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Co-crosslinking of Soybean Adhesive Blending with Urea-Epoxy-
Polyamidoamine Epichlorohydrin Resin

SUN Bo, KAN Yu-fei, GAO Zhen-hua

(College of Material Science and Engineering, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: A low-cost, formaldehyde-free, and reactive incremental modifier, the urea-epoxy resin(code
name: HN), which was made from urea and epoxy monomer, was blended with the crosslinker
polyamidoamine epichlorohydrin (PAE) resin to produce the soybean adhesive. FTIR and TGA analyses
indicated that HN resin effectively co-crosslink with PAE resin. The blended HN-PAE resin react with
active groups from the soybean protein, by which improved the thermal stability of the soybean adhesive.
Based on the plywood property evaluation, the preferable content ratio of resin HN and soybean flour
were optimized, when the HN-PAE resin(HN mass fraction was 70%) solution was diluted to 6%, and the
relative dosage of soybean flour was 30%~35%, the bonding strength of Type II plywood made with the
optimized soybean adhesive fully met the requirements of China National Standard GB/T 9846—
2015"Plywood for general use".
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At &R kT Bk, FAHBREFEE .
AT AR TRy EEER, BER TGRS, TERE
WA HAEH ER MR R G AR A, 2
AR JUR T 0 I 2 I i e N 3 Al PP T R T — b A
RO AR,

W i 2 - S S A St (Polyamidoamine
epichlorohydrin, PAE) Y JIf &% A A2 Bk K & 8%
F L, AE N e R IR & PR RE R 7K 1 1) 52
AR, EEWAN T Z AT NERH RS EAR
() Tl A A = Fh e, SR, PAE B I 9 5 B 75 SR
R A B 53 1 = 0 = T, BOf TRk kA e i
20 000 7o/t (2021 4 5 AL TIEEHMAM K HED, &
FUPAE HUME R 52 8 E IR O A% 2 35 v T R B I
JBe, AT BEAS TR L E R AE AR Tk ) Tz
RiF o

JRE-IER G (PG AHND 2 iR R AR
FARA L SRR RCA (10 500 7o/t, 202145 H
e TR RS THED KT PAE B8 IR B — Filolr 24 6
RS IR & W iR, AT 5 SOk S 2 K=
HAKR, BAREFNTREWRE, HiKEGES
TPAER IR UE R G E R . AHEFTHET HN A
JEMC A . 57K PAE 4 iRV %, T HEER,
LRy T H & A e S5 PAE W I FR R4 38 T 28 )
I REIERr i, LR PAE B Ml 38 12 ek 771
P HN-PAE B &M KRG BRI AAT I, HA
TR 7T HN-PAE 8 Jig 3 22 K e AL | BA A HN 5 PAE
Lol 5 Sk B RSl A R Re sz mg,  BUY
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BEEAR L A, AT 2E To e K & 8 FHIRE AR 4 1
MW EE T Z IR

1 #MR5R%
1.1 5 R
D JRE-EM G SRR A A AR
FER TR, i PR SRR R T PR SR A 1 2
(B 0% B B 2 ¥ T K ORI A, A 7
9 80.1%- ZEJE 7 800 mPass (25°C), Mn/KiAHI&
JRE D HON 6% pHAE 7.95 BT .
2) PAE B fig . [ & & & 15.2%,
mPass (25°C), pH{H2.9. 4N,

3 68

3) WiE Sk (SP): MHEHS &N S51.4%.
HPE o

4) [AME (Betula platyphylla) AR : JX~F 350
mmx350 mmx1.6 mm (KxFExE), E&IKEK 5%~
7% AN
1.2 Rk %

IL R I B3 BERE R B TE . SOT i 56
TR LA 100T 3858 AR AL 7 75 Bl e AL
FTIRGIEA . RE T AAREILIRAG AL .

1.3 W5k
1.3.1 HN-PAE# g 3LiR

4 HN W T F11 PAE W M1 73 1) FH 28 088 7K W o 28] ol
B HCN 6%, SR K HN W HE ¥ 7 5 PAE #4 iR ¥
WAZANF B b (HN 4 RV 7 5 HN-PAE &2 &4
JEVE USRI 0. 20%- 40%- 55%-~ 70%- 85%
F100%) fE= NRGHEE, TEREA AR HN
WG 2 B 18 HN-PAE & & W ST .

1.3.2 HN-PAEW RSP RE B AR

100 43 J57 54 $0N 6% %5 Ff HN-PAE B &
PR W, INE] 25, 304 35 F1 40 4y i g =8
CH AT Tl A6 K & 88 R i s =280 F B4 08 25~
4040 Hh, =R RS, BRI, g
Ton] WL R RO )R S A R, T RIS R
1.3.3 KEEAREHRER

H4 18 1 () HN-PAE 201 K 58 AR R B0 AR
PO UL it i B 380 g/m?), FERRIR IR 5
R bR AR R e A B2 B ) 5 3
HATHR, f£1.4MPa FHi&L1h, 57120 °C.
1.4 MPa N#JE 5 min, 5213 ER AW, AHRE
FUFES] 2 JARAE, RSB 1) )R B2 4.4 mm.

1.4 PEREINA

DI B Bl v e

@ FTIR 4} HT: % FH KBr JE F ¥ %} 120 °CJH 4%,
JE I HN MG PAE#AE. HN-PAER &M (HN
&N 50%) Je ol R & 8 B oM AR 247 FTIR
AR, HI B4 000~400 cm™, 3 HEFE 4 em”,
FI321K.

@ HE(TGA) > H: N, <4 (25 mL/min), JF
M 10 °C/min, %P K 58 F R 4k ok K gk
1708, BRI B A E= R 22 600 °C.
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Fig.1 FTIR spectra of thermally cured HN, PAE and HN-PAE resins and cured soybean adhesives and co-crosslinking
illustration of HN and PAE resins
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Fig.2 "“C-NMR spectra and TGA curves of soybean adhe-

sives modified by HN, PAE, and HN-PAE resins
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9 TR AR LG S B Ss, IR EHN BN
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Ji2 £ 5 B ¥ % T GB/T 9846—2015 [ FRE (1.0
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#*1 HNBUKEXTHN-PAE M X T EBRMERERIF M
Tab.1 Effects of HN content on properties of HN-PAE modified soybean adhesives
Jii A i E /MPa \
HNAH®E%  Fif/(mPass)  [AfAE /% pH{H = e IO IR SER AR

0 199 200 27.3 4.68 2.20£0.27™ 1.73+0.18" 0.8440.16™ 10/10/10
20 229 000 272 4.79 2.17£0.37™ 1.70£0.19% 0.64+0.10° 10/10/10
40 225800 27.3 4.86 2.57+0.28* 1.69+0.25" 0.57+0.09™ 10/10/9
55 262 800 27.4 4.88 2.62+0.32% 1.51%0.09° 0.44+0.10* 10/10/8
70 261 400 27.2 4.85 2.39+0.28" 1.27+0.09° 0.03+0.02° 10/8/2
85 230200 27.3 4.87 2.00+0.17° 0.63+0.22¢ — 10/7/0
100 238 600 27.3 4.89 1.70£0.17¢ 0.21+0.03° — 10/5/0

AN FRERIR Z 57 03— RN R IR T MRS R “10/X7Y 73R 10 Hl sl PR 55 1 UOKE R XRATTIR A5 2 YOK G Y IATTIR. N .
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BB AT L, HN B 2 IR A MR A B 2
oM, AEX TR GEARMEE . pHE & E R
SR/ . AN TR HIN P 52 8 ot s 280 7)ot 5% (0 R A
AT 28 h A& -T-BIEA MR A, WA A F R
IFIILS, JEH M HN & >55% ), R IF
TN .. CRE R ERE SR = A, il & 11
5 Ji A H F HN-PAE & A oot K 58 (11 1 HN

AN T0%, DI E AR AR PAE F 28 30%.
2.3 SR E R BN AR

T 2R A& AR A E, B HEXN KRG &
IR A R = A BB . Sk, fi A
JF & 5> BN 6% 1) HN-PAE B & W I5 A (HN B
HE B R 70%) 5 A A EL A i =0 1 oK 58
W FE % e B, Lk REFRAR IS R LK 2.

&2 EMAEXTHN-PAE M AT EBRMEEEFM
Tab.2 Effect of soybean flour content ratio on properties of HN-PAE modified soybean adhesives

JB2 & 5t /M Pa

SRS BE(mPass)  EMSE%  pHIE KSR AR R
- 63 °CKifl WKk #
25 51 600 24.4 4.81 1.93+0.28* 1.59+0.20% 0.43+0.02° 10/10/6
30 201 400 27.3 4.92 2.02+0.32% 1.55+0.16° 0.78+0.08* 10/10/10
35 369 200 30.1 4.94 2.00+0.17* 1.63+0.18%® 0.58+0.06* 10/10/10
40 463 400 32.5 4.99 1.85+0.16" 1.78+0.13* 0.52+0.05* 10/10/10
FK2EREZM: TR H & M 25% 18 0 2 3 i

40% B, AR AR R E &
SR RGN, A5 R R i A K A Ak
FdmER e, A I REA IR A R
FE S LIg G, RGN Sk 2] LA s
Mif KM RE s H 2 SR A 208 31 30% LA B,
Jie B A ELRE T 52 28 h & -T- B AL EE AT, (HAb
5 A 5m FEAK T GB/T 9846—2015 [ PRAE, 68
HN-PAE & & e M7 & Tl 46 TRIR AR 256
FERM RS A, EHREMIHENE
A U SRV R B 1) 30%~35% N E
2.4 HN-PAE LR oM K58 A I HI A 4
BT 2021 4F 5 H B 3700 Ak R W 4k 15K} 1)
WA, 1130 A A 7= F PAE A4 5 1 J5 Rk 1k
AZ120 000 7o/t (LA 100% [E &S S k411D, HN
B 0 JERE AR 29 10 500 78/t (LA 100% [ 44 & &
Wit , HREHIEE 1 B2 N 228 70% B
IR A IR B & 5@ AN K PERE,  BhR
HN-PAE & £ o 1% 771 (14 J R} B A £ 24 13 350 Jo/t,
B AT Tl Ak K 8 1 B BT %) PAE B JIE FEAIC T
33.2%. F: 3% 2 45 AT L 2 H0N 6% 1 HN-
PAE 8 &5 35% S0 Wl MK G & Ak, H
JERL A 29 2 148 JU/t, 5 24 i IR IS 1 286 7] D R
AR 2 100~2 200 Jo/t M2 Iz HN B g A i 76
FESTR N, BTl il oK S & AR T 5 RS
IR R B AW i R 77, B R 0 B T .

1) A FH — Fh I H I 19 7 HN A IS 5 PAE A
NeE A, HTH&REEAK, FTIR. NMRF#
FEoNTRY, HNWRGES PAE Wi & 4B skt
LHRR L, FEReH SO HME 0

2) HNW R HEMEMHEXN KEEAKKH
PERE A HE R m, HTRAMERMBAEE, &
B HN B BN 70% 508 A6 B 30%~
35%, HI MG 25 9 OK 58 B IR IE T GB/T 9846—
2015 (CEEEAIR) BRI E R

3) AL HN-PAE & & o0 PE 77 B kL B A L
PAE # fig B A% 33.2%, AT 48 50 1190 T FRY ISR
K 5 S 1 D R R AR 5 R 7 A I P 38 750 A 2
B R R FH AT
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