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Modification Process and Properties of Fast Grown Chinese Fir Wood with
Melamine-Urea-Formaldehyde Resin and Dye Compound
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(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: An orthogonal experiment was conducted to evaluate effects of Acid Red G mass fraction,
melamine-urea-formaldehyde resin (MUF) concentration, Na,COs3 mass fraction and curing temperature on
physical and mechanical properties of fast grown Chinese Fir wood modified with the above-mentioned
compound and process. Results showed that the MUF concentration had a significant influence on wood
density, anti-swelling efficacy (ASE), modulus of elasticity (MOE), modulus of rupture (MOR),
compressive strength and color fastness. The dye mass fraction had significant influence only on wood
color. The Na,CO;5 mass fraction significantly affected wood color fastness only. The curing temperature
significantly affected only the ASE. Based on a comprehensive evaluation, the optimal process was as
follows: 30% of MUF concentration, 1% of Acid Red G mass fraction, 0.5% of Na,CO; mass fraction and
100 C of curing temperature. The modified wood samples had excellent physical and mechanical
properties with good decorative performance, which are desirable for making solid wood furniture and
other solid wood products.
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1) NIMAZAK (Cunninghamia lanceolata): 7=
TP E M, B4R 20~30 cm, S T55 %R 0.322
g/em®, R~F 300 mm (L) X 25 mm (R) X25 mm (T),
4t /M.

2) =REAMESIERENE (MUF) « SE=EH
Hil, —WEhE. HEE. FEE. JREMWE N1 23!
2.3 1.2, KEiEW, B 5.7 mPa-s, [BAS & 53.5%,
pH 18 8.2, /K54 >10.

3) MM K4 G (CL AcidRed 1) , T, CAS
5 3734-67-6, 4y )i 509.43,

4) [E 5 NayCOs, #ME, H4raks
1.2 EEEAE

HAMEIRTHE, CR-400 &M AL, JifE
SRIGHL, FATIRAE, HIREEA, KBHR%E.
1.3 R

FRPE AT IR IR 45 5, BT B A UM B
B Ve Re s R DN R #: MUF Wil
R YRR [ 77 NayCO;s i 20 50
BIAIRE, BHT Ly (3% IEACIRLE, 65 RHI T 1.

4 E il MUF b6 i e 22 00 4 1 H 1 5 240 28
BN —E & BRI KL G IR ER BB 71,
T TR, SR e T SR RAZ
WA B H A (—0.09 MPa /0.5 h) —hiJE (1.0 MPa
/4h) SEIEFRRAE T2, 2 A5SMEFIFER
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Tab.1 Orthogonal experiment design

e AMAERIE BREDRE  CNaCO; e D [ELIRE/

G 51 8U% 5 5/% K% C
1 10 0.5 0.5 80
2 10 1.0 L5 100
3 10 L5 3.0 120
4 20 0.5 L5 120
5 20 1.0 3.0 80
6 20 L5 0.5 100
7 30 0.5 3.0 100
8 30 1.0 0.5 120
9 30 1.5 1.5 80

AR EEAE, ST R KEL 50%, FBE
THEE —EERE, Bl TREaT, H451H
MR- BT A IEAZAR, TEEE 20 C L XTI EE 65%
AP, FEF

R AR EE 20 HRIKAT
1.4 PEREASI

1) W2y A E R EREIR U AR BT S AR
&, RERELNITHE,

Wezhig= (my—mg) /mex100%

WEZR (WPG) = (my—mgy) /myx100%

K me—ZBATA TR E; m— 2 BRI &
my— NIRFUGHT R &E; BAIA g

2) Yy JEvERE: $5I8 GB/T 1933—2009 (A
F125 FE € 7730+ GB/T 1934.2—2009 (AAATRAK I
WE F79)+ GB/T 1936.2—2009 (AAA 7025 3 12 455 5
WM5E T79:)+ GB/T 1936.1—2009 {AAT 25 58 B R 56
J7¥2) 1 GB/T 1935—2009 AA NS 50 R 5
JEY AT IR

BAH 15 M, WGP AE.

3) Fith: KM, Des brENIR, 0/d(EE
W H 8 I 5), R AL BT S E S L, 4R
Hoad MEIEIR S b, HARHHALS Ad'L AD',
BRI EEACT FIRA O ZEAE .

4) (IR

O TMKEEE S GB/T5713—2013 (Figifh
AR MK EERE) A GB/T 8427—2008 (i
gU AR WS AR MR, WA
BFHE 500 mL /K FFIRI 3 h )5 R ik g 221,
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@ Mt dEE  MERAME TG (R
42 Wim?. BHIEE 65 C. @ 60%) HH 100 h
Ja B s L,

RA R F 50 mm (L) x20 mm (R) x10 mm (T),
B2 5 A, AN 3 5, BLg-PIME.
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Tab.2 Properties of compound modified

Chinese fir wood samples

Wiz MWER/ WP/ ASE/ MOE/ MOR/ L3R/
% % (grem™) % GPa  MPa MPa

s
C[U

25542 26.02 0.403  66.77 10.12 72.02 60.54
260.63 2891 0412 65.16 11.44 75.68 60.39
265.08  29.22 0.416 6399 1034 72.56 59.81
267.32  52.50 0.496  70.10 11.89 82.52 72.98
271.90  57.38 0.521 6582 1249 8585 73.71
266.53 52.31 0522  68.77 1276 85.79 76.01
261.04  74.87 0.600  70.56 1430 95.09 85.66
270.58  79.35 0.622 7899 15.69 107.02 83.86

O© 0 9N A W kA W N =

267.67 75.84 0.608 71.84 15.16 101.45 82.15

EM - - 0.369 - 891 66.82  46.28

R 2 SR, AR EY KT 250%, B
B[R B B 1) 52 6 e M AR B TE LS IR 26 F T
BB NAR, GeRIABLFI% MUF B IS EEARSE o [1)35
BN

BEE R B BN 10%18 % 30%, Btk
W R RIN 28%INE 75%4L A4, HPIKE. 5t
T 5 B RN 0 o R S MR RE AR AR B 0 B, 42
ASE ¥IKT 63%, RUFSTREM RS, 58 8
MR B % EE . MOE. MOR MIHUETREE, 25tk
EMIRE T 69%. 76%. 60%A1 81%, H ASE &
78.99%, WHEJEVEREGE R .
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K2R PERT 5 BB S HOR G R, 51T 3.
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Tab.3 Color change of compound modified Chinese fir

wood samples

B AL Ad” Ab° AC AE
1 -2543 26.94 -12.40 10.47 39.07
2 -3522 36.60 -827 21.53 51.46
3 -37.65 33.60 -9.54 17.26 51.35
4 -2547 26.08 -8.63 10.94 37.46
5 -31.78 31.48 -925 15.36 45.67
6 -29.97 32.72 -14.14 1535 46.57
7 -23.99 27.06 -11.93 10.45 38.08
8 -24.12 32.58 -14.11 15.74 42.92
9 -35.04 35.32 -11.09 22.64 50.97
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BEE Gk m B 0.5% (58 1. 4. 74 14
& 1% CF 2. 5. 8 41D, MMEbAc’. AEEIEINE
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Fig.1 Water and light fastness of compound modified

Chinese fir wood samples
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Tab.4 Significant difference analysis of influence factors

on properties of modified Chinese fir wood samples

o PUE R MK fiif
% % ASE MOE MOR uppr ign  fos5fir g e

3k sk sk 3k sk - ek

]

¥

O O % ~
*
*

e R R ERIRAE 0.01. 0.05 KRR,

120 “CHIEAIREEXT ASE SR, S RUOAFER
UL LI A — 5 AR AN, E— Db AR AN,
MR T H RS R TE . Gk R B HIAE & & G )
R B, AR R 120 °C, =8
XSRS 727 RETE W S R
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Tab.5 Analysis of influence factors on properties of

modified Chinese fir wood samples

PERETRR A B C D W S

¥ /(grem ) 0.200 0.018 0.010 0.001 43 B, C, D, A-B-C-D

R

Pk /% 848 279 372 286 A; By C, D3 A-C-D-B
MOE /GPa 442 111 047 024 A; B, C, D, A-B-C-D
MOR /MPa 2777 630 377 093 43 B, C, D, A-B-C-D
PUERRE/MPa 23.65 041 163 238 43 B, C, D, A-D-C-B
P JFAE,” 406 1143 378 146 A, B; C, D, B-A-C-D
KEJGAE, 410 225 341 205 A3 B, C; D, A-C-B-D
JeHFAEsT 389 1.3 737 152 A3 B, C; D, C-A-D-B
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