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Durability Improvement of Pinus caribaea Morelet Wood for Adding Value
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Abstract

To study on durability improvement of Pinus caribaea Morelet wood, the 35 years of
P. caribaea wood logs from Haui Bong plantation, Chiangmai province, were cut , air-dried and
sawn to specific sizes prior to treating with 8 wood preservatives, namely ; 1) Chromated Copper
Arsenate (CCA), 2) Ammonical Copper Quaternary (ACQ), 3) Copper Azole( CA-B), 4) Disodium
Octaborate Tetrahydrate (DOT), 5) Wood vinegar (WVG), 6) Permethrin (PMT) , 7) Zinc
naphthenate (ZNT) + permethrin (PMT), and 8) CNSL, by using dipping, soaking , brushing and
vacuum-pressure method. The treated wood specimens were evaluated for their durability with
different conditions in Chiangmai province. Results revealed that the untreated P. caribaea wood,
as control, was classified as non-durable and susceptible to attack by destroying termite and
fungi. It had only 9-12 months of service life. Comparison to vacuum-pressure treatment with 5
% of CCA ACQ and CA-B, they showed best performance in protecting wood. There was only 3-
10% of treated wood were found to be damaged when testing in grave yard condition for 60
months of exposure. Moreover, they could improve durability level of treated wood specimens
from non-durable to highly durable level for under-ground condition, and to durable level for
above-ground condition. PMT and ZNT+PMT mixture, even though, they presented lower
efficiency than CCA ACQ and CA-B, they could displayed better capability to protect wood than
DOT and WVG. They should probably be suitable for temporary use in wood protection. For CNSL,

it exhibited worst performance to preserve P. caribaea wood in all of testing conditions.



Keywords : Pinus caribaea Morelet wood, wood protection , natural wood durability, grave
yard condition, in—ground condition, above-ground condition, wood preservatives, wood

preservation,
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Table1. Treatment processes of P. caribaea wood for durability improvement

Wood Preservatives Process of Treatment

Voc/Pres1 So<:1king2 Dipping3 Brushing4

Chromated Copper Arsenate (CCA) 5% v 4 v -

Ammonical Copper Quaternary (ACQ) 5% v v v -

Copper Azole( CA-B) 5% v v v -

Disodium Octaborate Tetrahydrate (DOT) 5% - v - -
v

Wood vinegar (WVG) 5% - -

Permethrin (PMT) 1 % - _ _

Zinc naphthenate (ZNT)2.6% + permethrin (PMT)0.13% - - -

CNSL 5% (in Ethyl acetate) - - _

NN S

Note : 1. Vacuum-Pressure : Vacuum wood specimens at 700 mm.Hg for 15 minutes, prior to
pressure at 150 psi for 45 minutes

2. Soaking : immersing wood specimens under wood preservatives solution for 3 hours

3. Dipping : immersing wood specimens under wood preservatives solution for 1 minute

4. Brushing : overall painting wood specimens 2 times
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Table2. Visual grading for natural durability inspection of P. caribaea wood specimens

Grading scale Description of condition

10 No damage

Trace attack to 3 % of cross section

Damage 3-10 % of cross section

Damage 10-30 % of cross section

Damage 30-50 % of cross section

Damage B0-75 % of cross section
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Figure 1. Natural durability testing and periodic inspection of treated P. caribeae wood
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Figure 2. Failure of P. caribeae wood specimens in field testing for natural durability



Table3. Wood damage rating of the treated P. caribeae at different period of exposure times (month)

. Retention (kg/m3) Visual rating of wood damage at different period of exposure times (month)
Wood preservatives | Treatment process
0 6 12 18 24 30 36 40 48 54 | 60
CCA Vacuum-—pressure 20.07(2.57) | 10.0 | 10.0c | 10.0d | 99c | 9.7c | 9.7de | 93cd | 92d | 91d | 89d |88 "d”
CCA Soaking 11.45(2.84) 10.0 | 10.0c | 10.0d | 10.0c | 10.0c | 9.9e 9.6d 9.3d 9.0d 8.7d | 8.7d
CCA Dipping 3.34(1.89) 10.0 | 10.0c | 9.5d | 6.9b | 6.3b 5.3b 3.8b 3.8b 3.8b 3.6b | 3.4b
ACQ Vacuum-pressure 2.65(0.21) 10.0 | 10.0c | 10.0d | 9.6¢c | 89c | 85cde | 8.2cd | 8.1cd | 8.1cd | 8.1cd | 8.1cd
ACQ Soaking 1.66(0.28) 10.0 | 10.0c | 10.0d | 9.4c | 8.7c 8.1c 7.9c 7.7¢ 7.4c 7.3c | 7.1c
ACQ Dipping 0.39(0.24) 10.0 | 10.0c | 4.1b | 1.Ba | 1.5a 0.8a 0.8a 0.7a 0.7a 0.7a | 0.7a
CA-B Vacuum-pressure 1.77(0.06) 10.0 | 10.0c | 10.0d | 9.2¢ | 8.7c | 8.5cde | 8.4cd | 8.4cd | 8.3cd | 8.3cd | 8.2cd
CA-B Soaking 1.39(0.34) 10.0 | 10.0c | 10.0d | 8.9c | 8.5¢c | 8.3cd 8.1c 7.8¢ 7.8cd | 7.8cd | 7.4c
CA-B Dipping 0.34(0.08) 10.0 | 9.8c | 8.1c | 6.0b | 4.9b 1.4a 1.4a 0.6a 0.6a 0.4a | 0.4a
DOT Soaking 13.07(1.53) 10.0 | 9.1¢c | 0.0a | 0.0a | 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a | 0.0a
WVG Soaking 9.66(1.08) 10.0 | 6.2ab | 0.0a | 0.0a | 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a | 0.0a
PMT Brushing - 10.0 | 10.0c | 10.0d | 10.0c | 9.b5c 0.0a 0.0a 0.0a 0.0a 0.0a | 0.0a
ZNT + PMT Brushing - 10.0 | 10.0c | 7.6c | 5.5b | 1.4a 0.0a 0.0a 0.0a 0.0a 0.0a | 0.0a
CNSL Brushing 0.96(1.06) 10.0 | 470 | 0.0a | 0.0a | 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a | 0.0a
Control No treatment - 10.0 | 6.70 | 0.0a | 0.0a | 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a | 0.0a

Note : 1/ = Mean wood damage rating of 10 replicates ; 10.0 = Sound, 9.0 = Slight evidence of damage to 3 % of cross section, 8.0 = Damage from 3-10 %
of cross section, 7.0 = Damage from 10-30 % of cross section, 6.0 = Damage from 30-50 % of cross section, 4.0 = Damage from 50-75% of
cross section, 0.0 = Failure

2/ = Means having the difference letters are significantly different at 95% confidence level by Duncan’s New Multiple Range Test
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Table 5. Average of damage (%) the treated P. caribeae wood after 10 months of exposure in

under—ground condition

Preservatives

Treatment process

Retention (kg/ms)

Damage (%)

Durability

17 2/

CCA Vacuum-pressure 22.05(2.96) 0.00 a Highly durable
CCA Soaking 10.39(3.18) 0.00a Highly durable
CCA Dipping 4.67(2.89) 0.40a Durable

ACQ Vacuum-pressure 2.97(0.23) 0.00a Highly durable
ACQ Soaking 1.58(0.45) 0.60a Durable

ACQ Dipping 0.32(0.13) 49.0b Moderately
CA-B Vacuum-pressure 1.89(0.30) 0.00a Highly durable
CA-B Soaking 1.57(0.35) 0.20a Durable

CA-B Dipping 0.45(0.17) 44.0b Moderately
DOT Soaking 16.48(3.54) 71.0c Non-durable
WVG Soaking 16.81(1.96) 60.0bc Non-durable
PMT Brushing - 0.00a Highly durable

ZNT + PMT Brushing - 0.00a Highly durable

CNSL Brushing 0.64(0.27) 75.0c Non-durable
Control No treatment - 73.0c Non-durable

Note : 1/ = Mean wood damage rating of 5 replicates

2/ = Means having the difference letters are significantly different at 95% confidence level

by Duncan’s New Multiple Range Test
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Figure 4. P. caribeae wood specimens after 10 months of exposure in under-ground durability

testing
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Figure 5. Field testing of durability of treated P. caribeae wood in above-ground condition ;

(A) before and (B) after testing

Figure 6. Pinus caribeae wood specimens after 10 months of exposure



Table 6. Average of damage (%) of the treated P. caribeae wood after 10 months of exposure in

above-ground condition

Preservatives

Treatment process

Retention (kg/ms)

Damage (%)

Durability level

17 2/

CCA Vacuum-pressure 23.59(3.82) 1.00 a Durable
CCA Soaking 13.71(3.08) 1.00a Durable
CCA Dipping ©.88(3.76) 0.50a Durable
ACQ Vacuum-pressure 3.06(0.31) 0.75a Durable
ACQ Soaking 1.77(0.60) 1.50a Durable
ACQ Dipping 0.95(0.22) 8.75a Durable
CA-B Vacuum-pressure 2.04(0.15) 0.75a Durable
CA-B Soaking 1.71(0.26) 1.25a Durable
CA-B Dipping 1.04(0.25) 4.75a Durable
DOT Soaking 15.67(1.63) 1.50a Durable
WVG Soaking 16.80(3.37) 35.0b Moderately
PMT Brushing - 0.00a Highly durable
ZNT + PMT Brushing - 1.25a Durable
CNSL Brushing 1.26(0.61) 61.25¢ Non-durable
Control No treatment - 100.00d Perishable

Note : 1/ = Mean wood damage rating of 4 replicates

2/ = Means having the difference letters are significantly different at 95%

by Duncan’s New Multiple Range Test

confidence level
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