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Abstract

In order to fully investigate the influence of flame retardants on wood combustion, an experimen-
tal method was used in combination with a pyrolyzer coupled with chromatography-mass spec-
trometry (Py-GC/MS), a cone calorimeter test (CCT) and SEM. The whole process of wood combus-
tion was studied with the addition of APP, NH;H,PO, and H3BOs. It was found that flame retardant
efficiency should be evaluated by the comprehensive behaviors of pyrolysis, combustion and ex-
tinction stage. The existence of APP, NH H,PO4 and H3:BO3, promotes the formation of furan com-
pounds, and inhibits the formations of small-molecular-weight compounds (such as acetic acid)
and phenols during Manchurian ash pyrolysis. As a result, the maximum heat release rate in the
combustion stage decreases by 27.9%, 32.3% and 36.8% respectively, but the ignition time is
shortened from the original 250s to 20 - 30 s. Due to the low concentration of flame retardant, its
flame retardant effect is not ideal. However, it is found that the fiber structure of samples treated
with flame retardant is not as damaged as the original sample observed form analysis of the resi-
dues. The debris structure of the residue from APP treated sample is bonded together. Among the
three flame retardant, the effect of APP is the best after the whole combustion process analysis.
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1. 5|8

AR e B UMM R 2 —, (HEAIL R AR TR, B ARSI 2 o 70 40 B ALK
RAZANE o T A BRI I RN LI R AT TR N BELAR A& AAE K e 2 A 70 v ) . SRR A
AR Z R0, AR ). BEE. I DL R AR B BRSNS 1] (2] W7kt BELAA 75 BELIA 2
RAVPN R BN BB 3 [3]. Liu S5[4] K IUAE— Pt B 1 BELAR 700 i B il b v im 2D 2 5 ot A T A
2 SR LT B I R BELRBOR o ARAA BELAR SR T 78 22 4 3 LA B 2R A R BELIA SR o IR — e A
B B FO AN I 2= AR 2T 4 R AR FE IR SR HoOy CO, FIEE R TR, ) 22 e W AT R[5
0%~20% I FE R IR — 4 (A7 AE A4S A2 R RSB = M AR FK I 7= BN 20% 2 A 38N E] 45%, AN
=M 43% FBEE] 6% [6]. TE 7 P WA BRIt BLRE R BRI AFAE K 7 AR
BB KBTTEN[ 7] BRI B VA VRO A HMA 1) (R 47 FELA RO A5 3] T HIE SE[8] [9]

B KR 2 AR R IR m, EESUMRIET K 2 A7 T L BT T2, H A 2 B0 T8 A2 £ et
BRI RLEAT (B R BRI A [10] [11]e BT ARM A B R E 24, DG TARM TR
WEFINE D, G BN SRAT A SR TR K R 22 A RN . IUA 1 — S8 iF 70 b 2 BT R I loe
BTG, T2 T AN FGE R P R AL 12] . ASSCIRRE T 7K BEAIACHS , ML AR 1) S Rk 45 g AT 2H
RAETFGG, R IR - TN 2 BT A 25 B HE TR # R A LA B H B Xt SR R IR 1 o0 T 78 0 WiE 72 1 BELIA 1)
RIRIFISFE D) Z AL W 5387, ARSI T B 22 448 A 4R 4t — e PR AR 4

2. R EH5RE
2.1. R FER

KR A2 A R SO R . —, IR RSN 10 % 10 % 1 om® FIAHR, T 327 50
W HRAR/NT 3 mm BIARE . AKHIIARSIE T et — 5B, R ARSI T RERY) . 2250
ORI, AKHIIAE & o AR N, HUGR SRR, SRR, LR MATRIN S = AN
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56.42%- 25.64%H 13.47%, HA4ERUMBHEZ P AAFTE: b, ERMIEEN 79.73%, [HEike
TN 14.59%, KSR, WRBEATE . K EMIAANA S I AE TR L 50% 1 7548 R AT o

SR = P A SR N 2 IR £ (APP) IR — EU B (NHLH,PO,) AR (H;BO3), A APP IS
A E E KT AF, JERE AN JFORN AL RN SR AR 7, K AR 2 R T
WEE 5% APP MR AN B R — Sk DL R /K VR 3 /NeF, BRI % LURE S N e T 5 8
TR 3 /NI o B SR T FERCE T 60°C B a5 /R

2.2, RIENEE

2 P B8 15 25 FH T 43 A BEL R R0 7K i A0 AR Jo ok R 1 22 6 T s i), ik T AR - €6 o T FH 4 i A
(Py-GC/MS) (H13E [ CDS A )42/ 1) CDS5200 Y #AZLf# 4% M1 3% [E Thermo Scientific 23 ] [ TraceDSQ ¢
R B A R« HETE BVEAL(CCT) (FEE 7w PX-07 RO R B4 (36 E FEI AR A1 S N
SIRION-100 FH&) )30 45 7T A4y A BELBR R FAREM BRI AR R B BRI BEL R R, i Uk it~
BUMR G IR R e A RE I A A A . AR BT AR TR & 300°CHFRE 0.2 s, #RJE A 10°C/ms (1l T+
HRINAE 782°C, Xt MAE AR SGRIEH 50 kW/m? ARG . 7K I 8 78 SRS s S 2B R
FERAFEN GC/MS, H EAt% 7 30 m x 0.25 mm x 0.25 mm Z5EE DB-WAXetr 20 HrkE, H IR 40°C
RFE 1 /NS PL 8°C/min IRTHERTHR 2 240°C, JETE 240°CLRER 14 2%, HETE R LA 8 R 2
SRFER AT LA SE 7 2 R BE (S0 kW/m?) B ARMIRBE A CHE . ), I i r B0t 58 4 R i
IR RB AT AP RAE, Sl Bh LR ARSI R, T BRI A A ok e isd 2 Py 52 i BB o

3. LRI
3.1. PEAAFIX AR RIT IR AR

NGRS BN IR B IVIRERY B, R B4R SRR R Ry N R S I R A e R AR o
TNBEAR TR HT 5 7K BATIARE S I AR = i A = 1 FTCL, PR R AM I, BN Tr=4. PRI
Vil &R By AR RAER RS, (BEA A A =& F AR 2 R . PRI R v g
b T WRIRT A BRI (VA B B0 T NG TR R R T T R . VN APP . R A AR fS
INYFPEIIS B B R BT 23.1%- 43.5%A1 10.6%, UL LBRNAREE - APP FIBEER — &V E M R2m A i,
R IR — VBRI A R SE B X, T 1) e ) 5 Tl T R R BRI RN ), B A 4l T /N oy P )
TERG, ARX TRV, W1 COy LW FAIMGHEAAN 1-55 52 TR (1 71 AR A R HEVE R, AN I 3 4 i
T LRRITE . IRIN APP. BEER — S AR IS , R R ITE &4 5 1 127.6%. 166.0%7H1 74.5%,
DURERE AARE: YRR R E DB R T 62.0%. 87.2%F1 59.0%. Xt T HREEAm Y, Wi — A 4%
TR R T APP SR TR . UbAh, APP RUMSIIN J5 F R MR BCE A MRIE R, (RBEER — S A R I
FPAENIGRE T I R o B b S (e A TR0 A2 b 1 0K SN DI of (7 v ] SR R 5t /K L s ) PO T i, 3K T i
55 H IO R T IO 1 2H 43 NI A 27 4 3R R AR R . kA, FEREIRZRIER NEF 2SN ik
BV, UL S 5 T 850 45 B 5 R SN o

Table 1. Composition and yield of volatile released from MA samples pyrolysis (mass fraction, %)

= 1. K RARBIERNARS ~E(REDH, %)

7] RAubEE APP NH,H,PO, H;BO;
Co, 23.29 18.24 19.94 26.38
. 1.32 0.94 0 241
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1,2-3A [ S il 1.75 0.64 0 2.46
2- k-3 F LA A 1 0 0 135
1-F22-2- T T 4.42 0.84 0 1.35
Zm 21.29 20.15 10.03 13.49

3- FH Bk kg 0 0 0.85 0.81
e 4.05 11.65 14.45 7.93
55 F k- 0 1.7 1.15 1.38
e 2.44 1.69 0.58 1.02
PS 3.75 2.03 7.08 10.13
#* 1.01 0 1.93 2.93
LiES 1.53 1.08 1.65 3.29
H 0.97 0 0 2.64

2- K 224 0 1.07 0

2- U -4 H KT 1.78 0.57 0 0
2-HE BE-4- 2 B -2 2.93 2.03 1.03 1.57

2, 6-HISEILER 3.87 0 0 0
2- U BL-4- YR B K 5.38 2.49 0.48 2.17
2, 6-FAM-4-TIE SR 2.95 2.55 0 1.87

I8 7K Lk e 0 1.12 1.58 0

7 e SR 0 11.73 19.66 0

3.2. BRI R AR AR

TEMEFE RO E 50 kW/m® FI % FERT, K ETIIAAR 23 250 s JEA AR, ARG PRl bert
FOR B E BRI AL 5 PO RE B A TR 20~30s [N AT B KRSl 33 15 B BELIBA 77 5 A S 31 ZiE Kk i)
VPR o AN 4 PR f () BRSO 3R AR il 2R (AN P 1 o)l 80, RIS N BELIATR (A0 ity LR e ok FE 4 R 7
300~400 s 2 8], 7€ 379 s I 3R K VB BGE R 433.5 kW/m®, I DU Bk N BIHE KE Be. A EE T JREE,
TR INBEAR TR 5 07K AT AR A AR (T [B) P S F GG R, RIGE IR TR, R 2508 3 BB, HALL
FME = BUNARZ, BETICT R IBRAFIFIRE S APP. IR — VB AR B4 F 8 /5 K
IBETBUE R 53 0 N FE 27.9% 32.3%H01 36.8%, HTE APP MIfER T AR FRR A AR T T 3.6%,
T F Atk 3 ok BELJA 790 A T e 43 5 R TBCER 36 N 1 4 10%, APPSR B B I .

G = PR BRI TR FEHE R (R 521 23 AT A Be i 72 AT DA I APP FHE IR — S5 L fiR =)
DR FUAARIT, (BRERSCRANE, XAIFET APP #I T S AR IR, IR SR T 5w RN
e MG TRERR S8, APP ERCE Z M EA B R, HiT APP fEm 2 TA R
SEEZE, FEUEARRE AL — ZRFIRIZE, IR 7R R ERTI, (R BRI B k55 -
BELIR SR AS K BRAR 0 S DR 5 AU R I 25 0% T B IR — Sl il el = 1) 7 B I N AR R 1,
TEWL Y R TE USRI 15 5 17 7K HETAI 100 A TR S V7, S8 AR AR A 20 L PRI ] P A B T 8 22 1A 5 A e A
PR, P 4 v X G E 70 R SRS N R e, B T KRB, IR A R BIEMACR, )
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Figure 1. Heat release rate of MA treated with different fire retardants
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Figure 2. CO and CO, releases of MA treated with different fire retardants
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3.3. FEIAFRIFTHB R B B B2 A

T BRBERIE VAN S TR I, K HIN S RE R I o 78 4y, R ik 99%, WIGEMR 1 /D&
B 3(a))s AHEGTIREE, FEAFIACERRE Sk EHARTE 97% 40, A 4 FERIRIEAF1E, o APP &b
FERE S FFRIE A HUIRYI(E 3(b)), FARH R BRI AL BEAE SR AR 3(c) I 3(d)), 1X1iBH APP fIAF(E
FIT-BR b A2 £ IR (T B UGB 3 R AR BRI . G W 7T B APP AL B 5 IFA AR BERELEWT UG AN 78 A R BRIt
TE UK RE T £, 31 B LA 5 PN 38 T SR 4k 5200 T R B Ry, AN A BRAE IR SR T

Figure 3. External morphology of residues from untreated MA (a), and MA treated with APP (b), NH,H,PO, (c), and H;BO5 (d)
3. BIERINBIE, MA Fi#f(a), APP LIE#EMR (D), NHH,PO,AIEFESR(c), H;BO; AIEHES(d)

N T B T ARSI TR B R, R B HLE AT T NI A i . 7E 100 KRR,
K AN BE AR IR IR DU, HLELBUM G APP AL S 1K MDA e ik i AL AR FE B R i, (HZ
DA RIS R SR, B A T 53 A PR AR BRAL AN 20 U T+ AR AT APP AR BRFE AL 22 18] £ 20
ORI, BRI AL BEAE i (K A B S 22 5 AN K, TS ORAT JRAT RO £F 4S54, nls] 4 Plras,  {EK TR
FERIRE A ARE LR S, HAR LT 4RBE | ORI 7S M0 —HEHR AL, X2 2T Y S5 RIRE R R i BE T 4
Y.

Figure 4. SEM picture of untreated MA (A), and MA treated with APP (B), NH,H,PO, (C), and H;BO; (D)
[ 4. 3EH SEM ElFr, MA [RH£(A), APP &LIEHA(B), NH,H,PO,ZLIBH M (C), H;BO;ALERAEF(D)
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BT 7K A AR ERAR Y B . BABE T BURIRE K B B PR A4 R TEOMU AR A T (14 R ALE 1T PSR & i vPAN FELIA
FURIBEBRRR o 1) BEBRFAI R A B 2 O3 K it AR AR K = 0 Rh 28, AR IE T Wk 2800 I 1 A e
0 T AN TR Y R T . 8N APP. NH,H,PO, 1 HiBOs J&, PRI BB i T
127.6%- 166.0%H1 74.5%, VUREENAEE: N TS &0 m TR T 23.1%. 43.5%4H1 10.6%, LALIR
FARE: RIS B B TR T 62.0%. 87.2%H1 59.0%. 2) INBHBRTFIIGE, A1 KA 4655,
APP. NH,H,PO, fll H;BO; [IAELE 13 A M B 1) 5 K VB CH 22 29 30l T B 27.9%. 32.3%H01 36.8%, H.
FE APP (R FH R R P2 ) S AR TSR TR 6 1 3.6%, 1] HLAth 19 b BELJR 571 () 8 1 4k 45 2 AR TS 16 17
2] 10%. 3) 1 R EHEAT APP A1 NH,H,PO, X FAZRLE 3 22 =W i g2 mm KU AR [R], (HAERRISERT BE I R B AD AN
A, AL X BIET APP 3] 1 57 &AL R, 11 NHH,PO, MIMERE T 55 F IR ML, X Riff) APP AbHE
B S R O AR R AL B I, I 3 R P LB AR, 22 SR IR 6 W AR U IR T2 1 7 SE AR
BEASE, FIFHERIZERSNL. 4) APP [N ELARAR T T RE S 136 KIS ), {E AR G 5 R AR S i
HAFTT B, HAETTYIZR I 5 TE B R 2 FEL IR TR R PR R, 256 BHIR R B U
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