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We treated the decorative veneer and the nonwoven paper by ultrasonic impregnation with the
composite flame retardant, and developed a new type of flame retardant wood wallpaper (FRWW ). The
flame retardant properties of FRWW were characterized by a cone calorimeter test (CCT) and compared
with those of the PVC wallpaper. Field emission scanning electron microscopy ( FE-SEM) and electron
energy dispersive spectroscopy ( EDS) were used to analyze the surface microstructure and the surface
elements and content of FRWW. The functional groups of FRWW were characterized by Fourier infrared
spectroscopy (FTIR). CIE1976 (L"a” b" ) color space was used to characterize the color difference of
the wood wallpaper before and after flame retardant treatment. Results showed that:1) Compared with the
PVC wallpaper, the ignition time of FRWW was delayed 2 times; the heat release rate and the effective
combustion heat were decreased by 8. 88% and 30. 79% , respectively. The total smoke release rate and
the specific extinction area were reduced by 28. 02% and 53. 09% respectively. However, the total heat
release, mass loss rate and CO release amount of FRWW and PVC had no marked difference. 2) The
combustion growth rate index of FRWW decreased by 81. 93% , and the fire performance index increased
to 2. 17 times higher than that of the PVC wallpaper, suggesting that the former has better fire safety
level. 3) The flame retardant was distributed on the fiber pores of FRWW surface with irregular micron

size distribution, and the main elements were C(31.15% ), 0(42.07% ), N(19.77% ), P(5.67% )
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and other trace elements. 4) The infrared absorption peak positions of the active functional groups
(—NH and P—O—Ar) of FRWW were in 1 042 cm ™' and 1 015 em ™", respectively. 5) The AE, of
FRWW was only 1. 734, showing that the flame retardant treatment has little effect on the decorative

effect of the wood wallpaper.
Key words

PVC BEACREMIRCR E 5, Al b, 5y I3, i BE AR
T B 80% Z2AT 3 (HIZ K BEAUAE SR BRI 23 ik
AR, X A e R Al 25 B B A T A
PRI, Bt 5 T 2 260 e BELIR B 400 = i LA LS 7 3L

A BA I R ZRA R, R
Mt NATA L AT BE AR F 2 0 K 1 182 | TG 25 4K
VEIRJZ A AT A, HE A B A ISR BUFH €515 LA B
TCYi ARSI R — & Tl B PR IR L () 2 1
B2 N AR 5 (H A S5 B 49T T ) J5 e 5 1 A R T
L UR)E T TR S SR AA L, b L a4 BH AR A 2
SATWAEE I XA A SR AR 5K BELAA 4059 ot
KEAFFE Y EAT B R 22 o s — 21 431
Xt BHIA TR e (O BIE S AN FE 50, 53 4, A LR X
AR BELASA Ak B S K IO 72 £ R 55 4 K ) 1) BRI 5%
Je A DR T AR R b R v, AR
TSV BB R R 0 T B R R DL
ZHEM,

2 B U BEAZR R ( TFR ) 3 B3 1o 55k R AH HLR & 3%
PERET8 SR B TFR 20 B8 BB W R B ( APP) I
Z I PUEE( PER) AR o TFR A N2 52 5 BEL A b )
TG 1 AR a0 BEAR R A KA 55 B 14 TR B A T
Jti 0 BRERA(GP) AR B4R 4 3 b (AR
FRLT 2 485 ) W I B9 B FI2Y A 3 5 APP I
PER & it i E. A 39 s BRSSO 1R . 4k bl
S it (OMMT) ¥ 3% H T R4 P B, H— & By
[7i) BELAA 250 SR AN s T M i 122 AR AR T
PRI, 48 52 A BELAR 75 Ak B8 1 BELOR A o %
L(FRWW)  FfF e gkl S vEhe .

I AR %

L1 #MH5EE

K BE: 2% i W R V> He B ( Entandrophragma
cylindricum) ,JE % 0. 26 mm , I FAU AR I SR
i3 ; YT AR (GE 1t 120 ¢/m”) Al PVC BELR, Pk B 43
R A PR Fl SRt BEAUS & AT B oK I, VL 95
F M 2 SOl B AT IR AT

1) - APP, TR IR B A R R, Tl
9%, PER, FE 258 M1, Ak 2240 GP RS e 351k T

composite flame retardant; wood wallpaper; structure and properties; characterization

AHBRAF], Tl 2% ; OMMT, Jb 5014 B R b B 5 %
AR 2l

WA B PR A, DRI R T i A A R
A, JP-020S; HEJE & X, % [E Fire Testing
Technology /A ], FTT0242 ; 21 4861 4% , PerkinElmer
/3], SpectrumGX #4337 % ST L4 L 8% FE-SEM
MoHLFHEIE EDS, H A £, JSM-7001 ; Data-color
110 M f14Y , Data-color 23] .

1.2 F &
1.2.1  H & T 6 Bkl

TEFURLE A FERE L B myppt mppgt mep = 102 3:
5, B BEAAT T APP (1) 5T & 7 B0 A 20% , OMMT
TNAEE N 5% (HIXTF APP [JFiH) .
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1.2.3 FRWW #9058 b 4m]
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1.2002" %2280, i FE R 5P 100 mm x 100 mm x
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2.1.1 FRWW & CCT & %5 R & 5
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Tab.1 Heat release and smoke release parameters
of different samples

EiEtan popilives PVC BE4L

Index VW ol PYVC wallpaper
TTl/ s 15 9 5
HRR/(kW-m~?) 98. 89 206. 99 108. 53
PHRR/ (kW-m~?) 392.25 708. 96 420. 60
THR/(MJ-m~?) 5.0 9.3 4.9
EHC/(MJ-kg™!) 21.08 31.79 30. 46
PEHC/(MJ-kg"')  39.73  73.74 49.9
MLR/(g-s ') 0. 040 0. 053 0.039
TSR/ (m?-m~2) 66. 8 63. 1 92.8
SEA/(m*-kg™!) 258. 64 212.97 551.35
PSEA/(m? -kg™") 469. 21 524.72 940. 19
COY/(kg-kg™") 0.088 4 0.058 4 0.088 0

W FRWW S BEAAA B BE LS, TT1 g 4RI 18], HRR Sy R Bl ¢,
PHRR S $ARE T ARG AR, THR g SR O, EHC A 80 be 34,
PEHC S5 BB, MLR y JST 4 2 38, TSR MR R EE
SEA 5 FEIFDET AR, PSEA Jy LLiH G HIFRIE(E , COY S — S a1k
i, KA. Notes: FRWW is flame retardant wood wallpaper, TTI is
time to ignition, HRR is heat release rate, PHRR is the peak of heat
release rate, THR is total heat release, EHC is effective heat of
combustion, PEHC is the peak of effective heat of combustion, MLR is
mass loss rate, TSR is total smoke release, SEA is specific extinction
area, PSEA is the peak of specific extinction area, and COY is carbon

monoxide yield. The same below.
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NI R B . BRI, SR TTI 24 =4 8k
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Fig.1 HRR of the test samples
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Fig.2 EHC of the test samples
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Fig.3 Carbon residues of FRWW and PVC wallpaper

after burning
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2.1.2 FRWW #9 K 52 & bk 35 4

JRIBEE K T R 45 B (FIGRA ) F1 R 1 B 45 5k
(FPI) &M CCT MHAZE R T Y 2 IR S F PR
Fe8L, FIGRA WBFR Ak I A i (ol & 4k ) 5 44, 1%
{H% T PHRR ‘5 %35 PHRR AY I A] (tpp ) Z Lo
FIGRA RN K K fa b Ml i, 76 3% [ B4 T 58
HilbRifE GB8624—2012 ) v FIGRA #iAE N iTsE

€00 —A— PVCREAEPVC wallpaper

400

SEA/(m? - kg™)

200

0 10 20 30 40 50 60
B[ A Time/s

B4 RRER HDC TR
Fig.4 SEA of the test samples
BHRBEVEREG R HE A R Z —, FPI 7E40(H 1%
F TTI 5 PHRR Z bk, Bh TTI AH ¢ H 2 IE H e
LA FPLAE MG 7, 227 MRk SR BT 75 15 ] R

TETE B IR GRS PRI

MR 2 ATLUE s A 5T BE AR BH AT JS 79 FIGRA
8¢ FPIAUE 0T PVC BELR, 1] FRWW A9 BHAA P
RET NS, 5 PVC BE4CAH L, FRWW [ FIGRA
/0T 81.93% ,FPLIGIN T 2. 17 %, )e ity FRWW
AT B At

£2 FRWW # PVC BRI N REREHESIEH

Tab.2 Fire risk deduction index of FRWW and PVC wallpaper

_ o ke PVC BE4R
AR Index FRWW
Control PVC wallpaper
FIGRA/(W-s™") 35.45 15.20 84. 12
FPI 0.013 0.038 0.012

VEFIGRA iy 4% 8 8 I 3 % 4 80, FPT Wy o 9¢ Pk fiE 36 80, Note:
FIGRA is fire growth rate index, and FPI is fire performance index.
2.2 FRWW WM EH R ITEST
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Bl5 XFER) FE-SEM
Fig.5 FE-SEM of test samples

HMAB R H) . M2 FHARAE IS B9 FRWW KT T
AP BN B C F1 O b, iR LT APP H )
N A1 P, L K& OMMT i it & o0 R (4 Si, Mg, Al
Ca.Rb %) , X S i im JE R X FRWW A9 BEARRICSR
HATUHR, SR FRWW R FEB N
C.0.N.P,

R3 BEMEARBEAREANTEMNLRSE
Tab.3 Surface elements and contents of wood wallpaper

before and after flame retardant

iR EEFAE  ORETAL RTEA
Sample Element type Mass percent/% Atomic percent/%
C 56. 25 63. 14
Xf A Control
0 43.75 36. 86
C 31.15 37.81
(0] 42.07 38.33
N 19.77 20. 57
P 5.67 2.67
FRWW Si 0.55 0.28
Mg 0.21 0.13
Al 0.22 0.12
Ca 0.16 0. 06
Rb 0.19 0.03

2.3 FRWW i FTIR 7347

ME 6 7T LA X A FTIR 3% & 2 921
em AN — RIS L R A AL A I C—H 45
PR3h(CH, ,CH,) ™ W INBHIAT G , 120 e 4
FEA BT o 55, 10 HL A7 & A3 5 ) e U B (2 938
em ™) RARIE BB (2887 em ™ ) B/, 1
AR, WG R CH, 3% CH, 5 &5 7 A1 2% i 5
I B RS, 5% IEREA L, FRWW A9 FTIR
TEEILE R 1655 FIl 1 624 em ™' Ab 417 1 5 U4y
C =0 My szl o o7 BUR L 50 5 B (9 ¢ 4E ) | It
W 5 3 HEAEAH FU AR 9 51 317 em ™ AL AY 5514 —OH
T 25 RSN, AR R S A R IR AR o 9 AAIE s 7E

1042 F11015 em ™" Ab H BRI | 3X 2 N IER AR 1 4>
SERIMSCHS (43 XU ) | 2 i —NH 3 A i) il Y 21 4
W CEEAE ) (APP I GP 20 F45F 2 & 45 L g
W) | A2 5 A 5 ) (P—O—Ar) A7 AR,
AN, FRWW RZ )2 G A AR LAFER
AR Y C—O 2 IR AR XF e 1 5 38 42 i L
A 5Tk,

Pl 6 BHAATTE AR BUBEARHY FTIR 55141
Fig.6 FTIR spectra before and after flame retardant for FRWW
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R A BRI S B 475 2 2500 A g R A LS
JUh A 6 £ 4k 2 (R AR A TR
2.4 FRWW HIRHEH &

0 22 (/N 3 WA BELIR 791 A0 o A %o A Joit B 4 3
T J5AE PR S i /N, IR 4 TR . 5
ST RRREAH L, FRWW 19 AL Ry f7 {8, 156 BH G He xof B
FERBERS WY, FER B 22 7 I Aa” W IEAA, U6 W
FRWW Lt X BEFE LD (i ag) 5 Ab™ Sy i fil, U B
FRWW HoXF BEREE (08 ) . BK L, FRWW
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R4 REMCIEIV6(L a” b ) RBER
Tab.4 CIEI976(L" a" b~ )results of FRWW
i Sample L* AL* a® Aa* b* Ab* AE,,
*J BERE Control 65. 632 - 12. 346 - 23.065 -
1.734
FRWW 64. 025 —1.507 12.715 0. 369 22.548 -0.517

L™ WIS AL™ AR ja " LT AR S 4R (4 R R, Aa ™
SEAEBEN @A TR RS S AE ), O 2 MR 2, Note: L™

opposition dimension, and Aa*
opposition dimensions, and Ab*

samples.

3 % #®

1) RAM AR 125, R A B X A ot B
RHATRHIAAL IR 453 1 HA — 5 FHARRCR A 4
PERER) FRWW
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(B AT HEIR 2 A5 | PR T S AT RIUR R H 53 o 2>
8. 88% F1 30. 79% , = XH R ik 1 AN L ¥ D' THT AH 43 )
/0 28. 02% F153. 09% ., {H/Z , FRWW [ S R

FrE i g # N CO Biltie 5 PVC BEAUMAH 2 A
Ko FRWW b PVC BELR [ R Be il < o R 58 SRR AIK
81.93% KCRYERETEELIR = 2. 17 4%, o B AF Y
THBG %2,

3) BELRA TR LAASHE 0] 380K 2R AR 43 41 T FRWW
I, JTRAUL TN C(31.15% ) \0(42.07% ) N
(19.77% ) P (5.67% ) F1 H A i & 5C £, FRWW
Hh ) BELRA G PR B RE AT (2 —NH Fl P—O—Ar)
W37 B AE 1042 F11 015 em ™' Ak,

4) 5 FEEAH L, FRWW B (2518 AE, ALK
1. 734, Z2 HH BH J9R Ak 380 X6 A S5 B 4K 114 5 1 205 2R 52
BN,
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