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Dimensional stability and mold resistance to bamboo

treated in gaseous phase fluorination
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Abstract: [Objective] The strong permeability and reactivity of gaseous fluorine supposedly helps form chemi-
cal bonds between fluorine and bamboo. This aim is to increase the leaching resistance of gaseous fluorine
[Method] The four-year-old bamboo (Phyllostachys edulis) was heated in a tubular reactor at 150 °C and
treated with 25% fluorine for 4 h. To improve the fluorination effect, bamboo was pretreated with sulfuric acid
at different concentrations before the fluorine thermo treatment. Analysis included fourier transformed infrared
spectra and X-ray photoelectron spectroscopy. Tests on mold resistance for fluorinated bamboo with mixed fungi
of Trichoderma wviride, Penicillium citrinum, and Aspergillus niger were conducted. [Result] The chemical
analysis and testing of fluoride bamboo showed obvious changes in lignin. Fourier transformed infrared spectra

" were C—F (carbon-fluorine) monosubstituted bonds; whereas,

demonstrated that the new peaks at 739 c¢m~
concentrated sulfuric acid pretreated fluorinated bamboo showed double C—F peaks at 878 and 1 088 cm~
caused by the polysubstitution of C—F bonds on the benzene ring of lignin. Binding energies of 687.8 eV (C—
F) and 689.2 eV (C—F,) in X-ray photoelectron spectroscopy confirmed the presence of the C—F bond in
fluorinated bamboo. The dimensional stability of treated bamboo was tested under three moistening-drying cy-
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cles and water soaking-drying cycles, respectively. The average anti-shrink efficiency (ASE) for three cycles of
thermo fluorinated bamboo was 19.1% for moistening-drying and 7.5% for water soaking-drying. Sulfuric acid
pretreatment further improved dimensional stability of thermo fluorinated bamboo where 20 g-kg™ sulfuric acid
pretreatment behaved the best with a corresponding ASE of 31.0% for moistening-drying and 15.8% for water
soaking-drying. Tests on mold resistance for fluorinated bamboo with mixed fungi of T. viride, P. citrinum, and
A. niger, showed no obvious anti-mold efficacy; whereas, for fluorinated bamboo pretreated with sulfuric acid
there was slight improvement. [Conclusion] Thus, with gaseous-phase thermo fluorination, a new way of bam-
boo modification with strong permeability and high reactivity, dimensional stability and mold resistances of
treated bamboo were better than the controls making them effective for inner modification of bamboo. [Ch, 5
fig. 2 tab. 22 ref.]
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1 #MHE5F*

1.1 RENHF

VIWIILAE 4 4F 8 8 B AT Phyllostachys edulis ik, WAT# B, KF LEJ5, T A 50 mm x
17 mm x 4.5 mm BPTEL, ARG 8 DNEE A, I B BT, B A 105 CT/ 8 h, ki
FWFEE 2 150~200 H %5 .

1.2 #EiLabiE

BT L1 R AT e Ak, 38R 1 AT bf B AL B8 7 28 R AT 4 5 AN Rie v A B B IR A B SR A 20,
200, 400 1 800 g-kg™ MR R /K I W I= 3 AL FEARE 15 min, SRJ5 H £ B F/KUEER E pH=7, A HRE K
Bl e AR T 2L (60+2) CT 4R 4 h, FFLL(103+2) C T4 8 hi»),

FACAL BEAE AT AN AR 4 RN A8 TP BEA T, R HIAE 150 °C, Y8 A 30 min & UAHE AT
B, FEA R E SN 25%, SRAAREG)HE RN 4 h, FH RS ECh 25%0 S AL iE
WAEHES, RVEHRE, HRAEARS, He R B A i s < R JUE BOH R RIS
il 1 ALAIEAT 150 CHRAD B AR i 1 kXt B
1.3 AEAM MR
1.3.1 A% et Z3arshki (FTIR) 241 B 1 mg FESL, LA 200 mg IRALER (KBr) #EATAFES , 7F 16 MPa
TR . R S HE IRPrestige-21 B 37 AR o 21 4043 66 BETH (32 kR, /0% 4 em™, PEGE
Fil 4 000~400 cm™) #4720 AN EREN I
132 XH&keFreEasr OB MR B8 T, KR H 8 h, FE.LHLE L (3 000 r-
min™), 3 VS, EEZEF 3K, R 24 h, B A TEIEE IES IR R R EE S X STk
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Table 1  Processing scheme of bamboo

% Jﬁg)ﬁ&;i}fg‘) FALAL L 150 CHAb 3 G 5 }ﬁgﬁ&gi}l‘) FALALFE 150 CHu b3
XJHR (ck) - - - 20AHF 200 + +
AL FE(H) - - + 40AHF 400 + +
IR AL (HF) - + + 80AHF 800 + +
2AHF 20 + +

VL. 47 FORM PR IR YR, -7 RN BB AR PN E U IR

JGHL T RETE (XPS) K, XPS {ifi il Thermo ESCALAB 250Xi JtHE T REREAL 20 M7 o FE bl 2 (o AL A 45 (AD)
() Ko S128 (1 486.6 V) A, SHEREAMIE N 15 kV, it 50 eV, KA 1 eV #9755 GE 6 &
BT PRGN TE B SR8 30 eV, 21K 0.05 eV WM T 8T, H gl i T AR i R, FOR E R
C1s(284.8 eV ) fMFE S 25 & fE (EB) faf AL IE
1.4 SALFH LR
141 RAF#EE ATA I RSHRE R 3 I K- TR 0G PR 58, LT 44 7E 7 41 G TR 2R 55 op
) RTAR AR IR 3 IR - TR 3R, BT IR A B N A A R R vk, Bk ik n s . O
M- EEE IR, BUALEL A R AL FEAS , JELh (60£2) CHHE 4 h, FELL(103+2) CT4E 8 h, FiEs R R
R GEERERE, MHE] 0.01 mm, THEMAB, RERSHCE TR N (25£2) °C, XA (85«
5)%MEEE R, 3 dERRINE, R 1 ATE-IMBIEA, EE 3K, QWK-THRIEIR, BUbH R AR
AbERMA, FHR bR TR T AT TR R, RS, R E T (2542) CRIKIE TR 3 d,
PR RE RN R PR 3 Ik

ROT R T 2 B FE R TR ik 3 (S,) . IR BRI 4 28 (S,) Aot i % (Ag), TIRAXSATIHA . S=

Vi) 100%; sh:%‘imxloo%; A= 5Bu) 1009, Fofr: Vi, % 0 YRR SR KR 4

IR Vo, A5 n IRTRIF IR TR S, R A B AR TR 4R % 5 Sy, 3R n URAL 3 3 e ) 44
TR 2

1.42 BEZFEMX FRIBBAHED, BT RS B T A KRE Trichoderma viride . 5 B Penicillium cit-
rinum F1H& M5 Aspergillus niger FITR & % W 92 38 (PDA) W, 7EIREE R 25 °C, MXHRE R 85% 1 3 5%
R B R M REMK, K5 SR 30 d, BB LA H ALVEMY 7 vk R AE . 3R 1A JC T 22 R B A0 R B (E R
0; AL R <25% M AR LB 1, FRTATR 11 P 25%~50% i U RE I e (B 25 3% ThT JR R 1T AR
50%~75% W) AARE LBy 35 FRIIR YL TR 75%~100% IR FERAE N 4, B35 o5 11 R 41 i gk
LA (07 Y8 - 4 SR

2 HEREAHN

2.1 EIIMTHIMEIE (FTIR) S 47

AR R, B A M BB ML T I EOT R, T UK R (C—F) . ARSI
AHAIRK . RS RS NRENE., MM EERGYER | FFEEMAREAMN, WaEERIW
ER R RA R, R ICEZETH L, B 1 RS | S EbS | BGRU Ah BEBA R AT R T Ak B A
FALM PLIAMER . RIEARTZE M 1 604 em™ W 7E RIS & 2B TR AR Ak . B8 19T 40 B 44 AL
IMAE 1 514, 1 464 FI 1 424 em™ &b (%) A 5T A I 15 42 25 K4 (1 U6 it 5 700 A 391550 £ 43 50 100 348 Jon g 0k 55
1 332 Fl 1 248 em™ bR 0& 53 ) R ik 1 A AR BEFNEE T B 3L AR O, &AL & 190122, UK i & b
Oy HESE (—OCH)# i 25, JEH 1162 em™ &b 58 T F SLRRAE I T 26 IR 52 Tk AN 45 51 . B3l fb b 3K
MAE 739 em™ BT HTAYIE W RE B ARIR T A R R IR B (C—F) 512 . 832 em™ Ab iy U6 2 K 5T 38 0% #%
A iR 3, 7E 800 g-ke™ BRARALHRAE & b | IZWESEARTE R, UL T 205 IR a4l & AR AR AL IZ AR
FE 878 em™ AME N 15 B A A B0 IR JRUZE R ER il U AR S T 2 U, S ARAE 1 088 em™ A i
JERE S e A HE 2B UL T SR T AT R R T R IR RS T R 2 U (C—F,) o
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Figure 1 FTIR spectra of untreated and fluorinated samples
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(C). A (O)MH (F) AW IAFERES, AT
(A SR HE (O/C) AT gaUms EL (F/C) , 45 AN 2 gk 2,
Z AR ITC R WA R 2RS0T A A BEAL e

XPS EHEAT W fd . ALALBE S A TR AR RR K T .
RN RIS TR C1(284.8 eV) B i B, L

RETAEFR AL AR FFIEN) C2(286.6 V) F MG . . . . :
s, ARFARZ P OB S RIEESEAY C3(288.1 V) Sk 1200 1000 800 600 400 200 0
SEER, VIR S O/C THE . X—MGk & A RE/eV
IR A A B P 3 T R B B2 HMAAH G XPS B

IFE 2 ALBEAT R TT 2 I I T T 4 i A LA Ak Figure 2 XPS spectra of treated bamboo
ATLAE . AL FRETRF ch s IR P, LB RR AL F 8 BT bt , SR U4 B o 434
FHE Rk 800 g-kg! AR TIALBE (8OAHF) BE it & 1 i AL B & i, F/IC 15013, AT H
S T ALY R SRS, SRR T T WEAT XPS SIS, R ISR AL AT A 1t B
55 HE R 687.8 eV BRI (—CHF—CH,—), Bl SBUALFEBEINTR, S8OAHF ke B 1455 N 689.2
eV IR Z UL (—CF—CHy,—)
2.3 R-T#EEM

BRI K 2 G AR FASS , A — B R, R T A3 BB AL BT b 52 K AN S
(OSZ, SR FRATE PR WROR M K ot % b FIAA HEA TR (P 3) . EEHERIRAL TR 2E 3 YRR - B P
YRR 19.1% , WETS F IRV BT R , AGHe B B RR AL BE AE St — B3 AL b i R R b, o
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Table 2 Changes in the elemental composition of treated bamboo

—_—_— JER T o 1% JCE Hl
0 C F o/C cl/c2 F/C
ck 3227 66.31 0.15 0.49 0.80 0.00
HF 33.98 63.58 0.90 0.53 0.57 0.01
2AHF 36.62 61.21 0.75 0.60 0.52 0.01

80AHF 33.15 56.28 7.23 0.59 0.53 0.13
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Figure 3 Volume variable rate and anti-shrink efficiency of bamboo under moistening-drying (A and B) and

soaking-drying cycles (C and D)
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Figure 4 Mold resistance of bamboo treated in different ways
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Figure 5 Microstructure of untreated (A) and treated (B) bamboo (x100)
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