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ABSTRACT The effects of moisture content (MC) and diffusion period on the diffusion of
boron from borate rod through Pinus densiflora and P. koraiensis were investigated as a
preliminary research of integrated remedial treatment for heritage wooden structures using borate
rod. After equilibrating MCs of samples (15, 25, and 40%), borate rod (1,000 mg) was inserted
into the sample, and stored for diffusion of boron at room temperatures (23°C) for 2, 4, 8, and
12 weeks. Wafers were serially cut at constant intervals from rod treatment point and the boron
penetration through longitudinal and transverse direction was measured by staining with boron
indicator. For boron diffusion, MC above fiber saturation point was needed, and the diffusion
rates increased with time, The fastest rates of diffusion were observed in longitudinal direction,
followed by the radial and then the tangential direction. The rates of diffusion in all directions
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were the fastest in P. koraiensis. In P. densiflora, the diffusion rates through heartwood was faster
than that in sapwood in longitudinal direction and vice versa in transverse direction. Based on
the best result of this study, optimal space between rod insertion points could be recommended
as follows; approximately 120 mm for P. koraiensis and heartwood of P densiflora, 60 mm for
sapwood of P. densiflora in longitudinal direction, and approximately 30 mm for all species
tested in transverse direction. However, the effect of rod size and long-term exposure for
diffusion on boron movement should be fully investigated for the accurate evaluation of optimal

space between rod holes,
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Table 1. The range of color changes after spraying of
second solution according to the retention of boron.
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Table 2. Diffusion distance(mm) of boron from borate rod according to the combination of moisture contents and

diffusion periods.
Diffusion Pinus densiflora Pinus densiflora . —r
peritd ::;(): (sapwood) (heartwood) Pinus koraiensis
(weeks) I ORe T L R T- L R T
15 0*4 6.8 37 ] 9.1 54 4 2.5
(5-8)*5 (2.5-5) (7-14)  (2.5-8.5) (0-7.5) (0-5)
2 25 0 8 54 6 10.6 6.7 0 10.2 6.6
(1.5-9) (25-75) (0-10) (6.5-14) (5-8.5) ©-11) (5.5-7.5)
40 10 145 8.2 233 12.5 8.8 40(30-50) 155 13.8
(10-10) (11-17.5)(6.5-10.5) (20-30) (6.5-15.5) (4.5-14.5) (135-17)  (9-16)
15 0 44 29 8.6 55 43 3.6
(0-8) (0-5) (5.5-11) (4.5-T) (0-8.5) (0-8)
4 25 2 99 7.1 5 128 9.3 0 119 7.8
(0-10) (6-13.5) (5-10.5) (0-10) (8-16.5) (5-14) (10-15) (7-85)
40 167 11.5 78 233 155 125 50(20-80) 17.1 14.6
(10-50) (7-18.5) (5.5-11) (20-30) (15:16) (9.5-14.5) (16-18.5) (11.5-17)
15 4] 6.6 5.5 0 7.6 4.8 0 1.2 6.4
(5-8.5) (4-6) (5.5-11) (3-8.5) (2-9)  (45-10)
8 5 128 84 75 12.8 74 6 122 9.1
(0-10) (9.5-16) (5-11) (0-10y (11.5-16) (5-8.5) (0-10) (9-155) (8-10)
40 28 17.5 10.6 45 15.6 12.0 52.5 16.9 12,6
(10-50) (13-21) (6.5-14) (20-100) (15-16.5) (10-14.5) (30-70) (15.5-19) (11.5-15)
15 0 94 5.6 0 8.6 5.9 8.3 50
(8.5-11) (2-8.5) (7-11.5) (4-8.5) (7.5-9) (5-5)
12 25 25 11.1 89 1.5 115 8.5 8 12.1 7.6
©0-10) (8.5-14) (7-12) (0-20) (8-15) (7-11)  (0-20) (5.5-16) (7-1L.5)
40 30 16.6 14.1 64 17.1 15.5 60 17.1 14.0
(20-40) (16-17.5) (13-14.5) (50-110) (16-18.5) (12.5-18) (40-80) (15-20) (12-16.5)
"1 represents longitudinal direction.
*2 R represents radial direction.
*3 T represents tangential direction.
*4 Values rep means of five repli

*3 Values represent the range of boron diffusion distance.

Table 3. Fiber saturation point and green specific gravity of various species used in this study. ”'

N Pm(::pd;%om P'&“;Mﬁma)m Pinus koraiensis
Fiber saturation point(%) 26.5 256 292
Green specific gravity 0.42 0.45 035
*1 Values means of ten
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Fig. 1. Comparison of longitudinal diffusion of bo-
ron among species(at 40% MC).
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Fig. 2. Transverse diffusion of boron measured
using wafers cut for the evaluation of longitudinal
diffusion (@: rod insertion point).
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Table 4. Recommended longitudinal and transverse
space (mm) between rod holes based on the results
obtained from samples of 409% moisture content on
12 weeks diffusion.

Direction
Species Longitudinal Radial Tangential
Pinus densiflora
(sapwood) 60 3 28
Pinus densiflora
(beartwood) 128 34 31
Pinus koraiensis 120 34 28
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: Borate rod

: Maximum diffusion distance in longitudinal direction
: Maximum diffusion distance in transverse direction
* Longitudinal diffusion path

: Transverse diffusion path

Fig. 4. The proposed treatment method of fused
borate rod in wood poles and timbers subjected to
the wood decay fungi.
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