
The Use of Boron Rods as a Boron 
Source for Dual Treated Timber . 

Mark E. Mankowski1,Grant Kirker2  Stan Lebow2, Jim Renfroe3 and  Jeffery 
Morrell4

USDA-FS Forest Products Laboratory
1Starkville, Mississippi 2Madison, Wisconsin, 3WoodCare Systems,

4University of the Sunshine Coast

Presenter
Presentation Notes
Good Morning, Dr. Mankowski had to cancel last minute, so I will be presenting on some work we are doing in MS with FPL/Woodcare Systems and Dr. Morrell. Thanks to the Coauthors for their contributions here. 



Introduction
• Creosote-borate dual treatment commonly used to extend timber life.

• AWPA commodity specification C: Borate pretreatment = .17 pcf B2O3

• Borate pressure or dip treatment before creosote.

• Some facilities cannot afford to install equipment for borate treatment.

• Boron diffuses readily at high moisture content (30% or greater).

• Examine pretreatment using borate rods in green timber.
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Creosote-borate dual treatment is commonly used to extend timber life in service. AWPA commodity spec C requires borate at .17pcf of B2o3, which is typically done by a pressure treatment or dip treatment before the creosote treatment. The goal of this work is to provide a cost effective method for dual treatment for smaller operations that cannot afford to install equipment for borate treatment. Given that boron diffuses readily at MCs above 30%, the goal of this study is to evaluate the use of borate rods in green timber, here we are using red and white oak cross ties. 



Methods

• Nine 3”x3/4” rods placed in 5” deep bore holes in 10”x10”x10’ green timber before creosote.
• 13” apart.
• Number of rods based on volume of timber and amount of boron needed to achieve 0.17 pcf B2O3.

• Bore hole plugged and timber treated with creosote.
• Timbers shipped and place in HEF (Saucier, MS).
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Timbers and rods were supplied by Woodcare systems. Rods were placed in 5” deep bore holes spaced 13” apart. Number and spacing of rods was calculated to deliver 0.17 pcf B2O3. Bore holes were plugged and then treated with creosote. Timbers were shipped to the HEF in south ms and installed in fall 2018. 



Methods

• Checked rod holes at 4 and 6 weeks.
• Rod dissolved; some holes filled with water, rod not present (probed with wire).
• Sampled for moisture content – did not get an initial MC at boring and rod installation.
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Ties were initially inspected at 4 and 6 weeks. By then, the rods had mostly dissolved, many ties had bore holes filled with water, but we probed around and could not locate them. At this time, MC content readings came back as inconclusive (too wet). 



Methods: Sampling 
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• 3 red oak, 3 white oak
• Sampled at 15 and 30 wks
• Future sampling at 60 wks
• Increment borer
• Whole sections at 60 wks
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This is just to give you an idea of the sampling scheme for these ties. So far, they’ve been sampled at 15 and 30 weeks with an increment borer and whole sections will be destructively sampled at 60 weeks and cored as well. 



Methods:  Sampling Pattern
• Longitudinal

• 2, 4, 6”  - positions: 1,2; 5,6; 9,10.
• Tangential

• 1.5, 3” – positions: 3,4; 7,8.
• All distances from edge of rod hole.
• Sampled from outside to inside in order shown.
• Moisture content.
• Curcumin/Salicylic acid indicator.
• Boron Analysis = Azomethianine

• Inner
• Outer
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At each sampling position, we are sampling in a cruciform pattern moving outward from the rod hole. This is in order to capture diffusion in both the longitudinal and tangential direction and these are sampling outside to inside based in the order shown in the diagram. In the lab, we checked MC as well as checked diffusion using Curcumin stain/SA acid and Azomethianine analysis on the inner and outer core sections for the B2O3 concentration.  



Methods: Sampling

• Increment borer.
• 6”  core sample.
• Stored in straw on ice.
• Dry at 60º C.
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Self explanatory.



Results: Moisture Content 
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Here are the results from the MC determination. At 6 weeks, the red oak had a mean MC of 70% and the white oak was 62%, at 15 weeks red oak was 63% and white was 66%, and at 30 weeks red oak still around 60% while white oak was 62%. 6 weeks was taken in place of the initial MC because we couldn’t get readings at install. Boron typically moves pretty well above 30% MC. 



Results: Boron Indicator; Red Oak
• Red Oak 15 Weeks • Red Oak 30 Weeks• Left = outer

• Right = inner
• 1,2 = 6”     longitudinal
• 3,4 = 3”     tangential
• 5,6 = 4” longitudinal
• 7,8 = 1.5”  tangential
• 9,10 = 2”   longitudinal
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This is just to give you an example of diffusion that we are seeing in the ties. In 1 and 2, you can see some movement in the longitudinal direction, 3 and 4, the outer tangential, little boron was seen. We might also be seeing some overlap of boron 6” out from the adjacent bore holes. At 4” out from the hole, we get good boron distribution (5-6) in the longitudinal direction and not as good in the tangential direction and started to see more boron out 1.5” in the tangential direction. 



Results: Boron Indicator; White Oak
• White Oak 15 Weeks • White Oak 30 Weeks• Left = outer

• Right = inner
• 1,2 = 6”     longitudinal
• 3,4 = 3”     tangential
• 5,6 = 4” longitudinal
• 7,8 = 1.5”  tangential
• 9,10 = 2”   longitudinal
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For the white oak, you see a similar pattern, better movement in the longitudinal direction, but still some boron in the tangential direction. 



Results: Boron Analysis
The green line = 0.17 pcf B2O3
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60 cores = N, Thanks to Matt Konkler at OSU for the analysis here. The far left data shows that averaged across all cores by 30 weeks, we are at 0.17 pcf B203, but as we break these down across different directions, we get a different story. At 30 weeks, its looks pretty good in the longitudinal direction with a lot less going tangentially. We will keep an eye on this and run this analysis again at 60 weeks to see if we get any closer edge on the tangential movement. 



Results: Boron Analysis
The green line = 0.17 pcf B2O3
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Same thing in the white oak, cores on average are reaching the target, but a little low in the tangential direction especially as you get further away from the rod hole. 



Preliminary Conclusions
• Moisture content high and remains high = continued boron diffusion.
• Rod dissolved rapidly – 4 weeks, possibly faster.
• Boron diffusing readily in longitudinal direction.
• Boron not diffusing rapidly in tangential direction, but it is moving.
• Some boron levels are at or close to AWPA 0.17 pcf, but not in the outer and tangential 

locations away from where rod was placed.
• It’s one small sample point in a large timber.
• Next sampling at past 1 year point; Cores and destructive sampling of entire timber.
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This is were we’re at so far. We will sample again at 60 weeks as mentioned. The ties are maintaining high MC, the rods dissolved rapidly (4 weeks) and the boron is diffusing readily in the longitudinal direction but not as readily in the tangential, which is not super surprising. On average, we are getting threshold 0.17 pcf, but well below in the outer cores in the tangential direction. This data is a subset of the larger dataset, so at 60 weeks we will be pulling more cores and full ties to add to this data set.  We also wanted to see if our semi-non-destructive cruciform sampling pattern worked and we are happy with it at this point.  Avoiding destruction of entire timber since we have a relatively small number of timbers.
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