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Kisa Ozet

Bu ¢alisma, odun koruma amagch bircok emprenye maddesinin bilesimin-
de yer alan borik asit, boraks ve sodyum perborat’m sulu veya polietilen gli-
kol (PEG)-400’de ¢bézundurilerek hazirlanan preparatlar halinde yapilan
emprenyeler sonrasinda odundan yikanma dzelliklerinin belirlenmesi ve 6zel-
likle bor’un odundan yikanarak kisa surede etkinligini kaybetmesi gibi dis
mekéanda kullanimini sinirlayici sakincalarin giderilmesinde fiziksel bir engel
olusturmak igin gesitli su itici maddelerin (SiM) kullanilma imkanlarinin
arastiritimasi amaciyla gerceklestirilmistir.

Arastirma sonugclari, PEG-400’de ¢6zindurilen bor tuzlarinin sulu ¢ézel-
tilerle yapilan emprenyelere oranla daha fazla yikandigini ve SiM’in PEG’lu
tuzlarin yitkanmasini engelleyemezken, sulu ¢o6zeltiler halinde yapilan borlu
tuz emprenyesi sonrasinda ikinci bir islem olarak uygulanmasi halinde yi-
kanmay! énemli 6l¢iide engelledigini gostermistir. Ancak yikanma siresi art-
tikca, SIM’in yikanmayi engelleme etkisinin azaldig: tespit edilmistir
(P<0.05).

1) TUBITAK-TOAG 875 Nolu Projenin bir kisim sonuglarindan hazirlanmistir.
2) KTU Orm. Fak. Orm. End. Miih. Bélimi 61080-Trabzon

3) KTU Orm. Fak. Orm. End. Mih. Bolumu 61080-Trabzon

4) KTU Fen Bil. Enst. Orm. End. Miuh. Anabilim Dali 61080-Trabzon

Yayin Komisyonuna Sunuldugu Tarih: 29.08.1995
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1. GiRis

Odun koruyucu kimyasal maddeler i¢cinde énemli bir yer tutan ve odunu 6zellikle biyolojik
zararlilara (bakteriler, mantarlar, bocekler v.b.) karsi korudugu ¢ok eskiden beri bilinen borlu bile-
siklerin, dis mekanda veya yliksek rutubet ve badil nemli i¢c mekénlarda odundan yikanarak uzak-
lasmasi ve kalicilik géstermemesi nedeniyle yaygin kullanimi sinirlanmaktadir (WILLIAMS
1990).

Bu calismada bor’un, odundan yikanmasinin énine gegilmesi amaciyla bazi SiM’le ikinci
bir emprenye yapilarak, odunda i¢ kisimlara tutunmus olan borun dniine fiziksel bir engel olustu-
rulmasi denenmistir. Bor’un odundan yikanmasinin engellenmesinin yanisira, SiM’in odundan
daralma ve genislemeyi azaltarak boyutsal stabilizasyonu artirma etkilerinin de (RICHARDSON
1987; YALINKILIC / ALMA 1992; YILDIZ 1992), borlu bilesiklerle emprenyeli odunun ¢ok
yonli korunmasinda ilave bir avantaj saglamasi yonuyle arastirilmasina karar verilmistir.

2. MATERYAL YEYONTEM

2.1 Materyal

Arastirma kapsaminda kullanilan deney &rnekleri kizilcam (Piius brutia Ten.) odunundan
hazirlanmistir. Bu amagla Karaisall Orman isletmesi’nden (Kozan-ADANA) TS 345°¢ gére temin
edilen tomruklarin kesit ylzeylerine renklenmeyi 6nleyici (ANTIBLUE) madde uygulanmis ve
tomruklar KTU Orm. Fak. Orm. End. Miih. Bélimi Bigme Tesisi’ne getirilerek Bolim 2.2.1°de
belirtildigi gibi deneylere hazirlanmistir.

Deney 6rneklerinin emprenyesinde kullanilan borlu bilesikler, ETIBANK-Bandirma Boraks
ve Asit Fabrikalari isletmesi’nden; Vinyl monomerler PETKiM-izmit Rafinerisi ve POLISAN
Kimya San. A.S.’den; PEG-400, Shell Petroleum Co.’den, geri kalan maddeler ise kimyasal mad-
de saticisi isletmelerden temin edilmistir.

2.2 Ydntem

2.2.1 Deney Orneklerinin Hazirlanmasi

TS 345°e(6) gore agacglarin dipten 2 m yukarisindan ve tepeye yakin olan kismin altinda ka-
lan ana goévdeden ¢ikarilan tomruklarin, radyal yénde kesmek suretiyle prizmalari hazirlanmistir.
Prizmalarda 6z odun ayni standarda goére hazirlanan ayiragla belirgin hale getirilip deneme disi bi-
rakilmis ve diri odun kisminda, enine kesitte yillik halkalar teget kenara paralel olacak sekilde de-
ney numuneleri hazirlanmistir. Kesilen numuneler, ayni prizmadan alinan drneklerin agac ekseni
yonindeki siralan, budak, catlak v.b. disinda bozulmamis ve érnekler test-kontrol seklinde birbiri-
ni izleyen ayni yillik halka boyunca alinarak kodlanmistir (Sekil 1).

Deney orneklerinin elde edilecedi prizmalarin boylari 60 cm’ye indirgenerek, iklimlendirme
odasinda emprenye deney planinda belirtilen rutubet derecelerine kadar bekletilmis veya etiivde
ihmli sicaklik derecelerinde (max. 50°C) kurutulmustur. Daha sonra prizmalardan, 2*2*50 cm bo-
yutlarinda kesilen 6rnekler, u¢ kisimlari macunla kapatilarak emprenye edilmis ve bu 6rneklerin
baslardan 2.5 cm’lik kisimlari kesilerek atildiktan sonra geriye kalan bélimden 2*2*2 cm boyut-
larinda yikanma deneyi drnekleri kesilip tekrar iklimlendirme odasi veya etiive alinarak deney &n-
cesi rutubet derecesine kadar kurutulmustur.
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Deneyde IrulLaanlan.
«Eri ©dms.

>Tegat kesil

Emsa kesit -»Rafyal kesit

2x2x2 cm
Yikenma darsyi

6rnek boyutu

Sekil 1: Deney drneklerinin hazirlanmasinda izlenen kesme ydntemi
Figire 1: Preparation of experimental vvood specimens

2.2.2 Deney Orneklerinin Emprenyesinde Kullanilan Kimyasal Maddelerin
Cozeltilerinin Hazirlanmasi

Deney orneklerinin emprenyesinde kullanilan kimyasal maddeler ¢ grup altinda toplanmistir:

I. Grup: Borlu bilesikler;

1. Borik asit (BA)’in % 5.5’luk sulu ¢dzeltisi (Borik Asit Esdegeri (BAE) = % 25) (WILLI-
AMS, 1986),

2. BA’in % 5.5’luk PEG-400’li ¢ozeltisi (BAE = % 25),

3. Sodyum perborat (SP)’In % 3.4°lik sulu ¢ozeltisi (24°C’de 100 mi suda max. 3.4 g SP
¢ozlinmektedir).

1. Grup: SiM;

1. Stiren (St); 6n islemde polimerlesme baslaticisi benzol peroksit (% 2) ve divinil benzen
(% 5) katilarak inhibitérlerden temizlenmis ve kalinti su CaClz2 ile alindiktan sonra saf halde kul-
lantimistir.

2. Metilmetakrilat (MM A);.6n islemde NaOH ve CaCl2 ile inhibitorler uzaklastiriimistir. Bu
amacla 500-600 mi MMA igin % 15Tik 300 mi NaOH kullaniimistir.

3. 2,4-toluen diuzosiyanat (ISO); saf halde ve % 50 oraninda benzende ¢ozundirilerek kul-
laniimistir.

I11. Grup: Bulking (hiicre ¢eperini genisleterek daralmay1 engelleyen) maddeler;

1. Parafin (P); BA ve Bx (7:3, agirlik: agirlik)Ta birlikte trietilenamin (TEA) ve emilgator
(E) varhiginda % 15°lik sulu ¢o6zelti halinde hazirlanmis ve 70°C’de homojenizérden gegirilerek
kullanilmistir (% 7°lik sulu BA+Bx+%8 Tik (P+%0.15 TEA+%0.19 E)) (YALINKILIC 1993),

2. PEG-400, saf halde kullaniimistir.
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2.2.3 Uygulanan Emprenye Yontemleri ve Emprenye Deney Plani

Deney &érneklerinin emprenyesi ASTM D 1413-76 Std.nda belirtilen kosullarda gergeklesti-
rilmistir. Emprenyede uygulanan deney plani Tablo-1’de verilmistir. Cozelti ve islem sicakhi§r 14.
denemede 70+5°C diger tim emprenyelerde 25+2°C olarak uygulanmistir. Her bir emprenye isle-
minde 760 mm Hg degerinde 60 dk sireyle bir 6n vakum uygulandiktan sonra 6rnekler atmosfe-
rik basingta ¢ozelti icinde bir saat sireyle difuzyona birakilmistir.

2.2.4 Yikanina Deneylerinin Yapilmasi

Yikanma deneylerinde AWPA M-10 (77) ve ASTM D 1413-76 Std.lan esas alinmistir. Her
bir yikanma isleminden sonra 6rnekler destile sudan alinip agirliklari ve boyutlari dlcildikten
sonra tam kuru hale gelinceye kadar 103+2°C’de etivde kurutulmus ve sabit tartima getirildikle-
rinde agirhik ve boyutlari belirlenmistir. 6, 24, 48 ve 72 saat olarak uygulanan yikanma periyotlari
sonrasi dlcllen degerlerden asagidaki formiller uyarinca; yikanan madde miktari (% YMM), de-
ney orneklerinin su alma orani (% SAO), su itici etkenlik (% SIE), yas haldeki hacimsel degisim
(% YHD), tam kuru haldeki hacme oranla yikanma sonrasi hacimsel degisim (% KHD) ve daral-
mayI ve genislemeyi azaltici etkenlik (% DAE ve % GAE) degerleri hesaplanmistir (HAFI1ZOG-
LU ve ark., 1994);

Moj - Mos
YMM (%) = ------emmmeee- x 100
Moj
Mr - MOj
SAO (%) = -——----mmm- x 100
0,
SAOk- SAO.
SIE (%) = _ I— — x 100
SAOk
YHD(%)= liiL likL X100
Myoh
vV -V .
KHD (%) = oL °s x 100
Voi
Dk—Dt
DAE (%)== x 100
Dk
Q _Q
GAE (%) = — — x 100
Moi : Emprenye sonrasi tam kuru agirhik g
Mos : Yikanma sonrasi tam kuru agirhik g
Mrs : Yikanma sonrasi yas agirlik g
SAOk : Kontrol 6rneginin su alma orani %
SAOt : Test 6rneginin su alma orani %

v ysh : Yikanma sonrasi yas haldeki hacim cm3



Tablo 1:

Deneme*
No
Treatment
No*

1(K)
2
3

10
11
12

13

14
15
16
17
18
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Vyoil : Yikanma oncesi rutubetli hacim cm3
Voi : Yikanma dncesi tam kuru hacim cm3
Vos : Yikanma sonrasi tam kuru hacim cm3

Dk(Gk) : Yikanma periyodu sonrasi kontrol drnedindeki hacmen daralma
(genisleme) (%)

Dt(Gt) : Yikanma periyodu sonrasi test 6rnegindeki hacmen daralma
(genisleme) (%)

Kizilgam Odunu Deney Orneklerinin Emprenyesinde Uygulanan Deney Plani
Table 1: Treatment Schedule of Brutia Pine Wood Specimens

Emprenye islem Ornek Cozelti
Sayisi ve Sirasi Rutubeti (%) Konsantrasyonu (%) Coézicu Madde
Process Number Moisture Concentration of
and Turn Content % Treatment Solution % Solvent
— 12.0 - _

I.BA 12.0 5.5 DS
I.BA 12.0 5.5 DS
2. St 0.0 100.0

I.BA 12.0 5.5 DS
2. MMA 0.0 100.0 -
I.BA 12.0 5.5 DS
2. 1SO 0.0 100.0

I.SP 12.0 3.4 DS

1. SP 12.0 3.4 DS
2. St 0.0 100.0

1. SP 12.0 3.4 DS
2. MMA 0.0 100.0 -

1. SP 12.0 3.4 DS
2. 1SO 0.0 100.0

1.P4 24.2 100.0 -
I.BA 24.2 5.5 P4
I.BA 24.2 5.5 P4

2. St 0.0 100.0 -
I.BA 24.2 5.5 P4

2. MMA 0.0 100.0 -

1. P+BA+Bx 24.2 15.0 DS.TEA. E
1. St 0.0 100.0

1. MMA 0.0 100.0

I.1ISO 0.0 100.0 -
1.ISO 0.0 50.0 Benzen

TEA: Trietilenamin E: Emilgator DS: Destile su (Distilled water)

*e

*e

Herbir denemede 12'ser adet 6rnekten olusan 2 grup kullanilmistir (Toplam 17x2=34 grup x 12=408 6rnek)
2 groups each contains 12 individual specimens vvere used for every treatment (Total specimen number=17x2x12=408)

2.2.5 Sonuglarin Degerlendirilmesi Ydéntemi

Calismada elde edilen tim sonucglar % 95 gliven diizeyinde varyans analizleri ve Duncan
testleriyle bilgisayarda STATGRAF istatistiksel programiyla irdelenerek degerlendirilmistir.
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3. BULGULAR VE TARTISMA

3.1 Emprenyeli Deney Orneklerinden Yikanan Madde Miktarlari (% YMM)

Yikanma deneyinde uygulanan yikanma periyotlari sonunda belirlenen YMM Tablo 2°de ve-
rilmistir.

Tablo 2: Emprenyeli Kizilgam Odunlarindan Cesitli Yikanma Periyotlari Sonrasi Yikanan
Madde Miktari
Table 2: Leachant Amounts From Treated Specimens in Periodical Leaching Processes

Yikanma Periyotlarina Gére YMM (%)

Deneme Toplam 6 saat 24 saat 48 saat 72 saat Toplam
No Retensiyon %* Ort HG** Oort HG** Ort HG** Oort HG** YMM %
Total
Leachants (%) Lecahants %
Treatment Total 6 hours 24 hours 48 hours 72 hours of total
No Retention %* Mcan HG** Mean HG** Mean HG** Mean HG** retention

1(Kontrol) - 1.80 ab 1.40 a 1.00 a 0.80 ab 5.00
2 2.32 11.10 e 1.00 a 1.00 a 1.40 bed 14.40
3 58.17 1.50 ab 0.80 a 1.00 a 1.16 abc 4.46
4 54.13 5.70 cd 0.30 a 1.40 a 0.59 a 7.99
5 29.46 0.30 a 0.40 a 0.70 a 0.69 ab 2.09
6 261 2.40 b 1.20 a 1.00 a 0.41 a 5.01
7 62.96 0.50 a 1.00 a 2.00 ab 152 bed 5.02
8 53.23 1.20 ab 2.30 ab 1.30 a 2.10 b 6.90
9 21.71 0.10 a 0.60 a 0.80 a 1.80 cd 3.30
10 60.00 13.00 f 15.60 g 17.10 g 24.90 k 70.60
n 29.65 6.30 d 0.00 a 4.70 cd 4.00 e 15.00
12 51.75 5.30 cd 4.10 bc 2.10 ab 0.00 a 11.50
13 13.60 5.70 cd 10.10 e 0.00 a 0.00 a 15.80
14 33.57 2.60 b 1.10 a 1.00 a 2.10 d 6.80
15 58.48 6.10 d 0.50 a 1.20 a 0.40 a 8.20
16 51.35 0.30 a 0.40 a 0.00 a 0.80 a 1.50
17 21.98 4.30 c 3.50 bc 0.10 a 0.80 a 8.70
18 24.89 4.70 cd 0.00 a 0.90 a 0.40 a 6.00

' Tam kuru oduna oranla retensiyon orani (%) olup, 12'ser 6rnede sahip 2 deney grubunun ortalamalarini yansitmaktadir.
Homojenlik grubu (P<0.05)
** Homogeneity groups (P<0.05)

Tablo incelendiginde asagidaki bulgular elde edilmistir.

1. % 5.5’lik BA’in sulu ¢6zeltisi, SP’in % 3.4°luk sulu ¢ozeltisi, saf PEG-400 ve % 5.5°lik
PEG-400TU BA ile emprenye edilmis érneklerin MMA ile ikinci bir emprenyenin uygulandigi si-
rastyla 2, 6, 10 ve 13. denemelerden 6. ve 13. denemelerdeki yikanma oranlarinin, kontrol dene-
mesindeki % 5.00 YMM oraninin (ekstraktif maddeler ve suda ¢6zlinen basit sekerler) altinda kal-
masi, sdzkonusu denemelerde kullanilan bilesiklerin odunun yapisinda ¢ézundirici etkide bulun-
madigini, oysa 2 ve 10. denemelerde kullanilan asidik BA ¢ozeltisinin (pH: 3.19-3.60) ve 5.70-

5.80 pH derecesindeki PEG-400’in odun yapisinda hemen hemen esdederde bir ¢oziindirici etki
yaptigini gostermistir.
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2. SiM, BA ve SP’in sulu ve kismende PEG-400’li ¢ozeltileriyle elde edilen retensiyon
oranlarinda, bu tuzlarin ve hatta odunun suda ¢6ziinen bilesiklerinin (kontrol denemesinde tespit
edilen) yikanmasini engelledikleri gérilmustir. SiM’in bor tuzlarinin yikanmasini énlemede et-
kinlik sirasi 1ISO > St > MMA seklinde gerceklesmistir. 14. denemede uygulanan P’li BA + Bx’In,
St ve I1SO’In tek islemle uygulandig 15. ve 17. deneme 6rneklerinden daha az yitkanma orani gos-
termesi dikkat cekici olup, bu bulgu borlu bilesiklerin P’li ¢ézeltileriyle daha ileri calismalar ya-
pilmasi gerektigini ortaya koymaktadir.

3. Yikanma siiresi uzadikca (BA veya SP) + SiM islemli 6rneklerden yikanan madde mikta-
riartmistir.

4. Yikanan madde miktarlarina gore ¢calismada kullanilan kimyasal maddeler, en az yikanan
maddeden baslayarak asagidaki uygunluk sirasini gostermistir (P<0.05):

- SiM, BA veya SP’in sulu ¢ozeltileri + SiM,
- BA veya SP’m sulu ¢ozeltileri,

-P +BA + Bx,

- PEG-400 ve PEG-400TU BA

3.2 SuAlmaOranlan (% SAOQ)

Kizilgam odunu deney 6rneklerinin yikanma periyotlarina gére kiimulatif SAO (%) deger-
leri Tablo 3°te verilmistir.

Tablo 3: Kizilgam Odunu Deney Orneklerinin Yikanma Deneyi Periyotlarina Gére Kimilatif
SAO (%) Degerleri
Table 3: Cumulative Water Absorption Rates (WAR) of Wood Specimens in Periodical Leaching

Processes
Yikanma peryotlarina gére SAO (%)
Deneme 6 saat 24 saat 48 saat 72 saat
No Oort. | HG Ort. | HG Ort. | HG Oort. 1HG
WAR %

Treatment 6 liours 24 hours 48 lours 72 hours
No Mean HG Mean HG Mean HG Mean HG
1(K) 90.4 g 100.7 e 109.9 g 121.2 h
2 107.4 h 106.9 e 105.7 g 108.7 g
3 28.0 bed 35.7 b 39.5 bed 49.8 c
4 33.1 ede 35.6 b 421 cd 46.4 c
5 18.2 abcd 21.1 ab 26.5 a 32.6 ab
6 110.2 i 107.7 e 130.6 h 153.7 i
7 22.3 abcd 28.6 ab 39.7 bed 51.9 cd
8 32.7 ede 34.9 b 44.9 d 60.2 de
9 16.3 abc 33.2 ab 45.0 d 67.6 e

10 22.9 abcd 25.0 ab 29.5 abc 29.6 a
n 45.9 ef 55.0 e 60.0 e 63.3 e
12 151 ab 27.2 ab 29.0 ab 29.8 a
13 14.7 ab 24.9 ab 26.6 a 30.4 a
14 57.5 f 80.8 d 85.4 f 83.6 f
15 121 ab 24.2 ab 32.9 abcd 24.1 a
16 34.9 de 31.3 ab 39.6 bed 44.6 c
17 10.2 a 28.2 ab 35.4 abcd 415 be
18 129 ab 18.7 a 28.6 ab 33.3 ab
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Tablo incelendiginde asagidaki bulgular elde edilmistir:

1. Arastirmada ele alinan kimyasal madde ve islem varyasyonlari icinde kontrole oranla
DAE degeri bakimindan yikanma sirelerine gore asagidaki genel uygunluk sirasi ortaya ¢ikmistir
(P<0.05):

- BA’nin PEG-400’lu ¢Ozeltisi + SiM, St, I1ISO (saf)

- PEG-400, BA ve SP’in sulu ¢ozeltileri + SiM, P+BA+Bx

- BA’in PEG-400’lu ¢ozeltisi

- ISO (% 50’lik benzenli ¢ozeltisi), BA ve SP’in sulu ¢bzeltileri, MMA,

2. GAE degerleri bakimindan denemelerde kullanilan kimyasal madde ve islemlerin uygun-
luk sirasi, DAE degerleriyle ortaya ¢ikan siralamanin tersi olmustur.

3.3 Su itici Etkenlik Degerleri (% SIE)

Kizilgam odunu deney drneklerinin SAO’na gore hesaplanan SIiE degerleri yikanma periyot-
larina gére Tablo 6 ’da verilmistir. Sekil 2°de ise BA’in sulu ¢6zeltileri ve ikinci SIM emprenyeli
uygulamalarda SAO ve SIE degerleri karsilastirmali olarak gésterilmistir.

Tablo 6: Kizilgam Odunu Deney Orneklerinin Yikanma Deneyi Periyotlarina Gore Kimilatif
SIE (%) Degerleri
Table 6: Cumulative Water Repellency (WRE) of Treatment Chemical in Treated Wood

Yikanma peryotlarma gére SIE (%)

Deneme 6 saat 24 saat 48 saat 72 saat
No Ort. | HG Ort. | HG Ort. | HG Ort. 1HG
WRE at Leaching Periods %

Treatment 6 hours 24 hours 48 hours 72 hours
No Mean HG Mean HG Mean HG Mean HG
2 -38.0 a -18.1 a 13 b 7.9 b
3 61.0 cd 63.6 cd 65.1 efg 59.7 ef
4 57.5 bed 71.0 d 61.3 ef 60.9 efg
5 76.1 d 77.2 d 74.7 fg 72.6 j
6 -68.1 a -25.3 a -36.6 a -48.0 a

7 69.5 cd 69.4 d 61.6 ef 57.8

8 57.7 d 65.5 cd 58.5 e 49.4 d
9 70.1 bc 69.4 d 68.6 efg 67.7 ghi
10 72.8 d 77.1 d 79.2 g 78.8 jk
1 29.5 bc 42.5 c 42.9 d 47.2 d
12 77.4 d 65.9 cd 62.0 ef 65.3 fgh
13 81.2 d 67.1 cd 74.3 efg 72.2 hij
14 20.2 b 16.4 b 23.2 c 31.8 c
15 74.2 d 72.4 b 67.5 efg 80.2 k
16 52.2 bed 67.8 cd 62.8 ef 63.2 efg
17 62.3 cd 88.9 d 66.1 efg 62.1 efg
18 85.5 d 80.2 d 71.7 efg 72.1 hij

Tablo incelendiginde, SAO’na g6re calismada uygulanan kimyasal maddelerin en az SAO’-
na sahip denemeden baslayarak asagidaki uygunluk sirasini gésterdigi belirlenmistir (P<0.05):
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- SIM, BA’in PEG-400’li ¢ozeltileri + SiM

- BA veya SPTn sulu ¢ozeltileri + SiM,

- BA’in PEG-400’l0 ¢ozeltisi,

- BA’in PEG-400’I0 sulu ¢dzeltileri, kontrol gruplan

3.4 YHB ve KHD Oranlan

Kizilgam odunu deney drneklerinin, yikanma 6ncesi % 65+3 bagil nem ve 20+2°C sicakli-
§in ayarlandigi iklimlendirme odasinda hava kurusu (% 12-15) rutubet derecelerine getirildikten
sonra gesitli yikanma strelerinde gdsterdikleri hacimsel degisim (YHD) oranlari ile yikanma 6n-
cesi tam kuru haldeki hacme oranla yikanma siirelerine gore islem sonrasi tam kuru hacim degi-
sim (KHD) oranlari Tablo 4 ’te verilmistir.

Tablo incelendiginde asagidaki bulgular elde edilmistir:

1. YHD oranlarina gore calismada ele alinan maddelerin hacimsel degismeyi en ¢cok engel-
leyen uygulamadan baslayarak asagidaki uygunluk sirasini izledigi tespit edilmistir (P<0.05):
- PEG-400, BA (PEG-400’lii gozeltisi) + St veya MMA
- P+ BA + Bx, BA veya SP’in sulu ¢dzeltileri, BA veya SP’in sulu ¢dzeltileri + SiM
- 1SO, SP’in sulu ¢dzeltisi + ISO
- MMA, SPTn sulu ¢dzeltisi

2. KHD oranliram gére ¢alismada ele alinan maddelerin hacimsel degismeyi en ¢ok engel-
leyen uygulamadan baslayarak asagidaki uygunluk sirasini izledigi tespit edilmistir (P<0.05):

- BA’m sulu ve PEG-400TU c¢ézeltileri + SiM, St
- 1SO, MMA, Kontrol

- P+ BA + Bx, SPTn sulu ¢ozeltisi + SiM

- SPTn sulu ¢dzeltisi, PEG-400

3.5 Daralmayi ve Genislemeyi Azaltici Etkenlik Degeri (DAE ve GAE %)

Kizilgam odunu deney orneklerinde tam kuru haldeki hacim baz alindiginda yikanma dncesi
hacme oranla meydana gelen degisimin kontrol drnekleri degerlerine oranlanmasiyla elde edilen
DAE degerleri Tablo 5°te verilmistir. GAE oranlari DAE degerlerinin yaklasik tersi degeri oldu-
gundan GAE oranlarinin ayrica tablo halinde verilmesine gerek duyulmamistir.



Tablo 4: Kizilgam Odunu Deney Orneklerinin Yikanma Deneyi Periyotlarina Gore Kiimulatif YHD (%) ve KHD (%) Oranlari
Table 4: Cumulative Volime Changes Based On Wet and Dry Volumes of Wood Specimens (VCW and VCD)

Yikanma peryotlarina gére YHD (%) Yikanma peryotlarina gére KHD (%)*

Deneme 6 saat 24 saat 48 saat 72 saat 6 saat 24 saat 48 saat 72 saat
No Ort. HG ort. HG Ort. HG Ort. HG Ort. HG Ort. HG ort. HG Ort. HG

vew % VCD %

Treatment 6 hours 24 hours 48 hours 72 hours 6 hours 24 hours 48 hours 72 hours
No Mean HG Mean HG Mean HG Mean HG Mean HG Mean HG Mean HG Mean HG
1(K) 11.7 ef 114 ede 12.7 gh 143 ij +2.7 i -7.4 a +0.9 i -3.0 fgh
2 125 f 11.0 ede 10.6 defg 9.1 ede -0.5 ghi -1.0 hij -1.5 efg +5.3 k
3 10.2 def 10.7 ede 11.0 efg 12.5 fghi -6.0 d -3.9 cd -1.6 efg -3.9 cd
4 11.1 ef 10.7 ede 10.0 defg 9.4 cdef -9.3 b -1.9 fgh +0.4 ij +2.8 i
5 7.4 bed 8.0 bc 9.2 def 13.0 ghi -0.4  ghi -3.7 cd -0.7 gh -1.8 ef
6 16.8 g 15.2 e 131 gh 11.0 defgh -7.9 c -6.0 b -3.4 c -0.8 fg
7 6.8  abcd 8.3 be 10.1 defg 10.4 defg —45.2 a -2.9 def -9.8 a +2.1 ij
8 8.3 ede 9.5 be 10.0 defg 8.9 ede -2.0 ef -1.0 hij -2.4 de +6.2 k
9 3.9 ab 10.9 ede 20.3 i 29.6 k +0.6 hi +2.0 k +3.8 k +5.6 k

10 4.2 ab 4.4 a 4.6 ab 5.6 ab -2.4 e -2.1 fgh -6.4 b -8.9 a
n 115 ef 135 ede 14.8 h 13.9 efg +0.9 i +2.2 k +3.6 k +0.4 gh
12 35 a 3.9 a 6.1 abc 6.4 abc -0.3 ghi -0.1 j -2.3 ef -6.3 b
13 35 a 41 a 35 a 4.4 a -0.4 ghi -2.2 efg -3.3 cd -5.1 bc
14 4.8 abc 6.5 ab 7.6 bed 8.4 bed -6.3 d +3.4 1 +3.2 k +5.1 bc
15 58 abc 9.8 bed 7.8 ede 6.3 abc -1.0 fg -4.0 c -1.2 fgh +5.6 k
16 13.0 ef 14.4 de 18.7 i 16.8 i -5.3 d -3.2 ede -2.4 ede -1.2 hi
17 4.0 ab 9.7 bed 115 fg 11.7 efghi -0.7 fgh -0.7 ij -0.3 hi -1.4 ef
18 4.0 ab 8.6 bc 11.2 fg 11.8 efghi - 12 efg -1.5 ghi -1.2 gh -2.6 de

* KHD degerlerinde (-) daralmayi, (+) genislemeyi temsil etmektedir.

* (-) Corresponds shrinkage where as (+) swelling in volume.
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Tablo 5: Kizilgam Odunu Deney Orneklerinin Yikanma Deneyi Periyotlarina Gore Kiumilatif
DAE Oranlan
Table 5: Anti Shrink Efficiencies (ASE) of Test Specimens by Leaching

Yikanma peryotlarma gére DAE (%)*

Deneme 6 saat 24 saat 48 saat 72 saat
No Ort. | HG Ort. 1 HG Ort. 1 HG Oort. 1HG
ASE at Leaching Periods (%)
Treatment 6 hours 24 hours 48 hours 72 hours
No Mean HG Mean HG Mean HG Mean HG
2 -25.8 ab -26.3 abc -4.8 bc +32.8 P
3 +15.0 bcdef -7.6 abcd +10.8 cd +12.1 ede
4 -7.4 bc -25.5 abc N49.6 a -73.8 a
5 +34.6 cdefg +25.7 abcd +28.5 def +10.6 ede
6 -70.1 a +4.7 abcd - 12 be -2.2 be
7 +25.9  bcdefg -18.1 abcd +19.0 ede +27.6 efg
8 +10.2 bed + 3.7 abcd +19.6 ede +37.9 g
9 +60.5 defg +16.9 abcd -6.1 bc -16.9 b
10 +69.6 g +42.8 bcd +45.2 fg +26.7 efg
n +13.4 bcde -33.1 ab -15.9 b +31 cd
12 +68.9 fg +62.8 d +61.5 fg +60.9 h
13 +73.3 g +53.9 cd +69.4 g +57.3 h
14 +65.1 efg +84.1 bcd +38.8 efg +40.1 g
15 +47.2 defg +27.9 abcd +39.9 efg +56.5 h
16 -26.8 ab -49.3 a -48.8 a -16.8 b
17 +59.4 defg +5.4 abcd +14.7 ede +56.1 h
18 +60.9 defg +15.6 abcd +93 cd +19.8 def

* + DAE oldugunu, - GAE oldugunu gostermektedir,

' (+) corresponds anli shrink efficacy where as (-) anti swelling efficacy at applied leaching periods of time

Tablo ve Sekil incelendiginde asagidaki bulgular elde edilmistir:

1. SIE oranlarina gére, uygulanan kimyasal maddeler ve islemler, etkenligi en yiiksek olan-
dan baslayarak asagidaki siralamayi gostermistir (P<0.05).

- SiM, BA’in PEG-400TU c¢ozeltileri + SiM
- SiM, BA’in PEG-400’lu gozeltileri + SiM
- P+BA+ Bx, BA’in PEG-400’lu ¢ozeltileri
- BA veya SP’'m sulu ¢dzeltileri

2. Yikanma siiresi arttikca SiM’in degerlerinde azalmalar gérilmustir.

3. BA’in sulu ¢6zeltisinin tek islemde uygulandigi ve SiM’in ikinci islem olarak uygulandi-
g1 denemelerde elde edilen SIE ve SAO degerleri birbiriyle ters orantili olarak gelismistir.
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EMPRENYE UYGULAMALARI

Treatments

Sekil 2: BA’in sulu ¢ézeltisi ve ikinci SIM emprenyeli uygulamalarinda SAO ve SIE degerlerinin
karstlastirmali gosterimi

Figlre 2: WAR and WRE of the specimens secondary treated with water repellents followed by aqueous So-
lutions of boric acid

4. SONUGC VE ONERILER

Bu calisma kapsaminda, fungisit ve insektisit 6zellige sahip olup, ayrica yangin engelleyici
nitelikleri nedeniyle ¢esitli borlu emprenye maddeleri bilesiminde yer alan borlu bilesiklerle, da-
ralmayi azaltici ve ¢atlamayi énleyici 6nemi olan PEG ve STE gésteren SiM iligkiye getirilmistir.
TUBITAK-TOAG 875 nolu projenin kizilgam odunuyla ilgili bir bolumi olarak gergeklestirilen
bu ¢alismada, Glkemizde yerli olarak tretilen BA, Bx ve SP gibi bilesiklerin odun koruma endist-
risinde genis kullanim alanlari bulmasina énculuk edilmesi amaglanmistir.

Borlu emprenye tuzlarinin odun korumada yaygin kullanimini sinirlayan baslica sakincasi
olan odundan yikanarak uzaklasmasi, bu ¢alisma kapsaminda kullanilan SiM’le énemli élgide
azaltilmis ve odunun SAO dusurulerek boyutsal stabilizasyonu saglanmistir. Bu durum, yikanma
deneyi sonuglarina gére, SiM ile borlu tuzlarin sulu ¢ézeltileri + SiM kombinasyonlariyla emp-
renye edilen 6rneklerden elde edilen verilerin istatistiksel anlamda esdeger ¢ikmasindan anlasil-
mistir.

Boylece borlu bilesiklerin odundan yikanmasinin, borlu bilesiklerle emprenye edilen odun-
larin SiM’le yiizeysel bir islem gérmesiyle engellenebilecedi ortaya konmustur. Bu sonuglara go-
re, gerek iki islemli gerekse tuzlar ve SiM’in kimyasal olarak iliskiye getirilmesi ve tek islem ve
farkli yéntemlerle diger borlu bilesikler de kullanilarak daha ileri emprenye denemelerinin yapil-
masi Onerilebilir.
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5. OZET

Bu calismada odun koruma endistrisinde odundan yikanma sakincasi nedeniyle sinirhi kulla-
nima sahip borlu bilesiklerden BA, SP ve Bx, gesitli SIM’le iliskiye getirilerek yikanmanin fizik-
sel olarak ne 6l¢ude engellenecedi arastiriimistir. Borlu bilesiklerin sulu ve PEG-400’de ¢dzundi-
rillerek hazirlanan ¢ozeltileriyle tek islemde ve ikinci bir SIM emprenyesinin yapildigi kizilgam
odunu érneklerinde yikanma deneyleri sonuglarina gére YMM, SAO, YHD ve KHD, DAE ve SIE
degerleri ayri ayri belirlenmistir.

Sonuglar, en az YMM oranlarinin, sulu BA ve SP’la emprenye edilen 6rneklere uygulanan
ikinci bir SIM emprenyesi ile saglandi§ini géstermistir. SiM ile ikinci bir emprenye yapilmayan,
sulu BA emprenyeli 6rneklerden gerceklesen YM M 'nin, BA’in PEG’lu uygulamasindan fazla ol-
masi, PEG’lUn BA ile chalate olusturma olasihgini dogurmustur. Bu olasilik, ayni denemeler igin
kaydedilen SAO ile de desteklenmistir. SIM tek islemli emprenye uygulamalarina oranla SAQ’ni
onemli 6lgiide azaltmiglardir. Hemen hemen tim yikanma deney sonuglan, SiM’in etkinlik agisin-
dan St > MMA > ISO sirasini izlediklerini géstermistir. PEG’lu BA ¢ozeltilerinin tekli ve ikili
emprenye islemlerinde, ytkanma sonrasi hacimsel degisimi en aza indirgemesi PEG’iin odunda
boyutsal stabiliteyi saglama etkisini agik¢a gostermistir. PEG’IU BA’le emprenyeli deney 6rnek-
lemde ikinci islemde St ve MMA uygulamasiyla 72 saatlik yikanma sonrasi sirasiyla % 60.9 ve
57.3 Tuk DAE elde edilebilmistir. Bu sonug, bor, PEG, St ve MMA gibi vinil monomerlerin birlik-
te kullanimina yonelik daha ileri ¢calismalara girilmesini gerektirecek niteliktedir. Calismada, he-
saplanan SIiE degerleri, SiM’in ikinci islemde odunda su iticiligi artirdigini, ancak 2 giinlik bir
yikanma suresinden sonra bu etkinligin yavas yavas azaldigini ortaya koymustur.
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Abstract

Wood preservation effectiveness of boron compounds against biological
damagers and fire is well known. But these compounds are not widely used in
preservation of wood because of their leachability from wood by rain water
and making vvood more hygroscopic than untreated wood in damp environ-
ments.

Main aim of this study is; therefore, to improve the undesired leachability
properties of some boron compounds by various water repellents (WRs).
Aqueous Solutions with polyethyleneglycol (PEG)-400 of boric acid and sodi-
um perborate were chosen as boron compounds (Table 1). WRs vvere used as
secondary treatment Chemicals vvhich vvere considered as dimensional stabili-
zer of vwood and physical bariers of boron retained at innerparts of treated
vvood. Results indicated that WRs vvere reduced the leachability of boron
from vvood significantly (P<0.05) (Table 2). Boron salts applied vvith PEG vve-
re more leachable than vvere of aqueous Solutions. WRs vvere not found effec-
tive on reducing the leachability of boron solved in PEG. Longer leaching ti-
me caused more leachant and reduction the physical alleviation of WRs on
boron leaching (Table 3, 4, 5, 6 and Figure 2).

1. INTROBUCTION |

No one preservative or preservative formulation is ideal for ali uses of vvood against ali pos-
sible hazards. Nevertheless, evaluation of Chemicals in terms of their characterictics suggested for
an ideal vvood preservative have been continuing in almost every vvood preservation laboratories
(YVILLIAMS 1990).

Borates are especially vvell suited for protection of vvood in buildings and their contents. In
generic sense, borates offer: 1. High toxicity tovvard most vvood destroying fungi and insects, 2.
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Capable of deeply penetrating wood by several treatment techniques, 3. Adaptable to simple on-
site individual or complex commercial treating operation, 4. Easy, reliable procedures to determi-
ne treatment quality, 5. Non flammable with favorable effects on wood’s fire resistance, 6. Com-
peting suppliers to encourage lower costs and reliable product service trough competition (Bora-
tes are woefully lacking in this respect in Tirkiye. Such advantages must be established), 7. No
undesirable side effects (WILLIAMS 1990; RICHARDSON 1987; YALINKILIG 1993).

On the contrary, permenance in treated wood (resistance to leaching, evaporation, and vola-
tilization) rating varies with the specific borate compound, its formulation in combination with ot-
her preservatives, the use of secondary water repellent (WR) treatments, and the use of treated
wood. For wood members that do not touch the ground or are not exposed to the vveather, borates
are ideal because evaporation and volatilization do not occur with borate-treated wood (WILLI-
AMS 1990).

No single borate preservative or formulation will provide ali of the above advantages and
borates have many other limitation beyond permenance, which are likely to be resolved by ongo-
ing research (HAFIZOGLU et ali. 1994).

Scope of this study was; therefore, to improve the undesired leachability properties of some
boron compounds by various WRs as suggested by WILLIAMS (1990) and, enhance dimensional
stability of wood via WRs, additionalty.

2. MATERIALS AND METHODS

Wood specimens were prepared according to Turkish Standard TS 345 as shown in Figire 1.
Specimens were dried to 0.d. weight at max. 50°C in an 6ven and then sealed with the end grain
prior to impregnation in order to avoid excess longitudinal penetration. 2*2*2 cm end diameters
were obtained from the 2.5 cm inner parts at two edges of fiber direction of 60 cm treated sticks.

Treatment Solutions were prepared from three different groups of preservatives as follows:

1. Boron Compounds

1. Aqueous solution of boric acid (BA) at 5.5 % conc. (BAE = 25 %) (WILLIAMS, 1986),
2. BA solved in Polyethylene Glycol (PEG)-400 at 5.5 % conc., (BAE = 25 %),

3. Aqueous solution of sodium perborate (SP) at 3.4 % conc,

Il. WRs: Styrene (St), methylmetacrylate (MMA), 2, 4 toluen diisocyanate (1SO),

I11. Bulking agents:

1. Paraffin wax (P) used in a mixture with BA and borax (Bx) at 15 % aqueous solution
conc. (Aqueous solution of P at 8 % conc. include 0.15 % triethyleneamine (TEA) and 0.19 %
emulsifer (E) plus BA and Bx (7:3, weight:weight) at 7 % aqueous sol. conc.) (YALINKILIC
1993),

2. PEG-400 (pure).

impregnation trials based on ASTM-D 1413-76 Std. and scedule spplied as in Table 1. 60
min vacuum (760 mmHg) was applied in every treatment prior to 60 min diffusion period at at-
mospheric pressure.

Leachability were determined according to AWPA M-10 (77) and ASTM-D 1413-76 Std.s,
and leaching periods were 6, 24, 48 and 72 hours.
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Amounts of leachants (AL), water uptake (WU) or water absorption rates (WAR), antislirink
efficiency (ASE), volume change based on initial wet and dry volumes (VCW) and (VCD) and
water repellency (WRE) values were calculated by formulas given on page 4 (HAFIZOGLU et
ali., 1994). Symbols on the formulas are as follows:

Moj : o.d. weight after treatment g
Mos : o.d. weight after leaching g
Mrs @ wet weight after leaching g

SAOKk : vvater uptake ratio of control specimen %

SAOt : water uptake ratio of test specimen %

Vysh : wetvolime after leaching cm3

Vysdh : wetvolime prior to leaching cm3
Voj : o0.d. volime prior to leaching cm3
Vos : o.d. volume after to leaching cm3

Dk(G)k : Volime changes of control speciment after leaching % (Dk: shrink, Gk: expansion)
Dt(Gt) : Volume changes of test specimen after leaching % (Dt: shrink, Gt: expansion)

Results evaluated by STATGRAF statistical program and ANOVA and DUNCAN tests were
made based on 95 % significance level (P<0.05).

3. RESULTS AND DISCUSSION

AL from trested specimens in periodical leaching processes were given in Table 2. Least AL
were obtained with the specimens treated witn WRs, aqueous Solutions of BA and SP secondarily
treated with WRs. P + BA + Bx followed them preceding BA and Bx in PEG-400. Antileaching
effectiveness (ALE) of WRs was in evident in this study and they ranged as 1SO > St > MMA,
respectively in consequential order driven from individual AL values. PEG-400 was the most le-
achable Chemical throughout the study (70.6 % of the total deposit), but AL were surprisingly lo-
wered when used with BA. This result may suggest Chemical interaction between PEG and boron
and possibility of chalate formation as previously stated by HAFIZOGLU et ali. (1994). Simila-
rity of AL values in the treatments of 2 and 11 in which aqueous and PEG Solutions of BA used at
the same conc. proved above conclusion.

Cumulative water absorption rates (WAR) of wood specimens at leaching periods vvere gi-
ven in Table 3. SP made wood the most absorptive in the study vvhile styrene the least. Minimum
water uptake ratios vvere achived with WRs in a consequential order from the least to more WAR
as; St> I1SO (solved in benzene 50 %) > ISO (plire) > MMA after 72 hours leaching. 1SO solved
in benzene was more effective than pure ISO possibly because deeply penetration into vvood even
not determined here.

WAR of treated vvood with SP was statistically higher than Controls’ and those of othen treat-
ments. This might arised from banding capabilities of SP wvith water. Though similar high WAR
was determined for aqueous BA, this was significantly lovver than either WARs of SP treated or
control’s.

Considerable reductions were realized at WARs of secondary treatment by WRs on initially
boron treated vvood specimens. This result support the conclusion of WILLIAMS (1990) on se-
condary WR treatments. Interestingly, lovver WAR vvere determined on the vvood specimens tre-
ated wvith BA in PEG-400; although, steadily increments vvere recorded through leaching periods.
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Cumulative volime changes based on initial wet and dry volumes of wood specimens vvere
given in Table 4. Onitial conditioned (at 65 +3, relative humidity and 20+°C) volumes of speci-
mens prior to leaching referred to wet volumes where as 0.d. volumes given as dry volumes.

Considering of VCW the tretments ranged as follovvs from the most stabilizier to least
(P<0.05):

PEG-400, BA in PEG-400 plus Stor MMA,

- P+ BA + Bx, Aqueous Solutions of BA and SP and/or WRs,
- 1SO, Aqueous solution of SP plus 1SO,

- MMA, Aqueous solution of SP.

As for VCD the sequence were as such:

- BA (vvith both used Solutions) plus WRs, St,

- 1SO, MMA, Control,

- P+ BA + Bx, Aqueous solution of SP plus SiM,
- Aqueous solution of SP, PEG-400.

PEG-400 appeared as a good stabilizier on VCW bases vvith the same order of St and MMA
used as secondary treatment Chemical after BA in PEG-400.

Antishrink efficiencies (ASE) vvere given in Table 5. As easily seen from the Table, ASE va-
lues shovved mixed results on the time bases. ASE of PEG-400 lovvered from 69.6 % to 26.7 % in
72 hours. St had much more ASE than MMA and somevvhat than ISO at secondary treatment in
both cases. BA wvith PEG-400 vvas in a good suitability vvith WRs as having the ASE values 60.9
and 57.3 % for St and MMA, respectively, offering further research on boron, PEG and vinly mo-
nomers as such.

Cumulative WRE values of treatment Chemical in treated vvood vvere given in Table 6. Al-
most ali treatments excluding BA and SP in aqueous sols. vvere shovwn WRE. WRs caused signifi-
cant raising on the WRE values of initially boron treated vvood till 48 hours of leaching; though
tend to decrease slightly as time proceeds. Wood treated vvith 1SO solved in benzen (50 % conc.)
here again shovved excellent performance on vvater repellency than pure I1SO treatment and steadi-
liy decrease of WRE vvas recorded by leaching time. Another high WRE values vvere determined
for PEG-400, unexpectedly, since PEG is knovvn as leachable by vvater (YALINKILIC 1993).

4. CONCLUSION

Boron in vvater of PEG and WRs vvere physically interrelated in vvood treatment for better
protection WRs avoided boron leaching, considerably. Boron vvith PEG-400 leached at lesser
amounts than aqueous sols. It is concluded that possible chalate formation betvveen boron and
PEG are to be investigated. WAR values supported AL values and WRs here too, made the vvood
less permeable than single boron treatments. Thus, vvater affinity of boron as a hygroscopic salt
group vvould have been ameliorated by WRs, though additional further complementary studies to
be needed.

Boron wvith PEG-400 vvas highly stable for dry and vvet volime basis. St gave better results
at some extent for leachability properties throuoghout the study than MMA and somevvhat than
ISO, and ASE values calculated vvould offer further research on boron, PEG and vinly monomers
used in this study as St and MMA. Treatments other than single treatments vvith aqueous BA and
SP made vvood more vvater repellent, significantly than control. WAR and WRE of BA in aqueous
solution wvith and vvithout WRs in Fig. 2 demonstrated necessity of secondary treatment of boron
treated vvood vvith WRs.
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