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Abstract 

Spent chromated copper arsenate (CCA)-treated wood 
was liquefied in polyethylene glycol 400/glycerin (2:1 
w/w). Sulfuric acid (95-98%) and ferrous salts (FeSO, 
.7H,O or FeCI2.4H,O) were used as catalysts and addi- 
tives, respectively. The resulting liquefied CCA-treated 
wood was diluted with aqueous solvents and was then 
mixed with complexion/precipitation agents, followed by 
precipitation or filtration to remove the toxic metal-bear- 
ing sediment. As a result, more than 90% of Cu, Cr or 
As was removed. 

Keywords: chromated copper arsenate; detoxification; 
inductively coupled plasma; recycling; treated wood; 
wood liquefaction. 

Introduction 

The economic and ecological aspects of treated woods 
have been discussed by Eisler (2002) and Falk (1997), 
respectively. In the majority of cases chromated copper 
arsenate (CCA) is used for wood protection. Disposal of 
this spent CCA-treated wood has increasingly become a 
major concern. Popular waste disposal options for spent 
preserved wood, such as burning and land filling, are 
costly or even impractical because of increasingly strict 
regulatory requirements. Burning of preservative-treated 
wood waste emits highly toxic arsenic into the environ- 
ment (Dobbs and Grant 1978; Hirata et al. 1993; McMa- 
hon et al. 1986). Recycling of the preserved wood and 
removal of the toxic preservatives from preservative- 
treated wood is of great importance. Research has been 
carried out in this area, focusing on direct recycling of 
preserved wood into composite manufacturing (Menge- 
loglu and Gardner 2000; Munson and Kamdem 1998; 
Vick et al. 1996), CCA removal from spent CCA-treated 
wood by low-temperature pyrolysis (Helsen and Van den 
Bulk 2000), solvent extraction (Cooper 1991; Honda et 
al. 1991), biological remediation (Clausen 1997; Legay 
and Labat 1997; Leithoff and Peek 1997; Stephan and 
Peek 1992), and dual treatment processes involving bio- 
logical remediation and chemical extraction (Clausen and 
Smith 1998). 

Research at our laboratory has been focused on a 
recycling system based on wood liquefaction technology. 
The principal goals of our research are: (1) eliminating 
CCA from treated wood; (2) utilizing CCA-free liquefied 
wood as bio-based chemicals for the preparation of resin 
or plastic; and (3) achieving zero discharge of CCA into 
the waste stream. 

In this study, we describe the liquefaction of CCA- 
treated wood and the precipitation of metals from the 
resulting liquid. 

Experimental 

Materials 

Recycled CCA-treated southern pine (Pinus sp.) wood was 
obtained from Arnold Forest Products Co. of Shreveport, Loui- 
siana. The wood was reduced to sawdust at the Southern 
Research Station, Pineville, Louisiana. After screening through a 
20-mesh sieve, the oven-dried sawdust was used without fur- 
ther treatment. The residual preservative in the wood was deter- 
mined by means of inductively coupled plasma (ICP) spec- 
troscopy. The CCA contents in the sawdust as determined were 
2261 i 9 0  ppm of Cu, 3400k 110 ppm of Cr, and 
3290 5k 150 ppm of As. 

Chemicals 

A mixed solvent of polyethylene glycol 400lglycerin (2:l wlw) 
was used for all liquefaction. Sulfuric acid (assay 95-98%) was 
used as a catalyst and ferrous salts (FeS0,.7H,O or FeCI,-4H,O) 
were used as additives. All chemicals were reagent grade. 

Liquefaction of wood 

The conditions used for liquefaction were: reaction temperature, 
150°C; reaction time, 120 min; solventlwood ratio, 3:l (wlw); salt 
additivelwood ratio, 2-20:100 (wlw); and catalyst/solvent ratio, 
3:lOO (wlw). 

The liquefaction solvent (PEGIglycerin), catalyst, and salt 
additive were weighed into a beaker and then mixed until the 
catalyst and salt additive were uniformly dispersed in the sol- 
vent. A CCA-treated wood sample was introduced and mixed 
with the liquefaction solvent. The thoroughly mixed ingredients 
were placed in a Paar reactor equipped with a stirring system 
at a reactor temperature of 150°C. After a 120-min reaction time 
the reactor was cooled to ambient temperature. The liquefied 
wood solution was transferred into a container and stored at 
room temperature. 

Residue determination 

A 50-9 sample of the liquefied wood was dissolved in 250 ml of 
acetonelwater (4:l vlv) under stirring, and then the solution was 
filtered through a glass fiber filter (0.45 p n ) ,  which was then 
washed with the same solvent until the filtrate was clear. The 
residue remaining on the filter was dried in an oven at 100°C to 
a constant weight. 
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Table 1 Relationship between liquefaction conditionp and percentage of unliquefied residue. 

Sample Acid (%p Ferrous ions (molar ratio)" 

H2S04 H3P0,, FeS0,3.7H,0 FeC1,.4H,01. 

Unliquefied 
residue (%) 

aLiquefaction temperature 1 50°C, time 90 min, solvent/wood ratio 
:'Based on the weight of polyol. 
cBased on the weight of wood. 
"Molar ratio of ferrous ions to all the heavy metals. 

Detoxification 

A typical batch experiment for removal of CCA from liquefied 
wood was carried out as follows. A 50-9 sample of the liquefied 
wood was redissolved in 300 ml of acetone/deionized water 
(4:l v/v) solution; 2 g of Ca(OH), was added under stirring to 
precipitate the heavy metals. Stirring was continued for 1-2 h 
and then the mixture was centrifuged (6000 rpm, 6842xg). The 
supernatant was concentrated in an evaporator and the CCA- 
containing residue was dried in an oven at 100°C for 10 h and 
weighed. 

Determination of copper, chromium, and arsenic 

Solid wood residue digestion was carried out according to 
AWPA Standard A7-93 (American Wood-Preservers' Association 
1995a) previously employed in our laboratory for wet chemistry 
analyses. In short, the procedure requires accurate weighing of 
a sample of CCA-containing solid residue into a 100-ml test 
tube. For each gram of solid residue, 15 ml of nitric acid is add- 
ed. A digestion blank is also prepared along with the samples. 
Test tubes are placed in an aluminum heating block and warmed 
slowly. The temperature is increased to 120-130°C after the ini- 
tial reaction producing brown fumes subsides. The temperature 
is maintained until a transparent liquid is obtained. This is cooled 
to room temperature and 5 ml of hydrogen peroxide is added 
drop-wise. If the solution is not clear after this treatment, the 
temperature is increased and another 5 ml of hydrogen peroxide 
is added drop-wise. Heating is continued until approximately 
1 ml of sample solution is left in the test tube. The sample is 
carefully transferred into a 25-ml volumetric flask and then dilut- 
ed with deionized water to make up 25 ml of solution ready for 
quantitative elemental analysis of Cu, Cr, and As. 

Quantitative elemental analysis of Cu, Cr, and As was con- 
ducted according to AWPA Standard A21 -00 (American Wood- 
Preservers' Association 1995b). The standard describes an 
inductively coupled plasma emission (ICP) spectrometric meth- 

Table 2 Effect of treatment conditions on the removal of Cu, 
Cr, and As in spent CCA-treated wood. 

Liquefied Additive pH Cu Cr As 
wood (96) (%) (%) 

A None 8.4 28.2 79.4 76.0 
B FeSO,.7H,O 8.5 91.6 94.0 98.4 
C FeS0;-7H,O 8.2 99.8 99.3 98.9 
D FeSO,.7H,O 7.9 90.1 91.5 96.3 
E FeSO.,.7H,O 8.3 92.0 92.1 97.1 
F FeCI;,-4H,O 7.5 80.0 95.0 90.5 
G H;PO,, 9.9 93.6 100 99 -- 

The pH was adjusted by adding Ca(OH),. 

od for the analysis of treated wood and treating solutions. Using 
a computer-controlled spectrometer, emission is calibrated to 
display concentration directly. 

Results and discussion 

The liquefaction results are shown in Table 1. The unli- 
quefied residue was used as a factor to estimate the liq- 
uefaction rate of wood. It can be seen that all the 
unliquefied residues obtained under the study conditions 
are below 7%. The addition of ferrous ions affected the 
liquefaction rate to a small extent, while the addition of 
phosphoric acid improved the liquefaction rate. 

The liquefied CCA wood samples were subjected to 
detoxification treatment as described in the Experimental 
section, and the results are shown in Table 2. Approxi- 
mately 90% of the metals could be removed when fer- 
rous salt or phosphoric acid was present during the 
liquefaction. Without additives, the removal rates were 
particularly low for copper. Accordingly, the addition of 
ferrous salts or phosphoric acid in the liquefaction result- 
ed in an obvious improvement of the removal rate. In 
sample F, for which the ferrous salt used was 
FeCI2.4H,O, the removal rate was low compared to sam- 
ples B, C, D, and E, for which FeSO,*.7H2O was used. 
This may be due to the fact that the additional amount 
of Ca(OH), was not enough to precipitate all the metal 
ions, as indicated by the lower pH of the solution com- 
pared to the other samples. Sample A was obtained by 
a process similar to traditional wastewater treatment. 
However, most of the copper could not be removed by 
this method, suggesting that copper hardly formed insol- 
uble copper hydroxide during the post-treatment. 

it has been known that the major components of cured 
CCA-treated wood are CrAs0,-lignin complexes, Cu- 
Cr0,-lignin complexes, Cu? '~-lignin and Cup-cellulose 
complexes, and Cr(OH), precipitates. In other words, the 
primary form of arsenic in the treated wood is in water- 
insoluble CrAsO, and most of chromium is also in the 
form of CrAsO,, possibly with small amounts of Cr (VI)- 
lignin complexes, whereas copper is primarily in the form 
of Cu2 ' -1ignin and Cu? ! -cellulose complexes, with some 
CuCr0,-lignin complexes (Hingston et al. 2001). During 
liquefaction, these complexes are either released from 
the decomposed lignin and cellulose or still remain as the 
complexes or chelates with decomposed lignin and cel- 
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lulose (organic matter or organic acids). It is obvious that 
CrAsO, or its chelates, which are insoluble in aqueous 
solvents, can be removed effectively by liquefaction fol- 
lowed by precipitation. 

According to traditional wastewater treatment, water- 
soluble metal ions such as Cu2~ '  can be rendered insol- 
uble as heavy metal hydroxides by shifting the pH of the 
solution towards the alkaline range with a metal hydrox- 
ide such as calcium hydroxide. The metal hydroxide pre- 
cipitates also act as a co-precipitant to accelerate the 
sedimentation of precipitated particles. However, sample 
A in Table 2 demonstrates that copper is difficult to 
remove using a simple post-treatment. This result is 
probably attributable to the fact that various organic 
acids can be produced during liquefaction due to exten- 
sive decomposition of lignin, cellulose, and hemicellulose 
(Pu and Shiraishi 1994). Copper has a strong tendency 
to form water-soluble chelates with organic acids (Hings- 
ton et al. 2001; Cooper and Ung 1992; Warner and Sol- 
omon 1990) and it is usually difficult to release it from 
chelates or solidify it as copper hydroxides due to their 
strong affinity to the chelates. Therefore, chemicals are 
necessary that can break the chelate-copper bond and 
form a stable, insoluble compound or complex of copper. 
The addition of substances that exert a stronger attrac- 
tion for the chelate than the copper ion may also be help- 
ful to free the heavy metal for precipitation as an 
insoluble hydroxide. In samples B-F, ferrous ions play 
such a role in releasing the copper by bonding the che- 
lating agents (such as organic acids). In sample G, phos- 
phoric acid may have broken the copper-chelate bond 
and formed a stable, insoluble complex as copper phos- 
phate. Therefore, the removal rates for samples B-G 
were significantly improved compared to that of sample 
A, for which no ferrous ion or phosphoric acid was 
present. 

As for Crwl), its content in the cured CCA-treated 
wood was lower than 10% and hexavalent chromium can 
be difficult to remove if it is not reduced to Cr(lll). In the 
presence of ferrous ions during liquefaction, Cr(VI) could 
be reduced to Cr(lll) and the latter can be removed by 
precipitation as Cr(OH), Without ferrous ions, CrO,' can 
form CaCrO,, which is hardly soluble in aqueous 

Conclusions 

The presence of reducing agents in the liquefaction of 
spent CCA-treated wood is effective in reducing CP' , 
Cu7~' , and AsG ' or liberating the heavy metals from their 
corresponding organic chelates. A combination of chem- 
ical reduction in situ and post-precipitation treatment 
leads to effective removal of CCA. A recycling system 
based on wood liquefaction technology accomplishes 
detoxification and recycling of CCA-treated wood 
simultaneously. 
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