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Teruo Gorto and Sigeru Kapita ; Studies on the Impregnated Woods.
X. The Effect of the Hardening Process of Resin upon the Dimensional
Stability of Phenolic Resin-Impregnated Wood.
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Table 1. Properties of thé phenol resin* used in treatment.

Specific|

Phenol Contént of sodium Resin Surface
to hydroxide per |Solvent|content|gravity |Viscosity] tension '
. - vz/n pH
formaldehyde | 1 mole of phenol N
ratio as catalyst (n (r2)
(Mol) (gr.) (%) (c. p.) |(dyne/cm)
1.0: 1.5 6 Water | 21 |1.062 | 2.45 46.4 “ 18.94 8.8

* Phenol resin ; Unpolymerized water-soluble phenol resin.
The phenol, formaliehyde and catalyst are mixed together and wared c1refull v until temp-
erature reaches 95° to 100°C. Then the reaction product is cooled quickly to room temperature.

(D) ftigBEfk
Mg EA, WIS
2o

Table 2. Curing-temperature and time schedule’

Curing temp. (°C) Curing time (min.)
30 10
55 10
80 10
100 10, 60, 180, 300
-120 | 10, 30, 60,. 180,
140 10, 20, 90,
160 | 10, 20, 40,

* Moisture content of resin-treated specimens
at the time of cure are 5 to 7 percent.

* Cbnditioning .. After removal from the

oven, the cured <_s_pecimens are stored in

a desiccator for 10 days.
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w0 Table 3. Relatio_nship between the degree of

cure and curing temperature.
Curing Aceton Dégree
Temperature extract ) of
30 0 (%) Cure (%)
| § 100 39.4 65
5% 120 20.3 85
O ' ’ :
L:';.:“ 140 } 14.4 91
.§ | 160 l 6.1 100
< ot , o ; . )
Curing Uime : 10min.. - S * Material : Rayon-pulp sheet treated with
unpolymerlized phenol formsldehyde resin.
‘ * Weight of sample before extraction : 2 gr (80
V7 7278 7 77 mesh)
Curing Temperalyre (C)(T) * Curing time : 10 min.
Fig. 2 : Relatlonsﬁlp between the ) o vt s e e S 4
-~ " aceton extract of phenolic ‘ Egjjv I IRBE (A R 5 1R B & A Casco
_ resin-impregnated rayon-pulp ~ phen LT-67, Durez 12041, Resinox 230—ic o
sheet and the curing temper- V CHE{EHEBIEIC aceton solubility method %
: ature. ' : .
, Welght of eample before extractlon s M, 220°F OJ{”“E{ T 8 FfilAE 4&&@ Lictp &0
2gr.. (80 mesh) ' EALHE A 100% & L“C %‘Zﬁﬁ%—*%ﬁaﬁfﬂ@bk
. Temperatire of extraction: 60°C BAOMM B bELEYEILLE R OF

- ~Time of erxtraction : 10 hr.
Apparatus : Soxhlet s extractor.
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Fig. 3 Relationship between the resin
content of phenolic resin-impreg-
nated material and curing tem-
perature ’

* Curing time : 10 minutes.
* (I) Resin content before water immersion.

(II) Resin content after water immersion

for 10 days. :
* Each value in the figure is the average
of 8 spemmens )
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Fig’ 4 : Relatlonshlp between the resm~_
forming eff1c1ency “of resm mgr—
edient in phenolic resm—ln'preg-'
nated material and curing tem-'
perature.

* Curihg time : 10 minutes.
* Specimen )
Hinoki, Birch : see Fig. 1.
Rayon-pulp Sheet Thlckness 1o
mm, Area 2 0x6.0 cm. :
* Each value m the figure is the average
of 8 specimens.
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a : Resin content before water immersion. (%)
b : Resin content after water. immersion for 10 days. (%)
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* Curmg time : 10 minutes
* Each value in the figure is the aVerage of
8 specunens
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. . average of 8 Specimens. - -
* Curing time : 10 minutes.

* Each value in the figure is the avevage -
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Résumé '

, The purpose of this study has been to ascertain the effect of “‘hardening process’’
(Abbindevorgang) upon the dimensional stability of the unpolymerized phenolic resin
-impregnated wood. Its results offer a guide in determining the optimun curing
temﬁerature of the unpolymerized phenolic resin-impregnated wood.

The resin treatment presented ‘in this report was conducted by using unpolymeriz-
ed water-soluble ‘phenol formaldehyde resin which was diluted to 21 per cent resin-
forming solids content with water. The properties of the treating resin solution are
shown in Table 1. '

_The method of resin treatment was conducted as follows ;

" Specimens (Fig. 1) were piled in a beaker which was placed in a vacuum desic-
cator and evacuated for 3 hours with a vacuum pump to' remove - entrapp’-*d air.
Followmg this, the specimens were allowed to stand in the treating resin °olut1on
for 72 hours to ‘parmit diffusion into the cell-wall structure of the wood. When
taken out, the treated Spec1mens were w1ped on filter paper for about 5 mmutes to
remove surplus solution.

- They - were then we1ghed and the tangentlal d1mens1on measured thh a com-
parator

After air drying for 10 days and vacuum drying, the treated specimens were
cured in accordance Wlth the curing- temperature and time schedule as shown in
Table 2.

The cured specimes, after bemg weighed and measured, were placed in a vacuum
desiccator partly filled with water, and then were sucked for 1 hour with a vacuum
pump. The cured ‘specimens were next placed in distilled water and allowed to soak
for 10 days. After removed, they were again weighed and measured, then air-dried
for 24 hours and oven-dried at 105°C. '

All the values of anti-shrink efﬁmency (ASE) were calculated on the basis of
the’ dlmenswnal change from the leached swollen condition to the final oven- dry
condltlon

ASE — Shrmkage of untreated specimen — Shrinkage of treated specimen

Shrmkage of untreated specimen X 100C%)

'The values of - resin-forming efficiency (RFE) were also, calculated by the following
formula ;

r a— by~
RFE=| 1- (% ) 1 100( %)
where, a : resin content before water immersion.

— 12 —
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b : resin content after water immersion for 10.days.
The detailed results of these tests are presented in Table 3, 4, and 5 and Fig. 1
to 9. o
The results of expenments obtained are summerized as follows :
(1) The relationship between the aceton extract (E) of rayon-pulp sheet treated
with an unpolymerized phenol formaldehyde resin “and the curing temperature (T)
are represented by the equation :

ET391=3.46-10° ‘ ‘ (Fig. 2, Table 3)

(2) When the resin in pheﬁolic resin—impregnated wood is in an ““A-Stage”’
(curing temperature : until 100°C), the resin-forming efficiency is appreciably low,
and is not improved the dimensional stability of resin impregnated wood as shown
in Fig. 4 and 5.

Table 4. Relationship between the anti-shrink efficiency (ASE)
of phenolic resin-impregnated wood and the curing temperature,

—Curing time : 10 minutes—

. Resin After 10 days .
Curing content ) . immersion Resxn
temperature, before in water N forming
Species immersion . . Shrinkage ASE
in Resin Moisture efficiency }
. water content content
ce (%) (%) @ | ) (%) (%)
~ 30 3.0 | 6.0 172 7.0 18.0 1.5
2 f 55 35.0 © 7.5 172 7.7 22.0 8.5
St ()] . . . .
. B 80 32.0 7.0 166 7.8 22.0 -10.0
— O /7] : .
"é o § 100 33,0 12.5 150 6.1 38.0 14.0
g o B
a¥ §€ 120 31.0 24.0 116 - 4.0 775 |- 44,0
8 °
sR¢) 140 30.0 2.5 108 2.8 88.5 60.0.
160 | 290 | 26.5 99 25 91.0 65.0
| 30 270 | 9.0 93 89 | 325 4.5
) 55 27.0 9.0 91 9.1 32.0 -7.0
g 80 27.0 9.0 g9 .| 9.3 0320 | . -9.5
w
N 100 %.5 9.5 91 8.7 36.0 -2.5
= [ . ' . . . )
| 5 120 26.0 18.5 73 6.7 72.0 21.0
q 3 . .
. 140 25.0 . 21.0 67 . 4.4 85.5 49.0
- 160 - 25.0 1220 f 66 3.4 89:0 59.0

* Each value in the table is the average of 8 specimens.
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Table 5. Relationship between the anti-shrink ‘efficiency‘ (ASE) of
phenolic resin-impregnated wood and the temperature and time of cure.

" Curing Curing Resin content Resin content Resin,
___ |temperature|-time. _ before . after forming :
Species ' immersion in - | 10 days immersion . ASE
u water in water * efficiency
CO) | (min) (%) (%) %) | (%)
10 33.0 12.5 38.0 140
60 320 | 20.0 64,0 45.0
100 » , : S |
180 34.0 28.0 83.0 | 46.0
300 35.0 30.0 86.0 46.0
10 3.0 | 24.0 , 77.5 44.0
g N 30 3.0 305 1 87.0 45.0
S 120 ' o
260 60 3.0 32.5 92.0 54.0
g 28 180 | 26.0 33.5 94.0 61.0
£% Y
T 2B , :
g © )
S ol | 10 30.0 2.5 88.5 60.0
140 30 0 35.0 33.0 94.0 | 61.5
9% | 3.0 34.0 940 64.0
10 2.0 2.5 91.0 65.0
60 | 20 $.0 33.0 94.0 65.0
0 | 3.0 | 34.0 ' 94.0 | 65.0

* FEach value in the table is the average of 8 specimens.

(3:)_ The resin-forming efficiency and antishrink efficiency of the phenolic-resin
impregnated wood are matérially ingreased“by converting to a ‘“‘B-Stage’’ (curing
temperature : 100°~140°C) the resin in treated wood as shown in Fig. 4 and 5.

(4) The maximum resin-forming efficiency and the .best antishrink efficiency of
the phénblic resin-impregnated wood are gained by converting to a ‘‘C-Stage”
(curing temperature : 140°~160°C) the resin in treated wood as shown in Fig. 4 and
5, e
(5) In the curing temperature range from 100°C to 120°C, the maximum resin-
forming " efficiency and the best antishrink efficiency of the phenolic resin-impregnat-
ed wood are not gained even in long curing time as shown in Fig. 9 and 10.

From these- results, it may be concluded that the resin-forming efficiency and

anti‘shrinkl efficiency are highly dependent on whether the resin-forming constituents
in the wood have been converted to a resin of a ‘“C-Stage’.
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On the other hand, when the resin-forming constituents in the resin-treated
wood are converied to- a resin of a “C-Stage” they gave high -dimensional stability.
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