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Oxygen Index of Fire-Retardant-Treated
Plywood in Burning Test'
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ABSTRACT

To obtain relative effectiveness in fire resistance among fire retardant chemicals, oxvgen indices were
determined for 3.5 mm thick, three-ply, meranti plywoods, treated with 5 commercial chemicals and
water and then press-dried, through Up and Down method following oxygen index test of ASTM D
2863-77.

The oxygen indices obtained were 28.4 for ammonium sulfate, 26.7 for monoammonium phosphate, 43.4 for
diemmonium phosphate, 30.1 for borax-boric acid, 32.4 for minalith, and 25.5 for water. Therefore,
dizmmeonium phosphate was found to rank first in fire-retardant effectiveness. followed by minalith,
borax-boric acid, ammonium sulfate, and monoammonium phosphate in turn, judging from the fact that

highly flammable materials are likely to have a low oxyvgen index.

Key words © fire vetardant chemicals, plvicood, oxygen index

E 0®

itk BIE e HiErel BPACRE el Wmatstel 21 fsted vlsbe] (meranti) {r#ell SRSl ik of
KEES st BiEEAl 7 o2, ASTM D 2863-779) E&HiREE o 713te) Up and Downihd %

s 7hzbe] BEIEHE T3
ABgERol olelnl WU Lol 28.4, BUEBUT ol 26.7. M2BMSHwiel 43.4, MFY- @ikl
301, wigelart 32.4, el KEHECF 2559 EEEIEHE Jrbdledl, BEEEe]  MELSE e
BERFE S Adcks FEE vl Fo] & o ghABIM @ kR FUREES 2y, el a, - e
Eony, BIHEEUE Y HoE b RAE -
Where a greater level of fire resistance is needed,

INTRODUCTION wood products such as plywood can be treated

with fire retardants.

Plywoods have been favorably used for interior The effect of fire retardants on fire resistance
contents due to good workabilities, aesthetic can be easily estimated through a convenient
values, etc. but their weakness against disastrous procedure of oxygen index test, This test
fire remains a critical problem to be solved. measures the minimum concentration of oxygen,

Y oiEaE 19894 10H 13H, Received on October 13, 1989.
oa] Gopoky Bl EL College of Agriculture, Seoul National University, Suwon 441 744, Korea



420 BTl ol B ARG ] BRI

1.e. oxygen index, in a flowing mixture of
oxygen and nitrogen required to maintain flaming
combustion of a specimen. The oxygen index is
expressed as volume percent of oxvgen in the
flowing mixture and highly flammable materials
are likely to have a low oxygen index.

Originally, this oxygen index test was developed
for obtaining a numerical indication of relative
flammability of polymeric materials by Fenimore
znd Martini1966a, by . Later, the applicability of
vsing  this  oxygen index test to obtain an
indication of the relative flammability of fire
-retardant-treated wood and wood products was
proved by Whitet1979), Yoshimura and Umemura
119801,

shimura and Horii {1980, .

Yoshimura and Miwa(1980), and Yo-

White 1979: reported that oxygen indices were
higher in Douglas -fir plywoods treated with 8 fire
ratardant chemicals than in untreated one, and
increased with an increase in the treatment level
of chemicals. Yoshimura and Horii(1980) indicat-
ed that sapwoods of Cnplomeria  juponica and
Fuagus crenata treated with diammonium phaosphate
snowed higher oxygen indices than with ammo-
nium sulfamate.

On the other hand, Lee and Kim (1982 suggest-
ed that meranti plywoods treated with fire
retardant chemicals showed greater fire resistance
than untreated one and the most effective
chemical was diammonium phosphate on the bases
of weight loss rate, burning time, flame-exhausted

time, and carbonized area, leeil984. noted that

the rate of weight loss decreased as the chemical
retention increased, especially in moncammonium
phosphate treatment, in a studv on solid wood of
Popudus alba-grandidosa

This study was conducted to obtain  and
compare oxygen indices of meranti plywoods
treated with commercial fire retardant chemicals

including water .

MATERIALS AND METHODS

Plywood Specimens

Meranti{ Parashorea  spp.)  plywoods, 3.5mm
thick, three-ply, for upper interior grade were pur—
chased and cut into 15cm x 15cm sections for fire
retardant treatments. The sections with visible
defects such as starved joint, knot, etc., were
excluded and clear sections were conditioned in

laboratory of 659% RH and 15 for 14 days,

Fire Retardant Treatments and Press-drying

Fire retardant chemicals used in this experiment
were listed in the Table 1.

The clear plywood sections controlled to
moisture content of 12.69-12.74% were treated
with chemicals in specially devised soaking baths,
5 liter beakers to which thermometer attached, in
a thermostatic chamber for 9 hours. Hot, at 60°C
for 6 hours, and subsequent cold, at 11°C for 3
hours, soaking method was applied to water,
ammonium sulfate, monoammonium phosphate,

and diammonium phosphate, Only hot soaking

Table 1. Fire retardant chemical types, compositions, and chemical retentions.

Chemical type Composition Ratio (%)

Concentraion (%)

Cheniical retention_Kg/(30cm) )

Ammonium NH,LS0, 100
sul fate
I\Iunnam-monium NH,H,PO, 100
phosphate
D e INH,,HPO, 100
Borax -boric acid Na.B,0- 60
1, BO, 40
Minatlith (NH,),HPO, 10
(NIL,),S0. 60
Na.B.0O, 10
H,BO, 20

Plain tap

Watericontrol) water 100

20 1.263
20 1.353
20 1.331
20 1.226
20 0.906




SRR Ll T8

Table 2. Press-drying rates and specific gravities

of treated plywoods

Drying rate
9% M.C./min_}

Chemical type Sp.Gr,

Arimonium sulfate 1.287 0.60

Monoammonium

1.712 0.63

phosphate
Diammonium phosphate 0.980 0.53
Borax-boric acid (0.594 0.57
Minalith 0.743 0.62
Watercontrol: 2.040 0.53

treatrient at 60°C for 9 hours, however, was
applied to borax boric acid and minalith due to
their immiscibility and low solubility in cold
sotution. These soaking methods followed treating
processes by Kim e/ «f., 11984

After fire retardant treatments, the samples
were redried between aluminium cauls in a hot
press at a platen temperature of 90C and a
pressure of 3.52kg/cm?. Press-drying was progres-
sed following Chen's cyclic step drying method
(1978 and terminated at the moisture content of
ca, 10%. the target point calculated backward
from the measured weight during drying process.
The press-drying rates of samples treated with
chemicals and specific gravities after press-drying

were tabulated in Table 2.

Oxvgen Index Test
The oxygen index was determined, through
large N technique of Up and Down method by
Dixon and Massey 1969, for each fire retardant
treatment with the help of an Oxygen Index Test
Apoaratus, Model FTA Serial No. 945, Stanton
Rederoft Co., following the oxygen index test of
ASTM D 2863-77(1977) .

The specimens for oxygen index test were cut
into 6.5mm wide and 70-120mm long with the
grains of faces and backs parallel to the length
from the plywood sections of 15¢cm x 15cm after
chemical treatments and press-drying. The num-
ber of specimens for each treatment was 20 and
tested at the gas flow rate of 3.05cm/sec. in the
test column.

The oxygen concentration interval of 1.0 % was

used in up-and-down sequences of trials., In an
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oxvgen concentration, the specimen burned for at
least 3 minutes after removal of igniter or burned
down 50mm was marked with X sign and the
specimen extinguished before the satisfaction with
the criteria of 3 minutes or 50mm was marked
with O sign. If a test at an oxvgen concentra-
tion was marked with O or X sign, the next test
was  made at the higher or lower oxygen
concentration by its interval of 1.0%,. respectively .
The oxygen index(X) and standard deviationis
were calculated, based on only O or X'
depending on  which has the smaller total, by
using below equations :
R=:¥i+d/2, ¥=Zyn/En,

Sy - (Svingyin

s 1.620(s.2/d% - 0.029), S.7=
n-1

where, v, D oxygen concentration value

n,  frequency of O’'s or X's at v, level
d :interval of oxygen concentration

I cused when the analysis is based
on the O's or X’s, respectively

n= i,

RESULTS AND DISCUSSION

Results of 20 tests for each chemical treatment
in 3.5mm thick, three-ply, meranti plywoods by
up and-down sequences of trials are depicted in
Fig. 1 and the oxygen indices calculated from the
test results using large N technique are tabulated
in Table 3.

Table 3 indicates that oxygen indices range
from 25.5 for water treatment controby to 43 .4 for
diammonium phosphate treatment and the chemi-
cal treatments appear to be effective in fire
resistance in different degrees with chemical
types. The diammonium phosphate ranks first in
fire-retardant effectiveness, followed by minality,
horax-boric  acid, ammonium  sulfate, and
monoammonium phosphate, judging from the fact
that highly flammable materials are likely to have
a low oxvgen index.

Goldstein(1973)  described that diammonium
phosphate ranked first in fire retardant effective-

ness, followed closely by monoammonium phos-



422 R daEkel ol g dit Ak EE el MRS

Replication .
Oxygen concentration|1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Erequency
Chemical type %) Os X’s
2 10 0 0 T Ty
27 O X X 0] (¢} 3 2
Ammonium 28 X X O 1 2
sulfate 29 6} O O X| 3 1
30 O X X X 1 3
31 X 1
25 0 0 2
Monoammonium| 26 0O O X O X O 4 2
phosphate 27 0] X (6] O X X O Xt 4 4
| 28 X X X X 4
40 O 1
4] (0] O 2
Diammonium 42 X O 0] [s] 0 41
phosphate 43 X O X X O 2 3
44 0 ¢} X [ 2 1
| 45 X 0 X 1 2
| 46 X !
28 0 0 0] 3
29 0 X X X 0 2 3
Borax-boric 30 |0 X X O 2 2
acid 31 X O O O P31
32 X ¢) X 12
33 X 1
30 |0 1
K3 (0] 0 O 8} O 5
Minalith 32 X X X X O O 2 4
33 O X (0] (0] X 3 2
34 X X X 3
24 O 0 0 3
25 O O O X X 0] Q O] 6 2
Watericontrol} | 26 X ¢} X X X 0 X 2 5
R £ S X 2

Figure 1. Results of 20 tests for each chemical treatment by up-and-down sequences of trials. X and O
represent the specimen burned for at least 3 minutes after removal of igniter or burned down
50 mm and the specimen extinguished before satisfaction with the criteria of 3 minutes or 50
mm, respectively.

Table 3. The oxygen indices and standard deviations for each chemical treatment,

; ] . . Frequency® Average Standard
Chemical type Flow rate No, of specimen _reduency gL o
{cm/sec .} O’s X's oxygen index deintlon
Ammonium sulfate 3.05 20 11 9 28.4 3.5
Monoammonium o e 9 ne
phosphate 3.05 20 10 10 26.7 1.1
Diammonium 305 20 12 3 43 4 30
phosphate
Borax-boric acid 3.05 20 11 9 1 3.7
Minalith 3.05 20 11 9 4 1.4
Watericontrol; 3.05 20 11 9 5 0.9
* Frequency from 20 tests in up-and-down sequences of trials.
phate, and these mono- and diammonium phos- suppressed flaming. White(1979) showed that the
phates were highly effective in reducing both oxygen index increased with the increase in the

flaming and glowing but borax-boric acid only treatment level of fire retardant chemicals and
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ranged from 21.7 for the untreated to 78.6 for
treated, 1/4 inch thick Douglas-fir plywoods with

sodium tetraborate decahydrate and disodium
octaborate tetrahydrate at treatment level of ca.
7lb/fts.

oxvgen indices of Cryptomeria japonica and Fagus

Yoshimura and Horii{1980) noted that

crenata sapwoods  treated  with  diammonium
phosphate were higher than with ammonium
su.famate .

From the results of weight loss rate, burning time,
flame-exhausted time, Lee

and Kim(1982)

and carbonized area,

reported that fire resistance of

meranti plywoods treated with chemicals

the

were

higher than untreated and diammonium

phosphate ranked the greatest in fire-retardant

effectiveness, followed in turn by monoammonium
phosphate and ammuonium sulfate, and borax-boric
ac'd and minalith. Borax-boric acid and minalith,

however, appear to be more effective in fire

resistance than monoammonium phosphate and
ammonium sulfate in evaluation of oxygen index
values differently

result of Lee and Kim{1982:.

in this experiment, from the

Recently, Lee and
Chung(1989) noted that oxygen indices of untreat-
medium density fiber-

26.9,

ed. 9mm thick plywood,

board, and particleboard were 26.9, and

26 2. respectively,

CONCLUSION

The oxygen indices of 3.5mm thick, three-ply,

meranti plyvwoods treated with fire retardant

chemicals and water were 28.4 for ammonium

sulfate, 26.7 for monoammonium phosphate, 43.4

for diammonium phosphate, 30.1 for borax-boric

acid, 32.4 for minalith, and 255 for water
treatment . Because highly flammable materials
zre likely to have a low oxygen index, the

diammonium phosphate appears to rank first in

fire-retardant effectiveness, followed in turn by

rinalith, borax-boric acid, ammonium sulfate,

and monoammonium phosphate.
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