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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.
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x5 i (mm) (g/cm’) (N/mm?) (N/mm?) (kN/mm°)
. " 3.03 0.43 43.1 7.7 9.3

(1.21) (0.03) (3.4) (6.3) (1.2)

5 " 2.57 0. 48 48. 2 91.7 11.2

(0.70) (0. 02) (3.9 (7.0) (0.9)

3 10 3.22 0. 41 39. 4 70. 1 8.6

(0.32) (0.02) (2.5) (6.5) (0. 6)

A 10 2.79 0.51 49. 6 95. 4 12.2
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= BB 5.4 0.39 41.5 66. 3 8.9
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Fuel quality of logs left in the forest
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Study on the use of woody biomass combustion ash (5)
Ash brightness and snow melting effect
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Study on the use of woody biomass combustion ash (5)
Ash brightness and snow melting effect
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Study on the use of woody biomass combustion ash (6)
The corrective effect of pH on acidic soil
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Study on the use of woody biomass combustion ash (6)
The corrective effect of pH on acidic soil
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Study on the use of woody biomass combustion ash (6)
The corrective effect of pH on acidic soil
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Investigation of CLT preservation treatment using deep penetration treatment
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Thermal fluid behavior of steam treatment wood with aqueous organic acid
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Breeding of new wild-type Flammulina velutipes varieties (1)
Creation and selection of random hybrid strains

Seiki GISUSI, Shozo YONEYAMA, Sayaka SAITO, Tomonori AZUMA,
Ryo HIYAMA, Mayumi TSUDA

¥—U—F:xzXFr, B, AR

1. [ZL&HIC

T XL, ENEEERRLSZVEHED
ZCHEMKNBTT P EESR TV DD, BifE, AL
B CAESND ) XX 0T (AR &R
NHEMFENFIEAETHDINY, BWEOT ) XX/
TN T, WO EEITKEBG, TiTES
a2 L TWDY, dEE LR G ISR AR E SR
% (DT, ERPFAER) CTIRRARDORE - EBE
EAETOWAMT ) X2 [ ZZFEDO T 2%
LY, EAEIEHENR TS, [ZZ2FDOT]
%, LB ORE L, :/%&&ki%&aﬁw
T, MH TOMBNEENLSFEL E—EREDAE
ENMTONE L TWbD, Fiz, ﬂﬁ@%@;i&
ENOBAEMT ) X2 rEEA LT NE NS B
R, [ZZFOT] OEENMESS % & W 7= 5t Fl B 7%
DEEND D,

TOZOMERRE (B T, BRTEkoi
K R R L 2 223 2 TR Rk oMl A2 7 m
N7F A MET 2 2 & CTHEREE & 2B L TR H
EEA 2RO TRET 2 HiERENRH LT, T
NHEEOBBE R RREMAGDE, vy —L
TR, B L CHTT R R ST D,

— ), FELINIEHEOZTHLI LI X 75 H
WCT X LML T R 21T -7, 972
bbb, WEDORLD2HKOIIRA R A HE LA
IREEE 2TV, BRx RIBPEO TR EG-, Th

AL, R, 2K

O FEERN OB EE LZERO RN D B R
IZHWEHEE®RE L Wb, Zol-ERAKRE
AW ERERRITH A R FETH D08, FET
DAFE M (B, HiE TR @ L%
KINFAET D, TDd, T X MEHEND
ZAETR RO S H B OB S 23 9 5 B
DB EINDZ ERWIF/HTE D,

ARTiE, BAMT ) XX FHnEOBR%E B
e LT, RARAKREHWET ¥ AREE K
DOYEH &8I EAT o TR RIZOWTHET 5,

2. EEBAE

2.1 REAROKEHFMHE
2.1.1 B
FIRIRTHEBIMER AT O ) ¥ X 7481H
B X OREK E LT, Fv92-04 (2 FFEDTF)
ol LAY

K HEEZPDAERES I T L, ZOHEAH %
FEEE RS (850mLAR Y ' v L R v 1
KT MEERETY T 0 U NBRH140g, 7 A
~35 g, ELRTHIKSY63.5 %) ([CHRE, B OMlE
ICHARDNEMET D F TR U TR o FE il
L7,
212 TRZEEDOT) ZEHEZE (LigHx)

ERFHERICBIT 2 [2ZFDO T OFEHER
PRI HE U TSR BR 21T o 72, 850 mLAR

(PREERRBR IR H5549%5)



Breeding of new wild-type Flammulina velutipes varieties (I)
Creation and selection of random hybrid strains

BIR IT/X7REERES VS LREETHELL-EK

B FFEEFEW (R EUH) Liﬁiﬂﬂz% S5 LXEET
EFr-lEEEREC (g/EV) LBk

Fv 68—04 W (EEJIIET) 96.3  684-a, -b, —¢c

Fv 75-01 C 120.1 751-a, -b, —c, —-d, —e

Fv 76-07 W (ReJilv) 45.1 767-a, -b, —c, —-d, —e

Fv 78-02 c 122.8  782-a, -b, —¢

Fv 79-01 C 120.7 791-a, -b, —c, -d, —e

Fv 81-01 W (1BJIITH) 79.3  811-a, -b, —c

Fv 82-01 W (ReJIlv) 894  821-a, b, —¢, —-d, —e, -f. -g —h, —i, -

Fv 82-03 W (hBJIITH) 1358  823-a, -b, —¢, -d, e, -f -g —h, —i,

Fv 84-01 c 1256  841-a, -b, —¢, —d, —e

Fv 84-02 c 1476  842-a, -b, —¢, —d, —e

Fv 85-01 W (15gH0AHET) 109.5  851-a, -b, —¢, —d, —e

Fv 86-01 o] 1456  861-a, -b, —c, -d, —e, -f -g -h, —i, -

Fv 86-02 c 117.4 862-b, —c

Fv 87-01 W (fBJIITH) 99.8  871-a, -b, —c

Fv 87-02 C 122.1  872-a, -b, —¢

Fv 89-01 W I~HR 829 891-a, -b, —¢, -d, -e, -f -g, -h, -i, —j

Fv 91-02 W (ReJIlv) 60.3  912-a, —b, -e

Fv 92-02 W (ZRHIET) 365  922-a, -b, —¢c, -d, —e

Fv 95-02 W (SEEEAT)  (No Spore Print) *

Fv 97-01 W (1BJIITH) 717  971-a, -b, —¢

Fv 97-02 W  (ReJilv) 68.2  972-a, -b, —¢c, d

Fv 97-03 W (fBJIIT) (No Spore Print)

Fv 97-04 W (JBJIITH) 136 974-a, -b, —¢, —d, —e, —f, -g -h, -i, -

Fv 97-05 W (FEJIITH) 708  975-a, -b, —c, —d, —e, —f, g

Fv 97-06 W (JBJIIT) 1116 976-a, b

Fv 97-07 W (BJIITH) 103.1 (No Fruitbody) **

Fv 98-01 W (fBJIITH) 108.7  981-a, -b, —¢

Fv 98-02 W (KB JIIT) 6.9 (No Fruitbody) **

Fv 98-03 W (ReJIlv) 775  983-a, -b, —¢, -d, —e, -f. -g —h, —i, -

Fv 98-04 W  (ReJIlv) 117.8  984-a, b, —¢

Fv 98-05 W (JBJIIT) 106.9 (No Fruitbody) *®

Fv 98-06 W (ReJIlv) 778  986-a, -b, —-c, —d, —e, -f -g

Fv 99-05 W (ZEJIIET) (No Spore Print) *

Fv 00-01 W (EJIIET) 98.0 001-a, -b, —c, —-d, —e

Fv 00-02 W (EJIET) 57.4 (No Fruitbody) *®

Fv 00-03 W (SEEEMT) 745  003-a, -

Fv 01-01 c 1466

Fv 01-02 W (fBJIITH) 900 012-a, —b

Fv 06-01 W (ZR)IIHET) 54.9 (No Fruitbody) **

Fv 07-01 W (BRAhEET) 50.7 (No Fruitbody) **

Fv 09-01 W (ReJIlv) 108.7  091-a, -b, —c, —-d, —e

Fv 12-01 W (ZHHET) 716 121-a, -b, —c

Fv 13-01 o] 152.3 *

Fv 13-03 W (78 EERF) 852  133-a, -b, -¢, -d, e, -f -g —h, —i,

Fv 13-04 W (FEEER4T) 63.9  134-a, b, —¢, -d, —e, -f. -g —h, —i, -

Fv 13-05 W (fBJIIH) (No Spore Print) *2
E704 C (H23BA%) 159.7 E704-a
E274 C (H23B%) 1458 E274-a, b, —¢c, —-d, —e

Fv 92-04 CZFEDT 157.3 (Rt EREI#E)

*1 {EHL-E#E L, BFRERREZREELIBHTOBMFICa~jZ L, RERTIEb~jDRIORFEEIELT-,
*2 (No Spore Print) : REFEM#HDOFKIEHRTTFERK, IhbblaFRNGELNGH T,

*3 (No Fruitbody) : % LREETFEAENFONGEMN o1,

*4 BERMEDOMREELAS LS, BFERERLEMN o1,
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Breeding of new wild-type Flammulina velutipes varieties (I)
Creation and selection of random hybrid strains
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Breeding of new wild-type Flammulina velutipes varieties (I)
Creation and selection of random hybrid strains

S Bk ER
LE#hE (AS5TY) CHEth ik () Q1 Q2 Q3 Q4
Bk IRE AEHE INE 4AEDHER MNEEHK HEE BRR KB KER 0 BT
821-e  1.075 1.160 0.989 0.944 Fv92-04  2.80 2.70 2.80 3.20 821-e
821-f  1.074 1.141 1.055 1.011 Fv92-04  2.60 2.90 3.20 3.30 821-f
922-d | 1.071 1.019 1.061 1.089 Fv92-04  2.40 2.70 2.50 2.50 922-d
975-a  1.049 0.993 1.062 1.083 Fv92-04  2.80 3.50 2.70 2.70 975-a
974-c = 1.036 1.049 0.608 0.569 Fv92-04  2.64 3.00 3.09 3.27 974—c
891-i 1.025 1.040 0.750 0.693 Fv92-04  2.78 3.00 2.89 3.00 891-i
012-b  1.020 1.062 1.596 1.663 Fv92-04  3.36 3.27 2.55 3.27 012-b
872-a  1.019 1.047 1.119 1.160 Fv92-04  3.40 3.10 3.30 3.20 872-a
842-a  1.017 1.008 1.211 1.280 Fv92-04  3.18 2.91 2.36 2.73 842-a
872-b  1.012 1.029 1.109 1.124 Fv92-04  2.91 3.45 2.73 2.82 872-b
821-d  1.010 1.088 0.923 0.841 Fv92-04  2.60 2.90 3.10 3.20 821-d
751-b  1.006 0.996 1.104 1.051 Fv92-04  3.33 3.00 3.17 3.50 751-b
841-e | 0.998 0.999 1.111 1.165 Fv92-04  3.27 3.09 3.00 3.18 841-e
821-b  0.995 1.084 1.087 1.079 E274 3.30 3.20 2.70 3.10 821-b
971-a  0.994 1.023 0.479 0.438 Fv92-04  2.90 2.80 2.60 2.60 971-a
891-g  0.991 1.000 0.669 0.666 Fv92-04  2.80 3.00 2.30 2.50 891-g
891-h  0.989 1.002 0.426 0.402 E704 2.70 3.20 2.90 3.00 891-h
842-b | 0.988 0.988 1.100 1.136 Fv92-04  3.09 3.09 3.00 3.00 842-b
974-e  0.985 1.022 0.825 0.763 Fv92-04  2.90 2.90 2.70 2.80 974-¢
861-g  0.984 1.045 1.077 1.118 E704 2.78 3.22 2.44 2.78 861-g
922-c¢  0.980 1.016 1.083 1.139 Fv92-04  2.82 3.27 2.82 2.82 922—¢c
922-a  0.979 0.982 1.177 1.215 Fv92-04  3.36 3.00 2.91 2.91 922-a
861-f 0977 1.042 1.033 1.095 E704 3.00 3.11 2.78 3.33 861-f
861-a  0.976 1.006 1.006 1.037 Fv92-04  2.91 3.09 2.36 2.82 861-a
684-c 0974 1.032 0.994 0.910 Fv92-04  2.90 3.20 2.80 3.00 684—c
891-d  0.966 0.963 0.922 0.877 Fv92-04  3.00 2.88 2.75 2.88 891-d
976-a  0.965 0.964 0.763 0.716 E704 3.09 3.00 2.73 2.73 976-a
872-c  0.965 0.989 1.120 1.176 Fv92-04  3.22 3.22 3.10 2.90 872—¢
821-a  0.963 0.955 1.103 1.034 Fv92-04  2.50 2.67 2.42 2.75 821-a
823-b  0.963 0.962 0.835 0.800 Fv92-04  2.78 2.89 2.56 3.00 823-b
922-b  0.960 0.981 1.214 1.276 Fv92-04  3.10 3.20 2.90 3.20 922-b
891-e  0.959 0.973 0.833 0.838 Fv92-04  2.88 3.25 2.63 2.75 891-e
986-d  0.955 0.975 1.062 1.152 E704 3.11 3.11 2.78 3.00 986-d
891-¢c  0.954 0.963 0.723 0.693 Fv92-04  2.63 3.13 2.25 2.50 891-¢c
823-f  0.950 0.965 1.035 1.062 E704 2.56 3.00 2.89 2.89 823-f
134-e  0.948 0.972 1.078 1.010 Fv92-04  2.90 3.10 2.80 3.40 134-¢
871-b  0.945 1.122 1.141 1.159 E704 3.44 3.33 3.33 3.44 871-b
851-b  0.940 0.962 1.195 1.206 Fv92-04  3.11 2.89 2.89 3.00 851-b
841-¢ 0933 0.967 0.906 0.918 E704 3.11 3.33 3.00 3.22 841-c
983-e  0.925 0.912 0.800 0.765 Fv92-04  3.11 2.78 2.78 2.89 983-e
871-a 0913 1.100 1.196 1.213 Fv92-04  3.00 2.89 2.56 3.11 871-a
851-¢c  0.912 0.909 0.955 0.903 Fv92-04  3.11 3.00 3.00 3.11 851—c
862-c 0911 1.106 1.086 1.126 Fv92-04  3.11 3.33 3.22 3.00 862-c
891-b  0.906 0.953 0.881 0.845 Fv92-04  2.60 3.30 2.80 3.10 891-b
862-b  0.902 1.087 1.184 1.204 Fv92-04  2.89 3.22 2.56 2.67 862-b
861-i  0.897 1.033 1.216 1.293 Fv92-04 291 3.00 2.73 3.09 861-i
823-j  0.894 0.889 0.848 0.821 E704 2.78 3.22 2.56 2.78 823
823-d  0.891 0.876 0.750 0.718 Fv92-04  3.30 2.90 3.00 3.00 823-d
823-c  0.882 0.872 0.944 0.885 Fv92-04  2.56 2.89 2.78 3.00 823—c
821-j  0.875 0.942 1.066 1.143 Fv92-04  2.67 2.83 2.50 2.58 821
871-c  0.864 1.034 1.187 1.233 E704 3.22 3.11 2.78 3.00 871-¢
861—j  0.860 1.029 1.166 1.194 Fv92-04  2.89 3.22 2.67 3.00 861
823-i  0.837 0.801 0.727 0.665 Fv92-04  3.10 3.00 2.70 2.80 823-i
891-f  0.835 0.850 0.758 0.787 Fv92-04  3.11 3.11 2.78 3.00 891-f
861-h  0.619 0.670 0.202 0.208 Fv92-04  2.80 3.50 2.70 2.70 861-h
EIREK >1 > 1#{E (3.00) EIRER
(LiE D &)
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Utilization of fast-growing “Willow” trees for
sawdust-based cultivation of Pleurotus eryngii

Akira HARADA, Ken ORIHASHI, Ryo HIYAMA and Takao TANANO

HAE D 2%, 28, 165-170 (2020).
Mushroom Science and Biotechnology, 28, 165-170 (2020) .
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Key words : Pleurotus eryngii, sawdust-based cultivation, willow, sensory evaluation
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The sawdust of willows, Salix udensis and Salix pet-susu, which are known as fast growing trees and have
gained attention as woody biomass resources, was investigated for its applicability as a substrate for the sawdust-
based cultivation of Pleurotus eryngii. For bag cultivation, the yield on the willow substrate was 1.55 times greater
than that using the birch (Betula platyphylla) substrate. For bottle cultivation, the yield on the willow substrate
was 1.14 times greater than that on the corncob substrate, even though the weight of the willow substrate per
bottle was less than that of the corncob substrate. Chemical components exhibited significant differences among
individual sawdust and corncob samples. The characteristics of the two willow species showed an intermediate
position. In the sensory evaluation of the taste and texture of fruiting bodies, those cultivated on the willow
substrate were evaluated as the highest. These results suggest that S. udensis and S. pet-susu will be useful as
resources for the sawdust-based cultivation of P. eryngii.
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