ok EACET AP R (D
N— FR— FOMREE & BRI BT T
| BikEFORE

I #% H

WESE 8 FI 26 A4FIE UobIC At T, HELEMAERIIEE & AT, ~— FA— FOPAICoCE
BRET -7, COBRER, TOXAERD S S, HRFES THY LIBH oW TENTY 5,

= FR— FIRREMN B ofioM ke LUK ERIN TV %8, SRCENTEREI;EA THD
¥, EFORBEREINT B, ~m Fi— FOBIMECOWTE, FTC, ) YB=7 vy, BE7 Y
By, RUBBACL > THRNDDC L LETERE LIs™”, RBAECS-T, LIRHAYET S,
e F A= OB KIRL S DCRBS L BRDOERE LT, 50, Lt REROERHON KR
BT BUESD B, £2T, ZOERTE, BAEFIOERES & x5~ EKEHEALA, & X
OHE, BEL SR, BRI TEL S YT = 2 Ak L D BT,

—fe, REMRHINBC X > THBF AR L, BET 5. SFH ADMREETE Ul it b & 0B
b b AR OB —BIBE Sh, REGIEBICK 5, = OREEARICKT 5 AMRS OB BOEE)
3, RS2, BETHBIdERICEEA ERH STy, Lidta T, KRIEAD £ 5 = X
ARTDOWTERR L HERIA e XN T, EEBNART — 25, BRI KEFOBEROIDI, KEH
BIOBSREREED 2 7 = X kBT HNERD D, ZOERTIE, ~— F¥— FOBKCERK
HERDD L L b, FOMEE L BAEEBNCRAT B HAY L - 72,

B, KRB OMREE & BRI BN ZIC s 1ig HEERA O fE MY, MERAH L REMHT O
FI2 LT, RIALL S LS EENRDN B, KM ORGRORER S X O FIICK T 5 HHIE
Fint, ChBOF 7=y 21k b, BRI L BOBIBEIC 354 T, 575 b Bl HANC ST X 11010,
THhERRC, AHOMCL 2580, KIGEERH, Bt= 51 ¥—, RGBS, ¥ X OAH RIS
SORENBLROD, SHOANBIMOTRNBITOWRICELS DL Bbh s, ZOERTI,
BHBHRFCL » T, ERICKTIHERBEELRDB L LT, KEFECMIEBCLD, ~—FK-
FEDE & ORERBA & LI BRBERBR & FT7s - 7o o ,

T DHEDERIC ZBI o 25 FHRELE AEBTIT S 5 X OB AR A R A KA R L
+. ‘ :

D B AHIBHEKRFHRIESE () AHBHEKXRHETEEE
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I X B A5 %

. ® 8 K

1-1. ~— FA— FoMH
|4 XC, KEPE, B2 3.5mm, LEH 0.9, &KBH 8.5% THotoe TOEKRIZ, 77V
v 60~T0%, fudstEEstTH S,

1-2. RBHOW

PABERBRICIT, 2emX30emX3.5mm ORE XD K= FEfllie, 20 R X, LD
S5mm TREROFLIC, RRFHCE»LRBI 225 TREHT TH%.

BERAIICIL, AEECIELE— FA— FRPRLAE Lmm LT OBKRRE LAV 12, Tk,
1 EDRBRIT, 350~360 mg v 7,

2 = B E # .

Table 1ITRENTWB L 5B, RUAKFERAINTW2ERE LTCSBEOERS, %/, FHL
VEFIE LTHILS 7 = = — AR ABERAT, 7ok, BIES 7 = = — A1, BEESICERI s
-1

CROOEAIC LY, Table 1 O X 5 lBAlED, MRS MBI - 1c
3. HEBREOLE

MEFRE L, 20°C, RH 65% CTHEBIN, F0%, BEIBEEACLDAEIRE, ik,
MEREORBRAOAE X2, 2emx30cmX3.5mm T, BEESFHRENL, hEER#, BBRLT
Buhi,

Table 1. EBER OB

Composition of treating solutions.

B K () w H ]| |
* ﬁ'J‘ # Amount of Amount of B E (o/?)
Chemical soluble solute Concentration
VBT vV H:O 3,500 1500 N

diammonium phosphate (NH,):HPO,

Blrvev
ammonium bromide NH,Br H0 3,500 1,500 30

ANT 9y I VBT VEYV

ammonium sulfamate NH,0S;NH, H:0 3,500 1,500 30
D) ‘/@ 7 7 = D

guanidine phosphate H:0 10,038 1,500 13
{NH:C(NH2)2) 2+ HsPO4

R - kU (2:3)

boric acid and sodium borate H:0 5,000 5004750 20
H3B03+NazB407 . 10H20

3L 7 2=—1 CH;0H 1,500 1.000 25
trichlorodiphenyl Ci:H-Cls C.:H,;OH 1,500 ’

4T ==L CH;0H 1,500 1.000 25
tetrachlorodiphenyl C;2HgCly C.H,OH 1,500 ’

5L 7 ==—2 CH;0H 1,500 1.000 25
pentachlorodiphenyl C;2H;Cl; CsH,OH 1,500 ’

687 = =— 2 CH;0H 1,500

hexachlorodiphenyl C;.H,Cl, CH OH 1,500 1,000 25




Bk EFN BRI 2 0% (I GPHE - FIHE - 83 — 157 —

MBI L » TRIRI N TNBEIRRC L D Rd bRz,

AEHRER —NEHERE
AEHER

ALY 7 = = — A LS OERICOV T, RINE 2.5%, 5%, 7.5% D3 KEXEEL L, o7 =
== DV TE, BRI 5%, 7.5%, 10% O3 KEXEEL LT, ThERAESRLY, EBEOR
R, EhEho BEKEL RS D OEES - 1.

AEHHEDBE, RBRA%E=—1y— 1T B2, 24 BRESERL, >30T 24 %M, 20°C, R H
45% TEEL, 0%, RERET, 20°C, RH. 65% THE L.

HABIE ) = ) x wsHeis sz x 100

4. WA R

4-1. RBREE

PBERBREE OWIE XS Fig. 1 TH %, ZhicH
RAURERRFORE 18, FRI2 2,508 TH%, o
HAH e F 3 ATEE—ECT B b DTH B, L L T o
B AT Z AT, KOKE STRBA O THC oo,
BzB< BUVTH » T2 —REGIIRIL TAY

4-2. HBRFIR =

REHILE E‘Jfﬂﬂﬁkiﬁ:b v DD HAREDNT Bdgél;gs —
3T oBEOHEh, A—RIIVRAC S TELED — W;;;%%g’:””
L 1T oEDIl 7 — T IRD 3 7 — FaME %zozgm/ér
bivfc, BIRV A 3BED 256, 459 71— 7 Fuel
MEBRI, 2D 1 7 A— 7ORERHN 1 B CHchbh iﬂﬁ;;/t /:/om
7o KR, LEA 1B vrico& SRR M, Fig. 1| RERBER

ABFRIKOLBH THD. RBRAERBRILIC Apparatus of cémbustion test.

]
+—o xR
Balance
Y
—

[

iR aReT
Temperature & TP
rtc%rder —Flectyic furnace
YA
+ = — Specimen
A % T
Therma couple

Fig. 2 HBERT

Simple thermobalance.
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1R FoEREREF, DL VHL, BBCO2 LTERNER, ¥ A -+ —CAKT 2, A, =
by 7Y ay FEEHIRT, 10 BOLRBEREYFHI, HXFFH, HARRME, RN HENEY UET
o RBRAVRLRE 57, EIRLEHEE, 105F TBL, FEORBEKbS,

5. BAEES

ZORBT Fig. 2 CEMERL T3 X 5 BREAGEHARFC L, RAEETOEKF TR
iz, REOKEL 1/10mg T, HERFCITIHIcE TIEVCHEME, 800 I RIEHMREE
BWTH THEN, BRFOBER—E<Fich, 4E 250°C,300°C,350°C @ 3 B CfTichhic,
2T, 2cmx30cmx3.5mm OMEF foik WA~ — FA— F2 PR LAR Imm LTFOBKT
H5, 1EORBREIT 350~360mg TH 5, ' -

I EBRRBEEER

1L kR R

ZORBOBLILHML, FAAA—F—THHLT, RBRAZREASE, BREFORBRAOEEE(LY
ﬁ%ﬂﬂﬁ?éik%ﬂ,%%Kﬂfbﬁﬂomﬁﬁ%&6:&f§6gL#L%ﬁbkﬁ%%u%%?
BT LSS, Ei, A-F—ORFPRBIK L iHY, BHTLL, ERCRY B7h -7,

Table 2 1243, AHEIEF T i, FHRNE, RBA OFERT DI, FL LIRBRI OEKT R,
RBRA OO Uk 200, B 25, 354, 450k} 2RBAOERBIREY ThEhoRT
Wh, ok, 4 SBRERRVRCEARFOLGOR, 45N OTLCTHE L Z L 2Bk T
Bo ¥z, Fig.3 5 b 8T, FEF L, MEFHCHTERR X7 »y LA - THD
#T %,

ZhBDF— 20 bEAES T = = - VBN Z OEROMBREANTIE, CORNETD, MAHER
BHLBEALRALTH DI Ehtbhb, ZORFIBEMTIE, BARERE LTHREYHFTERVEEL
bhb, REL, MOEHELBELTHV OIS L ECRETIARPEOTRKELTETEROT,
BRANFEY, ZORREG TTHhiituvbit,

BALS 7 = == VA DO S BOEKNL, ThThABRBRERL T2, £Z T, Thb5EOERIC
SVWTEEL TR,

1) VBT veY

RECHT HEHIICOVTiZ, Table 2 22:bba 3k 5K, RNENRS L fedieohTEHELLAE
A, Eld, BRUTOEENRL n-TRD, BRLTOHEIEY, FRE EOBEOLEC O
THTH, MBARCRLEVCRBRIOTEHABHBED, LEVWEFCRIBE LT BRINENSL
BN THEMR Ie B0, FANERAIC X 2MRESILH ML, MBSKEH HEZ 2 BIcoh T
ELLBIDTHAH,

CHERERRAEN DR L 5, Fig. 3 REELEEC, SREORYEHC 70 5 P L RTH%,
EEBARIEMLE L LR L T, ZOHMO Ll ERBRIREARECIZENI LT
BONEOED S B, ERRSE—MBEMO 7 — 713, MOKHT, EHICHENEN & FREL
B0 2 7/ 1v—FbrhTh 50 (Fig. 4~7), ZoOEFTL, BARREBECK U THHLTE
b, Tihebb, EHARNE 4.6% OH— 71k, Kk, RIVE 7.6% & 2.4% ObMciBLTEHY,
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Table 2.

BEEABRD 7 — 2

Results of combustion tests for treated and untreated hardboards.

— 159 —

%ﬁg%/u)&i & RFERH THRIEE] BR%ERE | 2ORER | SORER |4 7REER
0 5 0, [) 0,
E A Tinlxle onset | Time onset Tinie onset ﬁ’}f(%} BAE BIHE
mount of heating | of heating | of heating |Weight loss . .
o to flame |to extingu- [to breaking| at 2min
Treat- £ fi b i VY:nght W;:;g]sa i
ment added ishment down after onset at 3min | at 4min
chemical min; ’/ of heating P o
(%) SeC; n %) (A) (/0)
— " 2o 1Al —
| Tl | 8 B | =
ntreate — 36" 31" 2'50" 38.9 87.0 —
2.6 35" 4'00" 2/48" 24.9 61.9 78.7
2.3 35" 3/44" 319" 27.0 61.5 —
. 2.2 34" 354" — 21.9 57.7 —
e 4.6 25" 213" 715" 17.9 28.2 30.2
o] 4.6 — — — 6.4 16.3 28.8
fm: 4.5 1'05" 2/25" — 13.8 21.7 26.7
Z, 7.7 — — — 10.9 14.9 16.3
~ 7.5 27" 2/10" — 9.2 13.9 17.0
7.6 — — — 12.0 16.3 18.8
2.5 55" 343" 219" 19.5 67.4 —
2.8 46:: 4'02" 227" 18.0 56.6 97.4
2.6 43 349" 2'30" 17.6 63.3 —
& 4.2 125" 415" 3'38" 9.3 32.6 79.3
= 4.1 47" 400" 201" 21.3 51.8 —_
= 4.1 26" 345" 2/46" 19.2 61.1 —
8.2 — — — 7.2 11.6 15.4
7.9 38" 1745" — 11.2 15.0 18.9
8.1 — — — 8.6 12.6 16.9
2.2 25" 324" 2'07" 31.7 77.0 —
2.0 35" 332" 2/33" 25.9 72.4 —
o 1.9 27" 330" 2/26" 27.3 74.7 —
Z 5.7 — — — 10.7 16.6 17.8
2 5.7 — — — 12.1 23.9 26.8
o) 5.7 — — - 5.3 12.5 15.1
% 7.7 30" 1720" — 21.3 28.9 32.4
7.4 1/05" 330" — 8.5 19.0 27.1
7.7 — — — 4.5 13.1 18.1
g 2.5 15" 336" 2/32" 26.3 70.0 —
3 2.6 25" 348" 2'38" 19.7 58.4 —
o 2.3 118" 3'52" 300" 15.9 54.9 —
= 4.5 55" 412" 3's57" 11.7 39.1 86.8
= 4.5 125" 416" 2'56" 9.6 41.6 3.8
Z 4.4 58" 354" 327" 15.3 48.7 —
-/
Q 7.6 18" 2/08" — 15.0 21.0 21.4
% 7.5 21:: 2'05:; — 10.5 14.1 15.0
Z 7.5 35 2'26 — 15.0 28.2 29.1
2.6 25" 343" — 24.3 60.3 —
2.4 37" 333" — 28.3 64.4 —
o 2.3 24" 329" — 29.6 87.0 —
= 4.6 1'03" 428" 405" 7.6 27.8 48.2
= 5.5 57" 345" 331" 29.2 61.5 —
+& 5.5 — — — 13.6 32.9 41.3
=k 8.4 25" 235" — 18.2 29.4 31.9
X 8.3 . 30" 2/55" 312" 8.7 26.2 36.6
8.3 25" 219" 2/34" 19.4 35.8 42.5
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Table 2, (-23%) (Continued)
%ﬁﬂ%’élg/ijé EH R MaEER | B%ERME | 20%ER | SHOBKEER |4+ HBHEE
(] S 0, 0, 0,
x A Time onset | Time onset Tin}le onset W/}f(ﬁ) BAOR(%) BIHE)
Amount of heating | of heating | of heating {Weight loss . .
Treat of to flame. |to extingu- [to breaking| at 2min Wleégl;t Wﬁ;ggt
g added ) ishment down after onset | . 2 o | ot 4min
ment chemical min; ’ of heating % %
&9 sec; % ¢ °
4.8 17" 314" 306" 38.7 80.6 —
5.2 25" 3'09" 2'06" 44.5 84.5 —
5.3 10" 306" 215" 50.3 83.4 —
7.5 24" 318" 247" 33.2 81.2 —
= 7.4 25" 314" 203" 46.1 82.5 —
;& 7.3 14" 303" 2/48" 50.4 88.8 —
! 8.7 12" 246" 203" 60.9 —
© 8.9 31" 323" — 37.5 78.1 —
8.9 12" 2/52" 223" 59.2 — —
5.4 25" 347" 315" 20.4 64.4 —
5.4 8" 2/48" 215" 58.9 89.5 —
5.4 25" 314" 2/43" 43.7 85.4 —
7.5 17" 314" 2'56/" 38.2 85.9 —
=) 7.4 22" 312" 229" 40.8 81.3 —
;2, 7.6 22" 322" 253" 40.1 84.2 —
= 8.3 17" 313" 2'55" 43.9 84.9 —
o 8.9 22" 311" 2'31" 47.0 85.4 —
8.9 18" 306" 2/05" 49.0 84.9 —
4.6 12" 344" 250" 25.3 78.6 —
4.6 32" 316" 2/42" 41.8 84.9 —
4.5 25" 300" 233" 38.8 88.6 —
7.5 22" 308" 213" 42.9 82.3 —
2 7.5 29" 316" 2'20" 41.2 80.9 —
Lm")’ 7.2 15" 315" 251" 41.5 83.5 —
El 8.3 15" 310" 2'56/" 47.5 85.5 —
o 9.8 20" 307" 2/26" 47.4 86.1 —
9.5 16" 307" 2'14" 47.0 88.0
4.7 5" 3'30" 304" 30.0 74.0 —
5.4 18" 318" 2/38" 37.5 84.4 —_
4.7 12" 347" 326" 21.2 63.6 —
7.5 32 324" — 30.2 78.7 —
i) 7.6 30" 311" 229" 41.0 87.0 —
‘m% 7.2 1" 2/53" 2/28" 54.3° 85.0 —
8 8.8 18" 3744" — 27.1 70.6 —
© 9.2 37" 327" 2/49" 26.3 80.2 —
8.9 30" 326" — 32.8 76.1 —

BC 2 58 h Tuigws (Fig. 3)o
(NH,):HPO, ¥, MBWEEL T, AHC NHs #BI+%. NHs ITREN R T, ATRED A 2 HR
THAHELYRE - T 52, (NH)HPO, 2B &IN5 NHs # AD% 1%, fHE, BHcERIhS

e, R OBSETE CIHRED A FRT2HR1B B0 E 50 Eb LV, —7,

ROXSEBETEEVDRTWS, Tithb,

-0-P-OH+H;0

H
2 | 225°C I o
HO-P=O| —> HO-P
! | 1
OH OH OH N
Y Vg ve ) Vg

y VEED I,
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Table 3. EEFRARBOZELHE
Mean of weight loss at 2 min and 3 min after onset of heating,
and difference and ratio between these.
g o g | ZDEERR| SHUEEN | 2505970 | 2982
3 =H IS S M D H,
Added Weight loss | Weight loss | Weight loss Retio of
Treatment at 2 min at 3 min between weight loss
amount 2min and at 2min
o o o 3 min to 2~3 min
%) %) %) %)
2.4 24.6 60.4 35.8 1.5
(NH4):HPO, 4.6 12.7 22.1 9.4 0.7
7.6 10.7 15.0 4.3 0.4
2.6 18.4 62.4 44.0 2.4
NH,Br 4.1 16.6 48.5 31.9 1.9
8.1 9.0 13.1 4.1 0.5
2.0 28.3 74.7 46.4 1.6
NH,0SO:NH; 5.7 9.4 17.7 8.3 0.9
7.6 11.4 20.3 8.9 0.8
2.5 20.6 61.3 40.7 2.0
{NH:C(NHz)z)} 2+ HsPO, 4.5 12.2 43.1 30.9 2.5
7.5 13.5 21.1 7.6 0.6
H,BO; 2.4 27 .4 70.6 43.2 1.6
+NasB,Oy+ 10H,0 5.2 16.8 40.7 23.9 1.4
8.3 15.4 30.5 15.1 1.0
% %
100}k 100
% %
24F---- 26F~-——-
& IR 4,
a o 46 £ Ada’ed:,
amoun
o8 K dm:unl gi
- K 7.6 - & Gilb-——-
* 5 ! * 012 E, 20 "
g i ! Untreated S o Untreated
g =
% % e
0 5 - 10 min. 0 5 70 min,
5 g B M
Hedf,n? fime Heating time
Fig. 3 )V V=7 vE v TAEINI~— Fig. 4 B7vE=v OB RN/ — F#

FAR— FOERRVEE
Rate of weight loss of hardboard treated
with diammonium phosphate.

— FOEERIEE
Rate of weight loss of hardboard treated

with ammonium bromide.
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ve ) VERT 290°C 225 900°C it T, /l;f{’”
Dol b, B4, BYVY VBERT, »2&
Y VEREKEAERT B E VbR TV B, ;
- ’ 08 iz
! Added
H,P,0, 290°C~900°C HO-P=0+H,0 2 ] amount 5.1
~ 1
~+~ I !
ARY VR :%4/\50 Il e
g Il Untreated~
22 YEARS T, 850°C Ll TR # | o
?60 i I! ’/‘,-”’—
li -~
Kt DG KT BB OIERIL, kRO X \ / Yz
SEEL LR TWS, ¥, KRS OKE 4/ _ _
HE =ATARE LD, K &L o B§5H 10 min.
%, RIZ, tArr—ARH-TIE, ZFra— Hedting time

Fig. 5 AA7 > I VvEBE7vEvTUEINE
o ) = K= FOBERRAEE

& o THE LI/ b= — 3 v OB (FH Rate of weight loss of hardboard treated with
LT, Bk, &R, 745 F, &b ammonijum sulfamate.

VEANOSEEHIEL, KERNDOGEER
HE2EBLE5THB, DX IR, B
= RAAF-FRIEL ST BARMOREET
B b, LAVBACT bR Bicd), &

¥ VEHROPEDOMKIBEBS L, Th

=~
=)
SN
7

. £ IR Uz @ 4.5
BT DRI I N, ZOREBIZX - 0g Added
9 amount
TARMRFA~NOBDOIEZEXBIIE L, PO TR
AEFEEShBLOLBbNE. ¥, & 3, maE
% Untreated
DRALBEINR»DREL TS 5 KBS Sy
ERHO 2 — 102 RIGEE D LT | ) e T -
DEMERARDLLEL BN, ’
Y VBT VE VOGN LET B AL .
' 5 10 min,
VY VE, ¥r) VB ZTOfORY Y VER, B M
Heating. time

A2 ) VEBOKRM OBGRBKT BB b IelE

RS LB S RISBEIC X B B2 bR B, L Fig. 6 V@7 7 =¥ CARSI - ¥

R— FOEERVERE

b, AMHLEBTE Lic\ 1, o Rate of weight loss of hardboard treated
SlLeTuERICEN, VETL, L with guanidine phosphate.
@%%ﬁ;ﬁbhf\« > 60

Y VBT v E VYOS, MR baicaBbed, RS ERMCRIS AL
(3, Fig. 1l A6 bHEEIN D, TORME, RINE 2.4% 55 4.6% ChiF TELVWHRNRLABNS
DERLT, 4.6% 16 7.6% T TOMBIITALICKE v, THITRINE 2.4% T3y v
Z7vEVOERY TARRELLWY, 4.65BESNL, 7.6% 3 EFELLLTE, MHLoRy:
RELTBZERRLT S, ¥V YBBT7 vEVOEAR, LT, EBRLIX 5%, KREOBIKER
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Bi KEFHNIBET B % (W) CRH - FIE - 83

%
100}
* S mms
® / Added 52
& i amount
2 I
w50l !
- H WAL
sh / I ,
= [ e Fig. 7 &9 - xvBTAEIh
R [y feon— FA- FOEERA
’/ / 7d HEE
// ,'/ Rate of weight loss of hard-
7 . , board treated with mixture
o 5 10 min. of sodium borate and boric
Lo S| i
S Heating time acid.
% : %
L r .
100 Trichlorodipheny! 100 Tetrachlorodipheny!
C1a Hy Cls Cr2 He (ls
N e /| a 4
g A owize 8% e
= 5ol W Added ok A Added
R 4 amount S 5 [ amount
* | %, < ;
R ! 51 g 4y
i i . i j
s |4 e :
/l 88}--=---~ * . :
4 maaRuntreated WALIE Untreated
0 P 5] Smin, 0 R Smin,
Heating time Heating time
% %
L
100 FPentachlorod: pheny/ 100f Hexachlorodipheny/
Cr2Hs (V5 Cr2Ha Cls
& & f
2m y
gi Qﬂ
Y1
w®50f & 50
o~ o
'ﬁ JN =
= F I
¥ j
R 212 Unfrealed 212 Untreated
5/77//7. 0 8% FH
Heating time

0 B R
-Hedz‘/rzg time
Fig. 8 B{ILL7 = = — A TAE I hic— FA— FOEE®AEE

Rate of weight loss of hardboard treated with chlorodiphenyl.

5 min,
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HP —_—
% (NHq)y HPO, _ 25 N/ (el HP0e S—
NHq Br R . p M%oso NH, _——
30 NHs 050, NH, - N/ \ {AH-CONHY |- HyPOy —— - —
\ {NH:CNH ) Yy Hs POs — - —-— / -._ HsBO5+ Noy Be O —--— =
& W H5B05+ NayBs 07 —-=—= 24
N 5
9e 40f AR o
s® 8
; L L
< 30 S
.:{/}\ g K
= ~
kS Sy 10
20t 2
S
10 as
2 [ a 1 —_ N
4 25 50 75 10.0 0 25 50 75 00 %

[1/:8 Y =
Added amount of chemical

Fig. 9 EHARNEB X 2~3 FHOEER
BAYROE(L
Change in weight loss between 2 and 3 min
from onset of heating with added amount
of chemical.

%
100}
0 % 8% R
\ At time from anset of heating
® ‘ o
2min
\ - i
& —_——in
L \ \ 4 min
5 R
d \
sH \
ES \\\
\
\ -
~ ~
\ T
—_—
0 25 50 - 75 /otoz
0% s B
_ Added  amount
Fig. 11 YV vB_7vEvEBED — FF—FD
BHEBRVCRITTRINEDOLHE

Effect of added amount of diammonium phos-
phate on weight loss of hardboard.

[1:3 I =
Added amount of chemical

Fig. 10 245 % CTOEEBRA L 2~3 F0ER
[ 0):4

Ratio of weight loss at 2 min from the onset

of the heating to that between 2 and 3 min

with added amount of chemical.

b BERWIER «d 5 & THhuE, o0 FEHl
25, B X » TRBTKRLBH Lis & &,
o, Fig. 11 €A bh 2 EERRH
FETHOIIURTHS D,
HZEKNOERRIRCRIFTTHRL L
TWBODH Fig. 9 TH5D, ORI, B
CIRIRE, M, BOmaiRbREER
T 5 RBRIE TH B InEEEE 2 505 3 &
EGTo BEREVERE 2 RL T, KT
i, YV VBT vE VL, BIREOSBIC
> TRDT S BREE RL TS, &4
@, EBET, MoEHLD TR THD,
TDH— AL, BRERROFEZTRET 5%
BaH - T\ 5, ZOREE, FoBRECSH
WTHBEIR TV,

FFRFOMBEEHE 2 5% TOHRE 2~3 FHOHROLBELERRPR THIcDOA Fig. 10 “C‘Jb?)a
c07 77 OBERIE, EHOHRESMBEEMOWREE THIET BN E I 0ERDI L TH D, —BICKHA
DRENHEE THET 2EA R L, BEOBERBEOSIEOERBICHS, M5 5855,

DI 7hb L,

V VBT VE VIR L TOMREEREIL TN DT LMD %o

Y VBOARY =R AE R ) VEEASRE=RALF—EATH D, EEATIZOE R Y YEBRES
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vr ) VEBRES
———

2 9
—0—P~0—P~0—
0 0
H H
DHRETRRIC L » T, =FALF— DR/ LAKEEN, Tibb, RBEERAT bR THWD I L2k
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Thermogravimetric analysis curves of hardboard treated with ammonium
sulfamate in air at 250°C of constant temperature.
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Study on Fireproof Chemicals. (II)
Effects of various chemicals on the combustion and the pyrolysis of hardboard.
Toshimi HiraTa, Hiroshi Ase and Yasuo Fukur
(Résumé)

Many authors have reported on the combustion and the pyrolysis of wood, and effects
of fire-retardants on them. But, the establishment of a number of experimental foundations
is still required for the development of the chemical theory on the effect of fire-retardants
in wood.

Effects of diammonium phosphate, ammonium bromide, ammonium sulfamate and
guanidine phosphate as the well-known components of fire-retardants, and of chlorodiphenyl
as a new fire-retardant, on the combustion and the pyrolysis of hardboard were studied.
The composition of hardboard is so substantially the same as wood that the results gained
here may be applied to fire-retardant treatments for other wood-based materials.

The experiment may be divided into two the burning test and the thermogravimetric
analysis. The hardboard used in the experiment is not sized; its specific gravity is about 0.9
and its wood sources are .lauan (60 to 70%) and soft-woods.

In the burning test, the test pieces of 2X30 centimeters size were heated by meansAof
the apparatus shown in Fig. 1, and the factors for flaming (Table 2) and the weight loss of
the test piece (Fig. 3 to 8) were measured. For chlorodiphenyl, four sorts of chlorination
degree were examined and no significant effects of any of them were observed. It was rec-
ognized that all of the above chemicals except the chlorodiphenyls had significant effects on
the combustion of hardboard. Then, the chlorodiphenyls were not employed in the next
thermogravimetric analysis.

The experiment in the thermogravimetric analysis was carried out by means of the
simple thermobalance shown in Fig. 2, in which the atmosphere around a sample could not
be controled, and the reproducibility of changing the furnace temperature according to a
program is poor. Therefore, the experiment is restricted to a static thermogravimetry in
air. Furnace temperatures selected were 250°C, 300°C and 350°C. The sample was powder
of diameters less than 1 millimeter,

Effects of each chemical except the chlorodiphenyls on the combustion and pyrolysis of

hardboard are qualitativelﬁr summarized below:
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1) Diammonium phosphate

Effects of this chemical are thought to be the following two.

(a) This chemical may encourage smooth degradation of hardboard to carbon and water
with heating through the formation of ester with hydroxyl group of wood components.

(b) Moreover, its products may prevent the combustion of the charcoal from hardboard,
probably owing to being involved in the chain reaction of oxidation of the charcoal and being
absorbed at active centers on the charcoal.

The vaporization of water in the treated sample is generally slower than in the untreated
because of interaction between the water and the salt. Especially in the case of the largest
content of diammonium phosphate, the pyrolysis of hardboard begins late, perhaps on account
of energy taken for the vaporization of water in the sample.

The chemical date which certify the above presumptions for the effects of this salt
shall be obtained later whether the high energy phosphate bond such as in an organism is
involved or not in pyrolysis of wood components provides an interesting subject for further
study.

2) Ammonium bromide

Ammonium bromide is decomposed and gasified in relatively low temperature. The re-
activity of products from this salt with hardboard in heating may be the largest of the
chemicals examined. The reactivity of this salt is so strong, that the pyrolysis of hardboad
is accelerated, and therefore the yield of the charcoal which has increased with the content
increase of the salt, conversely falls in decrement, when the content of the salt exceeds
a certain point,

In the burning test, the effect of the inhibition of flaming was remarkable. In practical
use, it may be thought that the réle of this chemical as a fire-retardant is the inhibitor of
flaming of the gaseous products from wood components.

Henceforth, effects of this chemical in gaseous phase shall be chemically studied.

3) Ammonium sulfamate

The effect of ammonium sulfamate on the pyrolysis of hardboard is here divided into
two stages. At the pyrolysis of higher temperature, these two stages may join one another.
In combustion, the effect of this chemical in the first stage is considered to be more im-
portant than in the second stage, for the degree of the pyrolysis depends on flaming and
the time of its occurrence.

In the range of the employed content of the salt, the effects of the salt at the high and
the medium content on the pyrolysis of hardboard do not differ in either the burning test
or the thermogravimetric analysis. It may imply the existence of a limit of the salt content
for the effect between these two contents, This limit of the salt content may be regarded
the point changing the coincidence of the accelerated onset of the pyrolysis with the increased
yield of the charcoal.

The chemical mechanism of the effects in two stages and of the limit of the salt content
on pyrolysis of wood components will be investigated subsequently.

4) Guanidine phosphate

In general; a salt of a strong acid and a strong base are not thought to have fire-retar-
dant effects because of its inertness in the range of temperature in which wood pyrolysis.

But, this chemical is effective, probably owing to the decomposition in relatively low temp-
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erature in this sort of salt.

The effect may depend on acidic and basic products. The effect to suppress flaming
combustion may be small, decomposing in relatively high temperature, as a fire-retardant.
Within the tested range of the contents, yields of the charcoal and onset of fast pyrolysis
are respectively proportional and inversely proportional to the contents of the salt, but the
rates of these changes are smaller than others on account of inertness of the salt.

Researches on the formation of guanidinium ion and its effect are awaited with interest.

5) Mixture of boric acid and sodium borate

Boric acid and sodium borate are examined as mixtures because of similarity between
them as boron compounds. To research on the mechanism of the effect of these chemicals,
however, each of them should be separately dealt with.

The effects of the mixture on the pyrolysis and the combustion of hardboard may be
pyrolysis acceleration and retardation and glow prevention.

The pyrolysis acceleration may principally depend on the base from sodium borate for
dehydrated hardboard.

On the other hand, pyrolysis retardation is thought to involve dehydration from boric
acid and sodium borate, and physical effect of the fused products to coat wood fibers. This
coating effect has fair possibility to cause the sudden escape of a great quantity of inflam-
mable gas from wood-based material, in a condition of severe heating, the explanation of
which is supported by the results of the burning test.

These effects contrary to each other may have a point in the contents making the
magnitudes of the two effects equal.

The glow prevention may mainly depend upon the products from boric acid.

The mechanisms of the above three effects shall be dealt with subsequently.



