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In-situ synthesis and anti-mold property of nano-copper
of the heat-treated wood

XIE Guijun'?, ZHOU Yongdong'
(1 Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China; 2 Guangdong Provincial
Key Laboratory of Silviculture Protection and Utilization/Guangdong Academy of Forestry, Guangzhou 510520, China)

Abstract: [Objective] To improve the anti-mold property of heat-treated wood and provide a technical
support for expanding the use range of heat-treated wood. [ Method] The Pinus massoniana wood was dipped
in copper impregnated liquid with pressure according to liquid reduction reaction principle. The heat-treated
wood was obtained by heat treatment technics, and anti-mold property of the wood was tested by modified mold
culture box test method. [Result] The control group of P. massoniana wood was treated more than 3 hours at
220 C and the mold-resistance effectiveness was lower than 20%. Under the same heat treatment condition, the
mold-resistance effectiveness of P. massoniana wood which was impregnated in copper solution was more than
90%. The data of scanning electron microscope (SEM), energy disperse spectroscopy (EDS), X-ray
photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) showed that nano-copper was generated in
copper-contained P. massoniana heat-treated wood. [ Conclusion] The 100 nm copper produced in situ by heat

treatment of copper-contained wood can greatly improve anti-mold property of wood.
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Fig. 1 Schematic diagram of mold culture test box

1.3 753k

1.3.1 KM EREINEAAIFT, A
FETCEAE 60 °C HIBLAR N MR 1E T & . AR FE S I
RN 50 mm(Zh[F])*x20 mmx5 mm, ARMRFER 5
B E W, R RS RE TR IE J18-0.09



98 oW ok W K ¥ %

539 &

MPa 30 min, f LA 1.5 MPa {£/% 40 min J5HUH . 4k
SEEALE 60 °C MR ML R E T = .
132 ARAt#oabs  HUbERREN el %, T ER
AbF IS FE 1) KR R B R R S A A
RN FAKE B GE Y, fiel B ARk 22 15 2) G P #i A
TRGEGE T, A A A R TR S ADIR B, AR AIE 3
b 1] 1T A AL T P AR A 3) B RV R ARSI IE
71200 kPa, /KZ SR AE 71 100 kPa, &b K [H]
20 min, HEds A FE A RS 4) R AR AL
B, JFE BB, BE A B FE 220 °C, AL BRI
6] 53 3 ¥ 28 3+ 5 A1 7 hy 5) ik FRIGHS 8] )5, FF R
RIRRAER, EHENBEANZRER, BNIREKT
140 °C J&, <M #AAb BREE F Y A 75 Rk AR 2% FLUE,
FTH AT, AT 2R A B EESER T,
B AL BEAAS
1.3.3  Br&EmEX R8RS RSN
50 mm (JINEK) x20 mmx5 mm, FEHEE 12 B,
4 GB/T 18261—2013"f14 (543 2 G5 kB 1A 34
71, BOEELSAN 0~4, 0: 1 HHHEK; 1. B
AR <25%; 2: B AR TH AR N 25%~50%; 3: B 4% [ #7
N 50%~75%; 4: B AL THAR>T5%

BiEE X0 (E) WHEA L.

E=1-D;/Dyx100%, (1)

s Dy AR BEAFE T2 (055 9 Dy AR
Ab T T AL P 3 AR 0 5 2
1.3.4 12# % 4% (SEM) #= 4k (EDS) 947  HL
2 MU E A R AR R S RO K, FH SEM(ZEISS
SUPRA 40) fil EDS(ZEISS SUPRA 40) Xt H it 17 7
SHABEIE AT o
1.3.5 X H&kdE-FaE (XPS) 547 A XPS
(Thermo fisher scientific escalab 250Xi) X ARFFE i
BEAT 7 Mo ¥ 2 B Al T B B AL B AR ] RORy
K, B 20 mg AR R AR ) & BT TR N A
M5 504
1.3.6 X HZL4T4 (XRD) 24 A XRD(Bruker
D8) X AMFE S HEAT 43 W7 o i 2 B4 5 R s #Aak
T A B 1) BORY R, B 100 mg AW X A A 42 )8
an A FRLAR RN S 434
2R (Scherrer) A RXFKIAXA:

D = K2/Bcosb, ()
X, D AGRLRST, K NHE G AN X &K
BTG S TE: 6 AT M. R K MIUES
BIE AR, 4 pAYm il KHL0.89. 4 BN
U 56 FERT, K B 1.00,

2 FERE5SH

2.1 SEMRARIEBEMHIGETNS

KRALFEMAE RN HEFF (CK), BENL 7 A5 75 B AR A6
W, 32 BT R O &S R A s, R T
X REA S e A E AT, BB EE 2007128 0, Tk Bt ik
MRS A2 B3R 1 A5, SR &R0 M 0,
Ui B AHE R MR 25 A 2. RAEFEFLL 220 C
Iy AEE 3.5 L7 h MALHE S (FEA %5 N N-3.N-5
AIN-7), KB BN, BARRE — 2B %380,
HILAAMRT 20%, WAARE &P EERE . RAGEH
PL 220 'C AbE 3 A1 5 h 3RK1G T 6.25% H1 16.75% 1]
B 8 AR 80y, B B 25 T A B 51 R AR Ak A
SR AL TR Y, B R i AR A B R] ) ZE K
I B 5 VT e AR, I8 R b BEAA DL 220 °C Ak
7 h 3R15 T 8.25% MBi8 %), B2 i XA F
BaARI,

EHNRBURALFERT LL 220 °C 23514 3.5 fi1 7h
AbFR S (BESh 985 43 B8 CuG2203. CuG2205
CuG2207), iR S5 90% LA L, A NIZZRAIR
MEB BIFHIBEIERE. % 1 Bon: NSt
B R0 R M BB R O 2, R &, R
BRI AR BE e AR IR B17 5 470 R R R AR 220 5 R 1)
KL B RS = AP B, RN AR S, KM
W SR T 200 38R T4 B AT 9K A
A, A 2] 1B A,

=1 TELESRNEERMIFFELH N
Tab.1 Mold-resistance effectiveness of Pinus massoniana
wood processed in different methods

e b2 75 2 PR IR

H5"  CuGRBD Opum/T th  REHR F31%
CK - 4.00 0
N-3 - 220 3 3.75 6.25
N-5 - 220 5 3.33 16.75
N-7 - 220 7 3.67 8.25
CuG2203 + 220 3 0.25 93.75
CuG2205 + 220 5 0.08 97.92
CuG2207 + 220 7 0.33 91.67

1) CK 2 st A, Ny 22 2 A 22 04 3¢ B AT, CuG 4 22 4 22
8903 54 2) + R T 2 CuGE R AL, — & T R AL

2.2 SIS EMALIBEARM IS THH]
25 B IR T, RIS HIR TR D A AL B
DL 220 °C 0 W4 3.5 F1 7 h &b FR S, BT &R

Ik 90% LA_L, AN E A By R AR FAKE BEAA A I AS
http://xuebao.scau.edu.cn



3 ]

WPEEZE, 25 il AR BRARE i G OK AR 1 R AR ) 6 K I B A2 1k RERIT 7T 99

NGBz, DRI E B A 0 0T 2 4 5 e b FA A BEOR A
(1) B B A2 B BEAT T 9T
221 ARG RANALIZATH) SEM 5 EDS X H
A 75 TR 5 R AL AR B AT SEM M
EDS 73, ¥ 2 A& B B AL B 2 220 °C % 4F
Ab¥E 3.5 F1 7 h ) SEM 1 EDS, M\ SEM & _E7] LA
F 2 ORI B EARM b, EDS R oK E
Cu JGEAFAE, PRI 0] AR5 3% B A 4 R B 5 7E A
M.

SISO E N B K ZES, R A] BUACH AR AE #4
Qb PR P R A K BRAL S o TE 220 °C Z5AFRT, AR
PRI 21 e 2 AR i B B A, G H RN ) 264
IR R A B N B R, R NS AR CO, FIAH
FEH), 38 R A i PR . 6] 2 H i EDS 4
Mra& B, fE R — W B IR AL B 26, O/C th i

0.47 (K 2d) F+ 2 0.51 (&l 2e), 2R J5 X% 0.49
(Bl 2f), B4R 2 ETHES, BEFE O/C ELi3ghn, A1
B0 A P 5 Lt AR S B i, DR 2 R
EDS 73 #7874 76 2R (1) i & 5 B 2 3G g s .
2.2.2  A4RI R A FE A EG XPS MK A
XPS A 25 il Ak PR A UKL 3 T 14T 40 A, B3
JE7R T XPS H$ A I AIAS R &4 1 2 e B . |
B 3mSR S R A AR BEA 22 220 °C S
3,517 h )5, 7€ 934.9 A1 954.4 eV & Cu’ I,
7F 932.9 f1952.6 eV J& Cu’ &, [A1f XPS Mk F
B, AR A TE QKA A g oK S A AR, BRI 3 4 Ak
Vs ERL T AR A gk B AL . B 1 T A,
A Iy AN AL BRI R B2 AR B 76 28077 BE #Ab
TN (] 0 38 b0 T 2 14 b0 J5 FRAIK, 51 3 XPS
1) Cu’ B H — 2.

0 2000 4000 6000 8000
5 e/ eV

JiiE o L%
60.65

31.17

8.18

0 2000 4000 6000 8000
Gifrfie/eV

RS %

60.78

29.91

Cu

0 2000 4000 6000 8000
Hifriie/eV

a J CuG2203 ) SEM, b 2§ CuG2205 f¥] SEM, ¢ ¥ CuG2207 ff] SEM, &b 3k Fr i Bt 5 78 AR+ B (4R ik ; d 9 CuG2203 [ EDS, e N

CuG2205 {1 EDS, f & CuG2207 ] EDS

2 ZiSEMRRLIEMEITIEBIE (SEM) 5881 (EDS) 714

Fig. 2 Scanning electron microscope (SEM) and energy disperse spectroscopy (EDS) analyses of copper-contained Pinus

massoniana heat-treated wood
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Fig.4 X-ray diffraction test of copper-contained Pinus
massoniana heat-treated wood
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