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Abstract: With the advantages of sustainability and low cost, chlorella protein was considered a suitable
material to manufacture protein-based adhesives. In this paper, chlorella protein was modified by sodium
hydroxide (NaOH), sodium dodecyl sulfate (SDS), and trimethylpropane triglycidyl ether (TTE), then
made into adhesives. The testing results of the chlorella protein-based adhesives with various
characterization methods showed that the modification destroyed the spherical structure of chlorella
protein, and provided multiple cross-linking sites, thereby improving the bonding strength and the water
resistance of the adhesive. Plywood samples were made with double-sided chlorella protein-based
adhesive coating with a volume of 400 g/m* under the conditions of hot-pressing process parameters,
which were the pressure of 1.5 MPa, the temperature of 150 °C, and the hot-pressing time of 8 min, The
dry and wet bonding strengths of the plywood samples were 1.78 MPa and 1.11 MPa, which met the
requirements of class Il plywood in GB/T 9846—2015 "Plywood for general use".
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ANERPER) BRI R E AR, AT ER
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FIBRAF B R RE . 94k, DNERRERARR
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1 #MR5R%
L1 IR
RIRWEEENIREE R A, Ao S8EN: EH
Ji 55%~67%, HLLF4E 1%~4%, H& i 8%~13%, &
5 5%~8%, HEA10%~20%, 7K533%~5%. SN,
¥ AR (Eucalyptus spp.) AR : T [H 600 mmx
600 mm, JEE 1.8 mm, HIKFE13%~15%, FHIH.
FoAhfb 2 ulim . AL (NaOHD . 1%
HARELEY (sodium dodecyl sulfate, SDS). —F&H
FEA B =48 /K H B (trimethylpropane triglycidyl
ether, TTE) %, BINAr4l, AN,

1.2 A

ARG T AR TEIR K IR ER . SRR BRALAL
JIRe SR gL e R B AR e AT Ah
A XHTERATH AT e 55 .

1.3 R 7E
1.3.1 /BRI AR AR R 1 il &%

FREL 30 g /NEREE & B NN 21 120 g 2818 /K
BAEYE, BT 70 °CoK % an 23 6 £ 30 min
Jei, FRIRZE 65°C, #IREF 1R (HR4E il
(1) BRI | B R RIS A R e ),
NaOH & i 1 SDS, 4k £ 4 # 20 min, A J5 A
TTE, $it+F20 min j5AEIE0RE . il 28 6] B R ootk
g2 (CP-0) F3FhPERE (CP-1. 2. 3).

R PMREEARRFFINES

Tab.1 Formula of chlorella protein-based adhesives

2050 25%NaOH/mL SDS/g TTE/mL
CP-0 0 0 0
CP-1 1.2 0 0
CP-2 1.2 0.3 0
CP-3 1.2 0.3 6

132 =EREHREIH %

RAE AT A 8, RARERRL, H5
W RIREESEE OREILE2) X /NERE
B A MRS A B (S o ) % 1 s 3 7
KIS IRATAERG AR BAR |, T 20 min, A5 7EAS[F]
Hl%& L2 TR =ZZRA)R, FEREEINLS
MPa. il £ 1R A BRAE IR T CE 24 h E IR
R . AR 3 PR

*2 RARE&EIZERKF

Tab.2 Factor levels of manufacturing technology for

plywood
» K
1 2 3 4 5
XU 43 2 Bt/ (g-m2) 300 350 400 450 500
R E/C 100 120 140 150 160
AL 8] /min 3 5 7 8 9

IR AR Hefth BRI AT AR, e — PR R U 7T

1.4 PEREMNK
141 REFFIERE

D e Eh R A R

O @EfkEEMBEE 25°C): 8 GB/T
14074—2017 CARMF T FH JBA 751 B FE AR T Ao 56 77
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Tab.3 Properties of chlorella protein-based adhesives

M FZ/mPas RS E/% TREIRE/MPa RIS 8 E/MPa

CP-0 69 700 19.27 0.55 0
CP-1 15100 19.43 0.76 0
CP-2 8520 19.86 1.04 0
CP-3 28 500 23.98 1.78 1.11

KIEIR, SRGATE N/ NEREE D (A 6% 1
Fi7 (CP-0) AIEL, NaOH et feE:7 (CP-1) 1
RN 78.3%, TIRETREISE]0.76 MPa, &}
7 38.2%. X F LK N NaOH ] DA 5| 2 /NER 2R
F 72 M BT, IR0 72 s
AR, SHEARS TEMEK, 578
PENET RS, RN EB I AR I 5 B R s K B A, A
MCEEFIEE TR, RGBS,

BN\ SDS IR &7 (CP-2), BhE NBEZY
87.8%, T-RE LI 2189.1%, X1 AEEH N
7E NaOH 3L [FMEH R, SDSHEIR 134 & i &
T REER, WK T ZHNEAR S T 51
(R A T AR ARG B 7910, A R e B 7R 5 A b 2 (1]
TR [ i e e, N4 1 IR G o fE . XUt
BH SDS fE 5 {2 it NaOH (1 i Kb BR AR, #E— 2042
IR ETRIE .

{H £ NaOH FI1 NaOH-SDS £{ i1 &b B 1) /N Bk i 2
28 B IR IR A SR B 9 0. X A RER RN
NaOH 1 NaOH-SDS i 14: &b 35 1 i 2 771475 LA B
FEERETA, BHZRKSMFEW. Kk, %
BTN N3G 5 P A8 RS e L K P

AINTTE ML EEF (CP-3), [k & B4 m F)
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23.98%, T MR A R AU IR R oM I 4y ) 4
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Tab.4 Gel contents of chlorella protein-based adhesives %

15 IRV %K 63 °C/K
CP-0 81.7 62.1 523
CP-1 82.0 52.1 26.6
CP-2 84.0 58.0 35.1
CP-3 88.9 77.0 74.4

HE 4751, 4 NaOH-SDS-TTE & &St/
BREE A REREA (CP3) MBS ERK, &£
AH O A 3 R R0 7 PR A B B P KN, A R T 0
5 /N R A SR A B R I K, BRI CP-3
Ji G R B R
2.2 UL IR /INER R AR R A 2 A R (1 R T

1)/ INER PR B 1 JR 3 7)) g F vl ] 4

NaOH 24 Ak 21 71 J5 /N BR v 8 1 1) I i 141
D1,

A a—HH; b—CP-0; ¢—CP-1
1 REQMEA NaOH B AL IR/ KR R B RV B IE E
Fig.1 SDS-PAGE images of NaOH modified and

unmodified chlorella protein
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Fig.2 XRD of chlorella protein-based adhesives
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B0y ) %F T 20=9.6° F11 20=19.5° {1) J§ AN 4 AE 1 .
28 NaOH PN HE J5,  o-BE e [P RRAIE U 2 72 22 20=
9.2°, WHHE AR T REMRELNH. &
NaOH-SDS &b H 5, 1ZALUETAR %E, i B 8 9T 43
T Rkt — B aIn, AT RERES
JoT G5 K6 S B0 S AT R, AT N A BRI R i B %2
() S REAL s, DAIK B4 vy /N BRI B 1 R 6t 7 i
SRS
3)/NERE R H AR FTIR 23 A
N BROE BB IR BN R B AL A O i
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Fig.3 FTIR of chlorella protein-based adhesives
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1236 cm™. CP-2 H Bk Jig 177 0 PG Jig 1L 77 56 52 62
CP-0 1, it M2 it NaOH-SDS Ab FE [ 2 (4 i 4 1
o Ik B % i RPY . KL CP-1 F1 CP-2 ) 4T 41 I 3t AH
Bh, RAEE 3 hRAECP-1. WELCP-3 HI#H L KN,
PBHAE 1 739 e Ab B 1B I BRIERRAE DS, AR

2.4 JRE & T2 MR

RSN ER B R B BT (CP-3) fEA
FAE T2 T Hl & =ZRER, X1 8K
o R S5 R &L 5 o

HIE S AT AL, A IR T RRI A o B R
2 B PR I 5 S JE DR A, AR TR D 400
g’ IR B KAE . BEEIRACE RN, RR7E
TP A - AE AR I b, 8 T AR SRR LS
fEAF I A o LI K. HEEE R RS — 2,

b—CP-2

4 PECEEBERFMTIHSEM
Fig.4 SEM of chlorella protein-based adhesives
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T2 T R AT 55, KA Gy 4= bl T A 5 1 A
i, AR S A IR B TR A R . (R
B IR R TR AN T v, R AR RE RN BROAS B 2 1
Ko B, EEEREEE R 150 °C.
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Fig.5 Dry and wet bonding strength of plywood samples under different hot-pressing conditions
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