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Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] In order to improve the flame retardant and smoke suppression performance of
wood, metal organic framework material (MOF) was used as a new flame retardant and MIL-100(Fe) was
used to treat wood to prepare a green and environmentally friendly flame retardant material, aiming to
provide a new idea for wood flame retardant. [Method] Using MIL-100(Fe) as flame retardant, MIL-
100(Fe) was synthesized in situ in wood by atmospheric pressure immersion (W-JP group) and vacuum
immersion (W-JZ group). Scanning electron microscopy (SEM), X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FTIR) were used to analyze the morphology and structure of MIL-100 (Fe)
treated wood. Nitrogen adsorption method was used to characterize the pore structure of MIL-100 (Fe)
treated wood. The limiting oxygen index, thermogravimetric test and cone calorimetry test were used to
evaluate the thermal stability and flame retardant and smoke suppression performance of MIL-100 (Fe)
treated wood. Finally, SEM and FTIR were used to characterize the morphology and structure of the carbon
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residue and analyze the mechanism. [Result] MIL-100(Fe) could be synthesized in situ in wood by both
treatment methods, and more MIL-100(Fe) precursor solution in the W-JZ group entered the wood and
crystallized with a mass gain rate of 24.36%, resulting in a more complete and uniform crystal structure and
smaller size. MIL-100 (Fe) treated wood showed good thermal stability, and the carbon residue rate of the
W-JZ group increased by 39.99% and the peak thermal mass loss rate decreased by 26.47%. The total heat
release and total smoke release of MIL-100 (Fe) treated wood were reduced, and the flame retardant and
smoke suppression performance was good. MIL-100(Fe) exerted the synergistic effect of gas phase and
condensed phase flame retardant. In the process of decomposition, it released non-combustible gases to
dilute the concentration of combustible gases, and at the same time adsorbed the smoke by utilizing the
multi-stage pore structure. The Fe;O4 formed after decomposition catalyzed the dehydration reaction of
wood to form a dense charcoal layer, which prevented the transfer of heat and oxygen and the release of
flammable volatile products. [Conclusion] In this study, MIL-100 (Fe) treated wood is successfully
prepared by in-situ synthesis method, which effectively improves the thermal stability and flame retardant
and smoke suppression properties of wood, and enriches the existing wood flame retardant system.

Key words: wood flame retardant; fast-growing poplar wood; in-situ synthesis; metal organic framework
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Fig. 3 X-ray diffraction patterns (a) and FTIR patterns (b) of untreated wood, MIL-100 (Fe), W-JP-48, W-JP-72 and W-JZ
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Fig. 5 TG (a) and DTG (b) curves of untreated wood, W-JP-48, W-JP-72 and W-JZ

£2 RAEH . W-IP-48, W-IP-72, W-IZ BJRES LR
Tab.2 TG and DTG analysis results of untreated wood, W-JP-48, W-JP-72 and W-JZ

SR % ) B2 2
ngjle Tsa/C Tioa/ Tnax/ C M/ % Carbonﬁr){z]i%di(rga?g (OE(;O)O C)%  Residual cﬁi‘t@)‘fjﬁi;gase rate/%
AA4bFEHF Untreated wood 90.62 26409  361.97 10.35 15.83
W-JP-48 79.23 245.27 337.62 10.84 19.78 24.95
W-JP-72 86.31 253.21 341.65 11.53 19.37 22.36
W-IZ 93.34 241.17 336.71 7.61 22.16 39.99

TE: Tsgn Trogs Tnax 3 AINRFETE SR 5% TREHIR10%. FEAF R AR HHRIL My, NIRFERIECR R IRE o Notes: Tsq, Tiog T,

max»
respectively represent the temperature of 5% masst loss, 10% mass loss and the maximum mass loss rate of the sample, and M, ,,, represent the maximum

mass loss rate of the sample.
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TR R, XN MIL-100CFe) i 48 5 14
B Lewis BR 1AL i AT A 2T 4 22 1R P8 T IR
IKRAL T T HEAT , kA O 22 R, T B A
M A tE . T W-JP 41 A T R A /NIE 1
L, XA B 2R R BE AL BB HLBE A o AR BT R
TE AR = B B, Ab M A bE R Ab 3R $45 & 45
SRR Bk AN, Foh WAIZ H R R B
39.99%. % b, MIL-100CFe) kb4 F) 5% 5= () 4= B
L #Fae 5Tt
2.6 MIL-100 ( Fe ) ZbI24FRIBEBRERE
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Fig. 6 Limiting oxygen index of untreated wood, W-JP-48,
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£R3 KRAEH. W-JP-48, W-JP-72 1 W-JZ B B PR E SRR RE R
Tab. 3 Total heat release and heat release rate results of untreated wood, W-JP-48, W-JP-72 and W-JZ

XK Sample pi/(kW-m™?) /s Ppo/(KW-m™?) tls Tiy/(MJ-m?)
HRALFEAF Untreated wood 258.920 15.00 290.542 225.00 65.943
W-JP-48 254.667 10.00 255.758 150.00 52.834
W-JP-72 268.669 10.00 247.081 180.00 49.306
W-JZ 205.699 20.00 235.992 270.00 55.594

W p A — PBETICHE ZR VA s ¢ 95— PR TG 2R L BRI 5] 5 pp 9 58 — PR TBCH ZR VAR 5 0, )9 58 — PR TIGH ZR U LE N 1) 5 T o i PRORE L
. Notes: p, is the first heat release rate peak, # is the time of the first heat release rate peak, p, is the second heat release rate peak, t, is the time of the
second heat release rate peak, and Ty is total heat release.

£ 4 KRLEH., W-JP-48, W-IP-72 F1 W-JZ HIHER R4
Tab. 4 Heat release results of untreated wood, W-JP-48, W-JP-72 and W-JZ

WU s Fof(ts kW) T IR R TR R R AR
Sample m P Average effective heat of comb/(MJ-kg™') Mass loss ratio/% Average mass loss rate/(g-s '-m2)
RALFEH Untreated wood  13.00 0.050 17.861 86.73 0.070
W-JP-48 9.00 0.035 15.323 83.11 0.041
W-JP-72 8.00 0.030 17.579 83.93 0.039
W-JZ 18.00 0.088 15.623 72.97 0.046

VE: b8 KT TE], Fpp KK A8 50 Notes: tr is the time to ignition, and Fp is the fire performance index.
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Fig. 8 Total smoke release (a) and smoke release rate (b) of untreated wood, W-JP-48, W-JP-72 and W-JZ

x5 KROEMELEMHERERSE
Tab. 5 Smoke release characteristics of untreated wood, W-JP-48, W-JP-72 and W-JZ

i FE Sample Tsr/(m*m™) Tgys0/m® Tgmax/M’ Rpmax/(m*s™)
AALFEHT Untreated wood 354.642 2.628 3.151 0.029
W-JP-48 254.235 2.219 2.237 0.018
W-JP-72 298.720 2.575 2.629 0.019
W-JZ 339.483 1.320 3.003 0.028

E: Top A EAL AR A S MABETIUCR s Tops079250 s AR IR s Topmax AWK S IHBEIUR : Rypmax IR K MBETBGEZ . Notes: Ty is total smoke
release per surface area, Tg,s is total smoke release at 250 s, T, i max. of total smoke release, and Ry, is max. of smoke production rate.
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