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Table 3. Antiswelling efficiency (A.E.) in the tangential (T.) and radial (R.) direction, anisotropy (8t/gr) and
moisture content of woods treated. with formaldehyde under inorganic salt catalysts.

Water absor ption*!’

§
$
1
|

Hinoki (Japnese cypress) ! Birch
Catalyst*2 (T (R Water (TD ‘ (R. Water
Concen- A.E. A.E. Bt/ Br content A.E. A.E. Bt/ pr content
B - oncen-| o | (%) | (%) | G | @ (%)
[ ‘ 1 % 5.70 41.5 45.5 | 2.1 156 31.0 { 30.0 1.1 79.5
L2 9% 5.65 76.5 72.5 1.7 133 58.0 | 61.5 1.2 68
Formaldehyde- | Zinc chloride 4 % 5.62 | 76.0 80.0 2.2 104 62.5 | 66.5 | 1.3 61.5
treated 6 % 5.59 75.0 72.5 1.8 107.5 | 60.0 | 60.0 1 1.3 | 63
wood 82 | 5.50 | 64.0 56.0 1.7 142.5 | 57.5 | 54.5 1.1 | 74
_ S i \ :
Calcium chloride 2 % | 6.35 } 69.5 66.5 1.8 | 100 51.0 | 545 | 1.2 | 59
Untreated wood I — [ — 2.0 j 175 ‘ — ‘ — l 1.15 ' 100

* U From vacuum drying state to water aborption in water of 10 days.
* 20 See table 1*2

Table 4. Antishrink efficicincy (A.S.E.) in the tangetial (T.) and radial (R.) direction, anisotropy (et/er), and
specific gravity of woods treated with formaldehyde under inorganic salt catalysts.

| Oven drying*V’

; .

] Hinoki (Japanese cypress) ‘ Brich
T Catz—iT;st*z’ 1 (T) ER ) ”ﬁiﬁifiing}l*ﬁ’ Spec.iﬁc "W(-T) . (R) o Final;m Spec.iﬁcm
| AES. | ASE. |at/ar| NCI8N | BAVIY | V' | ASTE, | at/ar| NCERt | BRAVILY
Concen- H <0/> (0/) gain. / 3In . <0/) CD/D gain / 3InC.
tration| PO | VOO | 0 | (%) [8/¢™cosy L0 7o) (%) [8/CmP oy
T | 1% | 5.70 | 20.0 | 32.0 | 2.4 | 3.0 \0.44 2.3 10.0 |— 5.5 [1.0s | 2.6 | 0.71]6.0
| 2% 5.65 | 44.5 | 45.0 \2.0 | 5.3 |0.46 7.0 30.5 | 28.0 |1.1s 3.8 | 0.71 6.0
Formaldehyde- Zinc chloride | 4 % 5.62 47.5 = 7.0 %0.45 4.7 40.0 25.0 1 0.% 5.5 | 0.69} 3.0
treated , 6 % 5.59 | 47.5 —  — | 7.5 LO'M 9.3 38.5 | 21.5 | 0.9 6.1 | 0.704 5.2
wood . 8% 5.50 | 47.0 | 45.0 | 1.95 | 6.5 | 0.444 2.7] 40.0 | 30.0 | 1.0 | 5.9 | 0.69s 3.6
: Calcium chloride{ 2% 6.35 | 35.0 | 26.5 | 1.8 l 7.4 |0.46 l 7.0{ 19.5 l 0.5 l 0.9 \ 5.0 0.70\ 4.3
Untreated wood — — ; 2.0s 1 — l 0.43 *\ — | — ‘ 1.2 ‘ — 0.67, —

* ) From water-swollen stat to oven drying at 10542°C for about 60 hr,
* 2) See table 1*2
* 3) Based on dry weight of original wood,
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Fig. 1. Antiswelling efficiency and antishrink efﬁmency in the tangential direction of
woods treated with formadehyde under inorganic salt catalysts.
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Fig. 2. Relationship between the antiswelling efficiency (A.E.) moistnre content* and
concentration of inorganic salt catalysts used in formaldehyde treatment.
* From vacuum drying state to moisture absorption in desiccator
saturated with moisture for 10 days.
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Fig. 3. Relationship between the antiswelling efficiency (A.E.),* water content* and
concentration of inorganic salt catalysts used in formaldehyde treatment.

* From vacnum drying state to water absorption in water for 10 days.
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Fig. 4. Antishrink efficiency (A.S.E.) in the tangential*D and
final weight gain*? of woods treated with formalde-
hyde under inorganic salt catalysts.

* 1) Form water-swollen state to oven drying at 105°+2°C

for about 60 hrs.

* 2) Based on dry weight of original wood.
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Table 5. Antiswelling efficiency (A.E.) and antishrink efficiency (A.S.E.) in the
tangential (T.) direction of woods treated with formaldehyde under
hydrogen chloride, p-touenesulfonic acid and zinc chloride catalysts.

Hinoki Birch
Catalyst A.E D 1 AS.ED AE. AS.E.
(%) (%) (%) (%)
Hydrogen chloride 76.5 | 60.5 74.5 | 52.0
p-toluensulfic acid 8.0 | 49.5 87.5 | 49.0
Zine chloride 76.0 | 47.5 62.5 | 40.0

* 1) AE.: From vacuum drying stats to water absorption in water for 10 days

* 20 A.S.E.: From water-swollen st state to oven drying at 105°C+2°C for about 60 hrs.
* 3) Hydrogen chloride : exposure time 3 hr. (See table 4 and 5 of Report 1I)

* 4) p-Toluenesulfonic acid : 1% solution. (See table 3 and 4 of Report III)

* 8) Zinc chloride : 4% solution. See table 3 and 4 '
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Table 6. Effect of resin treatment, acetylation and treating with formaldehyde upon
the weight increase of treated wood.

weight inc. [Specific gravity AtSarE;:g eirrlltigie
b .
Catalyst or (%) in oven dry ' 4icction (%)
impregnant.
Hinoki | Birch | Hinoki | Birch | Hinoki | Birch
Formaldehyde-treated wood.
M. ARAKI hydrogen chloride*’ 6.0 2.1 0.45 0.67 | 60.5 52.0
— s ko)

T. GOTO p-toluenesulfonic 1.7 | —1.3| 0.44 | 0.67 | 49.5 | 49.5

" i .

R. GOTO Znic chloride*3’ 7.0 5.5| 0.45 | 0.69 | 47.5 h 40.0-
S. KADITA. untreated wood e | — | 0.43 0.67 — i —
Resin-treated wood.

T. GOTOY unpopolymerized 1 ‘ \
water-soluble phenol 3 ,
S' KADITA formaldehyde resin 21.8 10.7 0.55 0.75 60.0 45.0
: (resin content 20%) ‘
Acelylated wood
) *‘ S Specific gravity in | A.E. in the tangential
oven dry | direction
i Acetyl content (%) g’ uce Yellow '"‘1 Sormce Yellow
R ~ p - ‘ birch| b birch
: ; [
H. Tarkow?’ 1 31 0.42 ] — 1 710 —
A. J. Stamm L 22 — | 0.63 l — 72.0
\ ! !
E.C.O Erickson |  untreated wood 0.36 | 0.6 J — -
i | |

* 1 : Hydrogen chloride ; exposure time 3 hr. See table 5 of report II

% 2) .
* 3) .
4 See literature ¢
5) See literature )

p-toluenesulfonic acid : 1% solution. See table 4 of report III
Zinc chloride ; 4% solution. See table 4 of this report
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Table 7. Swélling of normal and formaldehyde-treated woods in different liquids
for 10 days (9~13°C).
' 18% sodium*2’
‘ Water*!’ hydroxide solution
3 Catalyst
| Hinoki Birch Hinoki Birch
_ : l ‘
| Hydrogen ' T | 1.35 2.26 4.01 —
Formaldehyde- choloride R J 0.78 2.09 1.91 | —
treated — i ; i
wood | i
Zinc chloride T 1.26 3.30 | 3.70 8.78
2% solution R 0.74 2.66 2.08 ; 7.19
‘ T 5.3 7.86 | 8.82 | 1211
Untreated wood R 2.68 6.88 , _ 9.18

J

*) From vacuum drying state to water absorption in water for 10 days.
*2) From oven drying state to dipping in 189 sodium hydroxide solution for 10 days.

*3) Exposure in hydrogen choride vapar for 16 hrs.

*) Dipping in 2% Zinc chloride solution for 14 days.
*) T : tangential direction R : radial direction.
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Table 8. Swelling of normal and formaldehyde-treated woods in morpholine and

pyridine vapor for 30 days

Swelling in**’  Weight Specific gravity
" inc.*¢ :

_ (%’15'*3)? (%Rj*m (%)

| g/cms Inc.(%)

Untreated wood

Birch |

Hinoki | 6.31 | 2.72 | 72.5 | 0.71 | 58.0

8.88 | 8.62 | 52.5 | p.85 | 25.0

Pyridine vapor

Treated wood*V

Hinoki | 1.11 .
Birch | 6.42 | 5.38 | 35.5 | 0.80 | 17.5

0.68 | 23.5 | 0.57 | 21.0

Untreated wood

Hinoki 1.24 0.65 19.5 0.52 18.0

, Birch 4.16 | 2.22 | 81.5 | 0.83 | 22.0
Mor pholine
vapor Hinoki 0.18 | 0.15 3.5 | 0.47 4.5
Treated wood*2’ :
Birch 0.56 | 0.39 6.0 | 0.71 4.5

*U Exposure in hydrogen chloride for 6 hr.

*2) Exposure in hydrogen chloride for 16 hr.

*3) T : tangential direction, S: radial direction

*4) Based on oven-dry state of each wood.

Table 9. Effect of 12% hydrochloric acid on the permanence of formaldehyde-treated

wood
" swelling*y’ Immersion in water. for 10%3
i after Weight*2 c days :
. immersion decrease . .
SpeCIeS'! ‘ in 12/0/0 after vacuum Swelllng water
Ly o . . P) - content
hydrochloric| drying (%) (%) 1 Inc. (%)
| acid (%) | (|
: ‘
LT 6.06 8.92 66.5 |
Hinoki | 10.5 o " 208
R 2.55 5.07 89.0.
Untreated wood
T 7.85 14.48 84.5
Birch 23.0 125
R - 7.22 13.28 93.0
T 2.89 [ 6.71 - 397.0
. o Hinoki R 11.2 : 209
Formaldehyde- 0.91 - + 3.80 397.0
treated wood T " 4:29 10.75 |~ 376.0
Birch 22.4 . 129
k R 3.34 9.79 368.0

*1 Swelling after immersion in 12% hydrochloic acid for 20 hr. at 60°C and leaching

in running water for about 70 hr. Based on vacuum-dry state of each wood.

*2) Calculated from weight in oven-dry state of originél-wood.

*3) From vacuum-drying state to immersion in water forl0 days.

*4) Catalyst : Exposure in hydrogen chloride for 16 hr..

*5

> T : tangential direction, R : radial direction.
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Table 10. Volumetric changes in the system, formaldehyde-treated birch-water..

Property Untreated wood f;,oga?:dldv%gggf{)
Vacuum-dry volume of birch before treatment (c.c) 2.41 2.39
Vacuum-dry*? volume after treatment (c.c.) 2.41 2.48
Water-swollen volume (c.c.) 2.88 2.58
Volume change on immersion in water (c.c.) 0.47 0.10
Antiswelling efficiency (A.E.) (%) _ 0 78.5
Total volume change (formaldehyde and water) 0.47 0.19

*1) Catalyst: exposure in hydrogen chloride for 3 hr.
*2 Vaccuum-dry

Table 11. Volumetric changes in the system, acetylated spruce-water

Property Untreated wood’) AcetylatengOd

Oven-dry volume of spruce before acetylation (c‘c) 5.71 5.73
Subsequent acetyl content (percent by weight) 0.00 28.6
Oven-dry volume after acetylation (cc) 5.71 6.23
Water-swollen volume (cc.) 6.45 6.47
Volume change on immersion in water (cc.) 0.74 0.24
Antiswellng efficiency (percent) 0 | 70

Tofal volume change (acetyl and water) 0.74 0.74

(H. Tarkow and A.J. Stamm and E.C.O. Erickson 19509 )
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Résumé

In the previous works, several acids have been examined as a catalyst in
the formaldehyde treatment. Only hydrochloric acid, hydrogen chloride, or-
p-toluenesulfonic acid were proved effective in catalyzing the cross-bridging-
reaction. The presence of an acid catalyst, however, results in severe losses in
mechanical properties of wood. '

It has been ascertained by A.J. Stamm and W.E. Cohen (1956) that the-
formaldehyde vapor in the presence of a zinc chloride catalyst was effective-
for the improvement of dimensional stability of unbleached pine sulphate pulp-
handsheet. We studied, therefore, on the hygroscopicity and dimensional stability
of wood treated with formaldehyde vapor in the presence of a inorganic salts:
such as zinc chloride or calcium chloride. In the case of zinc chloride catalyst,.
relationship between the degree of improvement of dimensional stability and the-
hygroscopicity of wood and the concentration of zinc chlrode were investigated.

The measurements were made on cross section (Fig. 1 in report II) of Hinoki
(Japanese Cypress) and Birch. In the pretreatment with catalyst, the specimen
was soaked in 1-8% zinc chloride solution or 29 calcium chloride solution for-
14 days at 5-10°C, dried in air, and conditioned in 65% relative humidity at 15°C"
for 40 days. The formaldehyde reaction and the measurement of dimensional
stability were performed in the same way as described in report II.

The detailed results of these tests were presented in Tables 1 to 5 and Figs..
1 to 6. _

Experimental results are summarized as follows : ‘

(1) Use: of 49 solution in the concentration of zine chloride catalyst improves:
best the dimensional stability and hygroscopicity of wood. The degree of the:
improvement; - however, is not larger than that by- hydrogen chloride or p-
toluenesulfonic acid.

(2) Moisture absorption of the'specimen treated under zinc chloride or
calcium chloride catalyst is considerably greater than that under the strong acid
catalyst. Therefore, by formaldehyde treatment under zinc chlorium or calcium
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chloride catalyst, the reductions in hygroscopicity (R.M.A.) are much smaller
than that in the antiswelling efficiency, as shown in Table 1.

(3) Dimensional stability of the specimen treated under 2% calcium chloride
catalyst is lower and the absorptivity of moisture is greater than that under the
same concentration of zinc chloride.

Presence of the cross links resulting from formaldehyde reaction is evidenced
from the following facts:

(1) The increase in weight of the specimen treated with formaldehyde is
within a few percents, nevertheless a dimensional stability of high degree is
given (Table 6).

(2) The smaller the swelling after formaldehyde treatment, the higher
dimensional stability is given (Figs. 7 and 8). Acetylation has a bulking effect
on wood. As a result, the oven-dry dimensions of wood increase with increasing
acetyl content.

(3) The presence of cross links is probably effective in reducing the swelling
not only by water but also by other good wood-swelling agents (Tables 7 and 8).
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