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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
sylvestrisL.) wood which met the requirementsof TS345and TS 1476 stan-
dards procedureswere single, double or multi treated accordingtoASTM D
1413-76 standard procedure with boric acid, borax, polyethyleneglychol-
400, Ba+Bx, Ba+Bx+St compounds, water repellent materials; styrene, me-
thyl methacryrilate, izocyonate and commercial impregnation materials;
tanalith-CBC, ammonium sulfate, diamonium phosphate and vacsol and in-
spected according to ASTM D 1413-76 standards procedures. As a resullt,
secondary treatment with WRM decreases amount of leached material. Water
absorption ratio of wood was|owest in the treatment only with WRM, boron
compounds and in secondary treatment of PEG-400 with WRM. Order of
conveniencefor dimensional stability waslike WRM>(Ba+Bx)+WRM>PEG-
400+WRM>Commercial impregnation materials. Order of conveniencefor
volumetric shrinkage efficiency waslike (Ba+Bx)+WRM>PEG-400+WRM >
AS, DAR, 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 im-
pregnation with WRM is recommended.
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INTRODUCTION

Impregnation of wood with chemica materiasis
absolutely necessary to protect frominsects, fungusetc.
inmany gpplicationg.

Boron compounds aretheimpregnation materias
preserving wood from biotic damagesbut leachingfrom
wood restrictstheusage of itf2.

Itisknownthat, intheleaching of impregnation ma:

terial fromwood, concentration of impregnation mate-
rial, duration of impregnation, properties of wood, ra-
tio of extractivematerial, acidity of water etc. areim-
portant factorg3.

The shrinkage of wood decreases by % 70 when
impregnated with high concentration of salt and natura
sugar solutiong*®, Water absorptionratio of scotchpine
wasfound %40 when impregnated with WRF formed
with % 0,5 paraffin, %10 hydrogenised resin ester and
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% 9,5 white spritl®l.

It has been reported that bulking materias (PEG-
400, PEG-1000etc.) widening cell wallsand addition-
aly forming chelate by us ng together with boron com-
pounds or in secondary impregnation processplay an
important rolein the development of dimensiond sta-
bility!7.

It has been reported al so that impregnation with
boron compounds devel ops some of the technol ogical
propertiesand additiona treatment with WRM avoids
leaching®.

Inthisstudy, the effects of secondary impregnation
of wood withWRM to avoid theleaching of boronand
to develop the dimensional stability by decreasing
shrinkageor swelling have been determined.

MATERIALAND METHOD

Material

Test specimens were prepared from Scotch pine
wood obtained from Trabzon-Caykara Forest Adminis-
tration. Thelogswere cut accordingto TS4176 stan-
dard procedures?. Anti bluewasapplied on surfaces of
logsto prevent coloring after they werebrought to the
laboratory. Boron compounds obtained from
ETIBANK-BandyrmaBorax andAcid Factories, vinyl
monomers from PETKIM-Izmit Refinery Co., and
POLISAN Chemical Industry Co., PEG-400 from
SHEL L Petroleum Co. and other materid sfrom market.

Method
1. Preparation of test specimens

TS 345 standard procedureswere applied inthe
preparation of test specimensg?. Thelogsarecut from
asection 2m height from the bottom and under thetop
of maingtem. Prismcutinradid directionfromthesap-
wood, werekept in 20+2°C temperature and % 65+3
rel ative humidity conditionsup to reaching 12% humid-
ity. Theair-dry, prismatic specimenswithadimension
of 2cmx2cmx50cm were impregnated. The part of
2.5cmlengthwascut from thetop of impregnated speci-
mens. Fromtheremaining part, leaching test specimens
were cut into the dimensionsof 2cm2cmx2cm.

2. Impregnation solutions
|. Commercial impregnation materias. T-CBC,AS,
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I1. (a) Water solutionsof boron compounds(for single
treatment): Bat+Bx(7:3 weight/weight)

(b) Water solutionsof boron compounds+WRM
(for doubletreatment): (Bat+Bx)+St, (Ba+Bx)+
MMA, (Ba+Bx)+(St+MMA)

[11. Materidscontaining PEG (bulking)+WRM : PEG-
400, PEG-400+St, PEG-400+MMA, PEG-
400+(St+ MMA), PEG-400+1SO

IV. Water repellent materials(WRM): St, MMA,
(St+MMA), 1ISO

3. Method of impregnation

Inthe processof impregnation, ASTM D 1413-76
standard procedures were applied*!, The specimens
were processed with pre-vacuum of 760-mm Hg* for
60 minutesand then put into theimpregnation solution
in perpendicular position under the atmospheric pres-
surefor 60 minutes. Impregnated specimenswere kept
under air circulation for 20 daysfor vaporization of sol-
vent and then put into thedrying oven at thetempera-
tureof 103+2°Cfor full-dry. Thefull-dry, impregnated
specimenswerecool edin desiccators containing CaCl.,,
for 12 hours and weighed at the analytic balance of
0,01g sengitivity. Moreover, the specimensimpregnated
with PEG, werekept at 60-70°C temperaturefor 5-7
daysto avoidimpregnation chemicasleaking out of the
wood. Theretention amount R, (kg/m?®) and retention
ratio R(%0) were calcul ated by the formul a*2:

GC

R=T.1O3 R(%)=w

100G =T,T,
T,: Weight of specimen before impregnation, T, Weight of
specimen after impregnation, V : Volume of specimen, C: Con-
centration of solution (%), M __ : Ovendry weight of specimen
after impregnation, M __ : Oven dry weight of specimen before
impregnation

Test planand qudification of impregnation solutions
aregiveninTABLE 1.

4. Leachingtests

Leaching testswere done accordingtoASTM D
1413-76 standard procedures. After each leaching pro-
cess(6, 24, 48, 72 hours), the specimens were taken
fromdigtilled water and oven dried inadrying oven at
thetemperature of 103+2°C. Thefull-dry specimens
arewe ghed and measured in dimension. Theamount
of leached material S(ALM%), ratio of water absorp-
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TABLE 1: Impregnation test plan and solution qualifications

Mat. Representing Iggg' ;)m Order of process Const of solt. (%) S(r)rl]\;fm pH Density (g/ml) Bae (%)
. . . . O,
group material no  Process Process Impreg Impreg 1.Imp. Bi Ai Bi Ai Bi Ai c
| Bor. Comp. 1 1 T-CBC 13 Ds 248 279 1.08 1.08 482 482 25
Cor.np Amon. Comp. 2 1 AS 13 Ds 455 4.06 1.07 1.07 25
Grou © Phos. Comp. 3 1 DAP 13 Ds 6.64 6.70 1.07 1.07 25
P org solution 4 1 v 100 Ds 591 600 081 081 25
. 5 1 BB 13 - Ds 786 791 111 111 623 623 25
Fire 713 wiw
preventive, Ba+Bx 7.86 7.91 111 111 g g
1. insecticids, 6 2 713 wiw S 13 100 Ds 414 410 0.91 0.91 623- 668 s
Boron funguses Ba+Bx 7.86 7.91 111 111
Comp. wood ! 2 3ww MMA 13 100 Ds 741 785 1.22 120 623 668 25
protectors BatBx St+MM . 7.86 7.91 0.91 0.91 . :
8 2 713 wiw A 13 70:30 Ds 570 573 112 112 62.3- 66.8 25
9 1 PEG-400 100 567  5.60 112 112 25
5.67 5.60 112 112
10 2 PEG-400 St 100 100 114 410 091 091 25
5.67 5.60 112 112
FI,IIEI G PEG-400 1 2 PEG-400 MMA 100 100 741 785 1.22 1.22 2
St+MM . 567  5.60 112 112
12 2 PEG-400 A 100 70:30 570 565 112 112 25
567  6.60 112 112
13 2  PEG-400 ISO 100 100 460 460 101 101 25
Water 14 1 St 100 4.14 410 0.91 0.91 25
V. renellent 15 1 MMA 100 741 7.85 1.22 1.22 25
WRM mgterials 16 1 St+tMMA 70:30 5.70 5.65 112 112 25
17 1 1SO 100 4.60 4.60 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: Poliethyleneglychol-
400, MMA: Methyl metacrylat, St: Styrene, 1SO: |socyanides, Note: In each test, two groups were used, each having 12 specimens

TABLE 2: Retention amount of impregnation material
Retention Ratio % Total

1 1 3
Gnrop. IT(E" %g?gr"igla; Retention (kg/m?) 1% impr egnation Z”dimpregnation retention
X Ss HG X Ss HG X Ss HG X Ss
1 T- CBC 19.38 2,27 N 10.9 13 G 109 1.3
I 2 AS 58.32 18.28 J 141 19 E 141 1.9
' 3 DAP 30.84 11.56 L 112 07 G 11.2 0.7
4 \% 113.88 7.65 I 286 191 C 28.6 19.1
5 Bat+Bx 41.64 7.77 K 164 122 E 16.4 12.2
i 6 (Ba+Bx)+ St 26.77 113.81 M 194 107 E 311 153 B 505 16.5
' 7 (Ba+Bx)+MMA 113.77  82.98 I 48 139 | 133 95 D 181 106
8 Bat+Bx)+St+tMMA 21349  78.56 E 100 111 G 136 95 D 236 59
9 PEG-400 113.88 7.65 I 131 15 F 131 35
10 PEG-400+ St 208.97 12.73 F 131 04 F 53 32 G 184 23
I1I. 11 PEG-400+tMMA  195.87  60.75 G 118 17 G 61 66 F 179 83
12 PEG-400+St+MMA 23280 10.23 C 119 05 G 113 06 E 132 41
13 PEG-400+YSO 23398  37.67 C 126 08 F 143 13 C 277 07
14 St 37450  75.53 A 56.3 155 A 56.3 15.5
v 15 MMA 186.09 67.34 H 241 142 D 241 14.2
' 16 St+ MMA 225.00 105.00 D 357 196 B 35.7 19.6
17 ISO 276.25  62.09 B 223 108 D 22.3 10.8

X : Average, Ss: Standard devisions, HG: Homogeneous groups

tion (RWA%), the effectiveness of water repellents Moi
. . .. i—Mos
(EWR%), volumetric change in wet condition —ALM()=—rr— 100 _
(VCWC%), volumetric change after leaching as com- (SAOK —SAOT) Vysh —Vyih
pared with oven-dry dimensons(VCDC), efficiency of ~ EWR(%) ==— =0 =100 VEWC(%) = =720 ==+ 100
decreasing the shrinkage(EDS%0) and expansion (EDE Voi - Vos Gk Gt
%) v uesarecd culated by theformulas: VCDC(%) =— ~— 100 EDE(%)=——-—"
Wotevialy Stience Comm——
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TABLE 3: Theleached amount of impregnation material (ALM %)

No Impregnation I (6 hours) I1 (24 hours) [11 (48 hours) IV (72 hours) Total
materials and process Xx HG Ss X HG S x HG Ss X HG Ss ALM (%)
1 Control 020 J 020 012 L 012 010 | 010 035 G 011 0.45
2 T-CBC 019 J 019 080 H 004 210 C 013 015 H o011 3.20
3 AS 148 B 018 402 C 105 45 B 183 461 B 0.26 14.65
4 DAP 146 B 09 037 J 003 127 D 050 037 G 0.14 3.47
5V 045 G 025 084 H 046 055 F 017 112 E 045 2.96
6 (Bat+Bx) 144 B 121 401 C 163 130 D 102 219 D 012 8.94
7 (Ba+Bx) + St 010 K 010 073 | 017 068 E 026 074 F 052 2.25
8 (Bat+Bx) + MMA 041 H 006 136 F 018 052 F 035 145 E 0.09 3.74
9 (Bat+Bx) + St+ MMA 031 | 009 280 E 065 063 E 018 08 G 0.39 4.59
10 PEG-400 350 A 0.08 1210 A 010 853 A 074 866 A 0093 32.79
11 PEG-400 + St 050 F 000 074 | 004 116 D 011 033 G 001 2.73
12 PEG-400 + MMA 087 D 015 283 E 008 135 D 365 247 D 005 7.52
13 PEG-400 + St + MMA 158 B 018 441 B 077 237 C 012 300 C 0.78 11.36
14 PEG-400 + I1SO 108 C 263 369 D 077 205 C 365 150 E 048 8.32
15 St 064 E 038 013 K 013 032 G 006 057 F 043 1.66
16 MMA 028 | 028 074 | 002 070 E 028 045 G 0.15 2.18
17 St+tMMA 037 H 042 034 J 112 021 H 010 056 F 045 1.48
18 1SO 039 H 003 093 G 020 057 F 034 012 H 0.88 2.21

In each of two test groups, 12 specimens were used (Total : 17x2 = 34 group x12 specimens/group=408specimens, p=0,05)
TABLE 4: RWA (%) for leaching periods

No Impregnation | (6 hours) 11 (24 hours) [11 (48 hours) IV (72 hours)
materialsand process  x HG Ss X HG Ss X HG Ss X HG Ss
1 Contral 805 A 1375 93 A 38 1005 A 242 1106 A 040
2 T-CBC 462 E 320 612 D 18 794 B 05 749 E 155
3 AS 476 E 165 610 D 260 683 D 050 719 E 110
4 DAP 763 B 1910 860 B 460 707 C 120 814 D 685
5V 286 H 060 464 F 125 613 E 150 516 H 860
6 Bat+Bx 633 C 505 710 C 105 818 B 040 1030 B 200
7 (Bat+Bx) +Xt 257 | 300 437 G 680 346 H 305 558 G 270
8 (BatBx) + MMA 296 G 1000 308 | 9.20 545 F 530 422 I 33.3
9 (BatBx)+SX+MMA 308 G 130 573 E 651 767 C 075 742 E 215
10 PEG-400 543 D 050 675 D 440 817 B 1140 933 C 670
11 PEG-400+ & 79 J 060 422 G 720 322 H 300 487 H 701
12 PEG-400 + MMA 453 E 1040 377 H 340 454 G 1230 36.8 J 3.20
13 PEG-400+St+ MMA 428 F 365 500 E 830 535 F 500 593 F 13.00
14 (PEG-400 + 1SO 245 | 270 373 H 105 577 E 790 504 H 802
5 3 252 | 1200 260 J 615 277 I 2100 500 H 2150
16 MMA 300 G 1470 492 E 610 690 D 1100 587 F 290
17 S+ MMA 250 | 950 469 F 065 483 G 1030 556 G 640
18 1SO 202 G 15 731 C 012 672 D 0.75 605 F 51

In each of two test groups, 12 specimens were used(Total : 17x2=34 groupx12 specimens/group=408specimens, p< 0,05)

EDS(%) = 100

Dk — Dt
D

M, : Ovendry weight after impregnation; M __: Ovendry weight
after leaching process ; M _: Wet weight after leaching pro-
cess; Saok : Ratio of water absorption by control specimen(%o);
Saot : Ratio of water absorption by test specimen (%); V!
Wet volume after leaching process ; . Humid volume be-
fore leaching process; V . : Oven dry volume before leaching
process; V __: Oven dry volume after leaching process ; Dk :
Volumetric shrinkage of control specimen after leaching period
(%); Dt : Volumetric shrinkage of test specimen after leaching

period (%); Gk : Volumetric expansion of control specimen af-
ter leaching period (%); Gt : Volumetric expansion of test speci-
men after leaching period (%)

Data analysis

Thedatigtica resultsweregiven by computer soft-
ware, SPSS 13.0 for Windows. Multiple Variance
AnaysS(MANOVA) Method isused to determinethe
impact of impregnation material on R,ALM, RWA,
EWR, VCWC, VCDC, EDSand EDSand Duncan’s
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TABLE5: Volumetric changein wet test specimens(VCWC%) and oven-dry specimensby leaching(VCVC %)

Test | (6 hours) Il (24 hours) 11 (48 hours) IV( 72 hours)

no veDC X _HG Ss X HG S x HG S  x HG Ss

1 Control +2,8 J 000 -640 A 040 +097 E 060 -049 DH 0.37
2 T-CBC -145 DE 182 -0.12 | 010 +299 C 115 -144 FG 046
3 AS +4 B 1.19 +3 D 011 +48 AB 08 +238 E 0.16
4 DAP +0.9 E 080 415 C 071 -232 CD 125 -048 GH 0.05
5 \% -1.74 D 1.70 -0.39 J 0.16 -4.14 B 005 +642 B 139
6 BatBx -129 DE 083 -691 A 148 -174 D 151 +331 D 249
7  (Ba+Bx) + MMA -0.28 EF 028 -017 | 006 -39 BC 032 +756 A 6.04
8 (BatBx)+St -174 D 09 -601 B 238 -172 D 079 -409 C 504
9 (Ba+tBx) + St+ MMA -0.65 E 045 -156 G 04 -592 A 206 +028 H 0.05
10 (PEG-400 -267 C 151 -203 EF 112 -257 C 200 +337 D 0.06
11  PEG-400 + St -126 DE -021 -115 A 012 -0.29 F 005 +402 C 119
12 PEG-400 + MMA -022 EF 021 -063 H 040 -0.78 E 030 -08 G 0.06
13 PEG-400+ St+ MMA  -1.38 DE 121 -2.77 E 0214 -0.96 E 050 -252 E 250
14  PEG-400 + SO -373 BC 08 -635 AB 065 -266 C 105 +58 B 142
15 &t -220 CD 176 -380 CD 239 -110 E 0.09 +136 FG 113
16 MMA 509 A 498 -460 C 008 -011 F 010 +38 CD 288
17 St+MMA 403 B 013 -378 D 008 -140 DE 08 -18 EF 130
18 ISO -1.88 DE 053 -2.66 E 124 -18 D 117 -1.77 F 170

Test | (6 hours) Il (24 hours) 11 (48 hours) IV (72 hours)

no VCWC x HG Ss __x HG Ss _ x_ HG Ss__ x_ HG_ Ss

1 Control 10.2 cC 24 10.6 B 0.3 11.3 B 055 1214 B 159
2 T- CBC 5.9 E 174 85 CcD 0.7 806 CD 101 6.9 E 280
3 AS 5.7 E 211 4.9 E 038 6.70 E 240 540 EF 112
4 DAP 26 GH 236 29 G 158 370 F 113 590 EF 040
5 \% 28 GH 0.4 4.5 E 17 7.80 D 055 470 G 250
6 Ba+Bx 119 B 23 108 B 23 9.5 C 140 89 CD 110
7 (Ba+Bx)+$St 110 B 0.4 9.2 C 22 94 C 140 87 CD 870
8 (Ba+Bx) + MMA 109 C 0.6 87 CD 42 85 CD 250 72 E 112
9 (BatBx) + St+ MMA  8.14 D 0.12 9.12 C 07 102 CB 0.80 109 BC 200
10 PEG-400 4.11 F 31 4.8 E 105 53 E 040 6.2 E 0.60
11  PEG-400 + St 2.3 H 24 3.6 F 061 396 G 176 420 G 410
12 PEG-400 + MMA 31 G 0.15 3.16 F 205 4.00 F 100 38 HG 0.10
13 PEG-400+ St+MMA  1.72 I 3.9 213 G 001 350 G 210 38 HG 025
14 PEG-400+1SO 312 G 11 2.8 G 29 312 G 010 432 G 150
15 &t 4.9 E 18 86 CD 48 113 B 510 970 C 420
16 MMA 125 A 278 1372 A 7.1 14.2 A 215 1592 A 6.90
17  St+ MMA 9.13 c 21 11 AB 6.0 11.6 B 182 130 B 3.40
18 1SO 4.13 F 6.12 8.5 CD 115 113 B 320 10.8 BC 152

(-) means shrinkage where as (+) means expansion in volume.
Test Method to determine differences between the
groups.

Results

Retention

Retention amount of impregnation materia isgiven
inTABLE 2. Retention isfound the highest in WRM
group and lowest in commercia impregnation materi-
as. Order of retention amount is as WRM>PEG-
400>boron compounds>Commercial impregnation
materids.

Wotoioly Science  mm—

ThelL eached amount of impregnation material

Theleached amount of impregnation material and
retention amount in oven-dry specimens are given
TABLE 3.

According to theduration of leaching process, the
amount of leached materia wasfound highest in PEG-
400 and lowest in Bat+Bx+St at 1% period, highest in
PEG-400andlowestin St a 2™ period, highestin PEG-
400 and lowest in St+MMA at 3 period, highestin
PEG-400 and the lowest in T-CBC and 1SO at 4"
period. According to these results, the amount of
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TABLE 6: Efficiency in decreasing shrinkage (EDS %) and expansion (EDE%)

No | Mpregnation materialsand process | (6 hours) I1 (24 hours) 111 (48 hours) IV (72 hours)
X HG X HG X HG X HG
1 Control - - -
2 T-CBC +0.49 H -1.77 I +19.76 F -19.07 BC
3 AS -27.90 D -8.35 I +3.43 I -15.85 C
4 DAP -10.32 F +30.61 C +7.80 H +24.92 B
5V +76.26 A +18.75 EF +33.09 C -13.57 CD
6 (BatBx) -32.67 C +7.89 I +23.74 E -13.83 CD
7 (BatBx) + St +35.35 C +37.09 BC +50.08 AB +5.84 H
8 (Ba+Bx) + MMA +22.74 DE +7.77 I +37.47 C +1350 CD
9 (Ba+Bx) +St+ MMA +58.49 B +40.36 B +53.46 A +15.65 C
10 PEG-400 -19.07 E +16.47 G +11.90 G +16.72 C
11 PEG-400 + St +35.05 C +25.82 D +9.24 GH -11.95 D
12 PEG-400 + MMA +14.80 F +7.36 I +29.44  CD +3.69 G
13 PEG-400+% + MMA +17.58 E -25.64 D +29.50 CD +32.10 A
14 PEG-400+1SO +38.43 C +20.97 EF +51.52 AB  +27.07 B
15 St +29.79 D +45.79 A +42.72 B +22.16 BC
16 MMA +25.22 D +22.37 E +17.10 F +2.08 I
17 St+ MMA +5.76 G +9.35 I +5.70 HI +3.29 G
18 I1SO +18.57 E +38.20 BC +28.61 CD +22.23 BC

(+) means EDS where as (-) means EDE
TABLE 7: Efficiency in decreasing shrinkage (EDS %)
| I 11

(Ba+Bx) + St + MMA St PEG-400 + 1SO
(Bat+Bx) + St SO PEG-400 + MMA
(BatBx) + MMA MMA

leached material decreased asthe duration of leaching
process getslonger and this decrease happened espe-
cialy inthefirst two periods(6-24 hours). In boron
compounds and secondary treatment with WRM, the
amount of |eached materia wasdecreased ascompared
with singletreatment with PEG-400 and secondary treat-
ment with WRM . Thelowest amount of leached mate-
rid wasobservedinsingletrestment of WRM and high-
estinsingletreatment of PEG-400. The order of con-
veniencefor total amount of leached material islike
WRM>Boron compoundstWRM>Commercial im-
pregnated materid sS>SPEG-400+WRM.

Ratio of water absor ption

Cumulativeratio of water absorption for leaching
periodsisgiven TABLE 4.

Volumetricchange

Volumetric changein wet test specimens(VCWC
%) and oven-dry specimensby leachingVCDC (%) is
giveninTABLEDS.

Impregnation either with PEG-400 or PEG-
400+WRM affectsdimensiond stability pogitively. Or-
der of dimensional stability islike WRM>(Bat+Bx)

+WRM>PEG-400+HWRM> Commercid impregnation
materid.

Effectivenessin decreasing shrinkageratio

The difference between the volumetric shrinkage
of control and test specimen after leaching period over
thetest soecimen, called Efficiency in Decreasing Shrink-
ageratioisgiven TABLE 6. Efficiency in Decreasing
Expanson(EDE) isjust oppositeof EDS, soisnot given
inTABLEG®.

EDSwasfound the highestinthefirst 6 hoursinV,
in24 hours S, in 48 hours (BatBx)+St+tMMA, in 72
hours St+tMMA.

The order of convenience for groups is
like(Bat+Bx)+*WRM>PEG+WRM>WRM>AS, DAP,
Tanalith-CBC and Vacsol. Astheduration of impreg-
nationincreases, EDSincreases. Theorder of EDSfor
the total duration from the highest is like
(BatBx)+St+MMA, PEG-400+IS0O, &, (Bat+Bx)+S,
ISO, (Ba+Bx )+*MMA, MMA, PEG-400+MMA .

Itisinteresting that theimpregnation materialscan
beclassfiedinthreegroupsfor EDS(TABLE7).

Theorder of conveniencefor the chemical materi-
asand processfor EDE isjust the opposite of EDS.

Effectivenessin water repelency

Effectivenessin Water Repdlency of test oecimens
calculated by thewater absorptioninleaching periods
isgiveninTABLES.

— P plericly Science
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TABLE 8: Effectivenessin water repellency EWR (%) for leaching periods

Impregnation | (6 hours) I1 (24 hours) [11 (48 hours) IV (72 hours)
No Materialsand 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 317 EF 34.6 D
4 DAP 5.3 G 11.6 I 29.3 F 26.0 E
5 \Y 73.2 AB 51.3 D 38.7 E 53.3 BC
6 Bat+Bx 21.8 F 254 GH 19.0 H 6.3 G
7 (Ba+Bx) + &t 68.1 B 54.1 D 65.4 A 49.2 C
8 (Ba+ Bx) + MMA 75.7 A 67.6 B 46 C 61.6 AB
9 (Bat+ Bx) + St + MMA 61.8 B 39.8 F 23.3 G 325 D
10 PEG-400 32.6 E 291 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 + 1SO 69.6 AB 60.8 C 42.3 C 54.1 B
15 St 68.7 B 727 A 52.3 B 54.4 B
16 MMA 62.8 B 485 E 31 F 46.6 C
17 St + MMA 69.0 AB 50.7 D 51.7 B 49.9 C
18 1SO 63.8 B 233 H 33 EF 45.0 C
TABLE 9: Theeffectivenessof water repellent material in preventing leaching process
No I mpregnation | (6 hours) 11 (24 hours) [l (48 hours) IV (72 hours)
materials and process X HG X HG X HG X HG
1 Ba+ Bx + MMA 71.53 D 66.08 C 60.00 C 33.79 E
l. 2 (Ba+ Bx)+ St 93.06 A 91.74 AB 47.69 E 66.21 D
3 (Ba+ Bx) + St + MMA 78.47 C 30.17 D 51.54 C 61.19 D
. 4 PEG-400 + I1SO 69.14 DE 69.50 BC 75.97 B 82.68 B
5 PEG-400 + St 85.71 B 93.88 A 86.40 A 96.19 A
6 PEG-400 + MMA 75.14 CD 76.61 B 84.17 AB 71.48 C
7 PEG-400 + St +MMA 54.86 E 63.55 C 72.22 BC 65.36 D

EWR from the highest value is like; PEG-
400+WRM .>WRM>(Ba+Bx)+WRM> Commercia
impregnation materids. Astheduration of leachingin-
creases EWR decreases. Thehighest EWR inthefirst
6 hoursobserved at (Ba+Bx)+MMA, 24 hours (Ba+
Bx)+MMA, 48 hours (Bat+Bx)+St, 72hours(Ba+Bx)
+MMA.

The effectiveness of water repellent materialsin
preventing leaching

If WRM are applied as asecondary treatment to
test specimensimpregnated with Bat+Bx, the amount
of leached materid ascomparedto Sngletreatment with
WRM, cdlled effectivenessof WRM (EWRM) isgiven
inTABLEDO.

Effectivenessin preventing leaching impregnation
materia wasfound highin boron compoundsthan PEG-
400 compounds; PEG-400+WRM>(Bat+Bx)+WRM

Theeffectivenessof WRM in preventingleaching
decreasesin boron compounds by time but just oppo-

site occursin PEG-400+WRM. EWRM was found
highest (Ba+Bx)+St in first 6 and 24 hours, PEG-
400+Stin48and 72 hours. Styrene showed aleaching
preventive property inall periods.

RESULTSAND DISCUSSION

Therewasno changein pH vaueand densities of
solutionsbeforeand after theimpregnation. Thismay
dueto study with fresh solutionsin each impregnation
process. Inthesolution of T-CBC 13%, pH vauesbeing
inacidicregion poss bly can affect the polysaccharides
Inwood ashegative.

Regarding impregnation materia groups, theorder
of convenience for the amount of retention is like
WRM>Boron compound>Commercia impregnation
materia >PEG-400. Accordingto thisresult, theamount
of retention wasfound highest inthegroupswith WRM
and lowest in PEG-400. Thismay be dueto the high
concentration and low viscosity of WRM. Thisprop-
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erty isimportant for woodswherethe highest amount
of retentionisrequired for being used in open-air con-
dition.

Incommercid impregnation materids, theamount
of retention wasfound highest inVV and lowest in T-
CBC.

Inimpregnation with boron compounds, theamount
of retentionwasfound highest in Ba+Bx+St+MMA and
lowest Bx+Bat+St. Theratio of retentionwasfound high-
estin BatBx+St and lowest in Bat+Bx. According to
thisresult, theimpregnation of styrenewith boron com-
pounds decreased theamount of retention but increased
theratio of retention. It can be asserted that regarding
theamount of retention; MMA providesmoreeffective
resultswith boron compounds.

Inimpregnation with PEG-400 groups, theamount
of retention wasfound highest in PEG-400+1SO and
lowest in PEG-400. Theratio of retention wasfound
highest in PEG-400+1SO and lowest in 1SO. Accord-
ingtothisresult, in secondary impregnation with WRM
after PEG-400, theamount of retention increased twice.
Redlly in Scotch pinewood, the highest amount of re-
tention and ratio of retention was found in PEG-
400+MMA impregnation. Intheimpregnationswith
WRM, theamount of retention wasfound highestin
styreneand lowestinMMA. Theratio of retentionwas
found highest in styreneand lowest in 1SO. According
tothisresult, it may besaid that WRM grabsthewood
much moreeffectively. In Scotch pinewood, thehigh-
est amount retention for WRM+Polyurethanevarnish
was reported as 82.02 kg/m?32,

Regarding the duration of leaching process, the
amount of |eached impregnation materid sreved ed low-
estinfirst period and highest infourth periods. While
thetime getslonger, theamount of leached materias
increased in the specimenswhich are not secondary
impregnated with WRM. Regarding thetotal amount
of leached materials, the order of convenience begin-
ning from the lowest amount is like WRM>boron
compoundstWRM>Commercial Impregnation
Material s>PEG-400+WRM. According to thisresullt,
theamount of leached material becomeslessinthe ap-
plicationswith WRM. Thiscase may bearesult of hy-
drophobic and high grabbing property of WRM. This
property can be taken into account in water soluble
boron and similar compoundswheretheimpregnation
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materid can beleachedinhigh humidity conditions.

Thewater absorption ratio observed highestin 72
hoursand lowest in 6 hours. It increased by the dura-
tion of stayingin thewater. Regarding theimpregnation
materia sgroups, theorder of conveniencefor theratio
of water absorption is like WRM>P-400+WRM>
BatBx+WRM>T-CBC, AS, DAP, V. According to
thisresult, WRM and applicationswith WRM becomes
superior over the others. Thiscase may bearesult of
hydrophobic properties of WRM. Thewater absorp-
tionratiowashighestin Bat+Bx for 72 hoursand | ow-
estinMMA for 6 hours.

Regarding the dimensiona stability, theorder con-
venienceislike WRM>Boron compoundstWRM>P-
400+WRM>Commercia impregnation materias. Ac-
cording to thisresult, the small amount of ingtability in
specimensimpregnated with WRM groups, may due
to the hydrophobic property of WRM in decreasing
water absorption and preventing dimensional study.
Whilecommercia impregnation materid s showed dif-
ferencesregarding thedimens ond study, PEG-400 used
solely or with WRM decreased theamount of dimen-
sond study. Regardingtime, theamount of dimensiond
study occurred highestinthefirst 6 and 24 hours. As
the duration increased, theratio of volumetric change
decreased.

Regarding theefficiency increesngdimensiond da
bility, the order of convenience is like boron
compounds+WRM>PEG-400+WRM>WRM> Com-
mercid Impregnation Materid.

Regarding hydrophobic property, the order of con-
venienceislike PEGFWRM>WRM> Ba+Bx+WRM>
Commercid impregnated materid. Thisproperty isvery
important under high humidity and open-air conditions.

Regardingtheefficiency in preventing leaching pro-
cess, the order convenience is like, WRM>P-
400+WRM>Ba+Bx+WRM. The effectiveness of
WRM in preventingleaching happenedin (Bat+Bx)+St
as93.6%infirst 6 hours, in (Bat+Bx)+Stas91.74%in
24 hours, in P-400+St as96.19%in 72 hours.

Related to thetime, while WRM decreased the f -
fectiveness of boron compoundsin preventing leach-
ing, just an opposite situation observed with PEG-400.
Styreneproved itsleaching prevention property inall
periods. Inthe secondary impregnation of boron com-
pounds and PEG-400 with WRM, amount of leached
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material, hydrophobic effectiveness, water absorption
retio, efficiency in decreasing expanson and shrinkage,
efficiency in prevention of leachingwereimproved.
Accordingto thisresult, the secondary impregnation
withWRM can provideeconomical benefitsby extend-
ing thelife of wooden equipmentsto beused in open-
ar and high humidity conditionsthrough preventingleave
of impregnation substanceby leaching, decreasingwa:
ter absorptionratio, increasing moistureexclus on effi-
ciency and devel oping dimensiona stability.
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