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Shigehisa IsHIHARA®* ‘and Takamaro Maxu** : Studies on Flame Retardant
Fibreboard (2) On the Performance of Flame Retardant Hardboard using

Antimonytrioxide-Chlorinated Bodies.
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Table. 1 Chlorine contents of various chlorinated bodies and their solvents

Type |! Chlorirée%gontent Solvent.
Chlorinated paraffin 72.9 trichloroethylene
Vinylidene chloride resin A 61.1 methyl iso-buthyl ketone
Vinylidene chloride resin B ‘ 60. 2 methyl ethyl keton
Ethylene diamine dihydrochloride | 53.3 distil, water
Sodium-pentachlorophenate | 65.1 distli, water
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*k AE B FFEEFY, Division of Composite Wood.
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Fig. 1 Apparatus for the burning test in accor- 1 9

dance with the Procedure of JIS A-1322

10x 30cm conditioned specimens are mounted
in the metal frame holder and placed on a rack
at a 45° angle with the smooth side downwards.

The temperature of the Bunsen burner flame
at point of contact with the specimen is cons-
tant at 900° #10°C.
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Fig. 2 Specimens used in this experiment.

1 : Burning test specimens.
9 {A : Bending test specimens.
B : Water absorption specimens.
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Table 2. Effect of the chlorinated bodies on their flame retarding properties, bending

Flame lag Speed of flame Tilme of Af
) (sec) spread (sec) |self-ext- ter
Chlorinated bodies A?%;)n oo 1150 inguish- i(iam;a
ment sec
face | back |50mm mm| mm| (sec)
2-1, 2% of antimonytrioxide impregnated hardboard :
Chlorinated paraffin 2.12 | 28.4 | non 75.4 13.0
” 3.81 23,4 non | 84.1 6.0
” 11,08 | 22,7 | non 160 0.
Vinylidene chloride resin A 3.27 1.19.6 | non | 49 3/ 151,0 48.0
” B 2,151 20.9 | non | 45,8 1755 62.0
Ethylene diamine hydrochloride 4,17 | 33,2 | non 72,1 0
Sodium-pentachlorophenate 456 | 27.6 | non 52.8/ 153.2 187.1
2-2, 5% of antimonytrioxide impregnated hardboard :
Chlorinated paraffin 2,01 {24,0! non | 76.3 68.0
” 3.61 | 35.0 | non | 100,2 7.0
” 10,52 | 24.8 | non 79.8 0
Vinylidene chloride resin A 3.27 130.4 | non | 724 146.0 0
” : B 3.05|25.4| non | 56,1 138.0 3
Ethylene diamine dihydrochloride 3.17 | 47.5 | non | 131,0 160.0 0
Sodium-pentachlorophenate 5.65 (25,5 | non | 450 164.1 8.8
2-3, 10% of antimonytrioxide impregnated hardboard, :
Chlorinated paraffin 1,92 |21.7 | non 57.2 9.
' ” 2.93135,0| non | 127.5 7.0
” 9.85 | 25.6 | non 74.0 0
Vinylidene chloride resin A 3.00 | 27,0 | non | 52,3 120.0 0
” B 3.25131.3| non | 121.1 97.3 0
Ethylene diamine dihydrochloride 3.37 | 49.8 | non 120.0 0
Sodium-pentachlorophenate 5.53120.4 ! non 52.6| 132.4 0
2-4, 209 of antimonytrioxide impregnated hardboard :
Chlorinated paraffin 1.63 | 34,3 | non 79.7 5.8
” 2.94 | 35,0 | non | 135.0 160.0 0
” 10,07 | 23,1 | non i 71.0 0
2-5, Control (untreated hardboard)
5.9mm thick — 135.1217.0 58.8 113_5\ 157.9 B.E *
3.5mm thick — 132.1|178,5 56,3 100,3| 155,0 B.E.
3.5mm hardboard in commercially® — 1 20.0 | 162, 39 83 [ 115 B.E.

* Burned to the end
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strength, water absorption and thickness expansion with the antimonytrioxide.

I

After | i . Water Thickness
glow !Sgli%%ﬁ; Bend(llr{lg/;trfze)ngth absorption expansion Judgement
(sec) | g ! (%) (%)
| |
0 1.1 | 414, 29~430, 96~445_ 55 i;14, 9~15,9~16. 9 9.2~10,2~10.7 Fail
] ? 3rd class
01 1.1 | 476.36~482 40~495. 68 }15_8~16. 9~17. 3i 9.8~10,9~11.6 extinguishment
0] 1.2 366, 24~401, 93~424, 41 11,9~12,5~13 4/ 6.7~ 7.2~ 8.2 1st cass ”
0 1‘ 1.0 | 290.52~359, 34~404. 06 "15_3&16, 3~17,3': 7.8~ 8.5~ 9.3 Fail
0. 1,0 | 267, 86~293,30~318,75 3212,2~12_ 9~13.7/ 5,1~ 5.2~ 5 4] Fail
| 2nd class
0 | 1.0 1179.13~202, 71~220. 23 i24_2~31.1~36.6 9.2~ 9.5~ 9.8 extinguishment
>100 1.0 | 212 82~237.04~261.26 ‘134_ 8~35.0~35.2 9,0~10.4~11.9| Fail
>100 | 1.1 384, 86~419,19~453,53 15,4~15.6~15.8 7.6~ 9,1~10,5 Fail
- 3rd class
0 1.1 | 414.72~427 85~442 83 |14,5~15.2~15.5 7.0~ 7.6~ 7.8 extinguishment
0 1.2 | 383.18~429.10~458.03 110,5~10,9~11.6! 5.3~ 5 7~ 6.3 1st class ”
0 1.1 | 335, 84~363.99~393.84 118.4~18,6~18.7 6.9~ 7.5~ 8.1 2nd class ”
0, 1.1 334, 76~358. 87~391.12 13.3~13.9~14.5 5 5~ 5,9~ 6.4 2nd class 7
0 1.1 253. 80~302. 24~360_00 %27,5~28_3~29,012.0~12.6~13,5 2nd class ”
0 1.1 | 177.03~252.61~308. 40 %33,6~34,1~34,5‘15,7~15_8~16,1 3rd class ”
~ ! I 3rd class
0 1.2 | 365 ,27~397.31~420 56 14_2~14,5~14_9i 8.1~ 9.4~10.2 extinguishment
0 1.2 | 406,11~414,12~425 85 14_1~14,4~14_Qi 9.8~ 8.8~ 9.7 »
0 1.2 | 449.14~519, 48~567, 82 10,3~10_6~11_0; 5.4~ 5.5~ 5.8 1st class ”
0 1.2 | 361,41~377.65~406,76 |15, 2~16,4~18, 2l 7.3~ 8.8~10.7! 2nd class ”
0 1.2 | 346.16~384.42~407 30 11_0~11,1~11_2j 2.9~ 3.6~ 5.3 2nd class ”
0 1.1 | 191,66~223.63~265, 05 25,1~25,2~25,4‘!10,7~12_0~13,4 Ist class ”
0 1.1 | 265.77~332.44~397. 44 36.3~40.2~42‘6117_0~18,1~19_0 3rd class ”
0 1.3 | 407, 28~434,60~445, 37 i 8.5~ 9,5~10,5§ 8.6~ 9.0~ 9.3 3rd class ”
0 03 | 409.49~511,47~558.62 !14,9~15,1~15,3! 5.3~ 5.7~ 6.3 2nd class ”
0 3 ; 439.13~493.02~542, 64 310,9~11,4~11,6‘ 53~ 7.8~ 9.6/ 1st class 7
B.E. | 1.0 1236,64~256,07~375_6o 66.7~67.5~68.734,1~35.1~37.5 Fail
B.E | 10 | — 1 —_ ‘ — Fail
B E, 0.9 397~424 15,9 13.7 Fail
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Fig. 3 Effect of the chlorinated bodies on their flame length with 29 of antimonytrioxide.
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Fig. 4 Effect of the chlorinated bodies on their flame length with 5%
of antimonytrioxide.
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Fig. 5 Effect of the chlorinated bodies on
their flame length with 10 % of antimony-
trioxide.
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Fig. 6 Effect of the chlorinated paraffin on
their flame length with 20 % of antimony-
trioxide.
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Fig. 7 Effect of antimonytrioxide on the flame length with the chlorinated bodies.

AL 7 74 YR ARWBEOEREOEE, ZBL7 vF TV ORMBAHEMT 5 1HE>T
O RHRBEINT 5, chRBEERORBRERY WRINLRR, 774 vOEER
BOVnnwEE, Zt7 vy 2t 7 74 VORMBOMMEA~— FAE—- FOKREER
U TRI0B N ETaw e BABB OB AbAvwe L LAKABER EE LN S, EHIL-S
T 74 VOGERENRIOKHETHIE, Z@ET7 v v OFHIEK 2 % &20% & O EZE
IR OENED BT, 10X 0EL T 74+ VOEREINI2HO=ILT v+ %
VORMTREEEHEHERE L b ok T SN BRE -~ ~ PR - P 2BET 508 TE %,

Wb $T 74 vERBET SR ABELRT=F1v vy o7 I VERBECOWTH, =ZF1tk
TVFEYOEMEE 2% 1510 0HBETELI LGS, VREER=ZRBELT vV O
GMBICHFCEE IR, 2O X5 EA"Z 74 VEHERL TEREAEROBEN=F 1
VYT I VIEREED3. 1T~ 1T D EERTHEL AT 74 v D 5 ~10%EGENE ~— FE~F



AR - WA RGBT 2R (2)

CUEET 28 B2 R L, ThrHOMAELRT b, ER, EROBEBIS cHIRIC
IOTETZ7TIVHBYOZELRELBELTWSE D EELZDNS,

C HbE =Y F VG 3.0~3.27T X0 BRE T, =ZMILT v FE Y ORME 5 KL L
NIZHOHAME L T2, FREEAN Tk, BEERMOFE? K IIETh

B RN TE B TH B S,

/5 5% Sb,03 impregnated hardboard
with i1% zinc borate ©
5% . °
- _ 3% . v [}
s without zinc borate x
S
=T
S -
2) o
§  f o—=x®
~ ®0
m » - -
S | e o
[y o o
i &5
b o ~
0 L 1 ! 1 1 N 1
0 2 4 6 8 10 12

% ‘Add-on’ of the chlorinated paraffin
Fig. 8 Effect of the chlorinated paraffin o
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their flame length when used with zinc

borate as anti-glow agent.
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Table 3 Effect of the chlorinated paraffin on their flame retarding properties bending

Flame lag Speed of flame spread Time of
Add-o (sec) (sec) self-ext-| After
Chlorinated bodies (%)n inguish| flame
face | back | 50mm |100mm |150mm ment | (sec)
(sec)
3-1, 11% of zinc borate and 5% antimonytrioixde impregnated hardboard :
Chlorinated paraffin 1.52| 225| non | 115.4 9.8
” 2,72 29.7 1 non 162.0 : 0
” 11,70 24,7 non 75.0 0
3-2, 5% of zinc borate and 5% of antimonytrioxide impregnated hardboard ;
Chlorinated paraffin 1,14 22,2 non 105,1 9.4
” 2.27 21.0 | non 100.2 6.3
” 10,75 25,8 non 64.8 0 (
3-3, 39 of zinc borate and 5% of antimonytrioxide impregnated hardboard :
Chlorinated paraffin 1.52 18.2 non 90.2 8.0
” 2.30 27.3 non 112.7 9.8
” 11,64 20.4 59.4 0

- — 25 —



KM BF % TS (1966)

4 VOBRERBEOBEIKNOHEFCHERRERTRICKR 52, KORIXTXTELLR
bo ZHBIAEART 74 vOFT INPRFFRICH 2 THBBESR ORI Lo To— FAR—F
R T 5 EEYOSERIEINL, chaPBENCREXIHET 202 E2bMS,

KD -3 Table. 2-5 E X 5.0mm & 3.5mm OEGINY, EUEO~N— FE— VO
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CARBETONBRAOMITEE, BARR LIUVEIRERATHEO N — FA~ FichkigL <
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DTHbHEELBNS,

BERCALE A ~ PR~ FOMTME 0 ERME Table. 2 3 X ¥ Table. 3l RTHEOTH %
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ROBNMELZ R T, O LRESTHERILEYC X 2BIEMTA M E O R R & BEAT
BICLDT v Y v 7 EAERERE Db TV EdDEEbNE, —F, KEkD=F 1

srrength, water absorption and thickness expansion when used zinc borate as anti-glow agent.

After . . Water Thickness
glow Spec1ﬁtc Bendlﬁg strzength absorption | expansion | Judgement
(sec) |Bravity (kg/cm?) @
|
| 1
3rd class
0 1.1 | 375,74~454,67~514.29 (15 1~17.6~19.8 7.4~ 8.5~ 9.3 extinguishment
0 1.1 | 420.00~440 27~450.00 [18.3~18.8~19.410.3~11.1~12.9| 2nd  »
0 1.2 | 504.70~545,17~549.20 113.0~13.4~14.1/ 7.5~ 8.0~ 8.3 1st ”
|
0 1.1 | 498.71~500.61~506.37 |16.8~17.4~18.210.6~10.7~10.9, 3rd P
0 1.1 | 438, 42~455 58~479.33 17.4~17.8~18.5 9.9~10.5~11.1 3rd ”
0 1.2 | 469.40~481.35~496.55 12,8~13.6~14.6 7.2~ 8.0~ 8.6/ Ist P
0 | 1.1 | 440.10~447 61~459.78 19,1~19.3~19.5 9,8»~10_4ﬂv10,6% 3rd ”
0 | 1.1 | 451.86~474.38~476.80 |16.6~17.0~17.4 8.5~ 9.0~10.6/ 3rd ”
| }
0 { 1.2 | 443,07~458, 46~475.16 |12,2~12.6~12.9 6.7~ 6.9~ 7.1| 1st ”

\
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Fig. 9 Relation between the ratio of the bending strength of the treated-
hardboard (gpr) to that of the untreated hardboard (@p,r)and ‘‘add-on”’

of the chlorinated bodies.

v o7 3 viERYE 2 sodium-pentachlorophenate #&E¥ Lk ~— FA— FTlk, ZTOE
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RICPER D BRDDRIC L O T~ FR—- FOLERENB > 2edDbDEE 2B D,
¥, LT 74 v, ZBMbT7 vF v 0P LM SN i RS B Ry
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HREORDIE, ThbORAZEM FRELDZC L IOT, ¥R, LEOHMMELE
FENDUE A~ FA— FORBRNSHREOELEZ MBI HEL OBEROBIT L TE L NE
BH b5, Fig. 10 REERMMEAFA~— VA~ FOlTHBE L BLEOLNEDEER LD
DThHb, chicks e, BREELERLEREAYUE A~ — FE—- FREFEoWHmMS %
EBLTH, ABlIBREOHLELTWS Z ERRBDBN D,

KBz nb OBRIEME A~ — VA — FEKE 28°C+0.5°C 0Z&EKE, K S5cm € Z o
FiRE A FiC UC2U4RMBE Ll FOBRKE S LUEIFEROEREL Table. 2 3 X
Table. 3 WiRT, 7, thHLOEUEA~A— FA~ VT 5H2RR Lo Fig. 11
X Fig. 12 TH %, chic ZAUSHE A~ — FE— FRELED FRICHEX, WTFRbEWEY
RL, ko ERTADONS, KBEKEDO=F LY 7 3 viEikaEe sodium-pentachlor-
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Fig. 10 Relation between the ratio of the specific bending strength of
the treated hardboard (ggy) to that of untreated hardborad (Ospur)
and ‘‘add-on’’ of the chlorinated bodies.
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Fig, 11 Retation between the ratio of the water absorption of treated
hardboard (W) to that of the untreated hardboard (Wyy) and ‘‘add-on”
of the chlorinated bodies, after soaking under the Scm of distil.
water at 28°4-0.5°C for 24hrs.
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Fig. 12 Relation between the ratio of the thickness expansion of treated
hardboard (Bp) to that of the untreated (B,r) and ‘‘add-on’’ of the
chlorinated bodies, after soaking under 5cm of distil. water at 28°+4
0.5°C for 24hrs.
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~3% DA PR~ FLI0~11%D b D & ORI EERENRD DT,

thbOMBEHRE %
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Supplementary Table

Key to Judgement in accordancewith the
Procedure of JIS A-1322%

Judgement Flam (ecrlrf)ngth Afzesré-cg‘l)ow
1st Class ‘
Extinguishment | 165 than 5 0
2nd ” less than 10 less than 5
3rd ” less than 15 less than 10
E #

EFRIEAYE ZBE7 v 5= v OB LRI X 38R~ — FA— FotkgEs JIS A-1322
ICE D % W64 FELGE Mt D BERMERBREE & BRI Lo TRET L %2,

. e TRWeBEOERLAMWI=ZRE7 v v etHL, Z0EREMN5.5 %M
ETHRIT TR REED Bk,

ks 574 v, Hbe=VFvEE =Fvvo7 i vEREL=BL7 v O6H
BN — PR = FRELSCLTOMWERTHh, Zo—MRrRBAVWEHDEAEL T T, chirks
FOERMECERT 32 M A BN RIC IO TRELKKOE#ERCEIET 2B E 15 b0
LEZBRBEYT,

2. BLARIE LCHIBES YA L ~— FE— FOMAEE%L Table.3 ¥ X ¢ Fig.8 iR
T4, chne kRt s JITTEERED b0k,

3. BATOERLEYEH WS Lic o THTHEE, MKkkEs X SIIEREE 3
5ZENTES, cMRBERZROBEBMERF AL T V) v 7 LRBERIEAN~— FA
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— FIC7RINTW5D & LIFKBERDERILEYOERIC I 2R LELDLNS,
Summary

Performance of flame retardant hardboards treated with antimonytrioxide and
chlorinated bodies in combination were done in accordance with the procedure of
JIS A-1322.

Board Preparation

Flame retardant hardboards of 35cm wide, 35’cm long and 0.45cm thick were
prepared according to the same procedure described in previous report!. The chlo-
rinated bodies were impregnated by means of soaking and pressure applying using
suitable solvents which shown in Table 1.

Testing Methods

Burning test of the untreated and the treated hardboards was carried on by
means of the procedure of JIS A-1322. As shown in Fig. 2, burning test specimens
of 10cm wide, 30 cm long and 0.45 cm thick were mounted in the metal frame holder
and placed on a rack at a 45° angle with smooth side of board downwards.

The temperature of Bunsen burner flame touched to the specimens was constant
at 900° + 10°C.

As the indices of the flame retarding efficiency, the length of flame spread (cm),
the period of after-flame (sec) or after-glow (sec) and the time of the self-extinguish-
ment (sec) were measured. The key to the judgement in accordance with the
procedure of JIS A-1322 was shown in the supplementary table.

As shown in Fig. 2-2, the specimens for the water resistance and the bending
strength tests were cut from each board. Six specimens for the water resistance
were oven-dried at 105°C, weighted and then the thickness was measured. They
were, next, soaked horizontally under 5cm of distil. water at 28° + 0.5°C for 24 hrs.
The rates of the water absosption and expansion in thickness were calculated by the

formulas in the previous report”. And the bending strength tests were also done.
Experimental results

1. The results of the burning test for the flame retardant hardboard using the
chlorinated bodies combined with the antimonytrioxide are shown in Table 2 and
Figs. 3~7. As obvious from the table, the impregnation over 5.5% (dry weight base)
are effective.

Every one of chlorinated paraffin, vinylidene chloride resins and ethylene diamine
dihydrochloride combined with antimonytrioxide were most effective. Sodium-pen-
tachlorophenate is less effective. It is noted that some of the flame retardant hard-
boards treated with the antimonytrioxide are found to have the self-extinguishment
at the suitable contents of chlorinated paraffin or vinylidene chloride resins or ethylene
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diamine dihydrochloride. It seems that these results give a suggestion thajc evolved
gas of these chemicals acts as a chain breaker for the free-radical chain reaction on
which flaming depends and shows the inhibiting reaction’~7.

2. Fig. 8 and Table 3 show the effect of the chlorinated paraffin on their flame
length when used with the zinc borate as anti-glow agent.

3. Evaluation of the flame retardant hardboard in accordance with the procedure
of JIS A-1322 is also shown in Tables. 2 and 3.

4. Tables 2 and 3 show the result of the bending strength test of the flame
retardant hardboard using the antimonytrioxide, chlorinated bodies and zinc borate
and the control one. Fig. 9 shows the relation between the ratio of the bending
strength of the treated hardboards to that of the untreated and ‘‘add-on”’ of the
chlorinated bodies. Relation of the specific bending strength to ‘‘add-on’’ of the
chlorinated bodies is shown in Fig. 10. As obvious from the figures the bending
strength of the treated boards is higher than that of the control one with a exception
of water soluble chlorinated bodies. Thoss improvement may due'to the same effects
as oil tempering treatment. .

Results of the water absorption are shown in Tables 2~3 and Figs. 11~12.
Water resistance of the treated hardboard is especially improved by means of the
impregnation of the chlorinated paraffin or the vinylidene chloride resins. Those

seem by the same effect above described.
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