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Abstract

This study was performed to determine the effect of fixation time and
temperature on the release rate of copper, chromium, and arsenic from tre-
ated vvood, fungal resistance, and some mechanicai properties of treated wo-
od. At 20°C and higher moisture contents, ieaching rate of preservative com-
ponents decreased. In specimens treated with CCB and conditioned at
20°C/32-100% relative humidity, percentage of elements leached wvas less
than that in specimens treated with CCA and also fixation rate increased sig-
nificantiy in CCB-treated specimens. In CCA treatments, vveight iosses by
Gloeophyllum trabeum and Postia placetita were more than 5% in the fixation
processes such as oven-drying at 120°C, and steaming at 80°C for 60 and 90
minutes vhile weight iosses were less than 5% in the other fixation conditions.
At re-drying temperatures of 20 and 70°C, CCA had no significant negative
effect on the bending strength, MOE, and impact bending strength of the spe-
cimens.

1. INTRODUCTION

The interactions of CCA preservatives with wood during and after the treating process are
complex and poorly understood, although aspects of these reactions have been extensively studi-
ed (LEBOW 1996). The fixation reaction is generally monitored by the reduction of Cr (V1) in the
treated vvood, but in the final analysis, the stability of the CCA components in the treated vvood af-
ter ali reactions are complete is the ultimate measure of the quality of the fixation reaction. There
is also an interest in monitoring the ieaching potential of treated vvood before the fixation reacti-
ons are complete, because vvood is generally removed from protected storage before the CCA
components are completely stabilized (COOPER et al 1997).

The rate of fixation in CCA treated vvood is affected by environmental conditions during
follovving treatment. Temperature is one of the several parameters greatly affecting this rate. Ma-
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nipulation of temperature during and/or after treatment can significantly decrease the time requ-
ired for fixation (FORSYTH 1993). Wood treated wvith CCA wvvood preservatives fixed under
drying conditions requires longer fixation times compared to high humidity fixation conditions.
Several studies shovved that the fixation under high temperature conditions causes redistribution
of Chemicals betvveen lignin and cellulose, and increases the leaching of CCA components (CON-
RADIE/P1ZZ1 1987; LEE et al 1993; BOONE et al 1995; KALDAS/COOPER 1996). CONRA-
DIE and P1ZZ1 (1987) shovved that the amount of CCA leachate increased wvith an increase in dry-
ing temperature, generally an increase of more than four times, from 25°C to 120°C. KALDAS
and COOPER (1996) found that CCA deposited during chromium reduction under low moisture
content conditions wvas not as resistant to leaching as under high moisture contents conditions and
there wvas significantly higher leaching of ali components, and especially arsenic if the vwood mo-
isture content vvas lovver than the fiber satiiration point moisture content during fixation. In addi-
tion, BOONE et al. (1995) shovved that better resistance to chromium and arsenic leaching from
CCA-treated vvood wvas obtained using a moderated kiln 1e-drying dry-bulb temperature with a
short controlled fixation period and a high relative humidity rather than a drying schedule conta-
ining a lowv relative humidity. LEE et al (1993) shovved that vvood kiln-dried at high temperatures
produced higher amounts of leached elements than the air-dried vvood. ALEXANDER and CO-
OPER (1993) stated that the rate of CCA fixation in vvood was highly temperature dependent with
relative humidity or wet bulb temperature playing an important role in the process and the effect
of relative humidity could be explained by its effect on the surface temperature of vvood, approac-
hing the wvet bulb temperature of the surrounding under drying conditions. In addition, UNG and
COOPER (1996) shovved that the rate of fixation wvas slovved substantially as a result of cooling
of the vvood surface under the drying conditions. Hovvever, as long as the vvood moisture content
did not drop belovv the fiber saturation point, any adverse effects on CCA leaching from the fixed
vvood did not appear. RUDDICK et al (1994) concluded that fixation process could be accelerated
by high temperature although the presence of moisture is important to ensure fixation occurrence.
Also they found that the leaching of preservative increased in the order, steam. treatment coven-
dried=air-dried, and that increase the duration of steam fixation reduced the leached preservative.
AVRAMIDIS and RUDDICK (1989) also stated that the vvet bulb temperature is more important
than the dry bulb temperature in determining the time required to fix the CCA, and the surface mo-
isture content is a key parameter in determining the CCA fixation rate. ALEXANDER et al (1993)
concluded that a high-vvet bulb temperature is necessary to facilitate proper heat transfer in the wo-
od, vvhile also maintaining the moisture essential for the interactions of chromium wvith the other
preservative components and vvood. They also shovved that the rates of fixation are significantly
inhibited if the vvood is allovved to dry extensively during the fixation process.

PEEK and WILLEITNER (1988) concluded that lovver temperatures vvithout steam cause
increases leaching, due to a drying effect vvithout promotion of fixation. They achieved almost
complete fixation of Cr(V1) in pine by steaming the treated vvood at 110°C for about 60 minutes
and stated that steaming of freshly impregnated vvood wvith chromium containing vvood preserva-
tives to accelerate fixation is a suitable method to minimize pollution. Also they found that using
steam fixation methods, for softvvoods the efficacy of the preservatives was not affected; in case
of hardvvoods treated with CCA, a certain reduction against soft rot fungi wvas noticed. CONRA-
DIE and P1ZZ]1 (1987) stated that fixation at high temperatures reduces decay resistance of treated



CCA VE CCB EMPRENYE MADDELERI 179

wood against wood degrading organisms because the decrease in biological performance is caused
by Chemical conversion reactions of the CCA preservative, such as conversion of the low solubi-
lity compounds into more soluble compounds vvhich then leach, mobilization of the preservative
wvith temperature due to plasticization of lignin. BOONE et al (1995) found that there was no sig-
nificant influence in decay resistance among the seven re-drying schedules (74 and 60°C as maxi-
murn dry-bulb temperatures) in either groups of CCA-treated Southern pine (ali <5% weight loss).

The effects of waterbome preservative treatment on the mechanical properties of wood ap-
pear to be directly related to many factors, such as species, mechanical property, Chemical type,
retention, post-treatment diying, temperature, size and grade of material, initial kiln-drying tem-
perature, and incising. It is generally accepted that waterborne preservative treatments reduce the
mechanical properties of wood. This effect is exaggerated when wood treated vvith vvaterborne pre-
servatives is processed at high temperatures either before, during, or after treatment (WINANDY
1995; WINANDY 1996). The effects of re-drying on the mechanical properties of treated wood
have been studied by many researchers (WINANDY et al 1989; WINANDY 1989, 1994, 1995,
1995; WINANDY/LEBOW 1997). WINANDY et al (1992) found that tensile strength was not
significantly affected by initial kiln-drying temperature but it was reduced when CCA-treatment
was follovved by high temperature re-drying. In addition, no significant changes in MOE, modu-
lus of rupture (MOR), or work to maximum load (WML) were attributable to any re-drying sche-
dule (74 and 60°C as maximum dry-bulb temperatures) and it was concluded that drying wood in
a high-RH environment could result in an accelerated strength loss in wood if this environment is
too severe and for too long (BOONE et al 1995). WINANDY et al (1985) found that in Southern
pine wood treated to CCA retentions of up to 16 kg/m3 and dried at temperatures of <60°C, neit-
her MOE and MOR, nor WML vvere affected, but in the vvood dried at temperatures of >80°C,
MOE was not affected, MOR and WML wvvere reduced 11% and 37%, respectively.

In general, CCA-C vvood preservative has been used to investigate the effects of accelera-
ted fixation processes on the leaching characteristics, biological performance, and mechanical pro-
perties of treated vvood by many researchers. The objective of this study was to examine the ef-
fects of the fixation processes on the leachability of CCA Type Il and CCB (Triolith CB) preser-
vative components, which are currently the predominant vvood preservatives for many applicati-
ons in Turkey, biological effectiveness against brovvn and vvhite rot fungi, and some mechanical
properties of treated vvood (P. sylvestris L.).

2. MATERIALS AND METHODS
2.1 Leachability of CCA and CCB eiements

Scots pine (Pinus sylvestris L.) trees vvere harvested from Dizce (Bolu, Turkey) for the re-
search. Boards vvere cut immediately from sapvvood portions of the trees to prevent attacks of blue-
stain fungi. The boards vvere allovved to dry under conditions at 20+2°C and 65+5% relative hu-
midity (RH). Sapvvood blocks (19 mm) vvere cut from the boards according to AWPA E 10-91 Stan-
dard method (AWPA 1997) and ali blocks vvere conditioned to 12% MC at 20+2°C and 65+5%
RH. For treatments, 1.0% CCA Type Il (CuS04, K2Cr20 7, and As205) and CCB (CuS04,
K2Cr20 7, and H3B 03) (Triolith CB) Solutions vvere used. The blocks vvere treated in a desiccator
with 1.0% Solutions at 100 mm Hg of vacuum subjecting to AWPA E10-91 Standard method (AW-
PA 1997). Then the blocks treated vvere vveighed and immediately vviped with a damp cloth. In or-



180 S. NAMi KARTAL

der to obtain the desired wood moisture cotitents (MCs), the blocks vvere subjected to each of the
modified fixation procedures used by KALDAS and COOPER (1996), and CONRADIE and PIZ-
Z1 (1987) before (Table 1, Table 2, and Table 3). In the first group of fixation conditions (Table 1),
the blocks vvere conditioned Over saturated salt Solutions (CuS04, KBr, NaHS04, and CaCl2 for
25, 20, 13, and 7% vvood MCs, respectively) and in a conditioning rooii to obtain the desired wo-
od equilibrium MCs (EMC). After the fixation times in the post-treatments conditions vvere achi-
eved, two replicate samples of six blocks for each fixation condition vvere subjected to AWPAE11-
97 Standard ieaching test (AWPA 1997). The leachates collected from the 2-vveek ieaching cycle
vvere analyzed for chromium, copper, and arsenic wvith a Perkin EImer 5100 PC atomic absorpti-
on spectrometer (AAS) using flame atomization for higher concentrations of the elements and
graphite furnace atomization for lovver concentrations. The percentage of elemantal iosses was cal-
culated using the cumulative amount (pg) of each element in the leachate and total amount added
to the blocks during preservative treatment, based on pieservative solution uptake.

2.2 Fungal resistance of treated vvood

In order to investigate the effects of the post-treatment conditions used on the biological
performance of CCA and CCB-treated vvood against decay fungi, the soil-block test wvas carried
out according to AWPA E10-91 (AWPA 1997). In the tests, brovvn rot fungi Gloeophyllum trake-
lim (Pers. ex Fr.) (Madison 617-R), and Postia placenta (Fries) M.Larsen et Lombard (Madison-
698) and wvhite rot fungus Coriolus versicolor (L.) Quel. (CTB 863 A IH) vvere used. Tvvelve rep-
licate samples (unleached and leached) of each fixation process vvere conditioned, steam-sterili-
zed, vveighed, and expozed to test fungi. The duration of the test was selected 12 vveeks for the
brovvn rot fungi and 16 vveeks for the vvhite rot fungus to achieve reasonable vveight iosses. After
exposure to test fungi at 27°C and 70% RH, the surface fungus mycelium wvas removed, the samp-
les re-conditioned, and vveight iosses vvere calculated from the conditioned vveights of the blocks
immediately before and after testing.

2.3 Mechanical properties of treated vvood

In investigation of the influence of elevated temperatures during fixation cycles, only
CCA-treated vvood vvas used. Scots pine specimens (20x20x350 mm) for the bending strength and
MOE, and (20x20x300 mm) for the impact bending vvere cut from the sapvvood portions of the bo-
ards. The specimens vvere treated wvith 1.0% CCA solution using a modified full-cell treatment
process at 600 mm Hg of vacuum (30 minutes), 8 kp/cm2 of pressure (60 minutes), and 600 mm
Hg of final vacuum (15 minutes). After preservative treatment, the specimens vvere either air-dri-
ed at 20+2°C and 65+5% RH for 720 hours or kiln-dried at 70+2°C in an dven for 72 hours. Then,
ali specimens vvere stored at 20+2°C and 65+5% RH until being achieved constant vveights in the
specimens prior to mechanical tests. Ali mechanical tests vvere carried out according to the Tur-
kish Standards (TSE 1976).

3. RESULTS AND DISCUSSION
3.1 Leachability of CCA and CCB elements

The blocks treated vvith 1.0% CCA and CCB solutions and subjected to the AWPA leac-
hing test had average 6.8-7.9 kg/m3 and 6.9-7.5 kg/m3 for CCA and CCB, respectively.
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The leaching results belonging to the post-treatment conditions-I shovv that at 20+2°C and
loww vwwood MCs during fixation processes, the leaching losses of ali CCA components increased
although in the CCB fixation course, leaching losses vvere less than those of CCA. At 20+£2°C, the
lovvest leaching rate vvas obtained under the 65% RH and 12% MC fixation conditions for CCA.
As losses in Process land 2 (65% RH/12% MC) vvere highly lovver than those of the other fixa-
tion conditions. For Cu losses, the lovvest leaching rate was achieved in Process 1, 2 (65% RH/12%
MC) and 5 (84% RH/20% MC) (Table 1). At 20+2°C, from 100% RH to 65% RH, elements los-
ses reduced and then from that point element losses began to raise for CCA and CCB (for 14 day
and 20 day fixation courses). Figlire 1 shovvs that the relationship betvveen realtive humidty and
percentage of leached elements from CCA-treated samples. It is clear that after 65% RH, percen-
tages of leached of Cr, Cr, and As elements vvere increased due to lack of moisture in vvood. This
means that at a specific temperature, permenance of preservative elements are also affected at a
specific RH.

The percentages of leached Cr, Cu, and As elements belonging to the post-treatment con-
ditions-11 are shovvn in Table 2. Compared to the leaching results vvhich belong to the post-treat-
ment conditions-1 for CCA, As losses vvere higher than the other elements as the leaching losses
in the post-treatment conditions-1. It is clear that CCA and CCB preservatives have shovved simi-
lar effects on the amount of Cr leached at temperatures of 20, 50, 60, 80, and 120°C. In Figure 2
and 3, the relationship betvveen the temperature applied and total amount of Cr from CCA and
CCB-treated samples is illustrated for both direct 6ven and air- dry/oven-dry treatments, respecti-
vely. For both CCA and CCB preservatives, in the air-drying/oven-drying processes, element los-
ses vvere generally less than those in the direct 6ven drying processes. In addition, in both proces-
ses, after 80°C, almost ali element losses of CCA and CCB preservatives began rising.

Table 3 shovvs leaching results obtained from steam fixation courses (post-treatment con-
ditions-111). Compared to post-treatment conditions-1 and II, in general, Cr and Cu losses vvere
less. For Cr, the lovvest leaching rate vvas achieved in Process 23 (steaming at 80+2°C for 60 mi-
nutes and dven drying at 60+2°C for 48 hours) for CCA, and in Process 22 (steaming at 80+2°C
for 90 minutes and éven drying at 60+2°C for 48 hours) for CCB.

3.2 Fungal resistance of treated vvood

Table 4 shovvs that the vveight losses of the unleached and leached blocks treated wvith CCA
due to soil-block test using test fungi G.treabeum, P.placenta, and C.versicolor. In the untreated
control blocks, the vveight losses vvere 61.80%, 69.50%), and 38.60% for G.trabeum, P.placenta,
and C.versicolor, respectively. The lovvest vveight losses vvere obtained in Process 13, 15, 22, and
24, Process 15, and 22, and Process 12, 13, 20, 21, 22, and 23 for G.trabeum, P.placenta, and
C.versicolor, respectively. Steaming vvithout 6ven drying (Process 18, 19, 20, and 21) caused mo-
re vveight losses in both unleached and leached blocks for G.trabeum, and P.placenta. Moreyer,
in Process 16 and 17 (6ven drying at 120+2°C for 48 hours, and air drying at 20+2°C for 48 ho-
urs follovved by dven drying at 120+£2°C for 48 hours), the highest vveight losses achived for G.tra-
beum, and P.placenta. In general, the vveight losses by C.versicolor vvere less than those by G.tra-
beum, and P.placenta.

The vveight losses of the unleached and leached blocks treated vvith CCB due to soil-block
test using G.trabeum and C.versicolor test fungi are shovvn in Table 5. Compared to the results be-
longing to CCA presevative, in CCB preservative less vveight losses vvere achieved for G.trabeum
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test fungus.The lowest vveight losses were obtained in Process 11 for G.treabeitm, and in Process
13 for C.versicolor. In the CCA treated specimens, the vveight losses increased after 80°C by G.tra-
bum and P.placenta. For C.versicolor, the vveight losses increased after 60°C. In the CCB treated
specimens, the vveight losses increased after 100°C both fungi used.

Figlre 4 shovvs that the relationship betvveen temperature and vveight losses in CCA-tre-
ated samples. Increase in vveight losses can be seen as the heat treatment temperature increases.
There are several reasons for the effect of drying temperature on the biological performance of
CCA-treated vvood. Follovving three main effects can be presented: (a) conversion of the elements
into easily soluble components, (b) conversion of the elements into biologically inactive compo-
nents, and (c) movement of the reaction sites in vvood components to vvhich CCA is fixed (CON-
RADIE/P1ZZ1 1987).

3.3 Mechanical properties of treated vvood

Table 6 shovvs bending strength, MOE, and impact bending values of the untreated (cont-
rol), vvater-treated, and CCA-treated specimens, and retention levels of the specimens treated wvith
1.0% CCA. No significant (p<0.05) difference vvas found betvveen the mean properties of tvwo red-
drying temperatures for each treatment (control, vvater, and CCA 1.0%). In the specimens treated
with 1.0% CCA and dried at 70+2°C, the bending strength, MOE, and impact bending vvere redu-
ced about 1%, 7%, and 12%, respectively although these differences vvere statistically insignifi-
cant. This might be a result of that initial drying temperatures, re-drying temperatures, and durati-
on of exposure vvere not severe.

4. CONCLUSIONS

At 20°C, the rate of leaching of the elements from the specimens increased significantly
as the vvood MC decreased during the fixation processes. CCB vvood preservative shovved better
leaching rates compared to CCA. Also, it might be concluded that CCB-treated vvood specimens
require less fixation times. On the other hand, vwhen compared to the other preservative compo-
nents, As wvas the most leached element. This trend wvas obtained by KALDAS and COOPER
(1996), COOPER, et al. (1997), and LEE et al. (1993) before. The most resistant element to the
leaching course wvas Cr. The fixation at the temperatures of 100 and 120°C caused more signifi-
cant element losses than those at 50, 60, and 80°C, especially As losses increased significantly. In
addition, the best leaching rates vvere obtained by steaming and in general, the results from the spe-
cimens treated with CCA and CCB vvere very similar.

It was noted that there was no significant effect on the biological resistance among the fi-
xation temperatures used despite the fact that the vveight losses increased as the fixation tempera-
ture increased. )

Since the initial drying temperature and subsequent re-drying temperature vvere not high,
the mechanical properties vvere not significantly affected. The AWPA Subcommittee T-2 imposed
in 1989 a limitation on post-treatment kiln-drying temperature of 88°C in Standard C-2 and in
1991, that limit was lovvered to 74°C in Standards C-2 and C-22 (WINANDY 1995; AWPA 1997).
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Table 1 : Percent elements leached from the blocks treated with CCA and CCB (Post-treatment conditi-

ons-1).*

Tablo 1: CCA ve CCB ile emprenye edilen drneklerden elementlerin yikanma miktarlari (islem sartlan-1)

Process No Fixation Conditions
Temporatura MC
(0 (%)
Proses No Fiksasvon Sartlan
Sicaklik Rutubet
(0 (%)
1 202 12
2 20+2 12
Saturated
3 20+2 Doygun Sart

4 20%2
5 20+2
6 20+2
7 20+2

26

20

14

Fixatlon
Time
(daya)

Fiksasyon
Stresi
(qtin)
14
21

2
4
8
10
14

10
14

10
14
20
40
60
85
20
40
60
80
100

CCA
Rotontion
(kg/m1)

CCA
Retensiyonu
(kg/m3)
7.621
7.852

7,118
7,201
7,735
7,311
7.584
6,972
7,222
6,881
7,103
6.813
7,172
7,399
7,543
7,352
7.525
6,897
7,260
7,021
7.341
7,190
7,059
7,122
6,892
7.112

Porcont Elemots

Loached CcCB
Cr Cu As Retentlon

(kg/m3

Yikanan Element Y lizdesi ccB

Cr Cu As Retensiyonu

(kg/m3

0.57 2.07 4,13 7.411
0.60 221 3.45 7.118
789 12,97 26,24 7,227
4,79 10,66 27,93 7,186
3,05 3,58 9,55 7,046
1,21 3,40 7,03 7,116
0.77 3.13 6.00 7,187
929 17,83 26,12 7,218
7,79 1250 17,47 6,989
5,27 7,75 12,64 7,168
2,14 4,58 8,95 7,000
0.74 4.67 8.15 7.126
5,88 7.00 2136 7,169
2,48 3,10 10,49 7,285
2,05 2,81 9,30 7,268
121 241 8,86 7,190
0.61 243 6.79 6.996
3,44 11,19 18,67 7,230
162 10,06 17,46 7,200
1,56 9,35 13,83 7,186
151 7,76 1201 6,979
12,40 1850 34,13 7,219
10,05 17,28 28,79 7,000
577 1389 2349 7,124
5,29 3,00 18,00 7,300
4.99 8,37 15.09 *7.183

Kadi value represents average value of two replicate samples of six blocks.
Her deger alti adet 6rnekten olsmus iki yikama grubunun ortalamasini gosterir.

Percont Element
Leached

Cr Cu

Yikanan Elemen

YOzdesi
Cr Cu
0 1.54
0 201
0 0
0,73 181
0,75 0
0 0
* 0 3.07
0,84 454
0 3,76
0 0
0 0
0 0
0,75 1,79
0,83 1,40
0 0
0 0
0 0
0,81 4,86
0,72 3,65
0 161
0o_ o
0,92 1,38
1,06 1,42
0 0
0 0
0 141



184 S. NAMIi KARTAL

Table 2 1Percent elements leached from the blocks treated CCA and CCB (Post-treatment conditions-
1).*
Tablo 2 : CCA ve CCB ile emprenye edilen drneklerden elementlerin yikanma miktarlari (islem sartlari-11).

Percant Elements Percent Elements
CCA Leached CccB Leached
Process Ffotatlon Conditions Retontlon Cr Cu As Retentlon Cr Cu
No (kg/m3 (kg/m1)
Yikanan Element
Proses Flksaoyon Sartlan CCA Yikanan Element Yiizdesi ccB Yiizdesi
No Retensiyonu Cr Cu As Retensiyonu Cr Cu
(ka/m3 (kg/m5)
8 Ovan drying at 50+ 2 C for 72 houra 7,337 1,53 4,49 12,63 7,289 1,46 5,63
72 naat 50+ 2 C de kurutma
9 Air drying at 20 + 2 C for 48 hours foilowod by 7,298 1,01 3,37 9,23 7,310 1,20 4,21

Ovondrying at50i 2 Cfor 72 hours
48 saat 20+ 2 Cve 72saat 50+ 2 Cdo

kurutma
10 Ovon drying ot 80+ 2 C for 72 hours 6,967 1,46 5,00 10,33 7,112 1,34 4,16
72 saat 60+ 2 C de kurutma
11 Air drying at 20.% 2 C for 48 hours followod by 7,116 1,15 3,68 11,55 7,216 1,15 3,59

Ovon drying at 60 + 2 C for 72 hours
48saat 20 +2 Cve 72saat 80+ 2 Cde

kurutma

12 Ovan drying at 80 +J2 C for 72 hours 6,992 1,66 9,37 16,04 7,128 1,54 715
72 saat 80+ 2 Cde kurutma

13 Airdrying at 20 + 2 C for 48 hours followod by 7,398 1,34 5,75 15,99 6,896 159 593

Ovon drying at 80 +2 C for 72 houra
48 saat 20+ 2 Cve 72saat 80+ 2 Cde

kurutma

14 Ovon drlying at 100 + 2 C for 48 hours 7,174 5,63 16,56 14,96 7,125 5,46 12,63
48 saat 100+ 2 C de kurutma

15 Air drying at 20 + 2 C for 48 hours follovrod by 7,366 3,83 11,88 19,89 7,122 4,72 15,94

Ovon drying at 100+ 2 C for 48 houra
48 oaat 20+ 2 C ve 48 saat 100+ 2 Cdo

kurutma

16 Ovon drying at 120+'2 C for 48 houra 7,344 8,34 16,19 23,82 7,109 9,28 9,33
48 saat 120+ 2 C de kurutma

17 Airdrying at 20+ 2 C for 48 houra follovwvod by 7,580 5,83 1,72 28,76 6,910 7,16 4,80

Ovon drying at 120+ 2 C for 48 houra
48saat 201 2 Cve 48 saat 120+ 2 Cde
kurutma

*Each value represents average value of two replicate samples of six blocks.
Her deger alti adet 6rnekten olsmus iki yikama grubunun ortalamasini gésterir.
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Table 3 :Percent elements lecahed from the blocks treated CCA and CCB (Post-treatment conditions-
1).*
Tablo 3 : CCA ve CCB ile emprenye edilen érneklerden elementlerin yikanma miktarlari (islem sartlari-111).

Percont Elements Percent Elements
Process Raatlon Condltlons CCA Leached ccB Leached
No Retentlon Cr Cu Retentlon Cr Cu
(kg/m1) (kg/m3)

Yikanan Element

Proses Fiksasyon $artlan CCA Yikanan Element Yiizdesi cCB Yizdesi
No Retensiyonu Cr Cu Retensiyonu Cr Cu
(kg/m3) (ka/m3)

18 Steaming at 80 + 2 C for 90 minutes 7,426 0,92 3,70 7,300 0,81 3,13
90 dakika 80 + 2 C de buhariama

19 Steaming at 80 + 2 C for 60 minutes 7,770 0,95 4,73 7,218 0,82 3,52
60 dakika 80 + 2 C de buhariama

20 Steaming at 80 + 2 C for 30 minutes 7,600 0,77 4,78 7,116 0.74 3,59
30 dakika 80 + 2 C de buhariama

21 Steaming at 80 + 2 C for 15 minutes 7,360 0,79 4,92 7,128 0,74 3,55
15 dakika 80 + 2 C de buhariama

22 Steaming at 80 + 2 C for 90 minutes and 7,861 0,69 3,58 7,000 0 5,95

Oven drying at 60 + 2 C for 48 hours
90 dakika 80 £ 2 C de buhariama ve
48 saat 60 + 2 C de kurutma
23 Steaming at 80 + 2 C for 60 minutes and 7,417 0,75 3,75 7,100 0,74 6,31
Oven drying at 60 + 2 C for 48 hours
60 dakika 80 + 2 C de buhariama ve
48 saat 60 + 2 C de kurutma
24 Steaming at 80 + 2 C for 30 minutes and 7,410 0,94 3,65 7,486 0,89 6,02
Oven drying at 60 + 2 C for 48 hours
30 dakika 80+ 2 C de buhariama ve
48 saat 60 + 2 C de kurutma

*Each value represents average value of two replicate samples of six blocks.
Her deger alli adet érnekten olsmus iki yikama grubunun ortalamasini gésterir.

Figure 1 tRelationship betvveen relative humidty and percentage leached elements from CCA-treated
samples.

Sekil 1 : CCA ile emprenye edilen drneklerden yikanan element yiizdeleri ve ortam bagil nemi arasindaki
iliski.
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| Direcl Ovan Drying Pis Drying | Oven Drying
|— — — —Expon. (Air Drying/ Oven Drying) * "mExpDn. (Direct Oven Drying)

FOCATIONTEMPERATURE (C)

Figire 2 :The relationship betvveen drying temperature and percent Cr leached in CCA treatment.
Sekil 2 : CCA ile islemlerde kurutma sicakhgi ve yikanan Cr ylzdesi arasindaki iliski.

Direct Oven Drying u} Air Drying/Ovon Drying
-Poly. (Direct Oven Drying) "= Dtpon. {Asr Drying/Oven Drying)

FIXAT10N TEMPERATURE (C)

Figiure 3 :The relationship between drying temperature and percent Cr leached in CCB treatment.
Sekil 3 : CCB ile islemlerde kurutma sicakhgi ve yikanan Cr ylzdesi arasindaki iliski.



Table 4 :Weight losses of the leached and unleached blocks treated with CCA.

CCA VE CCB EMPRENYE MADDELERI

Tablo 4 : CCA ile emprenye edilen yikanmis ve yikanmamis érneklerde agirhik kayiplari.

Process
No

Proses
No

2

8

9
10
u
12
13
14
15
16
17
18
19
20
21
22
23
24

For fixation conditions, refer to Table 1-3.
Fiksasyon sartlan igin Tablo 1-3 e bakiniz.

Flxatlon Conditions*

Fiksasyon Sartlari

CONTROL SAMPLES
KONTROL ORNEKLERI

I: Unleached, I1: Leached samples.

I: Yikanmamis, 1I: Yikanmis 6rnekler.

Retentlon
(kfj/m3)

Retensiyon
(ka/m3)

7.418
7,364
7.563
7,648
7.389
5,545
7.680
7,511
7.300
7,589
7.403
7.509
7.700
7.540
7.300
7.785
7.530
7.500

7.852
7,337
7.298
6,967
7.116
6,992
7.398
7,174
7.366
7,344
7.580
7.426
7.770
7.600
7.360
7.861
7.417
7.410

G.trabeum

| Il

G.trabeum

| I
61,80 60,00
1.80 2.90
2,60 3,40
170 2.00
1,80 3,00
1,00 2,70
2,20 3,30
0.80 2,40
2,00 3,80
0.70 3.00
3,10 5,70
3.00 420
4.80 5.60
4.00 5.10
2.00 2.70
130 2.00
0,80 1.20
0.80 1.00
1.20 2.20

Welght Losses (%)
P.placenta

1

AdIrlik Kayinlari (%)

P.placenta
1 I
69,50 68,70
2.00 3,20
2,80 3,20
180 2,80
150 2,70
130 3,00
2,00 250
1,30 2,00
250 4,60
1.00 3,80
380 590
3.60 5,00
520 6,80
430 570
250 2,90
2.00 3,00
1.20 1,80
210 230
230 3,10

Each value represents the mean value of two replicate samples of four blocks.

Her deger, dort drnekten olusan iki test grubunun ortalamasini gdsterir.

187
C.versicolor
1 I
C.versicolor
| I
38,60 35,80
1.20 1.60
0,80 1,00
0.60 1.00
0,40 1,10
0.60 1,20

0 0,90
0 0.50
1,20 2,80
2.60 2.00
2,50 3,10
2.30 3.10
1.00 1.80
0.70 1.80
0 1.30
0 0.70
0 0.80
0 0
1,10 1.80
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Table S :Weiglt losses of the leached and unleached blocks treated vvith CCB.
Tablo 5 : CCB ile emprenye edilen yikanmis ve yikanmamis 6rneklerde agirlik kayiplari.

Proces3 Fhcatlon Conditions* Retentlon Welflht Losses (%)
No (kd/m1) G.trabeum C.versicolor
1 li 1 n 1 U
Fiksasyon Sartlan Retensiyon Adirtik Kayiplan (%)
No (kq/m3) G.trabeum C.versicolor
i U} 1 1 | U}
CONTROL SAMPLES - - 61,80 60,00 38,60 35,80
KONTROL ORNEKLERI
2 6.888 7,118 1,30 2,50 0,70 1.30
8 7,114 7,289 2,00 3,00 1,20 1,80
9 7.000 7,310 1,90 2,40 0.80 1,00
10 7,120 7,112 1,80 2,50 1,00 1,70
11 7.105 7,216 0.80 1.70 0 1,00
12 7,108 7,128 1,50 2,10 0,5 1,10
13 7.298 6,896 1,00 2,00 0 0,80
14 7,103 7,125 1,30 2,30 0,90 2,00
15 7,300 7.122 3,10 4,40 2,00 3.20
16 6,954 7,109 3,80 5,00 2,50 3,20
17 7,105 6,910 3,00 4,50 2.50 3,00

* For fixation conditions, refer to Table 1-3.
Fiksasyon sartlari igin Tablo 1-3 e bakiniz.
I: Unleached, I1: Leached samples.
I: Yikanmamis, II: Yikanmis 6rnekler.
Each value represents the mean value of two replicate samples of four blocks.
Her degder, dort 6rnekten olusan iki test grubunun ortalamasini gosterir.

Temperature (C)

Figlre 4 :Relationship bevrteen temperature and vveight losses in CCA-treated samples after soil-block
tests.
Sekil 4 : CCA ile emprenye edilen 6rneklerde agirhik kayiplari ve ortam sicakhgi arasindaki iliski.



Table 6 : Mechanical properties of untreated, water-treated, and CCA-treated specimens.
Tablo 6 : Kontrol, su ve CCA ile emprenye edilen ve tekrar kurutma islemi uygulanan drneklerde mekanik ozellikler.

InKial Duration Bending Strength MOE Impact Bending
Drying Rodrying of Moteturo (N/mm’| (N/mm2) (Nm/cm2)
Temp Temp. Eitpcsuro Content Denatty Donslty Density
-C Troatmarrt -C (hours) (%) Mocn SD Ratio* (9/cm*) Moan SD Ratio* (g/cm*) Mean SD Ratio* (g/cm)
Egilme Elastikiyet
Baslangig Tekrar Kurutma Direnci Modulu Sok Direnci
Kurulma Kurutma Siresi Rutubet (N/mm?2) (N/mm2) (N/mm3)
Sicakhgi Sicakligi Miktari Ortalama std Oran  Yogunluk Ortalama std Oran  Yogunluk Ortalama std Oran  Yogunluk
°C islem °C (saat) <u)... sapma (9/cm1) sapma (9/cm3) sapma (g/cm3)
20_+2 Control 20_+2 720 12 66,878 3,53 1,00 0,538 10302,168 716,91 1,00 0,538 6,18 2,96 1,00 0,539
Kontrol
20 + 2 70 +2 72 12 64,977 3,60 0,97 0,534 10168,457 731,46 0,99 0,534 6,28 3,38 1,02 0,540
20jt2 Water 20+ 2 720 12 66,918 4,57 1,00 0,535 10522,108 774,57 1,02 0,535 5,79 3,41 0,94 0,538
Su
20 + 2 70+ 2 72 12 65,936 4,06 0,99 0,535 10148,739 698,99 0,99 0,535 5,49 4,47 0,89 0,537
20_+2 CCA %1 20 +2 720 12 67,142 4,44 1,00 0,539 10658,957 829,16 1,03 0,539 5,89 4,04 0,95 0,541
%1 CCA
20+ 2 70+ 2 72 12 66,567 3,60 1,00 0,541 9961,761 895,20 0,97 0,541 5,20 3,49 0,84 0,543

* Ratio of observed post-exposure value to control, 20 £ 2 °C initially air-dried control value.
Elde edilen degerin kontrol érnedindeki degere oram.
°F=°C *1.8 + 32
1 N/min2=1.02 kp/cm2, 1 kp/cm2 = 98066.S Pa = 14.223 psi, 6.894x103 Pa = 1 psi
SD = Standard deviation
SD=Standard sapma
Each value represents the average of 30 samples.
Her deger 30 érnegin ortalamasini gdésterir.
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CCA VE CCB EMPRENYE MADDELERI ILE
KORUNAN AGAC MALZEMENIN YIKANMA,

DAYANIKLILIK VE DIRENC OZELLIKLERI
Ar.Gor.Dr. S. Nami KARTAL

Kisa Ozet

Bu arastirmada, fiksasyon islemlerinin CCA ve CCB emprenye edilen sa-
ricam diri odunundan yikanan element miktarlari, mantarlara karsi daya-
nikhhk ve bazi mekanik 6zellikler Gzerine etkileri belirlenmistir. Calismada
20°C’den 120°C ve %0 bagil nemden %100 bagil neme kadar degisik kurut-
ma ve buharlama metodlari ile Cu, Cr ve As elementlerinin aga¢c malzemeye
fiksasyonu temin edilmis ve Standard yikanma testleri ile yikanma miktarla-
ri belirlenmistir. 20°C’de ve yiksek bagil nem ortamlarinda ve buharlama ile
CCA ile emprenye edilen drneklerden elementlerin yikanma miktarlari bu-
yik oranda azaldi§i ve CCB emprenye maddesi ile emprenye edilen 6rnekler-
de genel olarak yikanma degerlerinin CCA ile karsilastirildiginda daha di-
suk oldugu belirlenmistir. CCA ile emprenye edilen ve yuksek sicakliklarda
fiksasyon islemleri uygulanan 6rneklerde mantarlara karsi etkinlikte azala-
malar belirlenmistir. 70°C’de tekrar kurutma islemlerinin mekanik ézellikler
tzerine énemli etkiler yaapmadigi tespit edilmistir.

1. GIRIS

Bu calismada, CCA ve CCB emprenye maddeleri ile emprenye edilmis saigam (Pintis
sylvestris L.) odununda fiksasyon ve tekrar kurutma islemlerinin, emprenye maddelerinin olustu-
ran Cr, Cu ve As elementlerinin yikanmaya karsi direncglerine, odunun mantarlara karsi dayanikli-
ligina ve mekanik 6zellikleri tizerine etkileri arastirilmistir.

Arastirma konusu olan saricam érnekleri Diizce Orman isletme Midirligi’nden alman
agaclardan elde edilmistir. Calismada emprenye islemlerinde %1 konsantrasyonda hazirlanan tuz
esasli CCA Tip-Il ve CCB (Triolith CB) emprenye maddeleri kullaniimistir.

Emprenye maddelerinin yikanma ve fiksasyon 6zelliklerinin belirlenmesi AWPA E| 1-87
ve E10-91 standardlarina gore gerceklestirilmistir. Denemelerde 19x19x19 mm boyutlarinda ha-
zirlanan drnekler kullanilmis ve emprenye edilen bu drneklere gesitli fiksasyon islemleri uygulan-
mistir. Bu fiksasyon islemleri degisik sicaklik ve bagil nem sartlarina sahip ortamlarda gercekles-
tirilerek, uygulanan sicaklik derecelerinin elementlerin odundan yikanma hizlarini ne sekilde etki-
ledigi arastirismistir.

CCA ve CCB emprenye maddeleri ile emprenye edilmis aga¢ malzemeye uygulanan ge-
sitli fiksasyon islemlerinin malzemenin dayaniklilik dzellikleri Gzerine etkilerinin belirlenmesi,



CCA VE CCB EMPRENYE MADDELERI 191

AWPA E10-91 standardindan yararlanilarak, "soil-block" test yontemiyle gerceklestirilmistir. 12
ve 16 hafta olarak belirlenen test sirelerinin sonunda, kontrol érenkleri, emprenye edilmis, yikan-
mis ve yikanmamis drneklerde G.trabeum, P.placenta ve C.versicolor test mantarlarinin degradas-
yonu sonucu olusan agirhik kayiplari belirlenmistir.

CCA emprenye maddesi ile emprenye ve tekrar kurutma islemlerinin aga¢ malzemenin di-
reng Ozellikleri Gzerine etkilerinin belirlenmesinde, %1 CCA c¢ozeltisi ile emprenye edilen érnek-
ler kullaniimistir. Emprenye islemlerinde dolu hicre metodu kullanilarak, 6rneklerde 9.6
kg/m3‘liik emprenye maddesi retensiyonu hedeflenmistir. Orneklere daha sonra 20 ve 70°C (72 sa-
at) sicakliklarda tekrar kurutma islemleri uygulanmistir. Orneklerin egilme direnci, elastikiyet mo-
dult ve dinamik egilme direnci degerleri bulunarak, gerek emprenye maddesinin, gerekse 70°C si-
caklikta yapilan tekrar kurutma islemlerinin etkileri belirlenmistir.

Uygulanan ¢esitli fiksasyon islemleri sonucunda CCA ve CCB cozeltileri ile emprenye
edilen drneklerden, artan fiksasyon sicakligi ve yiiksek odun rutubetlerinde yikanan element ka-
yiplarinda azalmalar oldugu ve buhariama ile fiksasyon metodlarinda yikanma miktarlarinin belir-
gin olarak distugu her iki emprenye maddesi igin belirlenmistir. Ayrica, CCB ile emprenye edilen
ve 20°C sicaklikta ve %32 ile % 100 bagil nem ortamlarinda yapilan fiksasyon islemlerinde CCA
ile emprenye edilen drneklere karsilik daha dustk yikanma miktarlari elde edilmis ve daha kisa
fiksasyon sureleri saptanmistir.

Genel olarak, CCA c¢ozeltisi ile emprenye edilen drneklere uygulanan fiksasyon islemle-
rinde sicaklik artisi ile birlikte her 3 test mantarina karsi elde edilen agirlik kayiplarinda artislar
belirlenmis ve bu durum CCB emprenye maddesi igin G.trabeum ‘da elde edilen agirlik kayipla-
rinda da g6zlenmistir. Bununla birlikte, yiksek sicaklik uygulamalarindan 6nce yapilan 20°C si-
caklikta bekletmenin agirlik kayiplarini azaltabilecegi sonucuna varilmistir. Ayrica, CCA ile olan
islemlerde, buhariama sirelerinin 90 dakikadan daha asagilara dusuriliusu ve 80°C sicaklikta bu-
harlama islemlerinden sonra 60°C sicaklikta 48saat sureyle yapilan kurutma islemleri ile agirlik
kayiplarinda azalmalar oldugu tespit edilmistir.

CCA c¢o0zeltisi ile emprenye islemlerinden sonra 70°C sicaklikta 72 saat streyle yapilan
tekrar kurutma islemlerinin genel olarak aja¢c malzemenin mekanik &zelliklerinde degisiklikler
yapmadigi belirlenmis olmasina ragmen, egilme direnci igin 20 ve 70°C sicaklikta fiksasyon isle-
mi uygulanan kontrol 6rneklerindeki farkliliklarin istatistik bakimdan %5 giliven diizeyinde anlam-
I oldugu bulunmustur. Yine egilmede elastikiyet moduli degerleri icin, %1 CCA ¢ozeltisi ile emp-
renye edilen ve 20 ve 70°C sicakliklarda tekrar kurutma islemleri uygulanan 6rneklerdeki farkl-
liklarin istatistik bakimdan %1 give dizeyinde anlamli oldugu belirlenmistir.

Fiksasyon reaksiyonlari iyonik reaksiyonlar olup, fiksasyon islemleri esnasinda ortamda-
ki sicaklik, bagil nem ve agag malzemenin rutubeti bu reaksiyonlari olumlu ya da olumsuz yénde
etkileyebilmektedir. Fiksasyon islemlerinde ortamin bagil nemi diisiik oldugunda, ortam havasinin
151 kapasitesi de diusmekte ve aja¢c malzemeye 1si1 tasinim luzi da azalmaktadir. Ortamin bagil ne-
minin dislk oldugu fiksasyon islemlerinde aja¢c malzeme ylizeyine ulasan termal enerji odun yi-
zeyindeki suyun buharlasmasinda tiketilmekte ve malzemenin i¢ kisimlarina kadar ulasmamakta
ve fiksasyon reaksiyonlarini hizlandiracak sekilde sicakhgi yiikseltememektedir. Suda ¢dzinen
emprenye maddelerinin fiksasyon reaksiyonlari tGzerine yapilan ¢ok sayida arastirmaya goére, ku-
ru termometre sicaklik derecesi 55°C ve bagil nem %95 oldugu takdirde aga¢c malzemede fiksas-
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yon reaksiyonlarinin tamamlanmasi icin 16-30 saate gereksinim varken, bagil nem %67’e dustu-
gunde 30, %50’ye distigiinde ise 48 saatten fazla bir siireye gereksinim duyulmaktadir. Genel ola-
rak hizli ve yiiksek kaliteli fiksasyonu garanti etmek icin fiksasyonun yiiksek bagil nem ortamla-
rinda yapilmasi 6nerilebilir. Zaman agisindan kisitlamalarin olmadi§i durumlarda, oda sicakligin-
da %65 bagil nemde 14 veya 21 giin bekleme tercih edilebilir. Fakat hizlandiriimis bir fiksasyon
islemi istendigine, 50-60°C sicakliklarda ve %65’in Ustiindeki bagilnem ortamlarinda yapilan ku-
rutma islemleri uygun fiksasyon metodlari olarak belirtilebilir. Bununla birlikte, ortamda ylksek
oranda bagil nemin ve sicakh§in garanti edilmesi bakimindan buharlama islemleri de 6nemli fik-
sasyon metodlaridir. Suda ¢éziinen tuzlarla 16 kg/m3’lik retensiyon miktarlarindan daha disik se-
viyelerde emprenye islemlerinden sonra agik havada kurutmanin aga¢ malzemenin mekanik 6zel-
liklerinde cok az bir etkiye neden olabilmektedir. Krom iceren emprenye maddelerinin ve takra
kurutma islemlerinin etkisi 6zellikle ¢cok ylksek kutu termometre sicakliklarinda ortaya ¢ikabil-
mektedir. 1989 yilinda AWPA T2 alt komitesi tarafindan, suda ¢6ziinen emprenye maddeleri ile
emprenye edilmis aga¢ malzemenin tekrar kurutma islemlerinde 88°C st limit olarak kabul edil-
mis,1991 yilinda ise bu limit AWPA C-2 ve C22 standardlarinda 74°C sicakhga distrilmustir.
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