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Teruo Goro, Mikio Araki, Sigeru Kapita and Ryozo Goto : Studies on the
Dimensional Stabilizaton of Woods. II. Treatment with Formaldehyde under

Inorganic Acid Catalysts.
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Fig 1 : Specimen used in experiment
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Species

Specific gravity Moisture content (%)

Hinoki (Japanese cypress)

(C. obtusa R. et z) Heartwood

0.43 15.0

Birch

(B. nikoensis koidz) Heartwood

0.72 14.5

Fig 2 : Apparatus for Hydrogen chloride Pretreatment
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Table 1: Antiswelling efficiency (A.E.) and anstishrink efficiency (A.S.E.) in the
tangential (T) and radial (R) direction of woods treated with formaldehyde under

hydrochloric acid

Water Absor ption*!’

Formaldehyde- Hinoki (Japanese cypress) ; Birch
| ‘ .
! @Y (R) Specific ¢y (R) Specific
treated wood. f AE. (%) | A.E. (%) | gravity A.E. (%) | A.E. (%) | gravity
exposure time {3 hr.’ 55.5 46.0 1.09 45.5 42.5 1.19
in catalyst 6 hr. 60.0 53.5 1.11 48.5 49.0 1.17
non catalyst ] 3.0 | — | 110 28.5 | - | 1w
~ Control | — ~ | 1 — | - | 1
\ Oven Drying*?’
Formldzhyde- A Hinoki (Japanese cypre‘sis) Birch
i
@Y (R) | specific [@Y) (R) specific
treated wood. AS.E.(%) | A.S.E.(%) i gravity | A.S.E.(%) | A.S.E.(%) " gravity
exposure time 13 hr. 29.5 26.5 0.43 25.5 17.0 0.73
in catalyst 6 hr. 28.5 26.5 0.44 23.1 16.0 0.70
non catalyst } 8.5 ‘ 2.0 ‘ 0.43 [ 15.5 ( 3.5 l 0.68
Comrol. | — | = | os | — | = | o6

*1 From vacuum drying state to water absorption in water for 10 days.
(temp. of water : 25+2°C)
*2) From water-swollen state to oven drying at 105°C+2°C for about 60hrs,
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Table 2: Antiswelling efficiency (A.E.) in the tangential (T) and radial (R) direction,
- anisotropy (gt/pr), reduction in moisture absorptivity (R. M. A.) and. moisture
content of woods treated with formaldehyde under inorganic acids.

|

I

Moisture absor ption*®’
Hinoki (Japanese cypresss) 5 Birch - .
T T - V lMoxs J M{)]S-
Catalyst [gffg (T | (RD R. M. ture <T> (RO IEM tue
| A.E.| A.E. MMr% con- | A.E.| A.E. gt/pr |  con-
’ time o o/ %) |tent. o . | ro/ tent
- q ,,lha,ﬁf”>,< 0) | mh\<%)”(o)w(m) 47"(/> (%)
| nome i ' 25.0 | 33. 01 2.3 33.0‘ 11.7 | 35.0 | 40.5 | 1.0 ,42.5, 13.8
i
Formalde- I{ydrPgen*<p\ 679.0 | 76.5 11 9 |73.0 \ 4.7 |67.5|74.5] 1.2 | 72.5| 6.6
hyde treatedPlOTide | 31740 1640 1.5 | 67.5 \ 5.8 | 68.0 | 70.0 | 1.0.| 69:0 | 8.1
| | | | .
wood. | | 16/ 78.0 69.0 1.4 |68.0| 5.6 67.569.5|1.0 | 69.5 \ 9.3
77777777777777777777777 1 | o
‘SET;?3?CId 42. 5\ 37.5 1.9 |38.5 | 10.6 | 24.0 | 29.0 El 0 |32.5 L16.3
- L O R : — — - ‘ - l —
Heat-treated wood y—13.0r-17.sﬁ 1.9\-15.o\ 20.1-10.5-9.5 | 1.0 y—4.5 % 25.2
Untreat wood = 21 s o Ao | o 202

*1 From vacuum drying state to moisture absorption in desiccatéd with moisture for

10 days.

*2) Exposure in hydrogen chloride vapor :
*3( Dipping in boric acid (2% solution, pH 4.45) for 14 days and condltxonmg at 15°C,

65% R.H. for about 40 days.
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Table 3: Antishrink efficiency (A.S.E.) in the tangential (T.) and radial (R.) direc-
tion, anisotropy (et/er) and specific gravity of woods treated with formalde-
hyde under inoganic acids '

J Vacuum drying*t’

1 Hinoki (Japaness cypress) Birch
§Exp0-} (™) | (R 1 ' fSizc>eci- (TH | (R Specific
Catalyst |~ |A.S.E|AS.E|atfar| O .| ASE|ASE. at/ar .
hr. l %) | (%) ty | (%] () | gravity
none ~11.0, —1.0, 2.25 0.45 6.0 7.0 1.0 71

3 73.00  69.5 1.8, 0.46 60.0; 64.5 1.1- .71

Formaldehyde-Hydrogen*?
chloride 6
treated wood

16 71.5, 66.5 17‘t 0.45| 60.5 62.5 1.05 .69

Boric acid,*3’

0
0
64.5 54.0 1.551 0.46 62.0 65.0 1.05 0.70
| 0
0

1
vy 155 115 1.9 0.48 3.5 5.5 10| 0.72
1 | i
Heat-treated wood. | —15 -3.5 20| o045 —0.5 10 1.0  0.69
Untreated wood i —| —l 2. 0] 0.46! —' —*i 1.05 0.71

*1) From moisture absorption state in desiccator saturated with moxsture for 30 days

to vacuum drying in desiccator contained P20
*2) See table 2%
*3) See table 2*2,

Table 4: Antiswelling efficiency (A.E.) in the tangential (T.) and radial (R.) direction

anisotropy (Bt/Br) and moisture content of woods treated with formaldehyde
under inoganic acid.

‘ Water absorption*!’

lHinoki (Japanese cypress) \ Birch.

Expo- (T.) ’(R.) Moisture | (T.) | (R.) Moisture

Catalyst S:;Jil;se A.E. | A.E. iat/sr | content. | A.E. | A.E. | gt/sr| content.
NS IR CORR RN D

none 25.0 20.5 2.1 157 | 30.0| 27.0 1.2 7.5
Formaldehyde-Hydrogents | 3 | 76.5 8.0 15 144 | 745 75.0 1.1 75
reated woog, oloride 6 | 76.0 70.0 1.4 134 | 76.0| 73.0 1.0 74
‘ 16 | 75.5 71.0 1.7 129 | 71.5 70.0 1.1 70
gg?/oriscoffdd’*g) 45.00 47.0 2.1 144 | 32.0 36.5 1.2 81

Heat-treated wood -0.5 1.0/ 2.0 175 | —1.0 —2.0 1.1 99
Untreated wood — -l 2.0 175.4 —{ - 1.15[ 100

*U From vacuum dry state to water absorption in water for 10 days
*2) See table 2 *@
*3) See table 2 *@



Tabl 5: Antishrink efficiency (A.S.E.) in the tangential (T.) and radial (R.) direction, anisotropy (at/ar), and
specific gravity of woods treated with formaldehyde under inorganic acids.

Exposure
Catalyst time hr.
‘ |
none
Formaldehyde- | Hydrogen*?’ 3
chloride 6
reated wood.
16
Boric ac1d

2% sol.*®)

Heat- treated wood

Untreated wood

H1nok1 (Japanese cypress)

> | R |
A.S.E. AS.E.
REORRCD
—5. 5N~15”5
60.5 54.5
61.5 57.0
64.5 59.5
12.0 14.0
0.0 55

!

Fmal;?t’ Spemtﬁc
weig gravity
e %323 g/Cmsi ?; <
7 2{8 1.1 I 0.453 V 0. Og
1.8 6.0 0.45 4.4
1.8 6.4 0.47 8.8
1.8 5.7 0.49 13.9
2 1 0.8 0. 45 4 4
) 2 3.3 7 *J’ 0. 43‘ B
2.04 — 043 —'

0 O‘W :

>
AS.E.
S8
7.0
52.0
51.5

52.0

10

Oven drying*V’

Birch

 Final*® | Specific

| at/ar w;agigt } grav1tI};c.
B ]
10, 2.9 0.69 3.0
1.15; 2.1 0.67, 0.0
1.05 0.7 0.68 1.5
1.05? 0.3 | 0.70, 4.5
1.053, 2.8 0.69] 3.0
o 11 | o6 15
1.2 — o0er

*1) From water-swollen state to oven drying at 105°C£2°C for about 60 hrs.

*2) See table 2 *2
*3) See table 2 *3)

*4) Based on dry weight of origanal wood.
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Table 6: Increase or derease in tangential dimenson after formaldehyde treatment.*

Inc. or dec. in tangential dimension.
Exposure ,
Catalyst time hr.
Hinoki : Birch
none 1.5 1.81
Formaldehyde- Hydrogen 3 —0.20 —1.00
chloride ' _ _
treated wood. 6 0.12 1.23
16 —0.21 —0.90
Boric acid. 2% sol. 1.07 1.43

* Based on dimension in tangential direction of original wood.

) yd blorid Q""""'? Birch
o Hydrogen chloride H‘)'dmgerx chloride Hydrogen chloride M H

exposure for 3hr. exposure for 6hr. exposure for 16hr.

100 b
~— AE. ASE. - AE. AS.E. —— A.E. ASE.
8o
§ Boric acid
§‘"'_§.r‘ S 295 solutian
A

60F '9

Non catalyst - AE. ASE

¢ wof

Heat treatment

95°C for 20hr.

A!gtiswelling efficiency (A.E.)
Antishrink efficiency (A.S.E.)

Mosture absorption in desi

4 with mot (days)
* The vertical lines represent range of A.E. or A.S.E.

Fig. 4 : Antiswelling efficiency and antishrink efficiency in the tangenttal direction of
woods treated with formaldehyde under inorganic acid catalysts.
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Table 7 : Weight gain obtained with formaldehyde vapor and inorganic acids at 95°C

for 20 hrs.
i
Weiht gain*!’ due to vapor . . .
' Ex- take-up during treatment Final Wel(g;%*m gain
Catalyst posure (%) 0
time S RS
: | hr. Hinoki Birch i Hinoki Birch
- — .
| none | 14.8 16.5 1.1 2.9
| |
Formaldehyde- |Hydrogen*? 3 13.2 10.0 6.0 2.1
chloride
treated wood | ’ 6 14.8 9.6 6.4 0.7
‘ |16 | 11.7 8.8 5.7 0.3
" Boric acid, **
, 294 sol. i 13.3 15.5 . 0.8 2.8

*1) Weight after vacuum drying

*2) Weight after oven drying at 105°C for about 60hrs.
*3 gee table 2*2

*1) gee talbe 2%9
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EplcHRN 2T AT v ML ETORE S, v/ F TREKMAER, ILEOHE Nt L
A&, BRI X > THB OB RV 2705 v PR ) ~—1% 105°C TH 60882 E T %
LR EOTIRE AL L C & 2vbi Be ~ a1y AOHS, w8, HEEL 3.0%H L
7eni, D.S. oM BB ENL L, chRFEARLV LT AT v R X 2EREREINTE R L,
T M B L O RV AT AT KR ~—c X 5 DEFE2 BRI 5,

3.2.4 RAEOHR K2~5TRT LI/ FTik, BKFRED 5 WRBE/KIIC B
FoEFMS Iebb Bt/Br 1T at/ar ZELIEM O XU L TH B A C/ha (B
HEIN Do —H Iy SOEEF AU X 5B FHOBEIRAED H Tl ‘

— M T R AT T FILBERITORM O Bt/Br B L O at/ar LM O XX
DRERDEFHEOYER F DO LBDHBN V.

DLRES BIc EHHOKRE WA TR, KB A W EBEE ALY ET 5L 5 kR a
TUF e PRI L O TEFHEORE 2D bR D, ¢ OHREIC D Tk IR 8ic BEM 7 B9t
IO FTRTH %o

3.2.5 BESLUVRAKSEOHYE DS LOBE %2, %4, {5, sLUM6R
T XS, BRic X 5 FHEEIKER L ORIKKSBERE L 00K < k%, & OWIRKSE O
AR AN LTUF e FILBIc X oTC, kEziE~3s o —R7EOBKED KB KL L4
TAF e FERIEURKERKLT H20TELS LEZLNALA, & O oWt BT
FHTH Do ¥ DT LRILELRIEL OBfR T, WIMAMC X o Tk HE ORI b+
TH DD, ETHELEARM OILEE S2ELEM O Fh & X113 ¥ DL v O IR
5B OBELDTRHY 0E 5 L BB THRLLTH B | |

WoKE S EAEHOZHIC L TATHED, COEA L /%L <y sh T 5 Lo
FHABNICKTH D0 D LRTEHFEOHBEAOERCLLEFLbDTHBEELLN D,

¥FRE2THRLELIL S, BBBECEWTRdZ RMA & AERIERC & < —3%7 5,
Fiebb, ZOBSURMEEE U TRWIE KIS FUSILERE, (32 A XIBL THRICAAAE
LWz EZRLTW S, b LI L T 2380, HIbKRER, BEHETH s dic
RMA. iz AE. X0EL R2ETH %, #5THFE RMA. Ok 2% 52 % fliiz ¥
FICALEBHTIC B L tve CHRREER C LT, & VMR M2 L T 2840
A X 2 O—FH ORI RS 505 Th %o

¥ RBBIe X & KEEmME AE OBRIRENT TRLAER,  OmMFRIZISERBRC S
%o

DENET TRONZHEBALO LU THEIKRFELMEL T 550 27 40F v FULFECIE, 4L
FMZ N S 7 B3, BEEMTEGEALER L, FRFUBRTXTEHTTS o &
MTE DL LBIKIE, BHKKSTREGD L, MCEERD.S. 2525 52 L HEL M E ROk,

3.3 RUBMIEICDHnIR
RUEE2 SR A L LT 2.1.3 TONREFETRL LT LT v AR fFot, JLBIAR

* EIR = 0 v RO BFHICONTOREROTIGERE T X B & at/er 131.7~1.8, F7= yellow birch
T 1.3 TARERCH o= B VY AHOFNR Y VLS TS Do
TR AT AT v PR ORI IO\ TS BRI B DT 5 T8 TH Do |
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(1) Untreated wood
(2) Non-catalyst

(3) Hydrogen chloride(exposure for 3 hrs.
(4) Hydrogen chloride(exposure for 6 hrs.
(5) Hydrogen chloride(exposure for 16hrs.
(6) Boric acid (immersed for 14 days)

% Formaldehyde
) treated wood

L
|

28 180
2 \ 160
\ Hinoki
‘\ \> U (Japanese cypress)
20 140 Birc
~ \\ \ { h
8 \ - S~
g 16 g :? 120
3 & § N
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Fig. 5 : Moisture absorption in desiccator Fig. 6 : Water absorption in diluted water
saturated with moisture for 30 days of for 10 days of woods 1reated | with
woods treated with formaldehyde under formaldehyde under inorganic _acid
inorganic acid catalysts. catalysts.

(1) Untreated wood

(2) Non-catalyst Y

(3) Hydrogen chroride (exposure for 3 hrs.) Formaldehyde O Hinoki
4) » v (exposure for 6 hrs.) treated wood & Birch
GB) » o (exposure for 16 hrs.) | ‘

(6) Boric acid (immersed for 14 days)
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Fig. 7 :
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Relationship between the antiswelling efficiency and moisture content of woods

treated with formaldehyde under inorganic acid catalysts.
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#o DS nE2~4, BIUOK4THERLT, A

Tibb AE B O¥E, v/ +TH40%, ~ i1 325~30%, WokKOYE, v/ & T
#9459, <~ B S THI3BY DE A S, * e AS.E. OEREIRRED O IER L EE ¢
J % T10~15%, ~Hv S THI5 9%, BIKKRES B 105°C TF 608 EZIR L 2dicik v /
2 T10~15%, ~Hv T —1.0~—10% Tk otco L ERTEED X 5 7x 53R % fiflf & 3 B
WL, M CORAL AT AF L FLEE Z0EBR % DS KL TRIERRLFIRL2H
S v, HIETRIEBERZ W BRI DA, WEEOHBERALBL IR V. K

W, BkKSE S EMEOLE L EFRKTHD, ALHHOLRDEDDNEL .

4 8 ¥&

R, HALKER X OR VR ¥ OEEMER L ML LT 27 05 v F FIGAEZ{TOT
A D D.S. koW TERYTok, '

1) HERat : "L AT AT v FRISAHEIC S WTARMO D.S. 0kdlcrMoBtanidL
, BFERICHAWIEGHTRAEHE T o

2)  MEAbIKSE M -

i) AK#o D.S. 3 X oBBHEOYBICIFEIC RN LMK TH %o

i) RSB T X TEMHETITWE 20

iii) RIS OEERFRA & s ¥ A pilx Aviedid, Eik X O HLEOHE I
B BHMEOUE bfTbh, FIGUEEMHcmiirn®ird s ik, HiEE
TS X 78 o

3) RUERE . BEECH cAMENT, MISABIC kW THEERRIEEAERL, MO
D.S A b I BIBMEDOHEIRIE & A E Dk,

4) MEpECR A LT AF v PR T oRREE, BT WL BAWE I S8 —F
LDOTHY, CORBRFEIRC L 2D THDHEELOND, ABRIEEHL L THWE
95°C, 208 mE oA cliM o D.S. OHBER AL ol

KO ATTIUL AR BRI &S & T AR WIHEE L TEH OB AET %,

Résumeé

It has been ascertained by H. Tarkow and A.J. Stamm (1953) that the
fromaldehyde vapor in the presence of a strong mineral acid catalyst was
effective for the dimensional stability of wood to a high degree through an acetal
cross-linking reaction and that dimensional stabilization of wood with acidified
formaldehyde vapor was accompanied by an embrittlement of the wood. The
selection of catalysors that react under less drastic condition was important
theme in the formaldehyde treatment of wood. We studied, therefore, on the
hygroscopicity and dimensional stability of wood treated with formaldehyde vapor
in the presence of a various catalysors.
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In this report, the effects of formaldehyde treatment of wood using various:
inorganic acids such as hydrochloric acid, hydrogen chloride, and boric acid as-
catalysts on the dimensional stability of wood were stuided.

The specimens (Hinoki (Japanese cypress) and Birch) with 5.0x1.0cm cross
section and 0.5 cm in the fiber direction, as shown in Fig. 1, were prepared from.
the same log. In order to measure the shrinking and swelling in the tangential
direction of the specimen, the standard line of 4.0cm was marked on it in the.
tangential direction.

The experiments were carried out in the following order : (1) pretreatment:
of specimens with catalyst, (2) formaldehyde reaction, and (3) measurement of
the degree of dimensional stability.

(1) Pretreatment with catalyst: The speciments (moisture content 14.0-
15.09% ) were exposed in the atmosphare which was in equilibrium with 309%
hydrochloric acid solution at 20°C in 21. desiccator vessel. In the case of
hydrogen chloride, they were allowed to stand in 0.15g/1 hydrogen chloride gas
in the apparatus shown in Fig. 2. When boric acid was used as a catalyst, the
specimens were soaked in 29% boric acid solution for 14 days, dried in air, and
placed in 659 relative humidity at about 15°C for 40 days.
~ (2) Formaldehyde treatment : Pretreated specimens were allowed to react
with formaldehyde vapor at 95°C for 20 hrs. in the apparatus shown in Fig. 3.

(3) Measurement of dimensional stability : The treated specimens were dried
on P:0; under reduced pressure. They were then weighed and each dimension.
was measured with a comparator. (A) The treated specimens were placed in a
vacuum desiccator partly filled with water, sucked for 48 hrs. and then soaked
in a distilled water for 8 days. And they were weighed and their dimensions.
were measured in the swollen and the dry states which were reached by drying
in air for 24 hrs. and then in oven at 105° for 60 hrs. All values of antiswelling
efficiency (A.E.) were calculated on the basis of the dimensional difference
between the vacuum drying state and the water-swollen state.

_Swelling of untreated specimen (9%)-Swelling of treated specimen (%)
- Swelling of untreated specimen (%)

x 106 (%) DO

A.E.

Also, the values of antishrink efficiency (A.S.E.) were calculated on the basis of
the dimensional difference between the water-swollen state and the final oven-dry

state,

_ Shrinkage of untreated specimen (9%)—Shrinkage of treated specimen (%)
N Shrinkage of untreated specimen (%)

x 100 (%) 2

A.S.E.
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(B) The other treated specimens were placed in a desiccator saturated with
moisture for 30 days. And then they were air-dried for 24 hrs. and on P.Os
under reduced pressure. Their weights and dimensions were measured in both
states. The values of antiswelling efficiency (A.E.) and antishrink efficiency
(A.S.E.) were calculated by the formula (1) and (2). The values of reduction in
moisture absorptivity (R.M.A.) after being placed for 10 days in a desiccator
saturated wish moisture were calculated by the following equation
Increase in weight of Increase in weight of

_unterated specimen (%) ~ treated specimen (%) - o
RMA. = Increase in weight of untreated specimen (%) X100 %) 2

The detailed results of these tests were presented in Tables 1 to 7 and Figs. 4
to 7. "

The following conclusions are given from these experimental results.

(1). Formaldehyde vapor treatment in the presence of a hydrochloric acid
catalyst is shown to stabilize the dimensions of wood. (Table 1). But, it is not
suitable to use hydrochloric acid as a catalyst in the formaldehyed reaction,
becaute of degradation of wood by hydrochloric acid.

(2) It is shown in the case of hydrogen chloride gas that hygroscopicity,
anisotoropy, and dimensional stability are improved without increasing the specific
gravity and coloring of wood. (Tables 2-7, Figs. 4-7). Namely, it is suitable to
use hydrogen chloride gas as a catalyst in the formaldehyde reaction. '

(3) Formaldehyde treatment of wood under boric acid catalyst shown no
effect on the improvement of dimensional stability of wood (Tables 2-7, Eigs. 4-7).

(4) Formaldehyde treatment without catalyst improved the swelling‘to some
extent, which is lost by heating. This effect seems to be due to formaldehyde
polymer which is formed temporarily from free aldehyde in wood. Namely, the
mechanism involved in stabilizing wood by treatment without catalyst is considered
to be mainly a bulking effect.

~ (5) Heating process not involving the formaldehyed reaction has no effect
on the improvement of dimensional stability (Tables 2-5, Fig. 4).
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