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The effect of efflorescence on the fire performance of
fire-retardant-treated wood

Masayuki KAWARASAKI, Kazuto SEKI, Yasushi HIRABAYASHI

To understand the fire performance of fire-retardant-treated wood (FRT wood) with efflorescence,
chemical retention was calculated, and a cone calorimeter test was performed on the FRT wood with
artificially generated efflorescence. As a fire retardant, diammonium hydrogen phosphate was applied
to wood board specimens with thicknesses of 12 mm and 18 mm. And the chemical retention was set
to two levels: 130kg/m?® and 225 kg/m3. Based on the calculation result of chemical retention,
efflorescence caused a chemical retention decrease in FRT wood with a chemical retention of
approximately 225kg/m?. In FRT wood with chemical retention of approximately 225kg/m?, there
was no difference in the chemical retention decrease caused by efflorescence between the thicknesses
of 12 mm and 18 mm. The cone calorimeter test revealed that there was no effect on the combustion
properties of the efflorescence in all FRT wood specimens. From these results, it was assumed that
efflorescence causes leaching of the fire retardant in FRT wood with chemical retention of
approximately 225kg/m3, but does not significantly reduce fire performance.

Keywords: Fire-retardant treated wood, efflorescence, fire performance, Cone Calorimeter,

chemical retention
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Tablel. Specifications of specimens.

IR £ Tk N
. NLEEZE |ARs2L? Demension = B E *D:Ew
;K%ﬁﬁ; Dry density chemical (mm) Mass Density ma?s —jifials
pecimen before treatment | retention L Ex g Ex
(kg/m) (kg/m) length width thickness (g) (kg/m®) (g)
N1 290 142 200.8 105. 5 18.2 180. 3 467 -
I N2 250 146 200. 8 105. 3 18.2 164. 6 428 -
AX N3 290 146 200. 8 106. 3 18.4 181.8 464 -
control T
aj;:;e 277 145 201 106 18 175. 6 453 -
PMT8 4 304 146 200.8 106.3 18.2 188.4 484 46
BERERE L2 304 149 200.7 107.6 18.3 190. 2 482 4.2
efflorescence L3 301 144 200.8 106.3 18.2 186. 4 479 3.9
t i
operation ik 303 146 201 107 18 188.3 482 4.2
average
N1 297 264 200.9 105. 1 12.3 153. 2 590 -
. N2 243 255 201.0 105. 6 12.3 133.5 513 -
ttiﬁ‘i? N3 287 265 201. 1 105. 3 12.3 150. 4 579 -
ik 276 261 201 105 12 145.7 560 -
PH12 average
L1 297 267 200.9 106. 1 12.3 153. 6 585 2.0
BERERE L2 287 261 200.9 106.0 12.2 148.7 572 2.0
efflorescence L3 304 260 201. 1 106. 5 12.2 153. 6 586 2.5
operation 5 296 263 201 106 12 152.0 581 2.2
average
N1 308 265 200.7 105. 7 18.3 234. 6 606 -
I N2 303 255 200. 8 106. 1 18.2 227.7 587 -
o N3 301 264 201.0 105. 7 18.4 230. 1 588 -
control Ty
5 304 261 201 106 18 230. 8 594 -
PH18 average
L1 304 268 201.0 105. 8 18. 1 233. 6 606 3.0
MEREIRE L2 301 260 200. 6 106. 6 18.3 229. 1 587 3.3
efflorescence L3 309 259 200. 8 106. 1 18.3 232.3 596 3.1
operation 5 304 263 201 106 18 231.7 596 3.1
average
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Fig.2. Diagram for collecting of specimens.

LT, BAEKORBRKZ, FE2RICRTLIICE
KRN E & RBERBR ORI 2RI L=, &K
RAE R, REEIC LY 2 E &L R,
MRDERATO G ER L 2LEREO G2 RICE
KEREHHLEZ, LT, X Q) 20T,
¢®é%%ﬁﬁiwﬁ%¢’ UWNTE BB OO AL
HRBIKDRFHEAE Ry EEFHE L,
3.3 RBERER

32 CERE L 72 ke sl HaBR iR 1L, IR EE23°C -
T JES50%RHD A T T, 240 OB &L N
0.1%LL FIZ72 % £ THAE L%, BERBRICHL
Tz, PRERIL, FEEMEREFTAMFE RS O BRI 15 M SRS
FIEEDITHE S D RBEWERER & LT,

gL, a—r e ) —EEBREE (Fire Testing
Technology Ltd. ,UK) % F 7=, RERIR~DINESE
1%, FREEZ50kW/m2 & L, B &2 SRR SE
Kl Cdo 52050 & L7c, IMNEABRAARFICIE, FBRIK
OINENE DO LS BT ISR 7T 7 kD Ak
527,

e, U YT = BERR LR A
A B T EEEICE Y iR, R bRHE K O bR
FORELZET DL L HIZ, X7 PNOPER T A
DIEE K OFEEORIE Z2 1P RIFE TITVy, 281k
BN RBMEL R L, 2L T, HEWHE

DHEE D> B e = FE G L 2045 [ D FR 38 v 2
L7,

4, #HEREEE
41 BEREBEICEITIHABRAKDIKE

F AR B E R ORBRIKD'E B2 L &2 B3R R

[HRO For. Prod.Res. Inst. No.549, 2022]

PRAFEF | E 5 (kg/m3) =Dso—Dwo (2)
Mso

Vw1

Dso=

(jWS 1— Mseal )

e

100
Dso : RBRIEDORREEE (kg/m?)
Dwo : VEAMLBRRTOMA O EE (kg/m?)
Mso : RBIEO2HHEE  (kg/m3)
Vwi : TENLBRRT OB OEFE (kg/m?)
Msi : BAEZLORBIKOERE (kg/m?)
Mseal : MiRKO D —NVDOER (kg)
MC : BERORBRIEDOEKE (%)

Mso=

=R

T, 2 TORBRKOEEIT, BJBAHNICRKE 8
L, TDO%E~X _iéﬂbmilJAva\é {Tpotzy AL
JE S CTHANEF Sy BN 72 H5PM18 & PH18 % Lk 4~

5L, HIEE S B D72 WPMISDE B HI N2 K
Enoln, BEEOWED T, {EE30°C - B E

90%RH D F5 P& T 3517 2 MERR LB R R, O WL It &1 %
HANE 4 & OMICIEDFIBEA RSN TEY,

FROKREBIZZNEITE 2> T, ZORKE L
T, AER CIIAABHIM PR OBME L0 bEWZ
¥, PHISZNEHRRIE £ CTWRIBSHEA TV &
NEZ BT,

S AR BRE R M OVT2 0 R B2 1% DR BRI D
HAREEZ BARNC R T, 2 ToOREBRKIL, BiEFIC
K, WRRICAENRA L, £, KREORA
I%, PMISTIIiE#%4~5H H, PHI2}K 'PHIS T
ME#H2~4A Bk b %<, TORITLIEWITDAR
<ot

300

@O MM
@O mD
@O MM

@O

250

200 AAA

Mass (g)

HE (2

150

O : PM18, A :PH12, O :PH18
100

10 15 20

#]mE (8)
Period (days)

B3 HERAODEEZI

Fig.3. Changing of specimen’s mass.

25



FERALELASS O REEFE AT K D RBEMHIER 21k

¥R FAT
Before
high
hunudity
exposure |

e
After
high

humidity
exposure

PM18

A A 5 o

PH12 PH18

FAR  BHERAD REIKRE

Fig.4. Appearance of specimen's surface.

42 BREEXEFEMRIE

RBRIR DIRAFIEANETE 3 w2 FSBRITR T, &
BRI O FAFHEANE I 53 B D72 541X, Tukey-Kramer
DIFEIZ L B L EEB I 24T, KR EKPIC it
T 5, RAFEFEE &L, #IEZICEVTPHI2
EPHIBIZHA R b, F7z, [H-—3EAIEE 5
B CE SO HPHI2EPHISIZ DWW T, #EHR
BT D EFE TS EICEETR SN R -T2,

PH12 & PHISDO#AEIZ L 5 HAIETE 70 O &1,

EHIE CT4Tkg/m3 & 3Tkg/m3 T W, 4 49] D FRAI[EH
DED21%E16% TH o7, ZILOFERNG,
PRAVELR RS O I AT K D EERFI OABE, ik
x5 B IR D IR AF AN FE T 77 m ORI TH 5
215kg/mPLL ECAE L D AREMED & <, L EIZITE
S12mm & 18mmfE] TN &350 o T,
43 REEEAER

KRB R DI EHE OHERS A FORIZ T, & T
OB, et G R OB EZ I3 T H InEvh
CHERBBEEEL D Z L3NS T2, 2 TORRIK
DIEBRE T, 20kw/m2Ai; O KV ME THIEKE T RF
FCHERS L7z, ekt g & R OB KR IZ oW
TIE, BEEEOHBIZB O T E ORI L L
THHLREED LN o7z,

300
. W EERR *k *k
E ~250 - control
Eo & N BERERER
=~ %900 - After efflorescence
] '5 operation . z
§,\§ 5 150
= :
i 2
< 50 A
"
0 - T -
PM18 PH12 PH18
HERIK
Specimens

F5H BRERFERIENEIL

Fig.5. Changing of chemical retention.

B : F9lE, n=3, T5—/N\—: Z#FE SELEK
(Tukey-Kramer DA %) DFER : x SWKEICTHINT

BEEDHY, = 1WKEIZEVWTHEEZHY

Value: average, error bar: standard deviation, n=3,

Significant difference used multiple comparison procedure

of Tukey-Kramer, *: significant at 5% level, **:

significant at 1% level.

(PREERBRS . 5554975



The effect of efflorescence on the fire performance of fire-retardant-treated wood

30
PH12
_E
EZ220-
o 2 i H:" A
§ \ 0 \ r\J"
g2 e
I
"2
i
o JlA i . . . . !
0 200 400 600 800 1000 1200
B (F)
Time (sec)
30
PM18
_E
EZ 20
=3
X E n Al v""
%Ew 'r- Wk *
: 2 b N
%3 ~¢MMMN#VﬁhMM
= J
. '.waﬂ
o hetif — . . :
0 200 400 600 800 1000 1200
B (F)
Time (sec)
30
PH18
_E
£2 2
=
2210 g0 A "-‘ '.
&é < ‘1 ]
'M’ N
G wvtr
0 600 800 1000 1200
B (F)
Time (sec)

FoR RHEEOE
Fig.6. Changing of heat release rate.

—  ERHR, c BERLERMER
control After efflorescence operation

HBRIRORERAE L FTRIC, BRREAELES
BICRT, MREENE & i S BE 12 DU T Tukey-
Kramer® 7512 L 2 S E 1D 24T - 75k R, ol
RG L BEZICB W THBEENRBD bl ho T,
F7o, FAEOREAFER TETHY, BSORRD
PHI2 L PHISHIZ DW T H A EZEILA Lo T,

AITECIE, PHI2EPHISIE, HIERARIEIZLY
FEATIRANE T 0 B OB D38 BT, BREEMER

TIEEND OEENENR D -T2, BEOHEDT
1%, BRI O f e 26 B BE J OSR T8 AR T

[(HRO For. Prod.Res. Inst. No.549, 2022]

30
W EESR
- E control
OF  BEREBR
% < 20 - After efflorescence operation
= f’é . I
L &
W 2 r
g2 L
B0
hE
1 3
0 - T T
PM18 PH12 PH18
HERIA
Specimens

FR mEREBEEOEL
Fig.7. Changing of peak heat release rate.

B : Fi9fE, n=3, T5—/N\—: BERE ZELE
(Tukey-Kramer M%&) DFER : % SWKEIZEWNT

BEEDHY, » 1WKEICEVWTAEEHY

Value: average, error bar: standard deviation, n=3,

Significant difference used multiple comparison procedure

of Tukey-Kramer, *: significant at 5% level, **:

significant at 1% level.

20
W EEEXR
— control
L E15 1 W AERERER
E = After efflorescence operation
S 1
= 3 1 1
~ 810 b
ol 2 I
W=
[
PM18 PH12 PH18
HERIK
Specimens

FR MEREOEIE
Fig.8. Changing of total heat release.

E: THE n=3, T5—/N\—: RERE FTELK
(Tukey—Kramer D73i%) DFER : * DWKEICE T

BEEHY, = 1WKEIZEVWTHEZHY

Value: average, error bar: standard deviation, n=3,

Significant difference used multiple comparison procedure

of Tukey-Kramer, *: significant at 5% level, **:

significant at 1% level.

SEANETE 53 & & ORI 72 BfR 13 G Hiv T
W5, DFEY, REIEEGEE R ONRTEET, HKA
B BN L R D IHEVR T4 528, DK TFD
FEITHEAIEE BN Z VNI E NS RD, ZDZ
&G, PHI2ZKLOPHISIE, 440 SKHA[E 5y & A3
215~230kg/m3 & 2\ 7=, 50kg/m3 AT 0 HEH [
53 B DD TIX IR R BE I K& USR T VR RN
HIL o bHfig s 5,




FERALTEARSS O AEEFE AT & D RBE I ER 0221k

5. F&EDH

FERAVEERAA |2 DT HIETS AT K 2 R E
HOZACIZET 2 MR E2 55728, B S K OFEHIE
TE oy 8% 28 2 T2 HER LB AR I DWW T N TR B 3
BRAE ST, FRAFSEAIETE S B O R R OFEEL
PERER AT o 72,

ZORER, JEX12~18mm D HEBRALEE AR 1E, 3K
HE 75 B215kg/m3 L LTI A IED AT L 0 3KA|
G 5y B33 2 RTREME DN & D 28, BRIGEFIHIVE
FRAIUETFTEELETITEFESRNEEZ LN,

IO LS T OEEBRVEAM 1T, FHE
NRAELTZELTYH, BEORKUEDL KIEREE B2
RS Z R iFmLw AR S, T2 L, FEERICH
ENTHhE T S 7= SR ILBRA 1, B Ic bz > TH
EOREPBEVIRINDIGAENRH Y, ZOHETIX
AAEFRE BRI DFREMENH D,

LSRRI BNTIE, AMFRETH LN REEZ R E 2
T, BRI i L% O BRBEIIHIEH O FHI
100 kb oD FEVEMERE 2 HH AR U 72 R 15 DBl
WD, AT T U A OMNL E B LIV,

[ ABFIE L0 F B T RFEHE WO
B Z AT T2 T 7 L - Hilr o B %8 - W R LR
% ORNEMKEMBIZ) 2B\ TiThbhi, ]

X
1) (&) BAREE - ATt > 2 — - EERILEE
A O dn B B AESE O e e S & (2018).
2) RIBEBTT, SEAREE - RMORAE, 40(1), 17-24
(2014).
3) Jing Pan, Jun Mu, Zhaoxu Wu, Xiaoteng Zhang :
Fire and Materials, 38, 817-826 (2014).
4) Don Won Son, Mee Ran Kang, Won Joung Hwang,
Hyun Mi Lee, Sang Bum Park : J. Korean wood Sci.

Technol., 42(2), 157-162 (2014).

5) Toshiro Harada, Yasushi Nakashima, Yasushi
Anazawa : J. Wood Sci, 53, 249-254 (2007).

6) FIEE L, BRI, FH BB @ 40K oAb
ZLINTHFTES S VR D NGEHE, O, pp.13-
19 (2010).

7) 4B 7 WEARTE, AR, JHoThE IR « %563[n A A
AMFRRESEEE, B, N28-P-PM17 (2013).
8) T FURFELAT « HERRALER X 7= N 2E ) L OV 45
KT DBRBEVEIR & 2L, LA s, B IR
SR (2021).

9) I JRIFBAT « H ARG o R 7N AL
(i) , AlET, pp.381-382 (2018).

10) EN16755

performance-Classes of fire-retardant treated wood

Durability of reaction to fire

products in interior and exterior end use applications. ,
European committee for standardization (2017).

11) ASTM D3201 : Standard method for hygroscopic
properties of fire-retardant wood and wood-based
products., The American Society Testing and Materials
(2013).

12) (—) ARG RERAT © “Bimh kPR
B - SR iEE (20004E 64 1HEIE, 20204
61 ISHAR) 7,
documents/center/8A-103-01.pdf., 2021411 A5 H £
ML

13)7K H¥E, & HIEA @ HLakaY 2 B s o S8,
AT 0 A M, H L, pp.35-40 (2015).

http://www.gbrc.or.jp/contents/

—MHEEE REISIL—T—

—*1: FIAE NAAIRTIL—T—
—*2 . FffrE HEEEMIIL—T-—
(RFZHE : 2021.11.19)

UPRPERRBRIG . 255497)



