1.2
SFA-WPU5 86. 8 210. 2 298.3 393.3 —0.62 —1.57 —5.54 —1.75 2.3
SFA-WPU10 84.8 207.8 301.1 405. 4 —0.71 —1.72 —5.36 —3.22 3.5
SFA-WPU15 78.6 196.1 301.2/332.1 421.0 —0.68 —1.74 —5.82/—5.71 —5.99 4.4
SFA-WPU20 76.2 195.7 299.7/328.6 420.0 —0.69 —1.27 —5/—5.15 —5.96 4.2
WPU / / 273.1/328.0 443.3 / —2.63/—5.53 —1.64 8.5

e ( AW/ dt) xR 56 R T TR R0 O T TR AH
KREGEAFR KD TFRA G 7 8o K a3 5k )
Al R e 3kt 5 T ST R G R R K R R R [ A
HEIE,
2.4 BB HESH

R K 53 Jie kG ) 1 Bkt B2 TG-DTG il 2k
SR AT DK LA Ry 2~ 4 AN B B fBE i LA B B
AT A — S S ad #2, 3E 33 Coats-Redfern
FROF T 55 T A5 TR TR R0 O 1 [ Ak 3h 7 2
TR () AR 2 PR AR (D,

o — R AR V0 s me — PR BRSO
(mg) sm, — [E AL [A] ¢ B B9 A% 5T & (mg) sm — T
2 1k B A & BT (mg) s A — F8 AT B (min ™ ') 5
E—3EALAE(J » mol ™) T—IRE (K),
XFFEE R AR i H=dT/dt, i 2 (2)

BT
() R

ln[—ln(l—l)
A InfAR/HE(1—2RT/E) JHA Jy# 80, [ 1t 24

Tz 3
W REHN 1B, LL In[ —In(1—2*) /T X% 1/T 4k

x=(my—m,)/(my—m) X100% (1)
dr_ By T R I R R TR A
di RT (E)F¥EHTHAF (A),
£3 FRREAELDHEEH
Table 3 Reaction kinetic parameters of different adhesive specimens
N . . \ AL EERiils v
B W/ C L4 7 B . RER I 2B
/(kJ *« mol™ 1) /min

SFA 52~147 y=—3391.92x—5.649 9 46.98 1.61X10* 0.984 8
147~387 y=—5708x—3.677 5 30.58 1.45X10°% 0.991 1

SFA—WPU5 57~146 y=—5708x—3.677 5 82.98 2.15X10° 0.972 3
146~257 y=—10912.2x—10.595 88.09 4, 23X108 0.992 1

257~357 y=—4419.7x—6.002 1 49.90 2.42X10* 0.983 0

357~417 y=—514.82x—12. 459 54. 11 3.2X107 0.986 6

SFA—WPUI10 54~149 y=—2187.1x—9.457 3 78.63 1.21X10° 0.964 7
149~267 y=—2374.8x—9.658 5 80. 31 1.51X10° 0.990 0

267~347 y=—4672.1x—5.668 9 47.13 1. 64X 10" 0.991 9

347~450 y=—1676.3x—10. 658 78.62 4,53X106 0.974 3

SFA—WPUI15 50~135 y=—2059.4x—9.738 9 80. 97 1.65X10° 0.981 6
135~242 y=—2428.1x—9.65 80. 23 1.5X108 0.974 6

242~380 y=—5226.3x—4.703 9 49.11 5.19X103 0.991 1

380~481 y=—6 029.2x—3.981 8 89.11 2.13X103 0.991 0

SFA—WPU20 55~134 y=—2417.5x—8.755 3 72.80 5.55X10° 0.990 3
134~253 y=—2158.1x—10. 312 85. 74 1.7X108 0.990 9

253~385 y=—4989.7x—5.292 3 44, 00 1. 05X 10" 0.991 9

385~488 y=—5377.1x—5.145 7 100. 78 8.83X10° 0.992 3

3 g RO [ B B Y O 2 P aa o e v el A
A B Y LR KRS 70 [ 4k 3 1 2= 280 AT AR
AR 1 B 12 2 BB B A S R R B —

G NLE AR AT AT g R SRR RS R AH L B
& WPU IR 9 1 Tk % R A A 7] B BT AL g X
A AR FEE B i o AN R A WPU 58 s i
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22 WPU R ootk I R 52 358 IR 3910 19 i 5
BE W AR R . KRR A I A R A R 2 A
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