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Isocyanate Modified Bamboo Surface and Its Corrosion

Resistance Property

GAO He SUN Yong TANG Xing ZENG Xianhai LIN Lu

( Fujian Engineering and Research Center of Clean and High-valued Technologies for Biomass; Xiamen Key Laboratory of Clean

and High-valued Utilization for Biomass; College of Energy Xiamen University Xiamen 361102 China)

Abstract: The process of enhancing the corrosion resistance of natural bamboo by modifying its surface with isocyanate was
developed. The bamboo treated with hot water or alkali was modified with dicyclohexylmethane 4 4-diisocyanate( HMDI) and
achieved the bamboo samples H-HMDI-bam and A-HMDI-bam respectively. The investigation on corrosion resistance mechanism
indicated that the number of hydroxyl groups on the surface of the modified bamboo was significantly reduced after modification
while the numbers of the carbonyl and amide groups increased. HMDI was successfully grafted onto the fiber surface and formed
the flocculent encapsulation. The loadings were 6.342 mmol/cm® for A-HMDI-bam and 4.080 mmol/cm® for H-HMDI-bam
respectively. The hydrophobicity of the modified sample was significantly enhanced especially for H-HMDI-bam whose water
absorption decreased from 68.7% ( raw material) to 35.5% and the pore size and pore volume decreased significantly to
33.48 nmand 0.039 0 em’/g respectively. The SEM images showed that the sample coated with HMDI was hardly corroded
corresponding to the grade of 0 — 1 which was similar to that of the sample treated by the traditional carbonization process in
industry.
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1
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(28.0 mmx7.5 mmx2.0 mm) o
4 4- ( HMDI) ( 98.0%) . +CoCl,.ZnS0, *7H,0.FeSO, *5H,0.MnSO, *H,0+
N ( THF) . N N S N ( 95%)
( Trichoderma reesei) o ( )
50¢g 150 g J0.6 ¢ J0.6 ¢ 10 mLL
1L 1 mol/I.  NaOH pH 5.5,
CoClL, ( 0.20 g/mL) . ZnSO, * 7TH,0( 0. 14 g/mL) . FeSO, « 5H,0 ( 0.50 g/mL) MnSO, « H,0
(0.16 ¢g/mlL) o 20.0 ¢
0.1 MPa.121 C 1h o
Parr 100 mL USA; Elementar Analysen Syetem GmbH Elementar
; Nicolet ( FTHR) Thermo Fisher ; DSA20
: SUPRA 55 ( FESSEM) Carl Zeiss . Micromeritics ASAP
2020 Micromeritics o
1.2
121 100 g/ NaOH 60 °C
30 min pH pH 60 C
( Abam) ,
122 160 °C 1 h
60 C ( Hbam) .
1.3
1.3.1 HMDI 0.5 ¢ HMDI 5 mL A-bam/H-bam
5 min
5s 30 min HMDI ( A-HMDI-bam)
HMDI ( HHMDI-bam) . 8h 60 C o
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Table 1 The HMDI loading and the elements content of bamboo samples
samples ml;e N1% C/% HMDI/% o HMDl/l(o;(llrit::cmiz)
bam 0.122 43.788
A-bam 0.130 44.472
H-bam 0.117 45.671
C-bam 0.043 61.074
A-HMDI-bam 0.904 44.473 7.252 6.342
H-HMDI-bam 0.717 45.794 5.622 4.080
1) bam: bamboo raw materials; A-bam: alkali pretreated bamboo; H-bam: hot water pretreatment
bamboo; C-bam: carbonized bamboo; A-HMDI-bam: -HMDI alkali pretreatment-HMDI modified bamboo; H-HMDI-
bam: -HMDI hot water pretreatment-HMDI modified bamboo same as in following
1 C 43.788% 45.671% N 0.122%
0.117% o H-HMDI-bam  A-HMDI-bam N
0.717%  0.904% HMDI o A-HMDI-bam HMDI

( 6.342 mmol/cm”) H-HMDI-bam( 4.080 mmol/cm”) A-bam HMDI

o
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2.1.2 FTHR HMDI
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Fig. 1 FTHR spectra of modified bamboos Fig. 2 N, adsorption-desorption isotherms
A-bam 0.060 3 ¢cm’/g  50.32 nm
: H-bam
0.057 2 ecm’/g  37.84 nm;
C-bam
2
Table 2 Textural properties of bamboo samples
/(m2eg™h) /(cm®eg™!) /nm
samples surface area pore volume pore size
bam 1.592 0.0636 65.98
A-bam 2.163 0.0603 50.32
H-bam 2.423 0.0572 37.84
A-HMDI-bam 5.710 0.0426 42.71
H-HMDI-bam 4.227 0.0390 33.48
C-bam 2.324 0.0536 17.16
3
15
A-bam  H-bam 2.163  2.423 mZ/go
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A-HMDI-bam  H-HMDI-bam 7.61
4.36 nm 3.547 1.804 m’/g. .
HMDI

2.1.4 FE-SEM 3 ( 3(a)) ( 3(b))

a. H-bam; b. A-bam; ¢. H-HMDI-bam; d. A-HMDI-bam
3 SEM ( x2 000)
Fig. 3 SEM images of samples

2.2
221 5s : bam 74.3°,H-bam 88.0°. A-bam 69.7°.C-bam
96.5° H-HMDI-bam 100.3° A-HMDI-bam 91.2°, H-HMDI-bam  A-HMDI-bam
12.3° 21.5° o A-bam 74.3°
69.7°
222 3 o bam 68.7%
H-HMDI-bam  A-HMDI-hbam 35.5% 41.9% 50.0% o
H-HMDI-bam o
HMDI
° HMDI
2.3
2.3.1
3 4 o
3
Table 3 Water absorption and corrosion level of samples
/g /g 1% ')
samples dry weight wet weight water absorption corrosion degree mold area on surface

bam 1.47 2.48 68.7 4 >60%

H-bam 1.22 1.96 60.6 3 30% ~60%

A-bam 1.19 2.09 75.6 4 >60%

H-HMDI-bam 1.07 1.45 35.5 0~1 ~0

A-HMDI-bam 1.29 1.83 41.9 1 ~10%

C-bam 1.16 1.46 25.9 0 0
1) surface mold distribution of antibacterial experiment on 10th day

A-bam 60% 4
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Fig. 4 Photographs of samples before and after corrosion resistance test
2.3.2 FE-SEM SEM ( 5) . 10
A-bam  bam
o A-bam  H-bam A-HMDI-bam  H-HMDI-bam

o C-bam

a. bam; b. H-bam; c. A-bam; d. H-HMDI-bam; e. A-HMDI-bam; f. C-bam
5 SEM ( x500)
Fig. 5 SEM images of samples after corrosion resistance test
HMDI
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