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OBJECTIVESOBJECTIVES
�� To To determine the effect of the ratio of recycled determine the effect of the ratio of recycled 

CCACCA--treated wood and untreated virgin wood on treated wood and untreated virgin wood on 
flakeboardflakeboard panel properties.panel properties.

�� To To determine copper, chromium, and arsenic determine copper, chromium, and arsenic 
retention levels of outretention levels of out--ofof--service CCAservice CCA--treated treated 
highway guardrails and highway guardrails and flakeboardflakeboard panels.panels.

�� To To evaluate the leaching performance of evaluate the leaching performance of 
flakeboardflakeboard panels made from five different ratios panels made from five different ratios 
of recycled CCAof recycled CCA--treated wood and untreated treated wood and untreated 
virgin wood.virgin wood.



MATERIALS AND METHODSMATERIALS AND METHODS
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Sample GroupsSample Groups

1.1. 100% CCA100% CCA--treated flakestreated flakes

2.2. 75% CCA75% CCA--treated flakes : 25% untreated flakestreated flakes : 25% untreated flakes

3.3. 50% CCA50% CCA--treated flakes : 50% untreated flakestreated flakes : 50% untreated flakes

4.4. 25% CCA25% CCA--treated flakes : 75% untreated flakestreated flakes : 75% untreated flakes

5.5. 100% untreated flakes100% untreated flakes



Panel AssemblyPanel Assembly
�� PF resin 4.5 % by weight.PF resin 4.5 % by weight.
�� Temperature: 370 Temperature: 370 ººF (188 F (188 ººC).C).
�� Hot Press Schedule:Hot Press Schedule:

–– 1,225 1,225 psipsi -------- 3 minutes.3 minutes.
–– 307 307 psipsi -------- 0.5 minute.0.5 minute.
–– 62 62 psipsi -------- 0.5 minute.0.5 minute.

�� Panel size: 14" Panel size: 14" xx 14" 14" xx 0.5".0.5".
�� Target density: 46 Target density: 46 pcfpcf..
�� Flake orientation: random.Flake orientation: random.
�� Two replications.Two replications.



Tests and Analysesand Analyses

Mechanical Properties:
�Modulus of Rupture (MOR)
�Modulus of Elasticity (MOE)
�Internal Bond (IB)

Physical Properties:
�Thickness Swell (TS)
�Linear Expansion (LE)
�Water Absorption (WA)

Chemical Properties:
�CCA Retention
�Leachability

Durability:
�ODVPS
�Decay Resistance

Statistical Analyses :
�Analysis of Variance (ANOVA)
�Regression
�Group Comparison
�Variance proportion



RESULTS AND DISCUSSIONRESULTS AND DISCUSSION



Mechanical PropertiesMechanical Properties
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MOR – ODVPS
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Contrast of MOR between Standard and ODVPS 
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Contrast of MOE between Standard and ODVPS 
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Bending Strength Reduction
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FlakeboardFlakeboard with 100 % Untreated SYP (Group 5)with 100 % Untreated SYP (Group 5)



FlakeboardFlakeboard with 100 % CCAwith 100 % CCA--treated Guard Rails treated Guard Rails 
(Group 1)(Group 1)



Group 1                       Group 5Group 1                       Group 5
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Internal Bond – ODVPS 
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Contrast of IB between Standard and ODVPS 
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Internal Bond Reduction
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Physical PropertiesPhysical Properties



Physical Properties of Physical Properties of FlakeboardsFlakeboards
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Thickness Swell
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Linear Expansion
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Water Absorption
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Analysis of Variance (ANOVA)Analysis of Variance (ANOVA)

0.40910.40911.101.100.00380.00385544Water Water 
absorptionabsorption

0.42720.42721.051.059.335E9.335E--775544Linear Linear 
expansionexpansion

0.0252*0.0252*4.464.460.00330.00335544Thickness Thickness 
swellswell

<0.0001**<0.0001**9.479.47136113615544IBIB--ODVPSODVPS
<0.0001**<0.0001**8.948.94229922995544IBIB
0.67390.67390.600.60153194215319425544MOEMOE--ODVPSODVPS
0.34540.34541.271.27146831314683135544MORMOR--ODVPSODVPS
0.25180.25181.591.595838295838295544MOEMOE
0.42540.42541.061.06105219210521925544MORMOR

Pr>FPr>FF F 
valuevalue

TYPE TYPE 
III MSIII MS

Denominator Denominator 
DFDF

Numerator Numerator 
DFDFSourcesSources



Regression AnalysisRegression Analysis

�� Linear regressionLinear regression

0.50670.50670.0209*0.0209*y = 0.335 y = 0.335 –– 0.00065 0.00065 ×× ttThickness Thickness 
swellswell

RR--
squaresquare

PP--value value 
for slopefor slopeRegression modelRegression modelSourceSource



Thickness Swell Regression PlotThickness Swell Regression Plot
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Regression AnalysesRegression Analyses

�� Quadratic regressionQuadratic regression

0.50150.5015
t:t: 0.0328*0.0328*
tt22: 0.0388*: 0.0388*y = 89.21 y = 89.21 –– 0.77 0.77 ×× t + 0.0071 t + 0.0071 ×× tt22IBIB

0.37920.3792
t:t: 0.07750.0775
tt22: 0.0864: 0.0864y = 53.08 y = 53.08 –– 0.64 0.64 ×× t + 0.0059 t + 0.0059 ×× tt22IBIB--

ODVPSODVPS

RR--
squaresquare

PP--value for value for 
coefficientscoefficientsRegression modelsRegression modelsSourcesSources



IB Regression PlotIB Regression Plot
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Decay ResistanceDecay Resistance



Soil Block Decay Test MethodologySoil Block Decay Test Methodology

�� Tests performed in accordance with AWPA Tests performed in accordance with AWPA 
E10E10--91.91.

�� Sample dimensions were Sample dimensions were ½½ in.in.3 3 ..
�� White rot White rot ((TrametesTrametes versicolorversicolor (ATCC (ATCC 

isolate 42462) isolate 42462) ) and brown rot ) and brown rot 
((GloeophyllumGloeophyllum trabeumtrabeum (ATCC isolate (ATCC isolate 
11539) 11539) ).).

�� 8 weeks for brown rot and 16 weeks for 8 weeks for brown rot and 16 weeks for 
white rot.white rot.



Soil Decay TestsSoil Decay Tests

Five experimental 
group samples

Control group 
samples





Analysis of Variance (ANOVA)Analysis of Variance (ANOVA)

<0.0001**<0.0001**19.7819.784040636366White rotWhite rot

<0.0001**<0.0001**74.4674.4619491949636366Brown rotBrown rot
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valuevalue
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White Rot

Brown Rot

6.80 6.54

9.08

6.64

9.05

12.01

7.36

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00

1 2 3 4 5 6 7

Groups
W

ei
gh

t L
os

s 
(%

)

ABBCC CC

5.37 6.17
11.06 10.90

17.93

6.30

44.72

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00

1 2 3 4 5 6 7
Groups

W
ei

gh
t L

os
s 

(%
)

ABCC DDD



Chemical AnalysesChemical Analyses

�� CCA retention level of guard rails and CCA retention level of guard rails and 
flakeboardsflakeboards

�� CCA leaching property of flakeboardsCCA leaching property of flakeboards



ICP TestICP Test
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Leaching TestLeaching Test
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Supplementary ExperimentsSupplementary Experiments

�� Microscopic analysesMicroscopic analyses
�� WettabilityWettability
�� Hot water solubilityHot water solubility
�� Gel time and viscosityGel time and viscosity



SEM PicturesSEM Pictures

CCA-treated flake 
of sapwood

CCA-treated flake 
of heartwood



SEM PictureSEM Picture

Untreated southern pine flake



WettabilityWettability DeterminationDetermination

�� Contact angles determined with PF resin at Contact angles determined with PF resin at 
ambient room conditions.ambient room conditions.

�� Angle recorded within 5 seconds after Angle recorded within 5 seconds after 
introduction of resin to wood.introduction of resin to wood.

�� Flake conditions: air dry and oven dry.Flake conditions: air dry and oven dry.
�� Wood types: Wood types: earlywoodearlywood and latewood.and latewood.



Contact Angles of Flakes with PF ResinContact Angles of Flakes with PF Resin

Flake 
conditions Wood types

Contact angle (°)

Untreated 
southern pine

CCA-treated 
recycled southern 

pine

Air dry
Earlywood 72.52 (10.09)a 93.50 (13.37)

Latewood 71.06 (10.23) 84.91 (10.39)

Oven dry
Earlywood 42.40 (7.24) 64.32 (21.34)

Latewood 43.48 (6.58) 65.59 (23.53)

a Values in parentheses are standard deviations.



Hot Water SolubilityHot Water Solubility

�� Tests performed in accordance with ASTM Tests performed in accordance with ASTM 
D 1110D 1110--84.84.

�� Five groups with same mixture ratios and Five groups with same mixture ratios and 
resin content as experimental resin content as experimental flakeboardsflakeboards. . 
Two control groups.Two control groups.

�� Wood particles were between 40 Wood particles were between 40 –– 60 60 
micron.micron.

�� PF resin blended with wood particles cured PF resin blended with wood particles cured 
at 130at 130°°C, 20 min.C, 20 min.



Hot Water SolubilityHot Water Solubility

Group Hot water solubility
1 6.17 (1.53)a

2 4.33 (1.26)
3 5.00 (0.50)
4 5.67 (0.58)
5 5.83 (1.61)

Untreated wood 5.00 (1.32)
CCA-treated wood 4.50 (0.50)

a Values in parentheses are standard deviations.



Gel time of PF blended with wood particleGel time of PF blended with wood particle
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Viscosities of PF blended with wood particleViscosities of PF blended with wood particle
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Contrast of Experimental Results Contrast of Experimental Results 
and ANSI Standardsand ANSI Standards

 MOR (psi) MOE (psi) IB (psi) LE (%) 

Grade M-1 1,595 250,200 58 0.35 

Grade M-2 2,103 326,300 65 0.35 

Group 1 4,441 672,600 84.8 0.32 

Group 2 4,894 693,500 65.1 0.31 

Group 3 4,743 700,400 74.4 0.26 

Group 4 5,137 721,200 72.2 0.20 

Group 5 5,803 773,000 89.3 0.27 
 



CONCLUSIONSCONCLUSIONS

�� As expected, most mechanical and physical As expected, most mechanical and physical 
properties improved as the percent of properties improved as the percent of 
recycled treated wood in the furnish recycled treated wood in the furnish 
decreased.decreased.

�� As expected, decay resistance increased as As expected, decay resistance increased as 
the percent of recycled treated wood in the the percent of recycled treated wood in the 
furnish increased.furnish increased.



CONCLUSIONSCONCLUSIONS

�� FlakeboardFlakeboard made from recycled CCAmade from recycled CCA--
treated wood is technically feasible.treated wood is technically feasible.

�� Mechanical and physical properties do not Mechanical and physical properties do not 
substantially decrease with as much as 50 substantially decrease with as much as 50 
percent recycled treated material in the percent recycled treated material in the 
furnish of the panels. furnish of the panels. 
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