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ABSTRACT

This study was performed to determine the effects of impregnation with boron compounds and water
repellents on the dimensional stability of wood. For this purpose, the test specimens prepared from scotch
pine (Pinus sylvestris L.) wood which met the requirements of TS 345 and TS 1476 standards procedures
were single, double or multi treated according to ASTM D 1413-76 standard procedure with some boron
compounds such as boric acid (Ba) and borax (Bx), some water repellent materials (WRM) such as styrene,
methyl methacryrilate, izocyonate, polyethyleneglychol-400 (PEG-400), and some  commercial
impregnation materials such as Tanalith-CBC (T-CBC), ammonium sulfate (AS), diamonium phosphate
(DAP), and vacsol. As a result, secondary treatment with WRM decreases amount of leached material.
Water absorption ratio of wood was lowest in the treatment only with WRM, boron compounds and in
secondary treatment of PEG-400 with WRM. Order of convenience for dimensional stability was like
WRM > (Ba+Bx) + WRM>PEG-400+WRM >commercial impregnation materials. Order of convenience
for volumetric shrinkage efficiency was like (Ba+Bx)+WRM>PEG-400+WRM>AS, DAP, T-CBC.
WRM was found more successful in leaching prevention when used as a secondary treatment after PEG-
400. So, the wood which will be used in open air and high relative humidity conditions, secondary
impregnation with WRM is recommended.

Keywords: Boron compounds, dimensional stability, impregnation, leaching, scotch pine
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OZET

Bu ¢alismada, odun koruma ve ¢aligmay1 azaltma amaciyla kullanilan bazi kimyasal maddelerin emprenye
maddesi yikanmasi ve hacimsel stabiliteye etkileri aragtirilmigtir. Bu maksatla, saricam (Pinus sylvestris L.)
odunundan TS 345 ve TS 1476’ya gore hazirlanan 6rnekler, ASTM D 1413-76 esaslarina gore; Borik asit
(Ba), Boraks (Bx), Polietilenglikol 400 (PEG-400) ve bazi borlu bilesiklerden; Ba+Bx, Ba+Bx+St,
Ba+Bx+MMA, Ba+Bx+St+MMA, su itici maddelerden (SIM); Stiren (St), Metilmetakrilat (MMA),
[zosiyanat (ISO), ticari emprenye maddelerinden; Tanalith-CBC (T-CBC), Amonyum siilfat (AS),
Diamonyum fosfat (DAP) ve Vacsol (V) ile tekli, ikili veya ¢oklu iglemler halinde emprenye edildikten
sonra AWPA N-10 ve ASTM D 1413-76 esaslarina uyularak 6, 24, 48 ve 72 saat siireyle yikanma etkisinde
birakilmigtir. Yikanma etkisi sonucu boyutsal ¢aligma ve emprenye maddesi yikanma miktarlarina gore;
yikanma siiresi arttik¢a yikanan madde miktari azalmustir. Borlu bilesikler ve bunlarin ikincil SIM iglemli
uygulamalar1 yikanan madde miktarini azaltmigtir. Su alma oranlar1 zamana bagl olarak artmakta, en az su
alma oran1 SIM’lerin tek bagina kullaniminda ve Borlu bilesikler ile PEG-400’iin SIM’ler ile ikincil iglemli
emprenyesinde elde edilmigtir. Odunda stabilite saglamada uygunluk siras;; STIM>Ba+Bx+SIM>PEG-
400+SIM>Ticari emprenye maddeleri seklinde olmustur. Hacimsel daralmayr azaltici  etkenlik
bakimindan uygunluk sirast; (Ba+Bx)+SIM>PEG-400+SIM>AS, DAP, T-CBC seklindedir. Su itici
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etkenlik degeri bakimindan, PEG-400"tin SIM’li uygulamalart bagarili bulunmustur. SIM’lerin yikanmay1

engelleme etkenliginin PEG-400’lii gruplarla emprenyede daha basarili oldugu sdylenebilir. Buna gore;

agik hava yada yiiksek nem sartlarinda kullamilacak ve su etkisi ile odundan yikanarak uzaklagabilecek suda

¢oziinen borlu bilesikler ile emprenye edilmis saricam odununda emprenye maddesi yikanmasini

engellemek, su alma oranini azaltmak, su ititci etkenligi arttirmak ve boyutsal stabiliteyi diizenlemek

maksadiyla SIM’lerle ikincil emprenye uygulamalari 6nerilebilir.

Anahtar kelimeler: Borlu bilegikler, emprenye, mobilya endiistrisi, stabilite, su iticiler, ytkanma

INTRODUCTION

Impregnation of wood with chemical
materials is absolutely necessary to protect
from insects, fungus etc. in many applications
(Williams 1990). Boron compounds are the
impregnation materials preserving wood from
biotic damages but leaching from wood

restricts the usage of it (Murphy et al. 1990).

It is known that, in the leaching of
impregnation  material  from = wood,
concentration of impregnation material,

duration of impregnation, properties of wood,
ratio of extractive material, acidity of water
etc. are important factors (Richardson 1987).
The shrinkage of wood decreases by % 70
when impregnated with high concentration of
salt and natural sugar solutions (Stamm and
1935; 1969).  Water
absorption ratio of Scotch pine was found

Honsen Stamm
%40 when impregnated with % 0,5 paraffin,
%10 hydrogenised resin ester and % 9,5 white
sprit (Voulgaridis 1986). It has been reported
that bulking materials (PEG-400, PEG-1000
etc.) widening cell walls and additionally
forming chelate by using together with boron
compounds or in secondary impregnation
the
development of dimensional stability (Hofors
1990). It has that
impregnation compounds

process play an important role in

been reported also
with  boron
develops some of the technological properties
and additional treatment with WRM avoids

leaching (Yildiz 1992).

In this study, the effects of secondary
impregnation of wood with WRM to avoid
the leaching of boron and to develop the
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dimensional stability by decreasing shrinkage
or swelling have been determined.

MATERIALS and METHODS

Test specimens were prepared from Scotch
pine wood obtained from Trabzon-Caykara
Forest Administration. The logs were cut
according to TS 4176 (1984) standard
procedures. Anti blue was applied on surfaces
of logs to prevent coloring after they were
brought to the laboratory. Boron compounds
obtained from ETIBANK-Bandirma Borax
and Acid Factories, vinyl monomers from
PETKIM-Izmit Refinery Co., and POLISAN
Chemical Industry Co., PEG-400 from
SHELL Petroleum Co. and other materials

from market.

Preparation of test specimens

TS 345 (1974) standard procedures were
applied in the preparation of test specimens.
The logs are cut from a section 2 m height
from the bottom and under the top of main
stem. Prism cut in radial direction from the
sapwood, were kept in 20+2 °C temperature
and 65£3% relative humidity conditions up to
12%  humidity. The
prismatic specimens with a dimension of

reaching air-dry,
2cmx2cmx50cm were impregnated. The part
of 2.5cm length was cut from the top of
impregnated specimens. From the remaining
part, leaching test specimens were cut into the
dimensions of 2cmx2cmx2cm.

Impregnation solutions
I.Commercial impregnation materials: T-

CBC, AS, DAP, V



II. a) Water solutions of boron compounds (for
single treatment): Ba+Bx (7:3 weight/weight) b)
Water solutions of boron compounds+WRM
(for double treatment): (Ba+Bx)+St,
(Ba+Bx)+MMA, (Ba+Bx) +(St+MMA)

I11. Materials containing PEG
(bulking) +WRM: PEG-400, PEG-400+St,
PEG-400+MMA, PEG-400+(St+MMA),
PEG-400+ISO

IV. Water repellent materials (WRM): St,
MMA, (St+MMA), ISO

Method of impregnation

In the process of impregnation, ASTM D
1413-76  (1976) standard procedures was
applied. The specimens were processed with
pre-vacuum of 760-mm Hg™' for 60 minutes
and then put into the impregnation solution
in  perpendicular  position under the
atmospheric  pressure for 60 minutes.
Impregnated specimens were kept under air
circulation for 20 days for vaporization of
solvent and then put into the drying oven at
the temperature of 10312 °C for full-dry. The
tull-dry, impregnated specimens were cooled
in desiccators containing CaCl,, for 12 hours
and weighed at the analytic balance of 0,01g
sensitivity. ~ Moreover, the  specimens
impregnated with PEG, were kept at 60-70 °C
temperature for 5-7 days to avoid
impregnation chemicals leaking out of the
wood. The retention amount R, (kg/m’) and
retention ratio R (%) was calculated by the
formula (Yalinklig et al., 1997):

rR=SC 08
\Y

Moes — Moe$

Moes
G=T,-T,

R(%) = 100

T,: Weight of specimen before impregnation

T,: Weight of specimen after impregnation
V: Volume of specimen

C: Concentration of solution (%)
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M... Oven dry weight of specimen after
impregnation

M., Oven dry weight of specimen before
impregnation

Test plan and qualification of impregnation
solutions are given in Table 1.

Leaching test

Leaching test was done according to ASTM D
1413-76 standard procedures. After each
leaching process (6, 24, 48, 72 hours), the
specimens were taken from distilled water
and oven dried in a drying oven at the
temperature of 1032 C° The full-dry
specimens are weighed and measured in
dimension. The amount of leached materials
(ALM %), ratio of water absorption (RWA
%), the effectiveness of water repellents
(EWR %), volumetric change in wet
condition (VCWC %), volumetric change
after leaching as compared with oven-dry
dimensions (VCDC), efficiency of decreasing
the shrinkage (EDS %) and expansion (EDE
%) values are calculated by the formulas:

ALM(%) = M0|—Mos.

22 100
Moi
RWA(0%) = Mrs=Mol 5,
Moi
EWR(9) = SAOK=SAOT) .
SAOK
Vewe (o) = SN =Vyoh 44,
Vyo6h
VCDC(6) = YA =V0S 109
Voi
EDE(6) = SK=CL 100
EDS(%) = Dk=Dt ;g

M,;: Oven dry weight after impregnation
M,,: Oven dry weight after leaching process
M,,: Wet weight after leaching process

Saok: Ratio of water absorption by control
specimen (%)
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Saot: Ratio of water absorption by test
specimen (%)

Vi Wet volume after leaching process

Vyon: Humid volume before leaching process
V,i: Oven dry volume before leaching process
V,,: Oven dry volume after leaching process
Dk:  Volumetric of

specimen after leaching period (%)

shrinkage control
Dt: Volumetric shrinkage of test specimen
after leaching period (%)

Gk: Volumetric expansion of
specimen after leaching period (%)

control
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Data analysis

The statistical results were given by computer
software, SPSS 12.0 for Windows. Multiple
Variance Analysis (MANOVA) Method is
used to determine the impact of impregnation
material on R, ALM, RWA, EWR, VCWC,
VCDC, EDS and EDS and Duncan’s Test
Method to determine differences between the
groups.



Table 1 Impregnation test plan and solution qualifications
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Order of Process Density o
Const of solt. (% H Bae (%
Mat. Group | Representing Material [mli\-IEXP- Impl.\IProc. ) S°1veln t Mat. 1. P (g/ml) ) °C
° ° 1.Process | 2.Process | 1.Impreg | 2.Impreg frp- Bi Ai Bi Ai Bi Ai
Bor. Comp. 1 1 T-CBC 13 Ds 248 279 | 1.08 | 1.08 | 48.2 | 482 | 25
I.Comp. Amon. Comp. 2 1 AS 13 Ds 455 | 406 | 1.07 | 1.07 25
Group Phos. Comp. 3 1 DAP 13 Ds 6.64 | 670 | 1.07 | 1.07 25
Org. solution 4 1 \% 100 Ds 5.91 6.00 | 0.81 | 0.81 25
Fire preventives, 5 1 Ba+Bx 13 - Ds 7.86 791 | 1.11 1.11 | 623 | 623 | 25
insecticides, 7/3 wiw
Funguses wood 6 2 Ba+Bx St 13 100 Ds 7.86 | 791 | 1.11 | 1.11 | 623 | 66.8 | 25
I1.Boron protectors 7/3 w/w 414 410 | 091 0.91
Comp. 7 2 Ba+Bx MMA 13 100 Ds 786 | 791 | 1.11 | 1.11 | 623 | 66.8 | 25
7/3 w/w 7.41 7.85 | 122 | 1.22
8 2 Ba+Bx |St+MMA 13 70:30 Ds 7.86 | 791 | 091 | 091 | 623 | 66.8 | 25
7/3 w/w 5.70 573 | 112 | 1.12
PEG-400 9 1 PEG-400 100 5.67 560 | 1.12 | 1.12 25
10 2 PEG-400 St 100 100 5.67 560 | 1.12 | 1.12 25
414 | 410 | 091 | 091
11 2 PEG-400 MMA 100 100 5.67 560 | 1.12 | 1.12 25
ITI. PEG 7.41 7.85 | 122 | 1.22
12 2 PEG-400 |St+MMA 100 70:30 5.67 560 | 1.12 | 1.12 25
5.70 565 | 1.12 | 1.12
13 2 PEG-400 ISO 100 100 5.67 6.60 | 1.12 | 1.12 25
4.60 460 | 1.21 | 1.21
14 1 St 100 414 | 410 | 091 | 091 25
Water Repellent 15 1 MMA 100 741 | 785 | 122 | 122 25
V-WRM | Materials 16 1 St+MMA 70:30 570 | 565 1.12 | 1.12 25
17 1 1SO 100 460 | 460 | 1.21 | 1.21 25

w/w: weight/weight, DS: Distilled water, Bae: Boric acid equivalence, Bi: Before impregnation, Ai: After impregnation, T-CBC: Tanalith-CBC, AS: Ammonium sulfate, DAP:

Diamonium phosphate, V: Vacsol, Ba: Boric acid, Bx: Borax, PEG-400: Policthyleneglychol-400, MMA: Methyl metacrylat, St: Styrene, ISO: Isocyanides, Note: In each test, two

groups were used, each having 12 specimens
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RESULTS AND DISCUSSIONS

Retention

Retention values of impregnation material are
given in Table 2. Retention is found the

400>boron - compounds>Commercial - impregnation
materials.

The Leached Amount of Impregnation Material

The leached amount of impregnation material

highest in WRM group and it was the lowest and  retention amount in oven-dried
in commercial impregnation materials. Order specimens are given Table 3.
of retention amount is as WRM>PEG-
Table 2 Retention amount of impregnation material
Grp. | Imp. Chemical Materials Retention (kg/m?) Retention Ratio % Total
No No Retention
1% impregnation 2°d impregnation
X Ss | HG - Ss I e 1= ss |G x |Ss
1 T- CBC 19.38 2,27 N | 10.9 1.3 G 10.9 1.3
2 AS 58.32 1828 | J 14.1 1.9 E 14.1 1.9
L 3 DAP 30.84 | 1156 | L 11.2 0.7 G 11.2 0.7
4 \ 113.88  7.65 1 28.6 19.1 C 28.6  19.1
5 Ba+Bx 41.64 7.77 K 16.4 12.2 E 16.4 | 12.2
. 6 | (Ba+By)+st 2677 | 1138 | M | 194 | 107 | E | 311 |[153] B | 505 | 165
. 1
7 (Ba+Bx) +MMA 113.77 | 82.98 I 4.8 13.9 I 133 | 95 | D 18.1 | 10.6
8 Ba+Bx)+St+ MMA 213.49 | 7856 | E 10.0 11.1 G 13.6 | 95 | D 23.6 | 59
9 PEG-400 113.88 7.65 I 13.1 1.5 F 13.1 3.5
10 | PEG-400+St 20897 | 1273 | F 131 0.4 F 53 32| G 184 | 23
IL 1 11 | PEG-400+MMA 19587 | 6075 | G | 118 | 1.7 | G | 61 | 66| F | 179 | 83
12 PEG-400+S+MMA 232.80 | 1023 | C 11.9 0.5 G 113 | 06 | E 13.2 41
13 PEG-400+YSO 23398 | 37.67 | C 12.6 0.8 F 143 | 1.3 | C 27.7 0.7
Iv. 14 ]St 37450 | 7553 | A | 563 | 155 A 56.3 | 15.5
15 | MMA 186.09 | 6734 | H | 24.1 14.2 D 241 | 142
16 |St+MMA 22500 [ 1050 | D | 357 | 196 | B 357 | 19.6
0
17 ISO 276.25 | 62.09 | B 22.3 10.8 D 22.3 | 10.8
x : Average, Ss: Standard devisions, HG: Homogeneous groups
Table 3 The leached amount of impregnation material (ALM %)
No Impregnation I (6 hours) IT (24 hours) IIT (48 hours) IV (72 hours) Total
Materials and x [HG]| ss x |HG| ss | x |HG| Ss x | HG| ss | ALM (%)
Process
1 Control 0.20 ] 0.20 0.12 L 0.12 ] 0.10 I 0.10 ] 035 | G | 0.11 0.45
2 T- CBC 0.19 ] 0.19 0.80 | H 0.04 ] 210 | C 013 ] 015 | H | 0.11 3.20
3 AS 1.48 B 0.18 4.02 C 1.05 | 4.56 B 1.83 | 4.61 B | 0.26 14.65
4 DAP 1.46 B 0.95 0.37 ] 0031127 | D 0501 037 | G | 0.14 3.47
5 \% 0.45 G 0.25 084 | H 0.46 | 0.55 F 0.17 112 | E 0.45 2.96
6 (Ba+Bx) 1.44 B 1.21 4.01 C 1.63 | 1.30 | D 1021 219 | D | 0.12 8.94
7 (Ba+Bx) + St 0.10 K 0.10 0.73 I 0.17 | 0.68 E 026 | 074 | F 0.52 2.25
8 (Ba+Bx) + MMA 0.41 H 0.06 1.36 F 0.18 | 0.52 F 035] 145 | E 0.09 3.74
9 (Ba+Bx)+S +MMA | 0.31 I 0.09 2.80 E 0.65 ] 0.63 E 0181 08 | G | 0.39 4.59
10 | PEG-400 350 | A 0.08 | 12.10 A 0.10 | 8.53 A 0.74] 866 | A | 093 32.79
11 | PEG-400 + St 0.50 F 0.00 0.74 I 004 1] 1.16 | D 0111 033 | G | 0.01 2.73
12 | PEG-400 + MMA 087 | D 0.15 2.83 E 0081135 | D 3.651 247 | D | 0.05 7.52
13 | PEGA00+St+MMA 1.58 B 0.18 441 B 0.77 | 2.37 C 0121 3.00 | C | 0.78 11.36
14 | PEG-400 + ISO 1.08 | C 2.63 3.69 D 0.77 | 2.05 C 3.65 1.50 | E 0.48 8.32
15 | St 0.64 E 0.38 0.13 K 0.13 | 0.32 G 0.06 | 057 | F 0.43 1.66
16 | MMA 0.28 I 0.28 0.74 I 0.02 | 0.70 E 0281 045 | G | 0.15 2.18
17 | St+MMA 037 | H 0.42 0.34 ]J 1.12 ] 0.21 H 0.10 | 056 | F 0.45 1.48
18 | ISO 039 | H 0.03 0.93 G 0.20 | 0.57 F 034] 012 | H | 0.88 221

In each of two test groups, 12 specimens were used (Total : 17 x 2 = 34 group x 12 specimens / group = 408specimens, p =<0,05)
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According to the duration of leaching process,
the amount of leached material was found
highest in PEG-400 and lowest in (Ba + Bx)
+ St at 1* period, highest in PEG-400 and
lowest in St at 2™ period, highest in PEG-
400 and lowest in St + MMA at 3™ period,
highest in PEG-400 and the lowest in T-
CBC and ISO at 4™ period. According to
these results, the amount of leached material
decreased as the duration of leaching process
gets longer and this decrease happened
especially in the first two periods (6-24
hours). In boron compounds and secondary
treatment with WRM, the amount of leached

Table 4 RWA (%) for leaching periods
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material was decreased as compared with
single treatment with PEG-400 and secondary
treatment with WRM. The lowest amount of
leached material was observed in single
treatment of WRM and highest in single
treatment of PEG-400.  The order of
convenience for total amount of leached
material is like WRM>boron compounds +
WRM>commercial

materials>PEG-400 + WRM.

impregnated

Ratio of Water Absorption
Cumulative ratio of water absorption for
leaching periods is given Table 4.

No Imprcgnation I (6 hours) IT (24 hours) III (48 hours) IV (72 hours)
Materials and x |HG]| ss x | HG | ss x |HG ]| ss X HG | Ss
Process
1 Control 805 | A | 13.75] 953 | A |385] 1005 | A 242 | 1106 | A 0.40
2 | T-CBC 462 | E 3201 612 | D | 1.82 794 | B 0.55 749 | E 1.55
3 | AS 47.6 | E 1.65] 61.0 | D | 2.60 6383 | D 0.50 719 | E 1.10
4 DAP 763 | B 19.10 | 86.0 | B | 4.60 70.7 | C 1.20 814 | D 6.85
51V 28.6 | H 0.60 | 46.4 F 1.25 613 | E 1.50 51.6 | H 8.60
6 Ba+Bx 633 | C 505] 71.0 | C 1.05 81.8 | B 0.40 | 1030 | B 2.00
7 (Ba+Bx) +St 25.7 1 300 437 | G | 6.80 346 | H 3.05 558 | G 2.70
8 (Ba+Bx) + MMA | 296 | G 10.00 | 30.8 I 9.20 545 | F 5.30 422 I 333
9 (Ba+Bx) + St 308 | G 130 | 573 | E 6.51 76.7 | C 0.75 742 | E 2.15
+MMA
10 | PEG-400 543 | D 050 | 675 | D | 4.40 81.7 | B 11.40 933 | C 6.70
11 | PEG-400 + St 179 | ] 060 | 422 | G | 720 322 | H 3.00 487 | H 7.01
12 | PEG-400 + MMA | 453 | E 1040 | 37.7 | H | 3.40 454 | G 12.30 368 | ] 3.20
13 | PEG-400 +St + 428 | F 365|500 | E 8.30 535 | F 5.00 59.3 F 13.00
MMA
14 | (PEG-400 + ISO 24.5 I 270 | 373 | H | 1.05 577 | E 7.90 50.4 | H 8.02
15 | St 25.2 1 12.00 | 26.0 | J 6.15 27.7 1 21.00 500 | H | 21.50
16 | MMA 300 | G 1470 | 4992 | E 6.10 69.0 | D | 11.00 587 | F 2.90
17 | St + MMA 25.0 1 9.50 | 46.9 F 0.65 483 | G 10.30 55.6 | G 6.40
18 | ISO 292 | G 1.55 | 73.1 C | 0.12 672 | D 0,.75 60.5 F 5.11

In each of two test groups, 12 specimens were used ( Total : 17 x 2 = 34 group x 12 specimens / group = 408specimens, p =< 0,8)
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specimens by leaching VCDC (%) is given in
Volumetric Change: Volumetric change in Table 5
wet test specimens (VCWC %) and oven-dry

Table 5 Volumetric change in wet test specimens (VCWC %) and oven-dry specimens by leaching (VCVC %)

Test I (6 hours) II (24 hours) III (48 hours) IV( 72 hours)
No veDC X HG Ss X HG | Ss X HG Ss X HG Ss
1 Control +28 | ] 000 | 640 | A |1040] 4097 | E | 0.60 | -0.49 | DH | 0.37
T-CBC - DE | 1.82 | -0.12 I 010 | +299 | C | 1.15] -1.44 | FG | 0.46
1.45
3 AS +4 B 1.19 +3 D [011] +489 | AB | 085 ] +238 | E | 0.16
4 DAP +09 | E 080 | 415 | C | 071 ] 232 | CD | 125 ]| -0.48 | GH | 0.05
5 v - D 1.70 | -039 | ] 0.16 | -4.14 B | 005] +642| B 1.39
1.74
6 Ba+Bx - DE | 083 | -691 | A | 148 ] -1.74 D | 151 ] +331 | D | 249
1.29
7 (Ba+Bx) + - EF | 028 | -0.17 I 0.06 | -396 | BC | 032 ]| +756 | A | 6.04
MMA 0.28
8 (Ba+Bx) + St - D 0.90 | -6.01 B | 238] -1.72 D | 079] -4.09 C | 5.04
1.74
9 (Ba+Bx) + St + - E 045 | -156 | G | 044 | -5.92 A | 206] +028 | H | 0.05
MMA 0.65
10 | (PEG-400 - C 151 | -2.03 | EF | 1.12 | -2.57 C |200] +337 | D | 0.06
2.67
11 | PEG-400 + St - DE | -021 | -115 | A | 0.12 ] -0.29 F |005] +402 | C | 1.19
1.26
12 | PEG-400 + - EF | 021 | -0.63 | H | 040 ]| -0.78 E | 030 ] -0.85 G | 0.06
MMA 0.22
13 | PEG-400 + St+ - DE | 121 | -277 | E | 0.14 | -0.96 E | 050 -252 E | 250
MMA 1.38
14 | PEG-400 + ISO - BC | 0.80 | -6.35 | AB | 0.65 | -2.66 C | 105] +589 | B 1.42
3.73
15 | St - CD | 176 | -3.80 | CD | 239 | -1.10 E | 009] +136 | FG | 1.13
2.20
16 | MMA - A 498 | 460 | C | 008 ] -0.11 F | 010 ] +3.82 | CD | 2.88
5.09
17 | St+MMA - B 013 | 378 | D | 008]| -140 | DE | 0.86 | -1.86 | EF | 1.30
4.03
18 | 1ISO - DE | 053 | -266 | E | 1.24 | -1.85 D | 117 ]| -1.77 F 1.70
1.88
Test I (6 hours) II (24 hours) III (48 hours) IV( 72 hours)
No Vewe X HG Ss X HG Ss X HG Ss X HG Ss
1 Control 10.2 C | 241 10.6 B [03 11.3 B | 055 12.14 B 1.59
2 T- CBC 5.9 E 1.74 85 [ CD | 0.7 8.06 | CD | 1.01 | 6.90 E | 280
3 AS 5.7 E | 211 4.9 E [038] 670 E [ 240 ] 540 EF | 1.12
4 DAP 26 | GH | 2.36 2.9 G | 158 ] 3.70 F 113 ] 5.90 EF | 0.40
5 \% 28 |GH | 04 4.5 E [ 17 7.80 D | 055] 470 G | 250
6 Ba + Bx 11.9 B |23 10.8 B [23 9.5 C | 140 ] 89 CD | 1.10
7 (Ba + Bx) + St 11.0 B 0.4 9.2 C 2.2 9.4 C | 140] 87 CD | 8.70
8 (Ba+Bx) + 10.9 C 0.6 87 | CD | 42 8.5 CD | 250 ]| 72 E 1.12
MMA
9 (Ba+Bx) + St + 8.14 D 012 | 9.12 C 0.7 102 | CB | 0.80 | 10.9 BC | 2.00
MMA
10 | PEG-400 4.11 F |31 4.8 E [ 1.05 5.3 E [ 040 ] 62 E | 0.60
11 | PEG-400 + St 2.3 H |24 3.6 F | 061 ] 396 G [ 176 | 420 G | 410
12 | PEG-400 + 3.1 G 0.15 | 3.16 F | 205] 4.00 F 1.00 | 3.89 | HG | 0.10
MMA
13 | PEG-400 + St 1.72 I 39 213 G | 0.01] 3.50 G [210] 385 | HG | 0.25
+MMA
14 | PEG-400 + ISO 3.12 G |11 2.8 G |29 3.12 G [ 010 ] 432 G | 1.50
15 | St 4.9 E 1.8 86 | CD | 48 11.3 B | 5.10 | 9.70 C | 420
16 | MMA 12.5 A 1278 1372 A |71 14.2 A | 215 1592 A | 690
17 | St + MMA 9.13 C |21 11 AB | 6.0 11.6 B | 1.82] 13.0 B | 340
18 | ISO 413 F | 6.12 85 | CD | 115 ] 113 B | 320] 10.8 BC | 1.52

(-) means shrinkage where as (+) means expansion in volume.
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Impregnation either with PEG-400 or PEG-
400+WRM  aftects stability
positively. Order of dimensional stability is
like WRM>(Ba+Bx) + WRM>PEG-400 +

WRM> commercial impregnation material.

dimensional

Table 6 Efficiency in decreasing shrinkage
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Effectiveness in Decreasing Shrinkage Ratio
The difference between the volumetric
shrinkage of control and test specimen after
leaching period over the test specimen, called
Efficiency in Decreasing Shrinkage Ratio is
given Table 6. Efficiency in Decreasing
Expansion (EDE) is just opposite of EDS, so
is not given in Table 6.

EDS %) and expansion (EDE%)

No Impregnation I (6 hours) II (24 hours) III (48 hours) IV (72 hours)
Materials and Process x H X HG X H X H

G G G

1 Control - - - -

2 | T-CBC +049 | H | 777 1 | 41976 [ F | -1907 | BC
3 | as 2790 | D | -835 I +343 | 1 | 1585 | C
4 | Dap -1032 | F | 43061 [ C | +780 [ H | +2492 | B
5 (v +7626 | A | +1875 | EF | +33.00 | ¢ | -1357 | C
D

6 | (Ba+Bx) 3267 | C | +780 | 1 [ 42374 E | -1383 | C
D

7 | (Ba+Bx) + St +3535 | C | +37.09 [ BC | 45008 | AB | +584 | H
8 | (Ba+Bx) + MMA +2274 [ DE | +777 | 1 | +3747 | C | +1350 | C
D

9 | BatBx) +St+MMA | +5849 | B | +4036 | B | +5346 | A | +1565 | C
10| PEG-400 1907 | E | +1647 | G | +1190 | G | +1672 | C
11 | PEG-400 + St +3505 | C | +2582 [ D | +924 | G | -1195 | D

H
12 | PEG-400 + MMA +1480 | F | +736 | 1 | +2944 [cD| +369 | G
13 | PEG-400+St+ MMA | +1758 [ E | 2564 | D | +2950 | CD | +32.10 | A
14 | PEG-400 + ISO +3843 | C | +2097 | EF | +5152 | AB | +27.07 | B
15 | st +2979 | D | +4579 [ A | +4272 [ B | +22.16 | BC
16 | MMA +2522 | D | +2237 | E | +17.10 [ F | +208 | 1
17 | St+ MMA +576 | G | 4935 | 1 +570 | HI | 4329 [ G
18_J1s0 +1857 | E | +3820 [ BC | +28.61 [ CD | +2223 | BC
(+) means EDS whereas (-) means EDE
EDS was found the highest in the first 6 It is interesting that the impregnation

hours in V, in 24 hours St, in 48 hours
(Ba+Bx) + St + MMA, in 72 hours St +
MMA.

The order of convenience for groups is like
(Ba+Bx) + WRM > PEG + WRM > WRM >
AS, DAP, Tanalith-CBC and Vacsol. As the
duration of impregnation increases, EDS
increases. The order of EDS for the total
duration from the highest is like (Ba+Bx) +
St + MMA, PEG-400 + ISO, St , (Ba+Bx)
+ St, ISO, (Ba+Bx ) + MMA, MMA, PEG-
400 + MMA .
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materials can be classified in three groups for
EDS (Table7).

Table 7 Efficiency in decreasing shrinkage (EDS %)

I 11 111
(Ba+Bx)+S +MMA St PEG-400 + ISO
(Ba+Bx) + St 1SO | PEG-400 + MMA
(Ba+Bx) + MMA MMA

The order of convenience for the chemical
materials and process for EDE is just the
opposite of EDS.
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Effectiveness in Water Repellency

Effectiveness in Water Repellency of test

specimens calculated by the water absorption

in leaching periods is given in Table 8.

EWR from the highest value is like; PEG-
400+ WRM>WRM>(Ba+Bx) + WRM>
Commercial impregnation materials. As the

duration of leaching increases EWR decreases.
The highest EWR in the first 6 hours
observed at (Ba+Bx) + MMA, 24 hours
(Ba+Bx) + MMA, 48 hours (Ba+Bx) + St,

72 hours (Ba+Bx) + MMA.

Table 8 Eftectiveness in water repellency EWR (%) for leaching periods

Impregnation I (6 hours) II (24 hours) III (48 hours) IV (72 hours)
No Materials and Process x HG x HG x HG X HG
1 Control - - - -
2 T-CBC 42.6 D 24.0 H 20.5 GH 31.9 DE
3 AS 40.9 D 9.8 I 31.7 EF 34.6 D
4 DAP 5.3 G 11.6 I 29.3 F 26.0 E
5 \ 73.2 AB 51.3 D 38.7 E 53.3 BC
6 Ba+Bx 21.8 F 254 GH 19.0 H 6.3 G
7 (Ba + Bx) + St 68.1 B 54.1 D 65.4 A 49.2 C
8 (Ba + Bx) + MMA 757 | A | 676 | B 46 C 61.6 AB
9 (Ba+Bx) + St + MMA | 61.8 B 39.8 F 23.3 G 325 D
10 PEG-400 32.6 E 29.1 G 18.3 H 15.1 F
11 PEG-400 + St 5.6 G 55.7 D 47.8 C 55.7 B
12 PEG-400 + MMA 43.8 C 60.4 C 54.6 B 66.5 A
13 PEG-400 + St + MMA | 46.9 C 47.5 E 46.5 C 45.6 C
14 PEG-400 + ISO 69.6 AB 60.8 C 42.3 C 54.1 B
15 St 68.7 B 72.7 A 52.3 B 54.4 B
16 MMA 62.8 B 48.5 E 31 F 46.6 C
17 St + MMA 69.0 AB 50.7 D 51.7 B 49.9 C
18 ISO 63.8 B 23.3 H 33 EF 45.0 C
The Effectiveness of Water Repellent cffectiveness of WRM (EWRM) s given in

Materials in Preventing Leaching

If WRM are applied as a secondary treatment

to test specimens impregnated with Ba+Bx,

the amount of leached material as compared

Table 9.

Effectiveness in

impregnation material was found high in

preventing

- b WRM led boron compounds than PEG-400
to smgle treatment wit , calle
5 compounds; PEG-400 + WRM>(Ba+Bx) +
WRM
Table 9 The effectiveness of water repellent material in preventing leaching process
Impregnation I (6 hours) | II (24 hours) | III (48 hours) | IV ( 72 hours)
No .
Materials and Process
b HG X HG X HG b HG
Ba+Bx+ MMA| 7153 | D ]66.08] C 60.00 C 3379 | E
L (Ba + Bx)+ St 93.06 | A ]91.74] AB | 47.69 E 6621 | D
(Ba + Bx) + St| 7847 | C [30.17|] D 51.54 C 61.19 | D
+ MMA
PEG-400 + ISO | 69.14 | DE | 69.50| BC | 75.97 B 82.68 | B
II. PEG-400 + St 85.71 B |93.88| A 86.40 A 9.19 | A
PEG-400 +]7514 | CD |7661| B 84.17 | AB | 7148 | C
MMA
PEG-400 + St| 5486 | E |6355] C 7222 | BC | 6536 | D
+MMA
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The effectiveness of WRM in preventing
leaching decreases in boron compounds by
time but just opposite occurs in PEG-
400+WRM. EWRM was found highest
(Ba+Bx) + St in first 6 and 24 hours, PEG-
400 + St in 48 and 72 hours. Styrene showed
a leaching preventive property in all periods.

CONCLUSION

There was no change in pH wvalue and
densities of solutions before and after the
impregnation. This may due to study with
fresh solutions in each impregnation process.
In the solution of T-CBC 13%, pH values
being in acidic region possibly can affect the
polysaccharides in wood as negative.

Regarding impregnation material groups, the
order of convenience for the amount of
like WRM >boron
compounds>commercial impregnation
material >PEG-400. According to this result,
the amount of retention was found highest in
the groups with WRM and lowest in PEG-
400. This the high
concentration and low viscosity of WRM.

retention 1s

may be due to
This property is important for woods where
the highest amount of retention is required
for being used in open-air condition.

In commercial impregnation materials, the
amount of retention was found highest in V
and lowest in T-CBC.

In impregnation with boron compounds, the
amount of retention was found highest in
Ba+Bx+St+MMA and lowest Bx+Ba+St.
The ratio of retention was found highest in
Ba+Bx+St and lowest in Ba+Bx. According
to this result, the impregnation of styrene
with boron compounds decreased the amount
of retention but increased the ratio of
retention. It can be asserted that regarding the
amount of retention; MMA provides more

effective results with boron compounds.
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In impregnation with PEG-400 groups, the
amount of retention was found highest in
PEG-400 + ISO and lowest in PEG-400. The
ratio of retention was found highest in PEG-
400 + ISO and lowest in ISO. According to
this result, in secondary impregnation with
WRM PEG-400, the of
retention increased twice. Really in Scotch

after amount
pine wood, the highest amount of retention
and ratio of retention was found in PEG-400
+ MMA impregnation. In the impregnations
with WRM, the amount of retention was
found highest in styrene and lowest in MMA.
The ratio of retention was found highest in
styrene and lowest in ISO. According to this
result, it may be said that WRM grabs the
wood much more effectively. In Scotch pine
wood, the highest amount retention for
WRM + Polyurethane varnish was reported
as 82.02 kg/m’ (Yalinkilig 1997).

Regarding the duration of leaching process,
the amount of leached impregnation materials
revealed lowest in first period and highest in
fourth periods. While the time gets longer,
the amount of leached materials increased in
the secondary
impregnated with WRM. Regarding the total
amount of leached materials, the order of
the
amount is like WRM>boron compounds +
WRM>Commercial Impregnation
Materials>PEG-400 + WRM. According to
this result, the amount of leached material

specimens who are not

convenience beginning from lowest

becomes less in the applications with WRM.
This case may be a result of hydrophobic and
high grabbing property of WRM. This
property can be taken into account in water
soluble boron and similar compounds where
the impregnation material can be leached in
high humidity conditions.

The water absorption ratio observed highest
in 72 hours and lowest in 6 hours. It
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increased by the duration of staying in the
water. Regarding the impregnation materials
groups, the order of convenience for the ratio
of water absorption is like WRM>P-400 +
WRM>Ba+Bx + WRM > T-CBC, AS,
DAP, V. According to this result, WRM and
applications with WRM becomes superior
over the others. This case may be a result of
hydrophobic properties of WRM. The water
absorption ratio was highest in Ba+Bx for 72
hours and lowest in MMA for 6 hours.

Regarding the dimensional stability, the order
convenience is like WRM>boron
compounds+WRM >P-400+WRM >

commercial impregnation materials.
According to this result, the small amount of
instability in specimens impregnated with
WRM groups, may due to the hydrophobic
property of WRM

absorption and preventing dimensional study.

in decreasing water

While commercial impregnation materials
showed differences regarding the dimensional
study, PEG-400 used solely or with WRM
decreased the amount of dimensional study.
Regarding time, the amount of dimensional
study occurred highest in the first 6 and 24
hours. As the duration increased, the ratio of
volumetric change decreased.

Regarding  the  efficiency  increasing
dimensional  stability, the order of
convenience is like boron

compounds+WRM>PEG400+WRM>WRM>

commercial impregnation materials.
Regarding hydrophobic property, the order of
convenience is like
PEG+WRM>WRM>Ba+Bx+WRM>com

mercial impregnated materials. This property
is very important under high humidity and

open-air conditions.

the
leaching process, the order convenience is
like, WRM >P-400+ WRM >Ba+Bx+WRM.

Regarding efficiency in preventing
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The effectiveness of WRM in preventing
leaching happened in (Ba+Bx)+St as 93.6%
in first 6 hours, in (Ba+Bx) + Stas 91.74% in
24 hours, in P-400 +St as 96.19 % in 72
hours. Related to the time, while WRM
the

compounds in preventing leaching, just an

decreased effectiveness of  boron
opposite situation observed with PEG-400.
Styrene

property in all periods. In the secondary

proved its leaching prevention
impregnation of boron compounds and PEG-
400 with WRM, amount of leached material,
hydrophobic effectiveness, water absorption
ratio, efficiency in decreasing expansion and
shrinkage, efficiency in prevention of leaching

were improved.

According to this result, the secondary

impregnation with WRM can provide
economical benefits by extending the life of
wooden equipments to be used in open-air
and high humidity

preventing leave of impregnation substance

conditions through

by leaching, decreasing water absorption ratio,
increasing moisture exclusion efficiency and
developing dimensional stability.

REFERENCES

ASTM D 1413-76 (1976) Standard Test
Method of Testing, Wood Preservatives
by Laboratory, Soilblock Cultures,
Annual Book of ASTM Standards, 452-
460 p.

Hofors B (1990) The Role of the Wosa in the
Development of PEG Preservation
R.M. Rowel RJ Barbour, Eds.
Advance in Chemistry Series, 5: 195-
217.

Murphy RJ, Barnes HM, Gray S (1990). The
Efficacy of Boron Polymer Systems: A
preliminary Report on Laboratory
Studies, Forest Products Research
Society, 142.

Richardson BA (1987) Wood Preservation,
Construction Press, Ltd. 238 p.,
Lancaster



Stamm AJ, Honsen LA (1935) Minimizing
Wood Shrinkage and Swelling, G. Ind.
and Eng. Cham., 6:201-204.

Stamm AJ (1959) Eftect of Polyethilene
Glycol on the Dimensional Stability of
Wood, Forest Prod. Journal, 9: 375-381

TS 345 (1974) A Testing Methods for the
Effects of Wood  Impregnating
Substances. Turkish Standards.

TS 4176 (1984) Wood-Sampling Sample
Tress and Log for Determination of
Physical and Mechanical Properties of

Wood in Homogeneous  Stands.
Turkish Standards.
Voulgaridis E (1986) Effect of Water

Temperature and Melting Point of Wax
on Water Repellency in Treated Wood,
Holz Forschung und Holz Verwertung,
6: 141-144

138

ACU Orm Fak Derg (2011) 12(2):126-138

Williams LH (1990) Potential Benefits of
Diffusible Preservatives for Wood
Protection, an Analysis with Emphasis
on Building Protection with Diftusible
Preservatives, Forest Product Research
Society, 29-35.

Yalinkilig MK, Baysal E, Demirci Z (1997)
Leaching from Wood after Impregnated
with Boron Compounds and Increasing
Dimensional Stability by Prevention of
Leaching with Various Hydrophobic

Materials,  Turkish ~ Journal  of
Agriculture and Forestry, 21: 423-431.
Yildiz UC (1992) Aga¢ Malzemenin
Yapisinda Meydana Getirilen
Degisiklerle Bazi Teknolojik
Ozelliklerinin Tyilestirilmesi,
ORENKO-92, 1. Ulusal Orman

Uriinleri Endiistrisi Kongresi Bildiri
Metinleri, 1: 403, Trabzon (In Turkish)



	Corresponding author: Hüseyin PEKER, e-mail: peker100@hotmail.com
	ABSTRACT
	Çevre Dostu Borlu Bileşiklerin Mobilya Endüstrisinde Kullanım Olanakları
	Sorumlu yazar: Hüseyin PEKER, e-mail: peker100@hotmail.com
	ÖZET
	INTRODUCTION
	MATERIALS and METHODS
	Preparation of test specimens
	Impregnation solutions
	Method of impregnation
	G=T2-T1
	T1: Weight of specimen before impregnation
	Leaching test
	Moi: Oven dry weight after impregnation
	Data analysis
	Table 1 Impregnation test plan and solution qualifications
	RESULTS AND DISCUSSIONS
	Retention
	The Leached Amount of Impregnation Material
	Table 2 Retention amount of impregnation material
	Retention Ratio %
	T- CBC
	Ratio of Water Absorption
	Table 4 RWA (%) for leaching periods
	Volumetric Change: Volumetric change in wet test specimens (VCWC %) and oven-dry specimens by leaching VCDC (%) is given in Table 5.
	Effectiveness in Decreasing Shrinkage Ratio
	Effectiveness in Water Repellency
	Table 8 Effectiveness in water repellency EWR (%) for leaching periods
	Table 9 The effectiveness of water repellent material in preventing leaching process
	CONCLUSION
	REFERENCES

