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Summary

Soaking treated in 20% aqueous solutions of {NH4), S04, (NH4)H; PO4, (NH4 ), HPC 4, Nay B4O4-H3BO;
{60:40) and Minalith, the mixed salts for 9 hrs, the wet 3.5mm meranti (Parashorea spp.) plywoods were press-
dried at 90, 120 and 150°C and put to static bending test to examine the influence of redrying temperature
on the strength of fire-retardant treated plywoods in flexure,

While water-soaking treatment (control) showed serious reduction in Stress at proportional limit, MOE,

MOR, Work per unit volume at 150°C, all the fire-retardant treatments maintained bending strength even at
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150°C and showed rather increased values in case of some chemicals.

In view of drying rate and maintenance of strength, the most pertinent platen temperature was 150°C and

Borax-Boric acid was the predominant fire-retardant in this study.

Key words: fireretardant plywood, soaking treatment, press drying, static bending strength, stress

at proportional limit, MOE, MOR, Work per unit volume to proportional limit.

Introduction

Fire-retardant treatment on interior construc-
tion materiais has been indispensable for the preven-
tion aginst a disastrous fire. PB, HB and plywood
are popular building because of their good worka-
bilities and esthetic faces. Naturally it is inevitable
to treat these parel products with fire-retardants.

Mechanical properties of wood and wood based
panel products are generally affected by hydrolysis
and thermal decomposition from the soaking treat-
ment followed by hot press drying. Fire-retardants
treated plywoods are expected conserve their
strength to some extent in comparison with water
treated plywoods relatively.

Maclean (1951) reported that steaming or press
drying reduced the weight and strength of wood.
Jessome (1962) examined the mechanical properties
of fire-retardant treated douglas fir, red pine and
their plywoods. Gerhards (1970) studied the effect
of drying method (air drying, indoor drying, kiln
drying) on the bending strength of the treated
solid woods and LVL (laminated veneer lumber).
It was reported by Schaffer (1973) that the tensile
strength of heated wood had decreased inactively
until 175°C but dropped abruptly over this point.
Troughton, et al. (1974) found that the strength
reduction of wood was due to hydrolysis and
oxidation by heat treatment in the order of steam-
ing, hot-pressing and kiln heating. Wangaard (1979}
proved 0.6 — 1.0% reduction rate per 1°C of
strength and Gerhard (1979) ascertained high tem-
perature drying caused the reduction of 18% in
tensile strength and 10% in MOE.

The present study was undertaken to examine
the effects of chemical type and the temp. of
platen regarding to the drying rate on the bending
strength of thin fire-retardant plywoods.

Materials and methods

Preparation and conditioning of samples

3.5mm meranti (Perashorea spp.) plywoods for
exterior use were purchased and cut into size of
15cm by 15cm. Samples with no defects as starved
joint, knots and scars were screened and condi-
tioned in the laboratory of 65% RH and 15°C
for 2 weeks.

The number of sample used in this experiment
was 108 sheets in total, the product of 6 {chemical
type including water) x 3 (platen temp.) x 6 (re-

plication).

Fire-retardant chemicals and others
Fire-retardant chemicals used in this soaking

treatment were tabulated in table 1.

Table 1. Fire retardant chemicals and their compo-

sitions

Chemical type Composition {grade)

Ammonium sulfate {NH4 )3 SO4 (GR}

Ammonium phosphate, NHyH, PO, (GR)

mono basic

Ammonium phosphate,
di basic

(NH,4 ); HPO, (GR)

Borax-Boric acid Na; B4 O, (GR) 60%

H3BO; (GR) 40%
{NHa), HPO4 (GR) 10%
{(NH4), 804 (GR)Y 60%
N32B407 (GR) 10%
H3BO3 (GR) 20%

plain tap water

Minalith

Water (control)

A 5 liter beaker to which thermometer attached
was employed as soaking bath and set in the cabinet
to maintain the constant solution temperature. And
a hot press of 48cm by 48cm (Area), 0-350°C
(temp. range), 70,000 kg (max. press.} and about
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15cm ram diameter was used to redry the wet

sample plywoods,

Fireretardant treatment and press drying

1Sem by 15cm plywoods were treated in the
specially devised soaking bath as stated above for
9 hrs. Hot (60°C) and cold (11°C) svaking treat-
ment (6:3) was applied to 3 single salts, (NH4); S04,
(NH4)YH, PO, and (NH4), HPO,; to maximize the
absorption. But only hot soaking for 9 hrs was
applied to the mixed salts, Borax-Boric acid and
Minalith treatment because of immiscibility and
low solubility of their compositions in cold solu-
tion. Plywood samples had been controlled to
12,69 — 12.74% M.C. before soaking.

Fire-retardant treated plywoods were redried
between aluminium cauls in hot press at 90, 120
and 150°C of platen with the intervals of 5, 2 and
0.5 min. between platen openings in each platen
temperature according to Chen’s cyclic step-drying
method (1978).

Press drying terminated about at 10% M.C,
the target point counted backward from the weight

of samples weighed during the drying process.

Static bending test

Redried samples were prepared into the size of
2.54cm (W) by 15cm (L) and loaded on the uni
versal testing machine under the operating condi

tion shown in table 2.

Table 2. Operating condition of static bending test

Item Condition
Span length (L) 8.5 cm
Sample thickness (h) 3.5 mm
Sample width (b) 2.54 cm
Max. load 25 kg
Load speed 10mm/min
Chart speed 100mm/min

We calculated four mechanical data, i.e., Stress
at proportional limit (§p7), MOE, MOR and Work
per unit volume to proportional limit (Wp/) from
table 2. and fig. 1.

The caiculation formulae are as follows.

Spi = 3Pp;.L/2bh?

MOE = Ppi- L?/4 Dpibh®

MOR = 3Pu - L/2bh?

Wpi = Ppl- Dp1 2V

wh, Dpl : deflection at proportional limit
Pp! : load at proportional limit
Py, @ max. load

vV  :volume.

PL: proportional limit e

UL: max. load // UL

e e e e e e e e

LOAD

DEFLECTION

Fig. I. Load-deflection curve in flexure.

Results and discussion

Chemical retention and drying rate

According to Lee and Kim’s (1982) study, it
took at least about 9 hrs in soaking method to
get the effective chemical retention proposed by
Koch (1972},

Table 3. shows the mean chemical retention

Table 3. Mean chemical retention in 2hr-soaking
treated plywoods

Chemical type Absorbed Gxemi.cal
(20% ag. soln.) content s retention s
{ke/(30em)”}  [kg/(30cm)°)
Ammonium sulfate 6.317 1.263
Ammeonium phosphate, 6.766 1.353
mono basic
Ammonium phosphate, 6.657 1.3331
di basic
Borax-Boric acid 6,132 1.226
Minalith 4.529 0.906
Water {control) 8.320 -
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among 5 chemicals in 9 hrsoaking treated ply-
woods. Qur guess about the result was right, Borax-
Boric acid and Minalith showed the lowest reten-
tion coming up to our expectations. This result
was deemed to be caused by their incomplete

miscibilities and only hot soaking.

Table 4. Drying rate of soaking treated plywoods
by platen temp.

(n.e. %/min.)
Platen temp.(OC)
— 90 120 150
Chemical type ™.
Ammonium sulfate 1.287 5.803 26.230
Ammonium phosphate,  1.712 7.126 28.901
mono basic
Ammonium phosphate,  0.980 8.939 24,298
di basic
Borax-Boric acid 0.594 3.609 27.744
Minalith 0.743 3.024 16.230
Water (control) 2,040 10.744 31.112

We also found from table 4 that the drying
process had the analogous mechanjsm as absorption
process. While it took 40-50 min or 10£3 min. to
reach the target point at 90 or 120°C, only 3 min.
was enough to get this point in case of 150°C.
Without any serious diminution in mechanical
strength, it will be desirable to redry the wet ply-
woods at 150°C. The results of static bending test
on the fire-retardant treated plywoods with discus-

sion are as follows.

Stress at proportional limit (Sp/)

Table S showed that there was high statistical
significance among the chemicals in Sp; value of
fire-retardant treated plywoods. Fig. 2. also re-
presented the obvious difference among 5 chemicals
and control in Sp value. Asseen in fig. 2., however,
the fire-retardant plywoods treated with chemicals
were hardly affected by the temperature of platen
in press drying. Spl values of the chemicals treated

Table 5. Mechanical data for fire-retardant treated plywoods from static bending test

Chemical type, A Platen temp.(oC),B 2 MOE R MOR2 ) Wpl R
(kg/jem®) (kg/cm*) (kgfem”) (kg-cm/cm™)

Ammonium sulfate 90 210.36 21387.4 354.07 061
120 193.29 19472.5 310.65 057
150 199.75 20934.5 306.32 053
mean 201.13 20598.1 323.68 057
Ammonium phosphate, 90 156.49 147916 258.92 .050
mono basic 120 170.55 16527.9 284.60 051
150 192.24 18996.5 329.52 055
mean 173.07 16772.0 290.92 .052
Ammonium phosphate, 90 174.87 16672.8 279.82 055
di basic 120 188.39 17370.9 297.18 058
150 203.77 18311.5 320.52 062
mean 189.01 17451.8 299.17 058
Borax-Boric acid 90 219.75 17347.6 327.0 082
120 218.81 17626.2 292.19 .081
150 273.00 24087.8 384.82 091
mean 237.19 19687.2 334.67 .085
Minalith 90 206.93 18625.3 325.13 072
120 203.79 163309 305.93 071
150 216.35 18618.5 316.73 075
mean 209.02 17858.2 31593 073
Water (control) 90 153.06 18063.3 290.35 039
120 151.58 17684.1 283.81 041
150 127.28 15274.1 250.69 .033
mean 143.97 17007.2 27495 .038
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Chemical type, A Platen temp.(°C},B Spl MOE MOR wpl
(kg/cm®) {kg/cm?) tkg/em?) tkg-emfem? )
Sub plot {B) mean 90 18691 17814.7 305.88 .064
120 187.73 17502.1 295.73 064
150 202.06 193705 318.05 068
F-value A 50.654** 7. 735%% 5.920%* 92.547*%
B 2.096 2,082 1.316 519
AxB 4.003%* 3.859%* 4.590** 1.072
L.S.D.(0.05,0.01) Ay —A, (13.06, 17.67) (1629, 2204) (26.6,36.0) . {.005,.007) )
B; -B, { 9.63, 12.83) (1135, 1512) (15.9,21.2) (.005, .007)
A;By—A;1B» {23.59, 31.423 (2780, 3703) (39.1,52.1) (.013,.017)
A;B;—A; B, {23.27,31.14) (2794, 3741} (41.6, 55.7) (.012, .0186)

250 BB| retardants. But there was no significance (at 3%
level) among the temperatures of platen. In other
words, the platen temperature did not influence on

BB the MOE value of chemical treated plywoods but
"g AS Mi';l)p water treated plywoods.
g‘“ 200} Min AS As expected, water treated plywoods were
E MP deeply hurt at 150°C of platen but chemical treated
fé plywoods sustained or elevated their strength even
% bp at 150°C. Not only Borax-Boric acid but also Am-
% MP monium sulfate excelled the rest chemicals in MOE
‘: 150~—W “““““ ---o\\ value owing to its high melting point (approx.
« ~
g LEGEND Il 25
] AS : Ammonium sulfate S
MP : Ammonium phosphate, mono basi}xow
DP : Ammonium phosphate, di basic
{BB : Borax-Boric acid
Min : Minalith !
W : Water (control) |
100 i L } ;
90 120 150

Platen temp. o)

Fig. 2. Effect of platen temperature on the stress
at proportional limit (Sp/) of the redried
plywoods among fire-retardant chemicals.

plywoods maintained and rather increased even
at 150°C but that of water treated plywood (con-
trol) decreased abruptly at 150°C by the effect of
thermal decomposition of wood constituents.
Borax-Boric acid showed the more excellent Sp/

value than any other chemical.

Modulus of elasticity (MOE)
According to table 5., MOE values of fire-re-
tardant treated plywoods also showed statistical

difference with high significance among the fire-

LEGEND

AS : Ammonium sulfate

MP : Ammonium phosphate, mono basic
DP : Ammonium phosphate, di basic

BB : Borax-Borgic acid

Min ; Minalith

W : Water (control)

tol—d L 4
90 120 150

Modulus of elasticity x10? kg/cmz)

Platen temp. (C)

Fig. 3. Effect of platen temperature on uie tiouuius
of elasticity (MOE) of the redried plywcods
among fire-retardant chemicals.
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280°C).

Modulus of rupture (MOR)

MOR values of fire-retardant treated plywoods
showed the similar tendancy to that of MOE values.
They were different from one another with high
significance (table 5) but all of them except control
had no relation with the temperature of platen in
press drying. Water treated plywoods were also
affected by high temperature (150°C) to be the
lowest MOE value in all the treated plywoods.
Borax-Boric acid also showed the highest MOR
value. Borax is the natural principal form of Boron
which is the lightest member of the Group III
elements. And H3BO: (m.p.: 1709°C, sp.gr.=
1.5172) is prepared by the action of strong acids
on borax into crystallization. Its property streng-
thening fire-retardant treated plywoods even at the
higher temperature is inferred from the crystalli-
nity and the synergism between Borax and Boric

acid.

4
00r  FGEND

AS: Ammonimum sulfate BB
MP : Ammanium phosphate, mono basic

DP : Ammonium phosphate, di basic

BB : Borax-Boric acid

Min : Minalith

W : Water (controb)

Ao
350+

‘BB
Min

Modulus of rupture (kg/sz)

1
90 120 150
Platen temp. ‘o)

Fig. 4. Effect of platen temperature on the modulus
of rupture (MOR) of the redried plywoods
among fire-retardant chemicals.

Work per unit volume to proportional limit (Wp/)

The changing aspect of Wp! values of treated

plywoods according to the rise of platen tempera-
ture was as like as the case of Spi. Undoubtly
there were wide difference among the chemicals
and all the chemical treatments surpassed the water
treatment in Wp! value at all temperatures.

The temperature—dependency of Wpl value
was the lowest level with the minimum g-value
(0.519) as shown in table 5. Two mixed chemicals,
Borax-Boric acid and Minalith held the higher
ranks in order by means of their good synergic
effects. And water treatment crawled at the bottom

in Wp! value.
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=
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?}\ 50 AS
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5 FEGEND ow
I+ ! AS : Ammonium sulfate )

B ~ MP : Ammonium phosphate, mono basic
'E DP : Ammonium phosphate, di basic

= BB : Borax-Boric acid

Min :Minalith
W : Water {control)

L i 1
90 120 150
Platen temp. {C)

Fig. 5. Effect of platen temperature on the work

per unit volume to proportional limit

(Wpl) of the redried plywood among fire-
retardant chemicals.

Conclusion

We employed the ordinary soaking and press
drying process which is the widespread and practi-
cal method in wood preservation industry to manu-
facture fire-retardant plywood. We also carried this
experiment to compare the effect of the type of
fire-retardant chemicals and platen temperature

in press drying on the static bending strength of fire-
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retardant treated plywoods manufactured by the
above-stated method.

The conclusion of the study got from the basis
of resuits and discussion is as follows.

All the chemical ireatments stood high above
water treatment and Borax-Boric acid treatment
showed the highest value in four mechanical data,
that is, Spi, MOE, MOR and Wpl And while water
treatment (control) showed serious reduction in the
four data at 150°C, 5 fire-retardant treatments
maintained the bending strength even at 150°C
and showed rather increased values in one or two
chemical treatments. We could fix 150°C and
Borax-Boric acid for the most proper platen temp.
and fireretardant in view of drying rates and

maintenance of strength in this study.
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