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Shigehisa Ismrmara* and Takamaro Maku*: Studies on Flame Retardant Fibreboard (1)

On the Flame Retardant for Hardboard using Metallic Oxide-Chlorinated Bodies.

AKEMBORELRMEE LTHFECHRZ BT L, RiB, KB L2 TEOARKERT &
EBRBDNB, 774 A—A—FbAM T Thbbele—2xEnsBleT20EF0C
OEc T, BERLMT, LEXHEIATIE, TOREEZBRI D ENTER V. KO

SERECET 5T, R, AWOMRELCET ARFEY Y Bk ok kbR X5
igDlehy, 774 A—F~FOHRILICEET Z2HEC? e bdThhv, &7y 4 AN
— A= P LT, RRARMICHEHRINTWBRKEED AFI%Z Hv AT 28B4, &K,
WIBIC X 2N HEE R EMBEOHIEETBE Hvo

LT, 774 ~"—R— VORI T 5 —HEHOMEDSH, ~— FFA—-FEHLT,
B K BB R ERARFAY Wb Tw IR KEE oS BRRILY L ERILAYE Fv, ik
itk S5 T & 5 RMLLBE L S C R o ERIC oW TEET 5,

1. # #

a) .4 i 7

7 51 = (Pinus densiflora SiEB. et. Zucc.) Mo+ 7xFERE L, B E 180°C, & &
FEJ7 12.0kg/cm?, [IRE#EE 580 r. p. m., B 60BMOMMEH T KE T A S LY FFy 7
74 TV R —RIDTHRB LD DRV VY I Ve =T 454 VIT4 A2V 77 4 F—C&
DTV 774 =vIZL, 7V—5xA& 115°SR 20°C) 2 LAEdbDE ~—FAR—FHEAAALTFTLL
THW,

b)) BERALERA

i) TRUESBRILY : e — ARMHEOH RUEF & LCHROB 5 LI T B O=
Bib7 vy, BIEETAX, —B(L8H, MILE—AX, BILE—8, BT, Bty
A=A, Tgb=v iy, Bk z v, Blbora=o AR X7 v AEESE AV,

i) \ERIEEY  FKERO D L UL 7 74 v, T0%ElL<F 74 v, RV &
ITmINT = )=, RVEVYAFHIRT AN, Y= r—e =) F ViR Lok
E= 0 FVvERE AV, KR0S KEEEREEAY L L C=Fv v Y7 3 VIERE L IERT
=Y vEHRwk,

RE Mz, Division of Composite Wood

— 156 —



FIE - WA : SENGERIC BT BHi% ()

i) IKEEMERT KA © RO e DRERAM OB AF & L TR LR TWAHIEE - id (1: D,
BTV VEBTVE=YA, AATZ7r IVETVE=YA BTV VBT vE=Y A (1:1) &
SBILEHE LTHROMBEINEr ABF L Vv A, 2V IATVBF PI VA, E) T
VBT VR ARIVCEY ITFVEEF P Y v A,

C) N &BEMEWGRER L LTHEE7T A =y A2 7 vVE=YKEHW, ERLEYWORE
AL LT, 7MY, =FATAa—L, Y ZRAFLY, AFAZFLF b VBE
CAFNAY TFNr b i v,

2, B—FR—FORE

REESBMILY L ERIEEWHC LD~ — VA - FOBREAIERROFEC L DR kD
2o

a) NEUSBRILYOHME ~— F A~ FO/ESR

—TBEDOAVTHZ 0L E—H—1ce D, BLEBLEEF P22~ 0.1 %K TH1.7%
CHRL T, L2 BAL, MROTRENSBRIY D 15045 v = UFObO% FIERHR
MLt NEUSBBE LY E SNVT AT ) —CEMERSE#E I BALERS, REET
Ni=gATpH4LS &L, o7 vE=v/KT pH 7.5~8.0 & LTS BREIY A <17
NEEE LD,

COHKIC O TR Z#L2 R < REESBREY I <L 712 1009 EE IR B N T
Fleo TORNLT AT Y —% 15emX15emX50cm D7+ — 3 v 7By 7 ARREAL, FTHH»
CRALRE, BKLTY—P2EBRL, BE, BEYBIR2T, MNEESLBRRLY A 1H—
CEB L~ FE—~ F2ER Lo BEOLBRKRD ERD TH B,

ERE 180°C :
FVAH A 7 FES 50—10—50kg/cme,
EpfE 2—2—5 min.

TEYESBRILY OGRMBREE <V 7+ 2 EBEHMC X OCTERE L 2o

b) ERILEYD ~— FA— FNOEA

TEHOEBAACHTEDEELAYXEMRL, o2 —a) KIoTEMIRE A~ F
A— FEBESE, Uit 20mmHg MEEAZ B C ok, B, EALES ORI 130°C
DOEBEFERPIC 6 L ER &, FREFAOREZ 10, Fic 100°C OfER &K Fic
48 Il Es W CERICER Ld e, UWHATBROREEEOENRTHEARE Lk, ~— F A
~ FANOERILEYOEARZEABROBEC L OTHE L k. HRERLEYWOERILLL
TIFRTL TH %o

BERILEY s Al
40%EL<5 74 v Ny el FLy
0%k <5 7 4 v FY s RAZFLY
RYy¥VY~FH a5 7 bV
RVEIeVv7e /) —)b = F LTI — )b
iy = r—iffbe =) 7 V#ilE AFNAY TFNLy bV

— 157 —



A # B % #5345 (965

LY =V F vEtls AFNZF )N RV
zF VL VFET I VIERE , 7KK

BT =9 ZRIAIK

c) KEHM KRloaR, EA '
HRBREORBODRER I OAMIC FRHIN TV KEETAE, WEE- WD Q:D
BTV VEET VE=SY LA, ANLTr IVEETVESOA BTV VETVE=YA (1:1) O
KER R L OKEESBLEEWE L ROWFIhsb005b, r 1B b v A, 2V
FATVEBFT IO A, EVITTFTVBET VeV A, BV TT VBTN Y AORERE AV
(b) tAOHERC LOTER, EALK,

3. B » &
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Breobl, ~REZKEEALEZVWERX 5.0cm ok # (Luminous bunsen flame) i ko
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Specimen

Luminous
Bunsen Flame

I

21 ,
: © 45cm

Liem

— Luminous

1o Induction COI.L' Bunsen Flame

Distance from burner top, cm
- (Y @ S (o o . = ©

Aperture—;
» b 20cm ——rH

Fig. 1. Apparatus for the flame test. Fig. 2. Temperature distribu-
Airifor combustion is admitted th- tion luminous Bunsen Burner
rough an aperture at the base of one as employed in vertical flame
side of the chamber, the products test.

of combustion are exhausted by me-
ans of a chimney .at the tep of the
box.
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®  untreoted sample i
Q9 untreated hard board in Cammerciol
boric acid- borox(10%) impregncted
70 ié clltorinnitda! pl;;'glfm (.?mt)ed
mony oxide~70% ¢

oy oK e

» a  (1IN10%)
antimony oxide~40% chiorinoted

. paratfin((:2).
tead chmmafe,(sﬂ'/.)m ot )m)
ferric oxcid (32%) .
antimony oxide -70% chlorinated
paratfin(1:(4%)

@0+ % 4 PO O

Aftertloming in seconds

L \2 3
YR V]S ol
4 5 678910 15

brnde e : s
02 o4 06 08 / 2 3
Time in minudtes

Fig. 3. Relations between afterflaming and time for ignition by pilot flame
(at 800°C).
* total add-on (%) by weight for oven dry pulp.
** B, E.—Burned to the end.
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Fig. 4. Relations between afterglowing and time . 1R 0/ vR Iy e A
for ignition by pilot flame (all samples were not <1 : .D 231526V & /hjt nR.\»J‘\H“VI‘
afterflaming). InEAE BRI S R U A BRI A &
* total add-on (%) by weight for oven dry pulp. FERXFF SN U AMESED bR

%k | » 1~ - .
C. C.—Completely consumed by afterglow. 2 A%, DAL B o AE E & dt
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CHRUABMRIEET 5. & < ICKEEEBILAWEE KR F ShT 505, KEHR
DREFE VL 7 4T AP R TR I AR M A B CIIRRE  FE L, ﬁ%ﬁé%mmém
RBET %, %@%%%%®ﬁF%T?aTﬁexém&5o

glow rate* (ém/ sec)

7%'@HﬂﬂMMLpMﬁOimmegmmdhmdMMni 8x10-4
9% Na,WO0O,-2H.0 impregnated hardboard 7x107¢
6% NazMoO,-2H;0 impregnated hardboard 1x10-3

* average of three specimens
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O ammonium suttgiate -~ammonium phosphate(i: D05

BRI AER I N B L KEE S BILS

3 3 ¥ ﬁ. % &)
7**%%=m WA O R A — R nZER & bR

! 2

Time in minutes

3 4 567450 8 ZCEEREED LT e RE% R
T, Lo LRGBS BILEmEEHINL i

Fig. 5. Relations between residue of combus-

tion and time for ignited by pilot flame (all BTN 7 73 AR BICIRE R 3
samples were not afterflaming). PI 5, ThEEBROW L WOk ABE
* total add-on by weight for oven dry pulp. IR A BIRA B & BN BRI I BUR A <
agwwwﬁﬂmJ T DRBEL LT 272D Th %o
108F b)) &R LY OB R DWW T
—— S BELY & BMIT ~ — A — FICURIN L 5 a o b s
s} sfat g Fig 6 IWRL, ¥, LB EERERSA TV 5K
i CiEL AMPIRAIORERNR bR L OKEES B A OB ke
s sof ¥ 200 % Table 1 IR LCTH 5o
§ §§§ WA OHRE AR — Vs OO 3 BEILic10~13F T2
3T KU, DSB8 Lk < C O IRBE % TIRBE % Mk 3 20 X
A Bk LhiE s — F A= FRELEOEE TH 6 75107 ~205
wr DBt 2 2dDdbdH D & INTWDEA, RERICE T
- R T HEH LB ETET, LS, HRETH S &
N I .

0 20 40 60 80 -00
% ‘add-on” of metollic 0Xides

Fig. 6. Effect of metallic
oxides when applied
alone their flame- retar
dant efficiency. F
* B. E.—Burned to the

end

B LDDLHFREYITH 5,
Tﬁﬁﬁ%@k%%ﬁ%bf+—b@%ﬁﬁ%ﬂi?%;
TARMBHEIC 7 AR, 5 AT 4 —, Bk YO
VAR A 2 N 2 T OB KRS 558 LR U B Sl
T 560 THh 505, Fig. 6 3318 Table 1 Wifpd X 5K,
=Bt 7 v 7= 0% E, BEE A X C78%, Mibs %
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v CT4Y%, —MBIbEAT81Y%, MILE—8kCT6%RBE O UL BOHME Lk FhuEz o
WSk v T hid, PRI R TV ARG KA KEEEBIEAY310% T o4
MWIRIME T RELXRBT 20 LCAFTh Y, BikErb5 L skedic ERom &
CHRINE THEA~— F A~ FOREOETFR ERANE N, ’

iz 15, Table ORMOE(ER J. E. Ramssorrom 8 L8 A. W. SnoaDW 23 multi bath
process T AMAICH LT D RE LB OV K5 NERIEINE LT Lk b0 TH 5o
chic g, BEMEEL R LTEx 5 biE, Mbek Mibx X, B, Mib~vrv
% RMREHE T U CHUR20 % s - AU ZMBE A fLIE TE 5 2 LT b0 AERERClZ~— ¥

Table 1. Relative efficiencies of various insoluble materials compared with the soluble
flame-retardants for hardboard.

Materials v Add-on (%) Afterflaming |Afterglowing
Type for hardboard | for cotton* (secs.) (secs.)
1. Insoluble flameproof agents': v
Antimony oxide : 10 79 B.E.** _
N - 30~40 ' 10~0 >100
; 80 : 0 >100
Ferric oxide 10~40 19 B.E. —
Stannous oxide 10~40 — B.E. —
Stannic oxide 10~50° 20 B.E.
- 78 0 >100
Titanium dioxide 10~54 — B.E. —
74 0 >100
Lead monoxide 10~30 21 B.E. —
80 0 >100
Lead chromate 10~68 34 B.E. —
Manganese dioxide 10~69 ‘ 22 B.E. —
Zirconium oxide 10~63 — B.E. —
Ferrous oxide 75 0 >100
Bismuth trioxide 10~44 40 B.E. —_
2-a, Water soluble flameproof agents :
Boric acid-borax (1 : 1) 4 0 20
Ammonium phosphate 7 0 95
Ammonium phosphate-ammonium 13 0 17 .
_sulfamate 1 : L L I L
2-b, Water soluble flameproof agents :
Sodium silicate 10.9~17.8 20 0 >100
Sodium tangstate 6.2~ 9.0 0 C.C.**
Sodium molybdate 4.0~ 6.0 6 0 cC.C.
Ammonium “molybdate . 6.3~ 9.8 0 c.c.

* Minimum quantity necessary to prevent flame propagation for cotton fabricst®,
** B, E.—Burned to the end.
C. C.—Completely consumed by afterglow.
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Mokedicid 2, 3OHEOEAEY, LrZBCEMLATRERDRY, Lax UAREEE
FILEW L L ONEMPKKBEICE Sk &, KIGL TR RET 58 LR T
beZibhTnwb, Table2 kX Fig. 7T Bchuw — FA—~ Fic BEA Lk RERFER
BTTe CORYEIBAT 2 )=, RYEY~FFI 0S4, ELE = A—{E =
VT VEIIRB LB Y =) FUBBORARERER TR ZN10.1, 9.0, 12.08 X T07.2%
T, ThHUEOGRBELZHET DX, BN, S8, Witk &Rz Lia tr
bive Rhbbhd X5 CREROSBBE TR AR IFTcE v,
¥ e¥ifb i3 7 4 v1340% (CaaHuCl) 3 &

LT

of

o s

% tEFEIEI DD (CoHzCla) # v
“ Foo e FA— FADIEA, SEBIL40%%E
EelL, chBEommzisShlv, 70%%E

8ot O 70%-chlorinated poroffine

® 40%- " b3 74 V1134, 2%%@{%3%7}%02& BN/
v borsore hovchinite L HHEREBLR, BUAMEL15~23. 78 R
“f o limiidere Hortl e F12MAIEDWT) ThH B, TOXSICHKL AR
2 i e rochirice FOEWEHO 15k LCORmEE: (RIS 5

40F

SEBYO X > REMP LT EnELD
N5, 40%¥E~<5 74 VIREARRDL0% %
BRIV TCHHRMERRIE Lk,

W7 =Y vEIF=rvvsF7T I ViERE
BN AN I DEAREH T, *OPEERIFH T <hT
% "add-on” of chlorinoted bodies . B 2%, EE]\%VC%H %A F @H?l?‘z%, %E .
Fig. 7. Effect of chlorinated bodies BB T = ) v OBAICEL <,

when applied alone on their flame-
retardant efficiency. E R U,

20F
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Table 2. Flame proofing efficiency of various chlorinated bodies.

Chlorinated bodies Add-on  |Afterflaming | Afterglowing
Type Chlorine (%) (secs.) (secs.)
content(%)
Paraffin 73.6 5.32 B.E.* —
15.63 B.E. —
34.23 0 15,3~23.7
Paraffin 39.0 4.58 B.E. —
10.61 B.E. —
31.43 B.E. —
40.00 B.E. -
Pentachlorophenol 66.6 10.10 B.E. —
Benzenhexachloride 73.6 9.00 B.E. —
Vinylchloride-vinylidene chloride resin 61.1 12.00 B.E. —
Vinylidene chloride resin 60.2 7.20 B.E. —
Anilin hydrochloride 27.2 20.11 0 >100
Ethylene diamine dihydrochloride 53.3 11.29 0 >100

* B. E.

—Burned to the end.

d) &ERLY LEERIEAY O A X 2B RME L C AN
B X5 e RS BRI & EERLAY Y T E BRI W e fa, Rl b o xR
WTEBOHME Uk TRBIRERHIFETCE RV, co2202fG8 eBaT ik
Mr b bbt, o OFME &R A Table 3, Fig. 8, 9 8 XX 10 1CET, 22 THLNSD
I3k, — it s 74 vESEBET vFE v REAE S LEF T SR AR EY H

BE. R OO
L_ PN 0= 09% 55,05 impsegnated
100F ~o= /6% Sh,0z
—0— 3/ % 55,03
s
8
<
Q
g
@ o}
5
[e]
2 o
g a}
=
“
&
N
<T [0]
20k \
0 - 68-0—0080-0-00- 040 O—
0 5 /0 /5
% ‘add-on"of 0% chiorinuted paruftin
Fig. 8. Effect of 709 chlorinated

paraffin on their flame-retardant
efficiency with various contents of
antimony oxide.

b, o &BRIEY L MEae T »RE
Vo LLIEEIET 74 YV OYSINE 23 i
88k, BEE A X, TR~y v XU
{bR1210~20% DY THi KT T & 5,

x ¢, Table 3 % L Fig. 8 lwk\W\wC70% a1k
RZ 7 VEZRMET v v OPF A I DWW T
FrCHhLE, =BT VFEVORMESERE
n0.9, 1.6, 3.1 8 XU 56D%HA, FHCHEEA
MR X 7 CHERMTRBICER IS D
b5 74 VOBRETNFNIS, 8.5 5.18IK
5% COBE TR AMEELRIT 5, Fig. 9 &
J o Fig. 10 TRT IS =L 7 vFE VYD HR
{EEZI0% U Lic T iEtafb <5 7 4 VIREREH
B40XD LD TIOX O ERRE, T0%ER LI TW
550 TLHUTORBRECHAELXRIET 5, &
b5 74 VOGEREBEXIOXWHU TR Z 5 &k
Ebio X 5w s E 2 e < C bR TR L
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Table 3. The effect of various insoluble metallic oxides on their flame-retardant efficien-
cies when combined with chlorinated paraffin.

Chlorinated paraffin Metalic oxide Afterflaming* | Afterglowing*

Chlorine content add-on Type add-on (secs.) (secs.)
(%) (%) - (%)

39.0 10.0 Sb20s 6.0 28 >300
10.0 10.0 0 >300
2.5 20.0 0 >300
73.6 6.6 0.9 B.E .** —
9.5 0.9 450 90
9.8 0.9 0 40
55 1.6 B.E. -
8.6 1.6 28 .4 127
8.8 1.6 0 120
2.7 3.1 B.E. —
5.1 3.1 0 180
4.0 5.0 B.E. —
4.5 5.0 0~35 >300
5.0 5.0 0 ->300
2.5 20.0 0 >300
73.6 6.0 SnO; 10.0 B.E. —
22.7 10.0 0 23.8
7.2 20.0 B.E. -
4.5 40.0 B.E. -
73.6 8.5 PbCrO, 20.0 B.E. -
73.6 8.4 Zr0, 10.0 B.E. -
9.0 20.0 B.E. —
73.6 8.9 TiO, 10.0 B.E. -
6.3 50.0 B.E. -
73.6 19.7 PbO 10.0 23.6 >300
7.0 20.0 B.E. —
73.6 8.6 FeO 10.0 B.E. —
73.6 5.2 SnO 40.0 B.E. —
73.6 8.6 MnO, 10.0 0 >300
73.6 4.8 BiO, 16.0 B.E. —
73.6 16 .4 Fey04 10.0 65.0 >300
23.1 10.0 0 >300
16.9 20.0 0 >300

* average of ten spésimens.
average moisture content is 7.96%
** B.E.—Burned to the end

filswB s, Fig. 9 i« 0EHEbaWe=mt7 v 52 v (5%) BHAMLELO R
ZRTo Tk Table2 A b2 X 5 ICHBMAME TR RRE R oy =) F
vEIRMEERE T AN AR T, b= —Ebe =) FUBER SR T v v OR
ME S5 B TEELBRERIAR WS, BMELZIORC T2 &icEoT, LWl rrd,
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*
RE;L—GDW——*
100E 5% 5b,0, 0% Sb,03
® 40% chlorinated
O 0% chlorinated poratfin paraffin
© Vinylidene chloride resin
80 © Vinyl Chloride-vinylidene chloride
& anilin hydrochloride resin.
9 x Ethylene diamine
@ i dihydrochloride
S & ¥ 7-.Benzene hexachloride
@ O pentachlorophenol
§
“~
$ 40
{l i
<
201
Ol OB 9-Q Q0300 e A e e £ L3 O IO =
0 5. 10 15 20 0 ) 10 5
B2ai¥ on'pf chlorinated bodies % ‘adid on’ Of chierinated bodies

Fig. 9. Effect of chlorinated paraffin on their flame-retartdant -efficiency
with antimony-oxide.

* B. E.—Burned to the end.
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Fig. 10. Effect of chlorinated par- VIERERERIERD v areL 7. s -

affin on their flame-retardant
efficiency with antimony-oxide.
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Fig. 11. Efficiency of zinc borate as anti-glow agent

when used with antimoeny oxide-chlorinated paraffin F100B AR b, 20T
flame-retardant hardboard. (all samples were not ,ym EFTH LRSS, 70%

after flaming).
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i) BRREEIERRcoWT

BEALALEE U 7 RBt o — IR 2 BAFRIBRE97 %, TRIE 40°+1°C oF v —sdhick &, Lok
BREEIMERARE L EREY Fig. 12 38X Fig. 13 wiLk, REIhs k5
IKEHER R F A Lc b oic b L <702 b7 7 4 VLI L2 b 0o RTREER, E IR
Ry <, k7 74 YRIERILOEERE L, »OoX0GHERDEV b OBRBRIBIC

THMHER T <h TS,

20F

Moisture content in %

Time in hrs.

Fig. 12. Relations between the moisture
content of flame retardant hardboards
and time exposed at 90°+1°C with 98%
relative humidity.

(1) 70%-chlorinated paraffin : 16.8%
(with 10% Sb,03) impregnated.

(2) 70%-chlorinated paraffin : 6.0%
(with 10% Sb20s).

(3) 40%-chlorinated paraffin : 14.8%
(with 109 Sbe0s3).

(4) 70%-chlorinated paraffin : 11.8%
(with 209 Sby0O; and 10% zinc borate).

(5) 70%-chlorinated paraffin : 40% (with
209 Shy0s and 10% zinc borate).

(6) ammonium phosphate : 96%.

(7) ammonium  sulfamate-ammonium-
phosphate (1 : 1) : 14.2%.

(8) untreated (no-sizing board).
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®
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02 -6 24
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TFig. 13. Relations between the swelling of
flame-retardant hardboards and time
exposed at 40°£1°C with 98% relative
humidity.
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Fig. 15. Relations between the swelling of
Time in hrs. flame-retardant hardboard and time
soaked under. 3cm of water at 20°%0.5°C.
(1) 70%-chlorinated paraffin : 16.8%
(with 109 Sb;0;) impregnated.

Fig. 14. Relations between the water-
absorption of flame-retardant hard-
boards and time soaked under 3cm

of water at 20°-£0.5°C (2) 70%-chlorinated paraffin : 6.0%
' (with 109 Sbz0s).
DT NMEZ R L TWADRE2T 74 VO (3) 40%-chlorinated paraffin : 14.8%
— e . . (with 10% Sb.0s).
A2 A% N X N HE ¥R N N
ARy s\ RICHIfR S o R TR b 5 7 (4) 70%-chlorinated  paraffin : 11.8%
Keg L g+ sEE b okcdEL bR (with 209% Sb0; and 109 zinc borate).
5o WEFERIC LT AWK Lt 7 4 (5) 70%-chlorinated paraffin : 4.0%
. . (with 209% Sb,03 and 10% zinc borate).
N - ML 2
VAL bORT ChAERERT. (6) ammonium phosphate : 9.6%.
g) mhiFmE (7) ammonium sulfamate-ammonium-
PRBERBARF & [ U Ak Ric %k Licta 5 phosphate : 14. %.

o o (8) untreated (no-sizing board).
T4V ZRET vFE VI Lo — F A~

FOT REAEEY 53 2 Table 4 O 3, Tibb, EAHESFEEAE— < 380kg/

Table 4. Bending strength of flame retarding hardboard using antimony oxide-chlorinated
paraffin and zinc borate.

Materials adiderq and percent of mixture i Bending strength* Specifi c‘
Antimony oxide 70% Chlorinated | 40% Chlorinated | Zinc borate (kg/cm?) gravity

(%) | paraffin (%) paraffin (%) (%)

9.0 6.0 0 0 518 0.9
19.6 6.8 0 0 518 1.0
20.0 11.8 0 10 495 1.1

9.6 0 10.4 0 533 0.9
13.4 0 4 15.5 0 570 1.1
20.0 0 t 6.4 10 503 1.0

Untreated hardboard 380 0.9
Untreated hardboard in commercially 400 0.9

* average of six specimens.
average moisture content is 7.969%.
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cm?, Wi, 400kg/cm? wwxt L-C70%¥ k<5 7 4 v % 6 % & L 06.8% &R, =7 v
EVEENRFRI 0%, 19.6% WwiNLebokwihd 518kg/em?, 70%¥alt <5 74 ~11.8
%, =Wib7 v ' v20%, MEEESRI0% AT O b T 495kg/cm?, 40% b5 74 v#&
FNFENI10.4, 15.5% &R L, ZBE7vsevidrh £ 9.6, 13.4% %M L Ok
533kg/cm? 35 X f 570kg/cm? OBEA R L, 40%E4T5 74 v6.4%, ZWLT vFEV
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Summary

Flame retardant agents based upon metallic oxides and chlorinated bodies,
alone or in combination, were described for hardboard.
Board Preparation,

Flame retardant hardboard, 15c¢m in width, 15c¢m in length and 0.5c¢m in
thickness was prepared by hot-pressing metallic oxide impregnated, wet pulp
mat.

Insoluble metallic oxide was added to the pulp slurries, and then the paper-
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makers’s alum and ammonia water was added to precipitate the metallic oxide
onto the pulp before wet mat formation.

By means of soaking or pressure applying, the chlorinated bodies were
impregnated into the hardboard, as solution in a suitable organic solvent such
as trichloroethylene, methyl ethyl ketone, methyl iso-buthyl ketone, ethyl alcohol
and acetone which remove easily from the board by drying.

Testing Methods :

Burning test of flame retardant hardboard was carried on by means of the
following method :

Specimens of flame retardant hardboards of 2 ¢cm wide, 10 cm long and 0.5cm
thick were suspended vertically in the apparutus and their lower end were
ignited with luminous bunsen flame (Fig. 1).

The temperature distribution of the luminous bunsen flame is shown in
Fig. 2.

 As an index of flame proofing efficiency, afferflame was measured by the

time in seconds which the board flames after the source of flame has been
extinguished, and after glow was also measured by the time in seconds which
the board glows after all flamings have ceased.

For the test pieces of water- and moisture-resistance of board, six specimens
of 3X3cm were cut from each board. They were oven-dried at 105°C, and then
weighted and the thickness were measured. The specimens were then soaked
horizontally under 3cm at 204+0.5°C, for 2, 6 and 24 hrs.

Other six specimens were exposed at a temperature of 40°4+1°C and a relative
humidity of 98 percent for 2, 6 and 24 hrs., and the change of the weight and
the thickness were also measured. The rate of water absorption, moisture
absorption and swelling in thickness were calculated by the following formulas.

rate of water (moisture) absorption=

‘(final weight after absorption)-(initial weight)
initial weight

X100(%)

(final thickness) -(initial thichness)
initial thickness

rate of swelling= x100(%)

Six specimens sized 5X20cm were cut from each board. And the bending test
was done according to JIS-A 5907.
The experimental vesuls

1. When the metallic oxides were applied alone, antimony oxide only give a
slight flame retardancy under high add-on in comparison with/ the effective, but
water soluble flame retardants. Relative efficiencies of various insoluble ma-
terials are shown in Table 1 and Fig. 6. 4
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When the water insoluble chlorinated bodies were applied alone chemicals
other than the high add-on of 70 percent chlorinated paraffin had no flame retar-
dant effect (Table 2 and Fig. 7).

2. The results of the burning test for combinations of metallic oxides and
chlorinated bodies are shown in Table 2 and Figs. 8, 9 and 10. Combinations
of antimony oxide and chlorinated bodies are very effective. Of the chlorinated
bodies applied with antirhony oxide 70 percent chlorinated paraffin, vinylidene
chloride resin, vinyl chloride-vinylidene chloride resin, anilin hydrochloride and
ethylene diamine dihydrochloride, were most effective. 40 percent chlorinated
paraffn, benzene hexachloride and pentachlorophenol were shown to be less
effective.

3. Flame proofing efficiency of the combination of antimony oxide and chlorin-
ated bodies appears to be dependent upon not only the initial chlorine content,
but also the volatility of the compounds at flame temperatures and the nature
of the chlorine bond. This fact is also suggested by the following experimental
results that 70 percent chlorinated paraffin which producess potentially and ac-
tually available hydrochloride is more effective than 40 percent chlorinated paraf-
fin which produces low hydrogen chloride. However, aniline hydrochloride which
has only 27 percent of initial chlorine content is very effective, while benzene
hexachloride and pentachlorophenol imparted poor flame retardancy in spite of
their high initial chlorine content of 73 and 66 percent.

4. Fig. 11 shows the anti-glow efficiency of zinc borate mixed with antimony
oxide and chlorinated paraffin.

5. Results of moisture and water absorption test are shown in Fig. 12, 13,
14 and 15. Water resistance of treated hardboard is especially imporved by
means of impregnation of 70 percent chlorinated paraffin.” The improved water
resistance may result from insoluble and water repellent properties of paraffin.

Table 4 shows the results of the bzanding strength tests. of the flame retar-
dant hardboards using antimony oxide-chlorinated paraffin and zinc borate. As
obvious from the table bending strengths are all higher than untreated one.

This improvement of strength may result from the same effects as the oil-

temper treatment by impregnated paraffin and applying high temperature.
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