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Table 1. #2 Y vEE7 vEVERYEORSE (7:3)
KRNI~ — VA — FOEERYREBRER
Results of the fire retardant test of hardboards treated with aqueous
solution contained dibasic ammonium phosphate and boric acid.
N ] T o N s '
w0 g w W R B R B el g R | R & B
Concentration Ratio of Time to Timé t olfl asg Time to Duration of
of solution absorption carbonization ‘ i ignition after flaming
o V . H v 7 i ! 1) !
s e (‘324070') i 605" 30"
2% 50 ey 618" 23" i .
20% (10%) 5’50 (180 | (500%) 30
o0 5'43" | 6'03" b e
500 I (400°) : (460°) | 51
T o o : - T l 5/47" . 6/07" I
’ " ’ 7]
% 510 : (410%) E (580°) | 1'14
46% rogn ' 6'13" 6'19" «
15% (6.9%) l 534 ‘1 (455%) (500 ‘ ©
| . | 553" ' 6'15"
. 500" (435) | (530 | ©
*1 oML ER LI RBERFOEME TRIOAD oI EETT,
oo means that flame on a specimen extended to a back side of it.
*2 0 & " RO B, S EBERTRT,
’ and " mean respectively minute and second.
Table 2. 2y vEE7vVEY, w9, Bbt7vE2v (7:3:2)
IKEERALE -~ — Vo8 — F O R REEE R
Results of the fire retardant test of hardboards treated with aqueous solution
contained dibasic ammonium phosphate, ammonium bromide and boric acid.
BW D BE K| K (b M 5. < B RN E| R K FIE
Concentration Ratio of Time to %i?nly t/oiflai';:ﬁ Time to Duration of
of solution absorption carbonization € ignition after flaming
505" 6'00" el e L
(330°%) (430°) No ignition None
209 54.2% 500" 605" 7 g
@ (10.8% (330%) (450°) (570%)
515" 6'14" el L
| (390°) (490°) No ignition None
5'007" 5'50" 6'34" ©
(340°) (440°) (670°%)
|
56.0% | 4'55" 552" 6’40"
15% (8.4%) . (320 | (420°) (700%) *
Sllsl/ 6/071[ 6/40// o
(335%) i (490°%) (630%)

hice VVEE2 7 vEVEAYEEETORAERIC X 5 METIX, BE 20%, 15%
564 30 BURKEXRELTWS, ChR LT, Bb7 ve vrenxiBais,
KT HLONIL, B, NEEREZ 75 ETHE IR ELNABRTL B,

FOTREBEL Ve, B-oX D ERLT YEVHEMOYHRBAZDIS,

Ehic, mELTH
64 30 BLBIC &
EXRBE 20% @
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Table 3. WE 8002 KT H&ETFOKE (B e)
The levels of each factor in 800 grams of the solution (unit; gram),
K¥ER S
A ¥ Level No. 1 2 3
Factor
(NH,);HPO, 70 50 30
NH,Br 40 20 6]
H;3BO; 50 30 10
Table 4. BHKWBRDO B 1A
The frequency distribution of the after flaming duration in each component,
7S] ¥ Factor (NH,),HPO, H;BO; NH,B
T KM Level
S . R 70 | 50 | 30 | 50 | 30 | 10 | 40 | 20 | ©
After flaming duration —
oo* 1 1 3 2 1 2 0 0 5
2"~10" 4 3 3 3 3 4 0 6 4
0 5 5 3 4 5 3 9 3

O, VE2T7VEY, RYEE, Bib7 vevi Table 3 0k 5 kKB CEHTETIF Lithis
T 2T BEEA G, Bl EFol, chid, Rit7veEvo@Rrivv-zoWARL, 2hb3 K
AOWMLIAR L RD 2 b AT iobhic b DT, AERROKHE Lo TWEDT, HHShTHLI,

Table 3 DEFIXIKETH B, D, Thick-T 27 MEOHEWI’ELR D, ZhHLOBEEY AFIR
L= FA—Fig, ZhEh 40~60% BWRBOHMACHEAL, S, JIS A 1321 kHEIA TV
RE—SERco® T, MNIBEF CRBMBRREY T -1, B ORICHIZEE-T Y FAAREW
W, ERAEHITLERVLS, By veE vERA LeBRIEZcEbh T3, ke d, ~—F
A= VRBRA OBRIRFFICOWTERSMERLFAE, Table 4 0 X 5icieh, RO I L EEHEER 52 H
VAR B,

Table 5. NH,Br ojK#E 20 DB & RS
The specification in the level 20 of NH,Br,
ﬁTe% p}itceﬁi\lo% Aftér flg'ﬁing & (NHd)ﬁ}eI\icl)4of0 A Ha?,géel@g]f( ®
: duration (NH,),HPO, H;3;BO;
2 0 sec. 70 30
4 0 ‘ 50 50
20 0 | 50 30
9 2~10 30 10
11 2~10 30 30
13 2~10 70 50
18 2~10 50 10
22 2~10 30 50
27 2~10 ’ 70 10
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LT3,
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(3) AYVEBEEbDTHRLL, GHEDOK e

Fig. 75 v v BEcRIETERSDOHE

Effect of each component on flash,

BLANRTHRBZ &,

Table 6. ¥ 10,0008 KT 5EKS (RF) D&k (k#E)

The levels of each component in 10,000 g of solutions (unit; gram).

~\\7J<$§% Level No.
\

— 1 2 3
K% Component \\
(NH,):HPO, 475 317 158
H;3BO; 125 62 0
NH,Br 1058 206 353
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(4) Rit7vevoBIREWVCHENE LD Z &,
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COKERIEDIC DIz T, 19624 A, HRLLELH 16 F2ck\WT, ¥H K, FAREHE KT
HKE, Fik E, BOBRELARER L [REME GRCaf) oBRniE | cd<bh Ty VE
Feovyr VETFOREFYRIFEFCBECL -1,
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1. B A

HREH OAM L ETOWTHLh B KX IE L BET B0, RBAcEbh s B E T,
EHEBELUCBERTAHBETHBENEE L, £2C, L LTRRNOLBEEMBTHE Ax%
B, ToAMDOEZRBEEAGWE, ZoROER, £E 30cm T, |Fi% 13.5cm, 15.0cm, 16.5
cm 0 3%, EX 10mm TH5, TOiREY, HRIMLK L - T, EHUEE, 28iLE8bET, &
X 30cm, i@ 28.0~31.5cm, EX 10mm ORERHK & L1,

£, H 3.81 Ricbh h D7 TAHEIhTEH, RBRAOKIL 81K THS, Zhil, LERLIST,
QT 2D 3 /N~ TR TwD, 1 DOBERICAE I ZRRF OB 3T, H/r—T b1
WEF2EbhTwb, H1 /A~ 7OKEHLE 0.29 L 0.30 LT, #2 /4~ 7OKEHER 0.34 X

Table 7. ¥¥ 10,0002 DM (BAL; )

The compositions of 10,000 g of solutions (unit; gram).

“RES R 4 Components
Solution

No. (NH)zHPO4 NH4BI' H3B03 Hzo

1 158 353 0] 9489
2 158 353 62 9427
3 158 353. 125 9364
4 158 706 0 9136
5 158 706 62 9074
6 158 706 125 9011
7 158 1058 0 8784
8 158 1058 62 8722
9 158 1058 125 8659
10 317 353 0] 9330
11 317 353 62 9268
12 317 353 125 9205
13 317 706 0 8977
14 317 706 62 8915
15 317 706 125 8852
16 317 1058 6] 8625
17 317 1058 62 8563
18 317 1058 125 8500
19 475 353 0 9172
20 475 353 62 9110
21 475 353 125 9047
22 475 706 0 8819
23 475 706 62 8757
24 475 706 125 8694
25 475 1058 (0] 8467
26 475 1058 62 8405
27 475 1058 125 8342
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JIS A 1321 REREERY 2543 FOHECHEAT /N MBEF O -+ —BorREL, REFHNB
Lo TROEN O EBUTES Lo Lic LSO &M, TEBRT JIS A 1321 K IUBREER
58 2543 HFOFKIC Lichi o1,

1. mEABREE

MBGABREE L1 7RNBGREF T, Fig. 3 @Rl Tw5%, Tk, ZOEBOHFAASA—F—DHH
i Fig. 2 iR LTCw5%, BB O MBS RIRHMMATS B0 6, KNELEEH L5 Titll
T, Fig. 2 TRIRLTWS 21 ALETHGTW 3,

2. MEREBRIF O

(1) FRARBRIEACEZBZEHTEBN, ZORRTEIFH /A 10m¥/hr & L,

(2) HBRAoNAEC KT BRI, EOTHRTREC D, & LEVCERNENS, COBE, &
DB LER LI RARECIEKT 505 UEBH TR, RALERESST, KRRLOBIEARLT
AV

(3) A AFH A DL Tl 5 RERR—RE MBI Lich - T Lo, $400°C,
55 40 BHIETHERT B, ok, TOAFHIE RH. 75%, B 20°C oERERE CEs¢
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L 28—
socm
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175 ‘535 235
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G
o5 / W 240
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74 PRT, BERRRI-ORFES S 1om fih

feRTRHEI his,

3. MBREBROFIE

Y, ABA AR P fE T 5, R,
A—F— KL, FATE%E 10 md/hr FHES
%, ABAI L K@ CBBe Loz &
CLoT, RREOEBEELYER L LAV BT
LE, MBS, ZomME, Fig 5 0
D BN —IREE A AR I L7cd’ - THEI 5B,

= oEEEMBEHL JIS A 1321 KEEIhTw
5L0T, ZoMBRBRT R, BREETRE
2543 5 D R RO RERE I Lic i T, nzieEzRs
65 0BTITLY- e, ftds, MBE=vie
— T HREOWE ML Fig. 3 ©RL T3,

Z O NBFRBR T, OFORRM, QRILER, @

in JIS A 1321. 77y v W, @ EXREHE, ® 65 30 B (s
KD  ToBKMEIRE, @©ERKENRE, OEER
Table 8. i E
Whole of the
B e e - .
RIS TS W K| (b WEOW s, oL g koo
No, of No, of Time to change carbonization Time to Time to
test piece ‘ solution color flash ignition
| sec. sec, sec, sec,
1 1 167 258 — 363
2 1 180 210 355 363
3 1 190 255 — 380
4 2 170 212 352 352
5 2 156 233 330 348
6 2 180 215 — 374
7 3 170 250 376 378
8 3 168 258 — 338
9 3 180 246 — 355
10 4 163 213 364 365
11 4 171 230 - 355 368
12 4 160 225 345 357
13 5 164 285 357 360
14 5 150 225 359 362
15 5 165 236 — 376
16 6 150 200 363 363
17 6 158 215 364 368
18 6 180 221 361 361
19 7 153 190 — 368
20 7 145 201 370 380
21 7 170 188 375 375
22 8 155 228 362 —
23 8 184 243 375 390
24 8 158 210 383 385
25 | 9 158 183 370 374
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PR, @ CAKH, ORRH LHEE ORCEEFLXWE LI, ShbOWEERCOWTUL, HER
BRpHES 156 5 p. 161 [PIKRRECBT 287% (1), BERURBRECOWTO—ER] TRHELH
HLTHS,

V SBREREZOER

LUBEDIKER Y Table 8 T LD THORTHBH, ZDORT, REBH No. 23 & No. 51 DZFERH
BIURRA No. 55 ORILEMAE TR 7D T, RUAEE LTAEL, HEHHEC L TR
DIEEDR TS, 75 v ¥ BBRAIEhiEr o b DOV TE, REOHEC W TELEZ M~
AL, ¥t, 75 v V2 BIUBRLE DRI - BR, HREME LT00BYEL, EBOHER
gL Tw3,

1. 985’

BERR & RALR M B O OB BT s HEX DD D RAB IR TV 5, & HITHHESHO
BEXEG TR, MACIAMBOREOEFOESY M LW EANLERIETh 5, FEr
& RIS % B Do\ THhicDAt, Fig. 6 & Fig. 7 Ths, WIEMEE S, ELOEREZFRL
TWbH, RIEBHEOFRTEANL VHATHS, ChZEARHONERENKE LD THD LEL
bhb, Fig. 7 #&iud, (NHy).HPO,  NH,Br i3 R{LER#122%, HsBOs b0 Tikd 5 4,
BOEAER LT3, &<k, NHBr 35 Mc K& A% LT\5% X5 T, Table 9, 10 0%

m — B =%
measured values,

InEdiREisR D | B % R R | B R KR | R CARR N - | K AL E OH
E‘iﬁﬁﬁfﬁﬁ Duration | B i | Duration E% Mi ‘;Js;% %axg tiflmg Carbonized

Duration of of after Duration of after . S . p. area

flaming in flaming of flaming | glow o °c
heating sec. sec. sec. sec, % cm?
]

27 s | o 0 — 1 e 700 664

27 63 ; 90 — 18.1 720 : 734

10 33 43 — 11.1 650 ' 525

38 15 53 — 17.1 690 717

42 13 55 |- | 19.8 680 ! 748

16 25 41 25 ' 11.4 720 : 527

12 22 | 34 | — 11.1 670 467

52 | 18 70 — 18.8 670 } 702

35 20 | 55 | — ‘ 16.2 720 (s

25 33 I 58 — | 19.5 710 ! 752

22 24 46 l — | 17.5 700 | 709

33 27 60 — i 14.4 680 I 572

30 17 47 ‘ — ] 18.7 630 ‘ 679

28 s 1 e | = 18.0 720 709

14 30 44 b= 12.6 690 419

27 22 : 49 ' — ! 17.7 690 673

22 14 ' 39 — ' 14. 4 670 517

29 50 79 50 i 6.3 720 550

22 28 50 — i 18.5 720 528

10 53 63 I — 17.2 680 597

15 55 70 55 ] 13.1 740 552

—_ — — — | 12.2 500 3%

_ 20 20 — 10.0 500 413

5 20 25 _ | 12.7 660 559

16 16 32 — | w9 | 700 562
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Table 8. (>3%)
HBHES AR EFB|ZL & B M| & LW M7y =2l | & £ & M
No. of No. of Time to change Time to Time to Time to
test piece solution color carbonization flash ignition

sec. sec, sec. sec,
26 9 158 201 359 359
27 9 160 200 — 373
28 10 161 248 368 368
29 10 167 ‘216 356 359
30 10 205 270 380 382
31 11 172 203 — 357
32 11 133 270 366 366
33 11 202 240 — 370
34 12 158 240 345 351
35 12 166 225 358 359
36 12 177 234 —_ 375
37 13 157 200 380 380
38 13 168 199 370 382
39 13 160 205 380 390
40 14 156 190 350 355
41 14 156 207 375 380
42 14 160 203 374 375
43 15 153 195 347 350
44 15 164 262 _— 365
45 15 180 222 389 —_
46 16 150 192 368 371
47 16 158 195 370 384
48 16 143 240 385 890
49 17 158 194 364 368
50 17 173 198 374 378
51 17 208 205 — (400) —
52 18 173 210 350 354
53 18 174 232 383 —
54 18 200 255 e (400) —
55 19 150 228 345 350
56 19 175 243 372 374
57 19 140 220 372 372
58 20 180 263 — 380
59 20 164 257 366 370
60 20 165 220 374 375
61 21 180 240 369 374
62 21 180 215 354 355
63 21 180 247 — 357
64 22 172 208 352 —
65 22 144 200 371 373
66 22 180 210 383 384
67 23 165 229 360 330
68 23 173 200 360 366
69 23 166 220 390 390
70 24 163 194 370 374
71 24 145 200 366 370
72 24 163 225 386 388
73 25 160 185 375 385
74 25 143 180 362 367
75 25 180 210 386 388
76 26 173 200 364 365
77 26 166 198 377 383
78 26 165 210 384 390
79 27 145 195 369 369
80 27 159 190 373 375
81 81 145 220 — —
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(Continued)
mEREIFO | 7 K B % R/ B | & CARR o K b & B
e @k#esf | Duration § B | Duration |EEMDL K| B & B I | "Corponized
Duration of of after Duration of after : ax. temp area
flaming in flaming of flaming | glow % °oC
heating sec. sec. sec. sec. 2 cm?
31 12 43 — 17.6 700 564
17 33 50 — 13.5 700 580
22 30 52 — 15.4 720 568
31 17 48 — 19.3 720 769
8 25 33 — 9.6 680 478
33 33 66 — 17.2 700 676
24 33 57 — 14.9 700 638
45 50 95 — 12.0 720 635
39 20 59 — 13.0 680 632
31 20 51 — 16.2 680 646
15 58 73 — 11.5 710 545
10 10 20 — 13.4 540 422
8 23 31 — 15.4 670 568
— 50 50 — 10.8 630 343
35 41 76 — 19.6 670 624
10 18 28 — 14.9 670 534
15 5 20 — 11.6 680 474
40 20 60 — 21.2 730 725
25 41 66 — 17.3 710 702
—_ — — — 9.9 500 350
22 36 58 — 16. 4 720 586
6 16 22 — 15.6 550 582
— 30 30 — 9.8 540 470
22 33 55 — 19.3 710 658
12 49 61 — 16.5 670 566
— — — — 11.6 490 373
39 20 56 — 18.8 720 704
— — — — 10.2 495 268
— — — — 8.6 510 461
40 29 69 — 18.1 680 671
16 36 52 — 14,2 690 591
18 28 46 — 11.6 700 512
10 22 32 — 10. 4 500 473
20 26 46 — 16.2 700 593
15 33 48 — 10.0 700 441
16 20 36 — 12.3 680 490
35 23 58 — 16. 4 680 581
33 20 53 — 12.8 710 498
— — — — 13.5 500 453
17 44 61 —_— 15.9 710 548
6 31 37 — 11.7 640 464
30 28 58 — 16.5 690 590
24 16 40 — 11.7 710 590
— 20 20 — 9.6 500 426
16 23 39 —_ 13.0 700 563
20 18 38 — 13.2 680 512
2 18 20 — 11.2 500 494
5 48 53 — 15.7 690 474
23 11 34 — 13.5 640 535
2 34 36 — 11.4 600 517
25 35 60 — 16.6 720 555
7 26 33 — 14.0 620 457
— 30 30 — 10.7 505 501
21 22 43 — 13.9 680 . 462
15 35 50 — 15.6 700 539
— — — — 9.5 500 502
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Baticsd s NHBr oFER p oKX INBLEMT DAL, RIEFMC I Tk NHBr 3%k
HRT Lo T30, BRI, RBRAOBHENMUEER NS LCEEEEL TH500 5
AR Y 2 rbh b,

NH,Br 3 &R\ T (NHOHPOy L o h B A BGEARL, TRicH AMNBE B filehbh
52, COBARCE ST, ~usrYOBYHRL, O vy VEEYKRMEXBKSEL, RIEBOE
BERETHLDOLEL Bh 3,

NH,Br i3 & Cidig\ 2%, Fe, TSR LREIET5 (NH)HPO, 12, mBuc X - Ty VEE
BERL, Z0Y VEBRHBAHEOBKRIECEBRL TS L5 THo, BROWNEY Ik I, v VB3,

250 2501 250"
57 / \ s 25" /
mé N—
o
55 0] 240 2404
o
&k
235" 235 235
159 317 415 353 706 1058 0 6 125
(NH9)2HPO4 o) 8 (3) NHaBr @ & (9 H3B0s o & ()
Amount of (NHa)2 HPO# (9) Ammount of NHaBr (9) Awnount of H3BO3 (9)
G 3108 =) (10 10%9 of the sofution )
Fig. 6 WMAGER X sFaREHOZEL
The change of the time to change color with the contents of
the components in woods,
400" 4004 400
=350 3504 350
52
3
e . .
B 0 \ ) 3404 3404 / N
[= ) \. o
R E
5 : '
330 330 \ 330
158 3 475 353 706 1058 0 62 125
(NH4)2HP04 O & NHaBro § H3B0s 0 &
Amount of (NHa)2HPO 4 (§) Amount of NH4Br (g) Amount of H3BO3 (g)

(3B 10" ) (In10%3 of the solution)
Fig. 7 Roaiic ks RtsMoZEt

The change of time to carbonization with contents of

the components in woods,
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Table 9. FEOHHAHHIE
Analysis of variance by time to change color,

Factor S. S d. f M. S Fo L
(NH),HPO, I 4010 2 200.50 | 1.719%.20 7.7
NH,Br L1231 2 761.55 | 6.5300.008 29.1
H;BO, : 336.9 2 168. 45 1.444 .4
(NH,);HPO, x NH,Br | s62.3 4 140.58 1.205 .4
(NH,);HPO, x HsBO, | 463.8 4 115.95 0.994 .4
NH,Br x HgBOj3 780.3 4 195.08 1.6720.20 .4

Weight 1834.6 2 917.30 7. 864q.001 35.1
0

Error 6997.9 60 116.63 4.5

af 80 2616.04 100.0

Total : -

Notes:1. S. S XEHMTHB,

S. S is sum of square,

2. d fXHHEETH D,
d. f is degree of freedom,
3. M. S EFHMOFHTHS,
M, S= S. S is mean of sum of square,
d‘ f'
4. M. S (e) BREOFHMTHS,
Fo= WM'S_?E)_' M. S (e) is M. S of error.
5. Fo offiooRFIREDFEKELXRDLT,
The number of subscript in Fy—column indicates a level of significance in F-test,
6. o BXHFHETHS,
o= ‘T‘———otﬁ;{'of S X100, means the degree of contribution of factor to the
variation,
Table 10. RILDHEH R
Analysis of variance by time to carbonization,
ﬁ pur
Factor S. S d. f M. S Fo I
(NH,),HPO, 949.8 2 4749 | 1282 | 46
NH,Br 15047.5 2 7523.75 | 203140001 |  73.6
H;BO; 568. 8 2 284. 40 0.768 i 2.8
(NH,);HPO, x NH,Br 640.5 4 235.13 0.635 2.4
(NH,);HPO, x H3BO4 1749.3 4 437.33 1.181 4.3
NH,Br x H3BO; 1320.3 4 330.08 0.891 [ 3.2
=N
H
Weight 1132.4 2 566. 20 1.529 5.5
2 %
Error - 22222.9 60 370.38 3.6
Tf‘){al 80 10222. 17 100.0
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AR —ARHLT, ZFra—vD OH BERIELT=ATVEKREERT D, I oL, ERIhi
Ko—@E ) VEELEFLT, Zva—¥ vENROBCIKSBriRs ¢, REBE, =278
FOMLTY VEEREAE IR, RREKERTZENNHEERS, e e - 200 MILT L Lo X
5 HRANC T RNTHTIbh s L3 2 bhitnw ', ¥V VBEOE = XAV — A Ib=kA¥—0D
A5 —RIefRE, BH &S EENCRT 2R ERD D b2 e KIG0 b, Y VEED £/ v — R 5
TR HERLFKENTFEIR S,

NH,Br % (NHyHPO, & R7cb, HiBOs widBIARMHINL WD, ZORROGHEECRET AR Y
T, WBR L - TR ER LIt T3, Tiebb, B, RILFRME L, HBO: 0&FEO
BUBIEARL, DSWTEFE 125¢ (10000 g BHEP), EHE 628 DL 0RO LIEAEL o T
5, HiBOs X b THVETH D, AMOBKRILAENIZLA LD LEL bhb, HiBOs i3
MBI X o TKEERS, Tiebb,

2 HsBO; — By03+3 H;0

H3BOs 12 100°C Ll ¢ metaboric acid HBO, & 7g- TK%& %KLy, 140°C Bz b Ti tetraboric acid
H:B.O7 Lk & bk kotclbicinh, MEEDOSF5 & BOs Lix hERICIKEK S, BOs DRES
1349 450°C TH 5B, HsBOs 2VKE RS b BETE =30 F —, ERIhLKIRILTH2ET =%
NEF—F, KMOTHS BB SR BBERTHS 5, Ibic, HBOs Az X » CTRIET
B EEEL S ¥, BRSOy AOECH BB EYTSZ LT kT, OB RE ML 51ER%
T5L0EELbID, ZOERICKT S HBOs DRz A7 A5, %< iehid HeBO: OHEMI Big o
T-EATTL BAFEMEDS, Fig. 6, 7 »HEZ bh3,

2. & %

HBEAMOFRL, BORC L > TERShETRET AN D2 RECET S &, SBIsMRGEE
LT KERTIENBET D, chEPrR, TR ADREY L BBt S 15
Enbs,

Fig. 812, 75 » V2B LBERPOEFREOBFRERLTS, TD7 7y ¥ FHHDOHSBIH
#*(1 Table 11 Th 5,

(NHDHPO, iz o\ THhid, Fig. 8 bbb ko, &FE 1588 25 317g @i CELL
WRVDBD, GHE 3178 1D 4758 AT TUL, KALOPDRIWERL T2, ZOLRIL 1588
~317g 3 £ Tiziel, (NHL)HPO, i3nshic X » T,

(NH,);:HPO, — NH;1 +H;PO,
ChbEELBbhD, ZD7 VE=THARTRYEFFARERL, EXEUETIHEVDB, —FH, Y
VBT TN c Lo, err—2AD OH Eifik=2F7AEEL, EbIK, Zva— vEH
DEDOMAKIERIEL, TATEYN, 7 b VH, ZTOMRICKRORELIZ, REDERLERE LD
BRKRILERAERH > T B EvbhTW5, ) YEEOTAE N ADREX ML 2HRET V=T HA
DFEROHEN, Fig. 8 ® (NH,)HPO, oAl & LTEHbh TV LB bh b,

NH,Br o#h5z, Fig. 8 =, Table 11 ® o &0 bbb L5, 3EAFHEKD L5 TH 5,
NH.Br i1, BRTITREDT vE=7 ¥ ARBM L TR A BRI 2L L b, BRERTIC
BEMAKRCAMENT, REGARBCLELKIBERL, BEAST, TRIRTLECEYHRL, &



B KEABIT B HE (1) (FIES - 885 « PED — 143 —

615" 615 615
610 —_ 610" g10°
= 9 603 609 / 6051
5 '
¥
= ,
600 600" 600
158" 317 475 353 106 1058 0 62 125
(NH4)2HPO4 0 B NH4+Br o & HsB0so &
Anmount of (NH4)2tHP04 ) Amount of NH4Br(3) Amount of H3BO03 ()

(3BHR10%3 R ) (In 10%3 of the solution )
Fig. 8 MAEGEBCLIB77 v v BHEoOZEL

The change of the time to flash with contents of

the components in woods,

Table 11. 75 v ¥ . OHEWHVIE
Analysis of variance by time to flash.

%

Factor S. S d. f M. S F, 0
(NH,).HPO, 1067. 2 2 503. 36 4. 3180.025 13.2
NH,Br 2122.8 2 1061. 40 9. 1049001 27.9
H3BOs 36.3 2 18.15 0.156 0.5

. (NH),HPO, x NH,Br 61.1 4 15.23 0.131 0.4
(NH,):HPO, x H3BO; 170.8 4 42.70 0. 366 1.1
NH,Br x H;BO; 248.7 4 62.18 0.533 1.6

B

Weight 3969.5 2 1984. 75 17. 0250.001 52.2
5L %

Error 6994.5 60 116.58 3.1

Total 80 3804. 40 100.0

HHHIET 5 EC L o> TREEDEBG B LS EA%2 T 50 L Bbhd, CO r7F VYOADH
IEPEA % BROWNEY? 13RD X 5 1R LT\ %, HCO ® OH o X 5 wifith /i

HCO+Br — HBr+CO

OH+HBr — Br+H,0 .
Lich, WEBHRER CO Hho\vix BER H0 ks 5,

Hi:BOs OBRIZIT LA EZDRIE, LA, BHENSELDE, bIHTEDBH, 77y vV
BRI R B AIR TR LT\ 5, B2tz HeBOs i3 B:Os B L, » 7 ARCEM® LT, B
BEEOAMOIBE S E, HEFAOH LR DRBIEANEL bhD, LichioT, bE HEH
DBEFELTRWHONTHTRE LIcFTRE Y A%, mie &L LEWCRERHL, ToENNAEL
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AuE, BiOs Om RS THBICHIEShD, £0LE, BIRRHOFEIF+HTHIE, Rk
FTHREEMNE, Thebb, #7 AR Lic BO;s A3, wl#AM: 7 2 &G IR E T R S = 5
fed, BROERIHKRT S LEL OIS,

3. T SAKATRERT

BRI 0RORBRTETIR, KbRAHBOKEERTHUEEDOOL0LEL bhE, T
b, ZoOWEMCIE, MEROER, HKE, ROBEHS)FCET s HEARENCEERA TS L5 T
Ho,

AR & AR & OBREIRITRTE, Fig. 9 Lich, TSP Table 12 DL h T
BB, TOND, BRSEL, RN SL Enbh b, &<k NHBr oRix&bir-Tk
D, ZOWEEOZRWKRTTHSZ Lk, Table 12 ® p DRE X2 L EMT Hh3, HBO; )

o4 st 55
o0 oo
= 2 g 507 50"
&5
€ .
o
E S 25 45" \
«3 , _
wa \ ' \
A’ . 407 40"
158 317 475 353 706 1058 0 62 125
(NH4)2 HPO4 & & NH«Br o) & HiB03 0 &
Amount of (NH4)e HPO4  (§) Amount of NH+Br (g) Amount of HaBO0s ()
G HL10% #) (In 10%3 of the solution)
Fig. 9 RHGSE X 5ERBGREOEL
The change of duration of flaming with contents of
the components in woods,
Table 12. & RMBFER DSBS HTE
Analysis of variance by duration of flaming.

Factor S. S d. f M. S F, )
(NH,):HPO, 1156.9 2 578. 45 1.583 10.8
NH,Br 4800. 3 2 2400. 15 6. 5700.005 44.8
H;BO, 311.2 2 155. 60 0. 426 2.9
(NH,).HPO, x NH,Br | 1409.4 4 352.35 0. 964 6.6
(NH,):HPO, x H3BO, 2701.6 4 675. 40 1. 849¢.20 12.6
NH,Br x H3BO, 1150.6 4 287.65 0.787 5.4

B
Weight 1097.1 2 548. 55 1.502 10.2
B
Error 21918.0 60 365. 30 6.7
o
Tgtal 5363. 45 100.0
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RxbE o ARELL, &HE 628 L 1258 TRENRAD bR, HEREMBAFREZ H, MERC
FTRATVS, ShyMBEisod oL makod o GREERD) st T, &85 LBR3TH
¥ Table 10 & 11 DX oKD, Tk, ThHLOGHMAFILE 13, 4 KRR LTH %,

MBGARIPI O E S MBRERA L FRS L OBIRIL, 7T v v BRELERS LOBRTCHIE LTS, T
thb, 77 v v H (FR) B0y, mEiMNoERGRERIE L), 77 v v
Mokt wb oy, MMEMAMMOERESEREEL /> T 5, NHBr & (NH).HPO, DRz &
FLWHAE L 2 T3, A, HiBOs RADHRERL T3, &<ic NHBr ogRizBIE-> T35,
H:BO: HRifE LT, SEEOWHRY: /A X MIHFEICHIE LB ek > CEROTEELHAIE
oz o T HEI RS,

B 30| 30
i 2
€5 1l
wHe B 2 2]
S S
% g
K5 20 20 207 .
| e
3 . 3
Sl . 5 I 15
158 317 \ 415 353 706 1058 0 62 N 125
NH4)2 HPO4 ® & NH4Br o & HiB03 @
A(mou;tzof (NP:A)_H-%M (€))] Amount of NH4Br (9) Amount of HaB0s (9)
(3B 0% F) (1n'10% of the solution)
Fig. 10 BAGE X 5 mBREIN O EF LR O ZEL
The change of duration of flaming in heating with contents of
the components in woods,
Table 13. AR O & R ke O F B HIR
Analysis of variance by duration of flaming in heating.
%

Factor S. S d. f M. S F, 0
(NH,)HPO, 672.80 | 2 336. 45 3.0980.20 10.2
NH,Br 2946.40 | 2 1473.20 | 13.5650.01 44.5
H;BO; 474,60 2 237.30 2. 1800.20 7.2
(NH,);HPO,x NH,Br 533.00 4 133.25 1.227 4.0
(NH,).HPO,x H;BO; 392. 40 4 98. 10 0. 903 3.0
NH,Br x H;BO; 322.30 4 80.57 0.742 2.4

B
Weight 1680. 70 2 840. 35 7.7380.01 25.4
"g;;%
Error 6518. 30 60 108. 60 3.3
it 80 3307. 82 100.0
Total : .
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w
2

B
Duration of alter flaming.

5

7% R

20"

HRERBBIEHRE

307

204

“_

1945

304

20

N

158 317 4715

(NH4)2 HPO+ & &

Amount of (NH4)2HPO4 (9)

353 706 1058

NH+Br o &

Amount of NH4Br (9)

0

(B 10" ) (In 10%9 of the solution)
Fig. 11 OB I 5EREKEOEL

The change of duration of after flaming with contents of

the components in woods.

62

H3:B0s o &
Amount of H3B03 (3)

125

Table 14. &R OS5 EDTE
Analysis of variance by duration of after flaming.

Factor S. S d f M. S F, 0
(NH,);HPO, 72.0 2 36.00 0.184 2.1
NH,Br 272.6 2 136. 30 0.697 7.9
H3;BO; 1499.5 2 749.75 3. 8320.05 43.4
(NH,)HPO, x NH,Br 497.5 4 124. 43 0.636 7.2
(NH,).HPO, x H;BO; 1201.9 4 300. 48 1.536 17.4
NH,Br x H;BO; 559.8 4 139.95 0.715 8.1

Weight 92.5 2 46.25 0.236 2.6
Error 11739.9 60 195.66 11.3
Total 80 1728. 82 100.0

—7, BREEC OV ThIUE, (NH)HPO, & NHBr iz —Z o A% 8§l L&V, H:BO; oo
Tk, BASL5ELE, BEARRIEL R5EHAERLTWS, BREMNECEET 22 & 9 Tk, Table
14 b, HMORSOBEBREREAERE VS TEV, Zhid, NHBr 2 (NH)).HPO, #iinzifm
THEIhTLES D, BBV, ARHRRECKD 5 5@ LK\ IedEEL bhD, HiBOs » HAER
EhB BOs i, HETIX 1500°C D& xH - T 505, AHOSMBE TR A AELLEVEELD

hn, LT, 6430 DomsdiMaaEcy,

U LA LEIRTRD,

Rt OB 5 X

WCHBRUE T A AR E EDTERRE DL THLEVCIEREE L E L bh b, Z0BE, HErs
DN MBED D bR T B0 5, HHClEr bR T ARREEF ADENILABRRCKEVEDLE

%2 bhitw,
4. KHOEEEKS
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% - % %
15.0 15.01 150
§ o
W U5 145 \ ws{ o~
2 .
s
‘é 40 140 14.0
P
135 1351 13.51
158 317 475 353 766 ldS% 0 f;Z 125
(NH4)2 HPO+ & " NH4Bro & H: B0z o €
Amount of (NH4)2 HPO4 (9) Amount of NHaBr (g) Ariount of HaB03 (9)
GE10% +) (In (0% of the solution)
Fig. 12 RAEGEBC LI3EEREVROEL
The change of ratio of weight loss with contents of
the components in woods.
Table 15. EEBIROHEHSHER
Analysis of variance by weight loss (%).
) F
Factor S. S d f M. S F, 0
(NH,).HPO, 36.7 2 18.35 3.0230.20 7.9
NH,Br 5.4 2 2.70 0. 445 1.2
H;BO, 2.7 2 1.35 0.222 0.6
(NH,).HPO, x NH,Br 2.4 4 0.60 0.099 0.3
(NH4)2HPO4 X HaBOa 15.9 4 3.98 0. 656 1.7
NH,Br x H;BO; 13.7 4 3.43 0. 565 1.5
=N
=
Weight 389.8 2 194. 90 32. 1090.001 84,2
e
Error | 364. 2 60 6.07 2.6
Tgta] 80 ‘ 231.38 . 100.0

BOMC L > THRINIAM O 7 A BRI ERB R L LTRIEI M, £K5 L EEBVROBRIX
Fig. 12 i, ¥7, £04H#HHF 3 Table 15 TH 5,

PO M TIADHERETHLOMD S LIV, TD /7 7RI T3 X 5 KK,
BRD L b RIERM OIS L B 7 AMEEB S HRER > T B L5 THBH, &<ie (NH)HPO,
HRVFZLL, MRS DHREAE L LE T30 HA R LLHEEIRS,

(NH)-HPOs 3 Ticili~tc &k die, AMOBAMOBRCEHEFEAL, tre - A OHHKE L KE
BIRKOTGICER L, BELHDREAXYERL, RICKROEREMZ AEAEF - T35, Zhicx L,
NH.Br 1, (2 CHOECHMO ~r 7 VgL LTOBKRILERODL, vy VEFLk- TR
BIBREAMEFEHES Db L, ThiCk - TAMC S 2 bh s REEBMS DI b icd, RO # AL
BVl T5LE2bh%, HiBO3 &2\ TikEDREAMD 2 RO TNIVAL, InsoE,
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< ) o . °c
700 700 7001

4 .

El
" \\\ ' ) '

g &0 — 650 \ S~
2R]

- X
e 2

2 600 6001 600
W

56 31 415 3 W6 1058 0 ] 125
(NH9)2 HPO4 &) & NH+Br o & H3B0s o &
Amount of (NHY2 HPO4 (9) Amount of NH4Br (4) Amount of H3B03 (3)
(B WL 10" ) (In 10X of the solution )
Fig. 13 BHoERK I 5>REREOEL
The change of maximum temperature with contents of
the components in woods.
Table 16. E&EREOH AWK
Analysis of variance by maximum temperature,

Factor S. S d. f M. S F, 0
(NH,);HPO, 21115.4 2 10557.70 2.3810.20 13.8
NH,Br 48387.6 2 24193. 80 5. 455¢0.01 31.7
H;BO; 4548.7 2 2274.35 0.513 3.0
(NH,);HPO, x NH,Br 16452.9 4 4113.23 0.927 5.4
(NH,):HPO, x H;BO3 20536. 3 4 5134,08 1. 158 6.7
NH,Br x H3BO; 58234.5 4 14558. 63 3. 2830.05 19.2

&
Weight 21933.9 2 10966. 95 2. 4730.20 14.4
%ﬂ:‘
Error 266102. 4 60 4435, 04 5.8
at 80 76233.78 100.0
Total : :

o 2 RO DEH R I ofes B, #F AR EF TAIREF ZADOBIH A 11-9 5 &\ 5 (FHPERR
VREYEEE2 TWHIOICELDRD,

Table 15 2: bbb X 512, KMOHALBERKOEELH O RTIZ, RRADARETHS, th
13, REOKEVAMEBE, BERNKEL, ThEFR, AMOBSMCET B85 L F —2AEL
mFhEle bl ERRT EE L DR S,

5. XOXEE

ARKROKE SPHS %, RICHRTRMBCHE LB T, RRF O LR, BEZ =V e -
n3 %5 (Fig. 3) kTR LARERC X - T, HRROBEXHEE L Thi, ZOERTIR, RBRA
EHEEL D, BE=2 Y- A R0RERC L ) —EOHALZLRIDT, LHEDVTHLTHD,

ZRBC KT HBRE 2 ¥ b e — A SOKERE & ARA ORI Fig. 13 1, ¥k, LOREOIHE
% Table 16 &, ThZhbddifTwb, Zhickhl, KERECKLKELDRETLTV20H
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om o)
700’ 700 7
600f ~__ 600{ \ 600
.. ————
S § \ \.
S 5001 500( 5001
L2
fads)
¥ 3
0
4001 400
K3 o
300[ 300 300[
158 317 415 353 106 1058 0 62 125
(NHa)2 HPOs o0 & NH+Br 0 & H3B0s @ &
Amount of (NH4)2HPOs (3) Amount of NH4Br () Amount of HiB03
(¥ 10% %) (1n 10M of the solution)
Fig. 14 WAoEEK X5 RIEEHOZL
The change of carbonized area with contents of the components in woods,
Table 17. RALEB O S #HHTR
Analysis of variance by carbonized area.

Factor S. S d. f M. S F, 0
(NH,).HPO, 79392.6 2 39696. 30 4.7490.05 21.9
NH,Br 93326.3 2 46662. 65 5. 5830.01 25.4
H;BO; 1099. 6 2 549. 80 0. 066 0.3
(NH/);HPO, x NH,Br 35148. 1 4 8782.02 | 1.051 4.8
(NH4)2HPO4 X H3B03 21713.7 4 5428. 43 0. 649 3.0
NH,Br x H;BO; 14945, 2 4 3736. 30 0. 447 2.0

f=»

Weight 140737.9 2 70368. 95 8. 41%.001 38.3
=B

Error 501496. 5 60 8358. 28 | 4,6

o !
Tgta] 80 183587.73 100.0
! —— —

NH,Br Tho, Zhik NHBr oKRHic kit 5 FH DYRTHRIN B L 5D D THS, (NHy)o-
HPO, %, ZD&HE 158g 25 3178 @i THELWIERAERLTW5A, 317g b 4758 T H
¥ ) RERBHR TRV, (NHDHPO, 0 SHERKIBCRIET L, SFBCKBALTHUB L5 LD
TR X% 5 Thb, HiBO3 im0 Tk —EDMHE L HEE LEL

6. KDEHY

ROBH D BT 2B TS fodic, mARRED RIEEELTE Lic, BEELLBSILTRIEL
Tw5H, RIELAEHSRLT LSBBELLVW0 T, ERCRILEREIAROLL Y DRBERDLLTW3
ERVWERS, L L, KBROBN D ERFLTWS EE L bhb,
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Study on the Fire-proof Chemicals. (1)
Mixture of phosphorous, halogeneous and boric .

compounds, (Report 1)
Hiroshi ABE, Yasuo Fukul and Toshimi HIRATA

(Résumé)

At present, the most utilized chemicals to give a wood-based material fire-proof faculty
are phosphorous, boric, or halogenous compounds, and various mixtures with these chemi-
cals in them, It is now necessary to make clear the behavior of these chemicals in heating,
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In order to study fundamental properties of the above chemicals as fire-proofing agent,
a series of experiments has been done,

Solutions of the above three compounds are employed to treat specimen wood of SUGI
(Criptomeria japonica D, DON) as the most general and basic application to fire-proofing
of a wood-based material. We devised three fundamental types of these solutions as follows :

1. Aqueous solutions of diammonium phosphate (NH,);HPO,, ammonium bromide
NH,Br and boric acid H3BOs;,

2. Aqueous solutions of guanidine phosphate (NH: C(NHj),);-HzsPO,, ammonium
bromide and boric acid,

3. Alcoholic solutions of tricresyle phosphate (CH3CgH,)3PO,, ammonium bromide and
boric acid.

In this report, fire-proof properties of the first type alone are given. Twenty-seven solu—
tions of the first type given in Table 7 were made according to the level of each ingredient
as shown in Table 6. The heating tests were planed, being arranged on the orthogonal array
table H 3.81 and carried out by the localized heating test method (Fig. 2, 3, and 4) which
is gained by modification of the standard method prescribed in JIS A 1321 and by which
characters of each ingredient in the carbonized areas can be measured,

The time to change of color, the time to carbonization, the time to flash (or flame),
the duration of flaming, the duration of after-glow, the weight loss, the maximum tempe-
rature and the carbonized area were measured, and all of these values are shown in Table
8. From these data, we got the following considerations for each ingredient,

1. (NH,); HRO, has an effect of continuing throughout pyrolysis of a wood, As a
mechanism that acts on pyrolysis of wood, it seems in the main that the phospheric acid
produced from this ingredient by the heating restrains formation-s of unstable hydrocarbons
and increases water and carbon from the wood through its esterification with the hydroxyl
groups in wood components, This explanation is supported by the large and definite effects
that (NH,): HPO4 encourages initial pyrolysis (Fig. 7 and Table 10), retards flaming (Fig.
8 and Table 11) and suppresses gasification (Fig. 12 and Table 15), of wood.

2. NH,Br pyrolyzes so early that the effective concentrétion probably does not re-
main in wood till the latter time of the heating. At first, this ingredient seems to be acti-
vely decomposed to acids of bromine by the heating, and has the largest influence of three
chemicals on pyrolysis of wood at the first stage of the heating (Fig. 6 and 7, and Table 9
and 10). As the heating proceeds, it seems that NH,Br forms gaseous bromine and hydrogen
bromide and then these gaseous components combine catalytically with the very active
organic products which are formed from wood in the heating, causing those products to
become relatively stable. In conclusion, NH,Br perhaps serves to prevent rapid chain
reactions between oxygen and products from wood, in the gas phase., These effects of
NH,Br are deduced from the results of the time to carbonization which indicates a degree
of decomposition of wood in the first stage of the heating, of the time to flash (Fig. 8 and
Table 11) which means a beginning of a rapid reaction between oxygen and gaseous products
from  wood, and of the duration of flaming (Fig. 9 and 10, and Table 12 and 13) which is
a continuance of the above reaction, A general tendency which shows the effect of NH,Br,
can not be found in the duration of after flaming (Fig, 11 and Table 14) and this fact
agrees with the literature of easy gasification of NH,Br,

3. In the mesurements for HzBO;, a direct effect on the course of pyrolysis of wood



B KRBT 277 (1) (BT « & « P — 153 —

can not be observed, It appears that at the low temperature range of the heating, H;BO;
retards pyrolysis by formation of water from it (Fig., 6 and 7), and at the high temperature
range, it is largely decomposed to B;0; and this product being melted by the heating, fills
up passages such as vessels, tracheids and pits through which substances diffuse, and that
H3;BO; therefore prevents substances decomposed from wood to escape out, If this effect is
true, inflammable gas developed and then stored within wood, will sometimes escape from
wood at a high pressure and at a high concentration, so that when there are not only
inadequate, but also sufficient quantities of effective components, H;BO; may increase the
chances of ignition of wood. This presumption is deduced from the opposit effects of H;BOj;
to that of other ingredients for the time to flash (Fig. 8 and Table 11) and the duration of
flaming (Fig, 9 and 10, and Table 12 and 13). Especially the effect of H;BO; is to be noted
for the duration of after flaming (Fig. 11 and Table 12), namely, the flaming duration
after the heating in which gas within wood will probably not increase its pressure,
In conclusion, the best level for each ingredient in this experiment seemed to be at

10, 000 grams of the aqueous solution, follows:

1. The level for (NH,).HPO, is between 317 and 475 grams, and perhaps near 317
grams,

2. The level for NH,Br is 1058 grams, if poisonous gas of bromine which may occur
in the heating is ignored,

3. H;3BOj; is 0 or 62 grams, and may be 0 gram.

When applying these chemicals to such various wood-based materials as plywoods, fibre—

boards and so on, it is necessary to bear in mind that the thermal excellences of these che—

micals are developed corresponding with constitutions of those materials,



