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A Comparative Study on the Mechanical
Properties of Plywood treated
with Several Fire Retardant Chemicals (I}’

— Effect of Soaking Time on the Static Bending
Strength of Treated Plywood -
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Summary

This study was carried out to investigate the influence of chemical type and its retention in the fire-retardant
treated plywoods on the static bending strength, a property peculiar to plywood. Being soaked in 207 aqueous
solution of (NH4); S04, NH4H; PO4, (NH4 ), HPO4, Borax-Boric acid and Minalith for 3 to 12 hours at three-
hour intervals and redried at 120°C in hot press, the treated plywoods were put to static bending test.

The values of chemical treated plywoods in Stress at proportional limit, Modulus of elasticity, Modulus
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of rupture and Work per unit volume to proportional limit were widely higher than those of water treated

plywoods(control} and Borax-Boric acid treatment showed the highest value in the four mechanical data. And

the bending strength of fire-retardant treated plywoods increased with the extension of soaking time or the

increase of chemical retention in themselves. Borix-Boric acid was the desirable fire-retardant for thin plywood

in view of mechanical strength and soaking defects in this study.

Key words: fireretardant treated plywood, static bending test, stress at proportional limit, modulus

of elasticity, modulus of rupture, work per unit volume to proportional limit.

Introduction

Plywood chiefly used for interior finish work
has pretty high inflammability and can cause big
fire disaster, so it is inevitable to treat plywood
with fire-retardants.

Soaking method is occasionally used in manu-
facturing the fire retardant plywood and redrying
problem without serious physico-chemical defects
comes to the front of us in this method. Lee and
Kim (1982) reported that the soaking treated ply-
woods had been dried in rather short time by hot
press drying method. They also showed that chemi-
cal retention in fire-retardant treated plywoods
increased with the increase of soaking time. Lee
and Chung (1983) treated 5.25 mm-meranti (Para-
shorea spp.} plywood with (NHg4), HPO4 by hot/
cold soaking method and redried the soaked ply-
woods at 160°C in 2.5 to 4 minutes.

There have been many experiments on the
effect of fireretardant treatment on the mech-
anical properties of wood and rather thick wood
based panel products. King and Matteson (19613,
Jessome (1962) and Percival and Suddarth (1971)
treated plywood and solid wood with fire-retard-
ants anc tested the mechanical strength on the
treated panals. Juneja (1972) treated wood and
veneer with chemicals and exploited a stable fire-
retardant. Jain, eral. (1975) studied the effect
of the assorted fireretardant chemicals on the
strength of the treated wood and plywood. Gerhard
(1970} showed how the drying method (air drying,
indoor drying and kiln drying) had influenced on
the bending strength of wood and LVL (laminated
veneer lumber). Chung and Lee (1984) also per-

formed the static bending test on (NH,); HPO,
ireated plywoods which had been redried in hot
press to investigate the effect of platen temp.
on the strength of soaking treated 5.2Smm ply-
wood.

The present study was undertaken to examine
the influence of the chemical type and retention
amount in the treated thin plywood on its bend-

ing strength in flexure.

Materials and methods

Sample plywoods and conditioning

Meranti (Parashorea spp.) plywoods for exterior
decoration on the market were used in this experi-
ment of which the size was 120 ¢cm (W) by 240 cm
{L) and 3.5 mm(T). Parts of the purchased ply-
woods which had defects as starved joints, knots
and scars was eliminated and the remainder was
cut into the size of 15 ¢m by 15 ¢m and condi-
tioned in the laboratory of 65% RH and 15°C for
2 weeks.

The number of total plywood samples was 144
sheets, the product of 6 (chemical type including

water) X 4 (soaking time) X 6 (replication).

Fire-retardant chemicals and others

Fire-retardant chemicals used in the soaking
treatment were tahulated in table 1.

A 5 liter beaker to which thermometer at-
tached was employed as soaking bath and set
in the temp. adjustable cabinet to maintain the
solution at constant temperature. And hot press
which had the spec of 48 c¢cm by 48 c¢m (platen
area), 350°C (max. temperature), 70,000 kg (max.

press.) and about 15 c¢cm dia, ram was used to
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Table 1. Fire retardant chemicals and their
compositions
Chemical(composition) Grade Concentration (%)
‘Ammonium sulfate  Reagent 20
{NH4)2 S04
Ammonium phosphate, Reagent 20
mono basic
NH4H; PO4
Ammonium phosphate, Vlv{wgaéent 20
di basic
(NH4)2 HPO4 o
Borax-Boric acid Reagent 20
Na3B40 60%
H3BO; 40% o
Minalith 7 Reagent 20 )

(NHa4), HPO4 10%
(NH4); S04  60%
NazB4O;  10%
H3;BO; 209
Water(controD

_Dlain water

redry the soaked plywood samples.

Fireretardant treatment and press drying

Using the specially devised soaking bath as
stated above, 15 cm by 15 cm plywoods were treat-
ed through the process as shown in table 2. to get
the minimum chemical retention proposed by
Koch (1972).

Because of the immiscibility of their compo-

Table 2. Treating processes by fire retardant
chemical solutions

~_ Treating }

™~ ime(hrs)
Chem:N 3 6 9 12

solution

Ammonium sulfate Hot* Hot  Hotand** Hot and
soaking soaking cold bath cold bath

Ammonium phosphate,Hot Hot Hotand Hot and
mono basic soaking soaking cold bath cold bath

Ammonium phosphate,Hot Hot Hotand Hot and

dibasic soaking soaking cold bath cold bath
Borax-Boric acid Hot Hot Hot Hot
soaking soaking soaking soaking
Minalith Hot Hot Hot Hot
soaking soaking soaking soaking
Water Hot Hot Hot and Hot and

soaking soaking cold bath cold bath

e >s"oaking in the solution at 60°C
** After hot soaking at 60°C, last 3hrs cold soaking
at 11°C.

sitions in cold solution, only hot soaking method
was applied to the case of Borax-Boric acid and
Minalith. Plywood samples had been controlled to
12.69-12.74% moisture content before soaking.

Fire-retardant treated plywoods were redried
between aluminium cauls in hot press under the
condition of 120°C platen temp. and 3.52 kgjcm?
pressure. Drying was progressed according to Chen's
cyclic step-drying method (1978) and terminated
about at 10% M.C, the target point counted back-
ward from rhe weight of samples weighed during

drying process.

Static bending test

2.54 em(W) by 15 ecm(L) samples parallel to core
grain were prepared for bending test and loaded on
the Shimatzu universal testing machine under the

operating condition shown in table 3.

jtem Condition .
Maxim\xn;géa B 2S5 kg
Load speed {0 mm/min
Chart speed 100 mm/min
~ 7 Sample thickness 3.5 mm

Sample width 254 c¢m

Span length . 8&sem
PL : proportional limit e
UL : max. load - UL

LOAD

0 DEFLECTION

Fig. 1. Load-Deflection curve.

By the load-deflection curve(Fig. 1) from the
static bending test, we calaulated four mechanical
data, i.e., stress at proportional limit(Spl). modulus
of elasticity{ MOE), modulus of rupture{ MOR) and
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work per unit volume to proportional Lmit(W ). Py maximum load
The calculation formulae are as follows. V : volume
S = 3PL/2bh
MOE =PpL/4Dpbh Results and discussion
MOR = 3P, L/2bh
W =PpDp/ 2V As the soaking time increased for 3 to 12 hours,
wh, Dp;: deformation at proportional limit fire-retardant solution absorption and chemical
Ppi: load at proportional limit retention in treated plywoods also increased gra-

Table 4. Mean and L.8.D. value from split plot design analysis of treated plywoods in flexure

Soaking

Chemical, A time, B Spi{Kg/cm})  MOE (Kg/em?) MOR (Kg/em®)  Wj;(Kg-cm/em®)

3 148.25 1674.98 271.55 0.0371
Ammonium 6 160.56 16651.62 278.04 0.0402
sulfate 9 173.61 16196.07 280.70 0.0482
12 193.26 1947245 310.65 0.0500
Mean 168.92 17198.78 285.23 0.0438
3 163.89 15533.92 288.62 0.0451
Ammonium 6 186.37 18262.98& 320.20 0.0501
phosphate, 9 188.89 17878.77 328.59 0.0508
mono basic 12 170.32 1652792 284.60 0.0520
Mean 177.40 17050.89 305.50 0.0497
3 177.75 1891382 286.11 0.0487
Ammonium 6 189.24 17803.79 317.81 0.0500
phosphate, 9 185 .86 17871.35 302.26 0.0518
di basic 12 188.39 18037.61 297.18 0.0588
Mean 185.31 18156.64 300.84 0.0520
3 195.45 17130.20 294.71 0.0658
Borax. 6 21734 18818.85 319.15 0.0701
boric acid ¢ 241.17 20398.75 352.00 0.0753
12 218.81 17626.17 292.19 0.0841
Mean 21891 18493.50 314.51 0.0721
3 20461 17236.15 290.70 0.0641
Minalith 6 199.15 16936.93 308.24 0.0651
9 187 .85 16745.10 262.89 0.0671
12 203.79 16330.93 305.93 0.0675
Mean 198.85 16812.28 291.94 0.0662
3 152.72 14919 .42 273.69 0.0391
Water 6 162.74 17241.57 281.78 0.0380
(Control) 9 142.08 16436.10 251.90 0.0350
12 151.58 17684.09 283.81 0.0360.
Mean 152.28 16570.29 272.79 0.0370
3 17378 16701.41 28423 0.0571
Sub-plot mean 6 185.90 17619.29 304.29 0.0584
9 186.58 17587.70 296.39 0.0567
12 187.71 17613.20 295.73 0.0581

- A 34630%F 3.883F “B9BIFF 90.135%*
F-value B 2.398 .656 1.012 2.640
AxB 2.907 1422 1.980 3.618

AL -Ag (11.43,15.47)  (1138.21, 1439.90) (14.56, 19.70) (.004, .006)

L.S.D. value B;-B; (8.37,11.10)  (1112.86, 1475.99) (16.25,21.55) (.003, 005)

(0.05,0.01) A,;B;-AB; (20.49,27.18) (2725.95,3615.41) (39.80, 52.78) (.008,.011)
AyB;-AB, (21.11,28.16)  (2620.56, 3488.43) (37.41,49.76) (.009, .011)
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250}( sulfate treatment sz value increased steeply,
| BB instead.
«‘E‘ Modulus of elasticity(MOE}
'\;‘D BB The MOE of fire-retardant treated plywoods also
) MN
= ZOOWMN —oAS showed statistic significance among the chemicals
::_E P DP but the changing aspect was somewhat different
]
é MP from the case of Spt with the lapse of soaking time
é MP as seen in fig. 3.
o
& w
3 150 w {
2 AS W :y=.80203x+160.70 ? i
AS :y** =49360x +117.09 : Dp AS
MP v =73729x+ 169 .63 bP
DP :y=95182x+175.33 _ B
BB :y* =3.1312x+ 18532 ! MK w
MN @y = —-45949x + 203.67 | 3 MPp
100L 1 L L L i
3 6 9 12 T M MN
Soaking time(hrs) = 16
Fig. 2. Regression curves for the effect of soaking 'g |Aas
time on the stress at proportional limit z w
(Spl) of treated plywood in flexure among =z
S soaking chemicals. g W 1y =249.62x+ 13949
5 " AS 1y =28456x+ 14211
1 . . o g l4p MP :y=86.593x+ 16142
dually and every fireretardant chemicals except 3 DP :y = -85 369\ + 19053
Borax-Boric acid caused the soaked plywoods to BB :y=102.26x+ 17420
i ‘ MN :y = -96916x + 17830
swell up to some extent by the action of NH,
group. The soaking treated plywoods were redried 1”,%
pAT i i i
to reach the target point in {0 minutes or so at 3 6 9 12
120°C. Soaking time(hrs)
The results of the static bending test on the fire- Fig. 3. Regression curves for the effect of soaking

retardant treated plywood sampies are shown with

discussion as follows.

Stress at proportional limit(Sp/)

Table 4. and fig. 2. show the stress at propor-
tional limit of the treated plywoods soaked in
S-chemicals and water. As seen in table 4., there
was very significant difference among fire-retardant
chemicals and their effects were compared graphi-
cally against one another. Borax-Boric acid treated
plywoods were most excellent in Sy and their
values increased significantly with the extension of
soaking time. Water treated plywoods were lower
than any other chemical treatment and their S,
values decreased slightly with the increase of soak-
ing time. But fireretardant treated plywoods were

far from decreasing and in case of Ammonium

time on the modulus of elasticity (MOE)
of treated plywoods in flexure among §
soaking chemicals.

The tendency of variation in MOE was not
constant among S fire-retardant chemicals, in other
words, the values of chemicals in MQE were in-
coherent with the extension of soaking time, but
there were no statistic significance within all treat-
ments. The values of fire-retardant chemical treated
plywoods were superior to those of water treatment
except Minalith treated plywoods and Borax-Boric
acid also showed the highest MOE value in the same

manner in case of Sp;.

Modulus of rupture(MOR)
There was highly significant difference in MOR

values among fire-retardant chemicals, too. And
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their MOR values hardly changed with the soaking
time except Ammonium sulfate treatment which
showed abrupt increase with statistical significance.
As expected, the MOR value of Borax-Boric acid
treated plywoods was the highest and water treat-
ment showed the lowest MOR value. No particular
change in the order in MOR values among chemicals

was observed comparing with 5, values.

350

treated with Several Fire-Retardant Chemicals (1) %
09
I B

g

E MN MN
o |es® "

o

Iz 06 DP
..E—.' AS
= Mp

i [|op MP
e W

3 |As

= W
g 03p )

5 W y=-T85E03x + 04605

& AS 1 y** = 194E-02x + 02649

% MP y = .234E-03x + .04846

§ DP :y=.703E03x + .04457

BB :y** = 206E02x + 05443
MN :y = 372E-04x + 06673
0Ll I ; i
3 6 9 12

o~
g MP® > & DpP
%Q 300 Dp* N AS
2 Mg— / .

3

a

=z o — e oW
5] AS

3

3

2 250!" W iy=.01638x+272.62

| AS :y* =3.9988x+ 24324
MP @y =-.12189x + 306.78
DP :y=.58927x+294.65
BB :@y=.84323x+ 305.66
MN :y=.01060x +29183

2001 i J I i
3 6 9 12
Soaking time(hrs)

Fig. 4. Regression curves for the effect of soaking
time on the modulus of rupture (MOR) of
treated plywoods in flexure among 5 soak-
ing chemicals.

Work per unit volume to proportional limit(W ;)
Wy values also differed from one another with
high significance among fire-retardant chemicals.
And all the chemical treated plywoods excelled
water treated plywoods in Wp/ value and increased
with the increase of soaking time. Especially Borax-
Boric acid and Ammonium sulfate treatment show-
ed highly significant increase, on the other hand,
water treated plywoods decreased and remained in
the lower position compared with any chemical
treatment. Borax-Boric acid treated plywoods
also had the superlative value in work per unit

volume to proportional limit.

Soaking time(hrs)

Fig. 5. Regression curves for the effect of soaking
time on the work per unit volume to pro-
portional limit (W) of treated plywoods
in flexure among 5 soaking chemicals.

Conclusions

The ordinary soaking treatment and hot press
drying process have been the widespread and
practical method for manufacturing fire-retardant
treated plywood. This study was carried out to
compare the effect of the type of five-retardant
chemicals and retention in treated plywoods on
their own static bending strength which had been
manufactured by the abovestated method. From
the basis of results and discussion, we got the
foliowing conclusions.

The values of chemical treated plywoods were
generally higher than those of water treated ply-
woods and Borax-Boric acid treated plywoods
showed the highest values in four mechanical data,
that is, 85y, MOE, MOR and W;. And the bending
strength of treated plywoods increased with the
extension of soaking time or the increase of chemi-
cal retention in themselves.

Borax-Boric acid was thought as the desirable
fire-retardant chemical for thin plywood in view of

mechanical strength and soaking defects in this
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study.
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