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Preparation and properties of crossiinked and copolymerized
high-strength starch-based adhesive
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Abstract: A crosslinked and copolymerized high-strength starch adhesive (OSt-IA-PEI/Borax) was
synthesized using oxidized natural corn starch (OSt) as raw material, itaconic acid (IA) as grafting monomer,
ammonium persulfate (APS) and NaHSO; as redox system, and polyethyleneimine (PEI) as well as borax as
composite crosslinking agent. The adhesive obtained was then characterized by FTIR, SEM and TGA. The
effects of APS and IA dosage, m(NaHSO;) : m(APS), m(PEI) : m(Borax), and composite crosslinking
agent PEI/Borax dosage on the adhesive's properties were analyzed by viscosity, shear strength, and water
resistance tests. The results demonstrated that the OSt-IA-PEI/Borax film showed a flat and uniform surface,
with the thermal stability obviously improved. The crosslinking through agent PEI/Borax and the
copolymerization via IA grafting effectively improved the bonding strength by 59.0% and water resistance
by 75.0%. Under the optimal synthesis conditions of APS and IA dosage being 1.2% and 10.0% of oxidized
starch mass, respectively, M(NaHSO3) : m(APS)=2 : 3, composite crosslinking agent PEI/Borax dosage
being 3.0% of oxidized starch mass, the adhesive OSt-IA-PEI/Borax achieved a shear strength of 8.92 MPa
and a water resistance duration of 3.5 h at (60+3) °C.
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and DTG (d) curves of OSt-IA and OSt-IA-PEI/Borax
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Fig. 5 Effect of m(NaHSO;) : m(APS) on viscosity and
shear strength of adhesive
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Fig. 6 Effect of APS dosage on viscosity and shear

strength of adhesive
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Fig. 7 Effect of IA dosage on viscosity and shear strength
of adhesive
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Fig. 8 Effect of IA dosage on water resistance of adhesive
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Fig. 9 Effect of m(PEI) : m(Borax) on viscosity and shear
strength of adhesive
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Fig. 10 Effect of m(PEI) : m(Borax) on water resistance of
adhesive

ME 10 ATRLE Y, B m(PEI) : m(Borax) (1 :
2~4 1) BYSE,  FEF A  2K Ee ] S 0 SR S e
%, 4 m(PED) : m(Borax) =3 : 1 i, JH K
AflE) f e, & 3.5 he A TAREM PEI, Borax X
R KB E (2.0 h) #2085 T 75.0%, XA,
24 m(PEI) : m(Borax)=3 : 1 s}, %] b Remivior:
OSt 431 Z RIS HRFE B ey, CRE I PISIE Ly
BB WPIRZER , RS (3018 mPars ), HXZh
FIAT ARG 4 5 AR RN G, $25 T Kk
A, R mPEI) : m(Borax)=3 : 1,
2.2.5 H 4 X EHA PEI-Borax A2 4% A

¥ 1.2 9265 78 APS R 1.2% .m(NaHSO;) :
M(APS)=2 : 3 1A fl# K 10.0% .m(PEI) : m(Borax)=
301 MSRMET, FEEA A 3CHKH PEL/Borax i X}
WERGFNRNEE . Y D B RN KPR B2, 255 LA
11 FfE 12,

1: 4:1

10 | mm BYYISREE 8.92 14500
- R
7.34
< 8 6.89 4000 ~
=
B 3500 &
R, 2
= 3000
2
2500
0
1 2 3 4 5
H A /%
Bl 11 Z4&2385 PE/Borax F & Xt R ZE50 %6 & Fnsi )
TR 1Y) 5 MR
Fig. 11  Effect of compound crosslinker PEI/Borax dosage

on viscosity and shear strength of adhesive
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w1, 4 3.5h, XEHR, FiFE PEI/Borax FHHLHIHE
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BEA T 7K 53— X0 B B 700 55 AR £ 4k 2 (8] 28 A FH 1)
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Table 1 Effect of borax and PEI dosage on properties of
adhesive”
. ﬁ}iﬂﬁf)‘ﬁjﬁ PEI Hjjﬁ 5] fﬁﬁﬁk B/
1% /%*  BRJ¥E/MPa  BfE/h (mPa-s)
1 — — 5.61 2.00 2579
2 0.2 — 6.44 2.00 2502
3 0.4 — 6.83 2.25 2562
4 0.6 — 7.13 2.75 2667
5 0.8 — 7.93 3.00 2833
6 1.0 — 8.08 3.00 3277
7 1.2 — 6.86 2.75 4053
8 — 0.8 6.35 2.00 2584
9 — 1.6 6.66 2.50 2642
10 — 2.4 7.24 3.00 2875
11 — 3.2 7.83 3.25 2878
12 — 4.0 8.33 3.00 3250
13 — 4.8 7.36 2.75 3869
O BE&AE: BRI 2.5 h, KRB N 50 °C, APS
FAEN 1.2%, 1A &K 10.0%; QT oSt fimit; “—" 1t
AR,
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JE Fh R B BT U] 5% BE A 8.92 MPa, & &y 3018 mPas,
FE(60+3) °CHIK HR TR /K I B 4 3.5 ho
(2) 2 1A 4R ?FE@%*E*IJWE%%E%M
¥j— . 22 LRuer:JE $a e v AR T, R
5543 WK PEL/Borax 28 HE 424 1A ,\%Eﬁﬁ?ﬂ&”ﬁ
AT UA R T Zh 45 5 1 A /K M e
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