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Study of a Flame-Retardant Primer Coating Resin Applied

on Ancient Timber Structures
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Abstract: It is greatly significant to the inheritances of ancient building relics, by improving the fire
resistance of timber structures. A flame-retardant primer coating resin was prepared, then applied on spruce
and radiata pine samples at the laboratory. The mechanism of the wood ignition time and combustion
behavior were explored. The results showed that the flame-retardant resin has a significant effect on
extending the ignition time up to 9 minutes. The rapid heat release in the initial stage of wood combustion
is effectively suppressed and the peak heat release rate is significantly reduced, and thereby the risk of
spreading fire caused by heat convection and transfer is greatly reduced.

Key words: ancient timber structure; flame-retardant wood; flame-retardant resin; ignition time;

combustion performance

ARG R TG & E 5 I RIS AR A 5L
e, ERILETKREST, KRR, XSO
ARAE AL AR B BB o G5 B HT KRR
W EFERIUCE LA TS 1D ARMHE AL
HERMEEEFMEL, BT AR, Bk

ks H I 2019-05-09; & HH: 2020-05-29

HEWH: hRANERFET SR SATHE “AMAEYfaE™H
X3 @ HARM R H AR ” (CAFYBB2019ZB008); [H 5 4 4Rl 2
Hd LR FE NBIERIIEZIKZ S5 L7 (31570549),

fEZ i B (1987—), J, BhEHFE R . Email: wqu@caf.ac.cn

KIGR ML RE LR sk, RAEBLRLHN, &
FE R, —HREAEe, KB EERE, AT
BT RER: 20 BREE. MR UE KA, KK
JA K I A TR o BELAR A AT DA R AR A 45 44 o
RGO K I AR . WA et Rk B, Skl A
SIMA MR TBCIAE P 1) R B ) B T A
i P BRACHE Al AR S5yt i G — 18 “ Bk
B 7o AELE AU AR A R SRR i BB I % 01 7

T JEAH SRR AE AR IR 5K
BELAR IR 453 Ak BRIy K Uk i o e AR BELAR 1)
o] e



34k AW
Vol. 34 No.4

Rt Tolle
CHINA WOOD INDUSTRY

202047 H
July 2020

W S R R UK I SRR O 403 ¥ B S
BOHLR T AT AT 2R S8 )5 R M BT ok T A ER
PR, BRI EEZE. IREHER. 5
AR

AR LB R, 2 Al AR A R B AR R i
AEFR T2 R s DA S O AR SR R 25K
TP AT — b B 2 B i AR Ak 2R BEL R A 2R e
R EYIPHIRR R IR, B R R T 1 B i x4
i o S A S AL H AR (1 5] A AT B AR AR TR
VR IR DU A 45 #) vl S S Bty 9 (15 2K
RIS PAT BB AR S o

1 MREsE
L1 R R

D iR : BRI =42 (Picea abies) FEE S (Pinus
radiata) FTTEARGEHE M. SFHEKE 8%,
WANE ., RS 100 mmx 100 mmx15 mm, 4
RIS 3 HekE o

2) = RFMEIREEM G (MUF): i 84
mPa-s, [ & 55%, pH{H 8.0, FH#I7,

3) FHBAF (IFRD: EEERL AR RE # (APP).
Z L JUEE (PER) %,

4) W TR ) 80 mmx80 mmx2 mm. T
REEIK % 03 2 R R
1.2 R E

CIT BHET A HEFE . 2021 TeFE R T
g, HfHE TR (SEM) 4%,

1.3 W5k
1.3.1  BHMRW AR &%

FERTIAOT FEp02Eml B, BU IFR 5 MUF &
by 112, ASRNUSERYRL 8095, SR
PR NIE o
1.3.2  PHAM R RAD

SEA N B R SER SE PR E DL, IR PRIR AT
BEARS M, BRLTTIRAT =20 Sl W e e 0 WD L 100,
200 300 g/m*. @A G HIRESHE S IR T CE —KJE,
1E 60 C T2 h, FEEMIEMTRE R, FEK
a3 % BELAPE Re 85 SR 00 TPt . BELAPE BRI X AT,
BARFECEAE (23+£2) C. MIXHEE (50+5) %[H4
PER P R E R
e

1.3.3 IR BFUR Kl

W PR R AT AEANAR -, ¥4 & 200 g/m’. T
BRELIE . {E 800 C I BN A 73 HIE 30, 60 A
90s, E&E R T AN ARIEZIKAT N .
1.4 PERENA

1) #% ISO 5660—1: 2015 “ Reaction-to-fire
test-Heat release, smoke production and mass loss
rate—Part 1: heat release rate (cone -calorimeter
method)”, XFFE i PRSI AR T ) | RAR 8] AV TB0H
. (heat release rate, HRR) Flj#s & (total heat
released, THR) HEATSZH WM. 45 5 FEEE 50 kW/m’s

2) HI SEM RS 5T J2 5 K AR TR A o

2 HR5THR
2.1 PEARAR AT AHA 51 RIS TR 52

RIS TE] (KR S e T AR s RIS 1 X 57 e
FE, SRR )R AT A 2 ik e 53 8h, ARH
B IREA — SR UG R, e R ) B
XA RHE R T INAER, MK B KA E
R EER A, R REFEAT . H
UE, IR SRR ISR

LIRS 1 5 RIS 1] — AR E 8.6~17.2 s Z [,
ARG T AL AR AR AN X BB A SRS ] 7351
& 16, 15s (B 1.

600

Ox 540
5004 wEEHH

| 402
327

] 86

217
1
16 15
——
0

2
27
100 200 300
A e/ (gem?)

1 FRSARRE XTI A4 5 HRRS (] B 20

Fig.1 Effects of the flame-retardant resin on the time to

B REL A /s
D W B
g 8 B

—
]
(=]

<

ignition of wood

K1 EoR, 2 MM & IR AR R 5 5] BRI (3] KR
FEAE, LBl FELAA DY I i AT = A 8GN g 2 o X
100+ 200 300 g/m” @:AR &, FEHEFARM I 51 BRI [
S AFEKCN RS 19, 26.8. 36 5 =AM EK
NIRRT 7.9.13.6.20.4 £ . Horbr, AT BN 300 g/m’



H34% F44H At Tk 202047
Vol. 34 No4 CHINA WOOD INDUSTRY July 2020
4 SR M B SR 9 min. e -
AR, KEESRME N g o sogme | = 0]
DBNERAEGH, LHNETHE £ 501
R (5 RS, Rk 5~25 min A =
S BRI K, AT LK = 0]
FERI AT 2RO AR ], 1 L9 10
RAEARAE T 52 BHA 1] BRI i O om0 a0 w0 w00 o a0 400 oo 800
SCIRE, AT LA U SRR R Bt AL/ v it s
A, RSN F IR
22 BUARTERA R 2 i I8
KA OB RS L A 2007 T 601
PR A BRI AT 2 1507 = %]
S, FREI BRI, A 5 00 £ 30
R BRI K, SR g 20-
FAIBE, SRl B R ), NS lﬂnﬂwmﬂﬁéé;
Fobt, ORHEG IR R AE THRBEHV R i “%%&0 200 4o 600 50

DA S FA RIS I A B R A A o
[ A4 PR K E S Y LR T SR
MR Z, HK & e R AR .
TS FRITAA A B BRI s 2
(HRR) Ag#E & (THR) HiZkis

FE T RGO L AL L R AR, i 2 BoR .

AL AR SRR 5 R 5 Y R T — AN R Z
IHBEHCEFE (B 2a. 2¢), HRR g KAE S HE
196.1. 181.6 kW/m®, ZBREEH K XA R FH A2 38 A K
HEFER) R EFR o BEAM R} 3 DR KR 3% i 7E K
AR, IR R NSRRI B, 24k

B2 FEIARBE XXM PR IR AT TR Y S0
Fig.2 Effects of the flame-retardant resin on the heat release

in the combustion process
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Fig.3 Growth processes and the structure of the charring

layer under heating of 800 C
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after the test

3 4ig

1 AARIETEHE Py, PRI AR 2E K T R = A2
TR B SRR IR] . BRAR T A be i, R
SZ KT PR AR TB,  H ) T b 2R TR A A
AL, IEBFEHKE R E 1, B B SR
PRIRER S AR 2 B E], BRI K AU

2 R (1 BELAS A0 L B 4 BEL R JE e 0 R e A 2 1Y)
8 B L, AT DAAR AR BE AR v SRR AR 45
B IR

SE K-
1] &, RO SRS I LB, BTEH, 2010(6): 140-
143.

MENG H L, CHEN B S. Analysis and prevention of ancient building
fire[J]. New Building, 2010(6): 140-143.

[2] GKIET, MEF5ER. rEHUEPIIML. bR ST AR, 2010.

[3] HWHR=. IR BRI SRBTIR HE[T]. o 22 4 A e R
R, 2007, 3(6): 134-137.
SHEN J Y. Analysis of fire situation and protection in ancient
architectures[J]. Journal of Safety Science and Technology, 2007, 3(6):
134-137.

[4] RE#E, FEEAFE. N LHAM LIRS LI Mok, 2004,
40(2): 131-136.
WU Y Z, Harada T. Study on wood burning performance of
plantation[J]. Scientia Silvae Sinicae, 2004, 40(2): 131-136.

[S] WANGY C, ZHAO J P. Preliminary study on decanoic/palmitic eutectic

(F#% 12 0)



34k AW
Vol. 34 No.4

Rt Tolle
CHINA WOOD INDUSTRY

202047 H
July 2020

3 it

D MEKE G, BIREREAM. BiSiE
FEJRARSE b, FAR D5 1t Be an IS s o FE
et R P AR T SR DA b

2) 5EPECHARYE AL, TnER
WM B FEMAC, HF R R, UHZ
iR A s T E A

3) LREINEREBMARM I e RE
ALK B E N E N AR AN R, T A KA
AT KRR, 220, MMk, T2M%, EX)
TSR AR B OR T . R R R R Y S
R, FFd AT A R e v A

SE R :

[1] HEZEMA B, S EFRATERS (2014—2018) [M]. dbxt:
o E Al R, 2019.

[2] H#afe, Tian, (L, 5. 3 ORIEOARRM YIS ¥ g v
[9]. A# Tk, 2019, 33(2): 44-47.

WU Y H, JIAR, REN H Q, et al. Physical and mechanical properties of
imported Swietenia macrophylla wood[J]. China Wood Industry, 2019,
33(2): 44-47.

[3] RHafe, PhgHe, MHEE, & RS S D RO
[9]. A# Tk, 2019, 33(2): 48-50.

WU Y H, SUN HY, REN H Q, et al. Physical and mechanical properties
of imported Pinus radiata wood[J]. China Wood Industry, 2019, 33(2):
48-50.

[4] FHEAe. EERZW TSR M]. MR ARAEFRL R 2% L,
2001: 139-156.

[5] Knudson R, Brunette G. Evaluation of Canadian prairie-grown hybrid
poplar for high value solid wood products[J]. The Forestry Chronicle,
2015, 91(2): 141-149.

(6] J7JHE, 1R, B4AT. M EmEE M) &8 ZBEHBEAR

kL, 2004: 4-12.

[7]1 FREZE AWM dbnt: EMOL H R, 1996: 217-228.

[8] WKz, BRiEde, WO, . RICFFHOR ISR AR 9 BRI BT AL 5 0F
FLM]. T REMOLFLE, 2008, 37(2): 57-65.

XIANG D Y, CHEN J B, SHEN W H, et al. Research on wood physical
property variation among provenances of E.cloeziana[J]. Guangxi
Forestry Science, 2008, 37(2): 57-65.

[9] %, FRHRAK, WLHE, A5, DU)IEEARGE A P BT S v RO L],
PHALRMABH R 22440 (A AR, 2016, 44(2): 90-96.

LUO H, QI J Q, XIE J L, et al. Physical-mechanical properties of
Eucalyptus globulus juvenile wood from Sichuan[J]. 2016, 44(2): 90-96.

[10] fBrR. ARM Tl R4e RMEM]. L5 BE M AL,
2002: 157-261.

[11] Duygu K, Sandor P, Yaman B. Effect of thermal treatment on the
chemical composition and mechanical properties of birch and aspen[J].
Bioresources, 2008, 3(2): 517-537.

[12] BRI, ¥ Ya, XIS, dhEARMEM]. L5 dE Mo AL,
1992: 574-583.

[13] X—M2, T, xak, 5. b E R0 KA 1T S H & F i
M]. dbxt: fh2E Tk AR AL, 2004: 61-69.

[14] EHf, £, FHIL, 5. 13 MHHARMWE BRI
IR AR, 2001(2): 1-11.

WANG G Y, WANG Y, LI S W, et al. A study on wood physical and
mechanical properties of thirteen poplar varieties[J]. Journal of
Shandong Forestry Science and Technology, 2001(2): 1-11.

[15] WeME, WR 0. =R AN AP P B ) 2 VR R BT L)), AR
Molk R, 2008(3): 148-152.

YAO S, PU J W. A comparative study on the physical and mechanical
properties among three species of fast-growing poplar[J]. Journal of
Fujian Forestry Science and Technology, 2008(3): 148-152.

[16] EHA, BB, £2. JUFBHR AR 3 W) 2P BTINAR 5 0]
IR AL AR, 1990(S1): 98-101.

WANG G Y, LI Q, WANG Y. Test report on the main physical and
mechanical properties of poplar wood[J]. Journal of Shandong Forestry
Science and Technology, 1990(S1): 98-101.

(ALt ZILFF, & &)

e<ceccececcecceccecseccec e e e e e e e e e e e e e e e e e e o< e e e e e e e e e e e e e e e <0< <0 <>

(k3% 470

mixture modified silica fume geopolymer-based coating for flame
retardant plywood[J]. Constr Build Mater, 2018(189): 1-7.

[6] MaciulaitisR, Grigonis M, Malaiskiene J. The impact of the aging of
intumescent fire protective coatings on fire resistance[J]. Fire Safety J,
2018(98):15-23.

[71 MA X X, WU Y Z, ZHU H L. The fire-retardant properties of the
melamine-modified urea-formaldehyde resins mixed with ammonium
polyphosphate[J]. J Wood Sci, 2013, 59(5): 419-425.

[8] WUMT, SONG W, WU Y Z, et al. Preparation and characterization of
the flame retardant decorated plywood based on the intumescent flame
retardant adhesive[J]. Materials, 2020, DOI: 10.3390/mal13030676..

[9] Proulx G, Reid I M A. Occupant behavior and evacuation during the
chicago cook county administration building fire[J]. J Fire Prot Eng,
2006, 16 (4):283-309.

[10] EE, BOLE, G4, AR R K &Rk K Zh 25 T[]

112-

KRB, 2000, 91(1): 8-12.

WANG X S, Liao G X, Fan W C. Research on dynamic measurement of
fire spreading characteristics on wood surface[J]. Fire Science, 2000,
91(1): 8-12.

[11] FFHMR, #RIEAE, Z5mA. S VMR GIRPENE RN —HE T R34
LCREE T VEMI. LT A2 Tk H R, 2007.

[12] LI X, ZHAO Z, WANG Y, et al. Highly efficient flame retardant,
flexible, and strong adhesive intumescent coating on polypropylene
using hyperbranched polyamide[J]. Chemical Engineering Journal,
2017(324): 237-250.

[13] Puri R G, Khanna A S. Effect of cenospheres on the char formation and
fire protective performance of water-based intumescent coatings on

structural steel[J]. Progress in Organic Coatings, 2016(92): 8-15.
(ALmix 2. & 5





