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Abstract: The effect of Phanerochaete chrysosporium on degradation and preg-robbing capacity of activated carbon, which was 
used as a substitute of carbonaceous matter in carbonaceous gold ores, was studied. After 14 d treatment with Phanerochaete 
chrysosporium, the degradation rate of activated carbon reached 27.59%. The XRD and FTIR analyses indicate that Phanerochaete 
chrysosporium can distort the micro-crystalline structure of activated carbon, increase the number of oxygen-containing groups and 
aliphatics and make the aromatic structures be oxidized and exfoliated. The gold-adsorption tests show that Phanerochaete 
chrysosporium can reduce the preg-robbing capacity of activated carbon by 12.88%. This indicates that Phanerochaete 
chrysosporium is an available microorganism, and it can be employed to reduce the preg-robbing capacity of carbonaceous matter 
and improve the gold leaching rate. The combined effect of passivation, alkalization and oxidation of biological enzymes-free 
radicals of Phanerochaete chrysosporium on carbonaceous matter was also discussed. 
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1 Introduction 
 

The carbonaceous gold ores are refractory since 
dissolved gold is robbed by carbonaceous matter in the 
cyaniding process, and this phenomenon is termed as 
preg-robbing [1−3]. A large number of carbonaceous 
gold ores have been discovered around the world, which 
distribute mainly in Navada of America and southwest of 
China [4,5]. With the increasing exhaustion of 
easy-leached gold ores, carbonaceous refractory gold 
ores have become the main minerals for extracting gold. 

At present, the pretreatment methods of 
carbonaceous gold ores mainly include high-temperature 
roasting, bio-oxidation, chemical oxidation, competitive 
adsorption, barrier inhibition, microwave roasting, and so 
on. Bio-oxidation method has been paid more and more 
attention recently because of its advantages such as mild 
conditions, simple process, low energy consumption, 
selective oxidation and environment-friendly. 
BRIERLEY and KULPA [6,7] firstly oxidized sulfides in 
gold ores with Thiobacillus ferrooxidans, and made the 

gold extraction rate increase from 0 to 55.50%. 
Afterwards, they deactivated carbonaceous matter using 
microbial consortium which is comprised of 
Pseudomonas maltophilia, Pseudomonas oryzihabitans, 
Achromobacter species and Arthrobacter species, and 
made the leaching rate of gold increase from 55.50% to 
74.40%. However, the addition of hydrocarbons such as 
kerosene and hexadecane could result in the difficulty of 
solid−liquid separation after pretreatment, and the 
formed organic membrane could disturb the gold 
leaching. YEN et al [8] used Trametes versicolor to 
pre-treat refractory gold ores. Firstly, Trametes 
versicolor culture medium (with the fungal agent) was 
used to deactivate the preg-robbing carbonaceous 
components, and the gold extraction rate was 
54.10%−64.50%. Secondly, the refractory sulfides of the 
gold ores were decomposed by Trametes versicolor 
culture medium (without the fungal agent). The gold 
extraction rate increased to 87.00%−95.25% when the 
ores samples were treated by a combination of 
bio-treatment and bio-oxidation with Trametes versicolor. 
AMANKWAH et al [9] treated double refractory gold  
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concentrates with two-stage bio-oxidation. The 
chemolithotrophic bacteria were used to oxidize sulfides 
firstly, and 81.10% of gold extraction rate occurred 
during cyanidation. Secondly, the carbonaceous matter 
was destroyed by Streptomyces setonii, and the cyanide 
leaching rate of gold was increased from 81.10% to 
94.70%. 

Recently, some researchers have studied the 
influence of fungi and bacteria on the preg-robbing 
capacity of lignite, sub-bituminous coal, bituminous coal 
and anthracite which were used as substitute of 
carbonaceous matter, and obtained good research results 
[10,11]. Carbonaceous matter is mainly composed of 
elemental carbon, organic carbon and hydrocarbons. 
Among them, the most important carbonaceous 
preg-robber of gold is elemental carbon which is a kind 
of natural activated carbon between anthracite and 
graphite. The elemental carbon has been discovered in 
almost all carbonaceous gold ores, and its preg-robbing 
behavior is similar with activated carbon [12]. Thus, the 
activated carbon, chosen as substitute of carbonaceous 
matter in carbonaceous gold ores, was used to study the 
capacity of Phanerochaete chrysosporium on degrading 
and reducing preg-robbing of carbonaceous matter. 
 
2 Experimental 
 
2.1 Materials 

The nut shell activated carbon, a kind of wooden 
activated carbon, was chosen as the experimental 
material in this study. Its moisture content was 3.40%, 
ash content was 3.10% and apparent density was 0.53 
g/mL. In addition, the granularity distribution of the 
milled activated carbon is listed in Table 1. The contents 
of main chemical elements are listed in Table 2. The 
carbon accounted for 84.70% in activated carbon. The 
X-ray diffraction (XRD) spectrum of activated carbon is 
shown in Fig. 1. Two broad diffraction peaks are 
observed around 24° and 44°. The C002 peak is the 
strongest diffraction peak, and the C100 peak is the 
second one. Generally, the stacking situation of aromatic 
rings was characterized by C002 peak, and the size of 
aromatic rings was obtained by analyzing the C100 peak 
[13−16]. 
 
Table 1 Particle size distribution of activated carbon 

Size/μm >149 74−149 44−74 37−44 <37 

Mass fraction/% 37.42 15.51 7.83 3.18 36.06
 
Table 2 Content of main chemical elements in activated carbon 
(mass fraction, %) 

C S Si Ca Ba Na 

84.70 0.84 0.24 0.08 0.07 0.04 

 

 
Fig. 1 XRD pattern of activated carbon 
 
2.2 Strain and culture medium 

Phanerochaete chrysosporium, model strain of 
White-rot fungi, was chosen as the experimental strain in 
this study. The nitrogen limited culture medium was used 
since excessive nitrogen source could inhibit the 
formation of ligninolytic enzymes system in 
Phanerochaete chrysosporium [17,18]. 
 
2.3 Determination of degradation rate 

Under the condition of 30 °C, 150 r/min shake 
culture for 14 d, the sample was filtered to obtain brown 
filtrate, and a lot of flocculent precipitates were produced 
in filtrate when it was adjusted to pH>12. As for the 
residue from activated carbon, it was washed with 
distilled water to remove the medium. The fungal 
degradation residue and water soluble alkaline 
precipitate were dried, weighed and the degradation rate 
(η) was calculated by [13]: 
 
η=(m0−m1)/m0×100%                         (1) 
 
where m0 is the initial mass of activated carbon; m1 is the 
mass of fungal degradation residue. 
 
2.4 Analyses of XRD, FTIR and SEM 

Activated carbon is a typical amorphous material, 
but it has crystallite structure on the basis of graphite 
layers, and only its orderliness is worse than graphite. 
Crystallite is stacked of some aromatic rings layers 
which are composed of aromatic nuclei, branched-chain 
hydrocarbons and various functional groups. The 
difference of crystallite structural parameters (d, La and 
Lc) can quantitatively characterize micro-structural 
change of activated carbon [14,19]. The phase analyses 
of samples were carried out on an X-ray diffractometer 
(PW3040/60). The infrared analyses of samples were 
performed using an Fourier transform infrared 
spectrometer (VECTOR−22, Bruker). The surface 
morphologies of samples were observed by a scanning 
electron microscope (SEM-SSX−550). 
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2.5 Gold-adsorption experiment 
Gold-bearing cyanide solution (17 µg/mL) was used 

for testing the gold adsorption capacity of activated 
carbon, fungal degradation residue and water soluble 
alkaline precipitate at pH=12. Three kinds of samples 
were weighed 1 g respectively, and then put in 100 mL 
gold solution at 150 r/min shake culture for 24 h. At the 
end of the experiment the residual solution was filtered, 
and the content of gold was measured in the filtrate. The 
change of preg-robbing capacity of activated carbon 
could be evaluated by the different gold concentrations in 
cyanide solutions before and after treatment with 
Phanerochaete chrysosporium. 
 
3 Results and discussion 
 
3.1 Bio-degradation of Phanerochaete chrysosporium 

on activated carbon 
Phanerochaete chrysosporium can make the 

macromolecular structures of activated carbon 
depolymerize into small molecular soluble substances by 
its own metabolic activity. After 14 d incubation with 
Phanerochaete chrysosporium, the degradation rate of 
activated carbon reached 27.59% as shown in Table 3, 
and the carbon content of activated carbon was reduced 
from 84.70% to 77.60%. This may be attributed to the 
following reasons: 1) some components of activated 
carbon are transformed to soluble ingredients into 
solution; 2) some carbon is metabolized since 
Phanerochaete chrysosporium is a heterotroph. 
Moreover, the sulfur content was reduced from 0.84% to 
0.27%, which indicated that Phanerochaete 
chrysosporium could partly remove sulfur of activated 
carbon [13,20]. The water soluble alkaline precipitate 
was filtrated and dried in a kind of dark brown solid 
which is similar to activated carbon. The results 
indicated that the dark brown solid is insoluble in alcohol 
but soluble in hydrochloric acid. The chemical analysis 
of dark brown solid showed that the carbon content is 
79.20%, sulfur content is 4.80% and there are other 
elements such as Ca, Mg, Si, Fe and Na. 

 
Table 3 Bio-degradation rate of activated carbon 

Test No. m0/g m1/g η/% 

1 5.0 3.626 27.48 

2 5.0 3.715 25.71 

3 5.0 3.521 29.58 

Average   27.59 

 
3.2 Effect of Phanerochaete chrysosporium on 

microcrystal structure of activated carbon 
Figure 2 shows the XRD patterns of the activated 

carbon (sample 1), fungal degradation residue (sample 2)  

 

 
Fig. 2 XRD patterns of samples: (a) Sample 1; (b) Sample 2;  
(c) Sample 3 
 
and water soluble alkaline precipitate (sample 3). 
Compared with the diffraction peaks of sample 1. The 
peak positions of samples 2 and 3 were shifted to 
low-angle region, which indicated that the 
microcrystalline structure of activated carbon was 
distorted. The La (0.578 nm) of sample 3 was lower than 
that of sample 1 (0.941 nm), which showed that the 
diameter of aromatic layers of sample 3 was reduced due 
to the decrease of the number of aromatic rings. The Lc 
values of samples 2 and 3 were 0.763 nm and 0.378 nm 
respectively, which were much less compared with 
sample 1 (1.142 nm). This indicated that the stacking 
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height and the number of aromatic layers were decreased 
while the structure of some macromolecules was 
destroyed in activated carbon. Compared with the 
interlayer spacing d002 (0.347 nm) of sample 1, the d002 

(0.363 nm) of sample 2 and d002 (0.423 nm) of sample 3 
slightly increased, which showed that Phanerochaete 
chrysosporium could increase the interlayer distance of 
microcrystal layers and reduce the condensation degree 
of aromatic nuclei in samples 2 and 3. This change is 
consistent with that of Lc. 
 
3.3 Effect of Phanerochaete chrysosporium on 

functional groups of activated carbon 
According to the Lambert−Beer law, the relative 

intensity of the FTIR spectrum peaks can partly reflect 
the concentration of included substances and functional 
groups in qualitative analysis [21]. The peak shape and 
trend of FTIR spectra of samples 1−3 were basically 
same as shown in Fig. 3, which indicated that 
Phanerochaete chrysosporium had little effect on the 
structure and compositional distribution of functional 
groups in activated carbon. The difference of three 
samples was mainly focused on the peak and their 
intensity of some functional groups [21−26]. 

A broadening peak was observed at 3350 cm−1 in 
sample 2, which should be attributed to the stretching 
vibration of associated — OH in phenol, alcohol, 
carboxylic acid and peroxides due to the low nitrogen 
content of activated carbon, but this peak was not found 
in samples 1 and 3. Compared with the samples 1 and 3, 
the stretching vibration peak of C=O appeared at 1650 
cm−1 in sample 2. The increase of oxygen-containing 
groups, such as —OH and C=O, made more reaction 
sites of activated carbon, which could promote the 
degradation of Phanerochaete chrysosporium on 
activated carbon. 

The stretching vibration peaks of aromatic and 
aliphatic C—H were located in the regions of 3000−3100 
cm−1 and 2800−3000 cm−1, respectively. FTIR spectrum 
of sample 1 presented two weak stretching vibration 
peaks at 3010 cm−1 and 2890 cm−1, which illustrated that 
the organic structure of sample 1 contained a certain 
amount of aromatic and aliphatic structures [27]. 
Aromatic C — H stretching vibration of sample 2 
disappeared, but a strong stretching vibration peak of 
aliphatic C—H appeared at 2920 cm−1. These indicated 
that Phanerochaete chrysosporium could significantly 
decrease the content of aromatic structures and increase 
the number of aliphatic structures of activated carbon. 

Compared with sample 1, the relative intensity of 
the kerogen O—C—O group at 1550 cm−1 diminished 
drastically in sample 2, which proved that Phanerochaete 
chrysosporium could reduce the metamorphic grade of 
activated carbon and the condensation degree of aromatic 

 

 
Fig. 3 FTIR spectra of sample 1 (a), sample 2 (b) and   
sample 3 (c) 
 
rings by metabolic activity. 

The stretching vibration peak of S—S was observed 
at 600 cm−1 in the FTIR spectrum of sample 3, which 
indicated that Phanerochaete chrysosporium could 
remove the sulfur of activated carbon. The phenomenon 
is consistent with the decrease of sulfur content. 
 
3.4 Influence of Phanerochaete chrysosporium on 

preg-robbing capacity of activated carbon 
The carbonaceous materials, such as activated 

carbon, lignite and bituminous coal, have gold- 
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adsorption capacity. The gold-adsorption experiment 
could reflect the effect of Phanerochaete chrysosporium 
on the preg-robbing capacity of activated carbon [10]. 
The research showed that samples 1−3 could adsorb 
aurocyanide, but the difference of gold-adsorption 
capacity occurred obviously as shown in Table 4. The 
gold adsorption rates of samples 1−3 were 99.35%, 
86.47% and 84.29%, respectively, and the preg-robbing 
capacity of activated carbon was decreased by 12.88%, 
which indicated that Phanerochaete chrysosporium can 
reduce the gold-adsorption capacity of activated carbon. 

 
Table 4 Preg-robbing capacity of samples 1−3 

Sample 
No. 

Initial 
concentration 

of gold/(µg·mL−1) 

Final concentration 
of gold/ 

(µg·mL−1) 

Gold 
absorption

rate/% 

1 17.00 0.11 99.35 

2 17.00 2.30 86.47 

3 17.00 2.67 84.29 

 
4 Effect mechanism of Phanerochaete 

chrysosporium on activated carbon 
 

Presently, the effect mechanism of Phanerochaete 
chrysosporium on carbonaceous matter includes mainly 
two ways: passivation mechanism and bio-degradation 
mechanism. The gold adsorption of graphite-like 
carbonaceous matter mainly depends on the activity sites 
related to adsorption because its maturity is similar to the 
anthracite [10]. The SEM analysis indicated that the 
untreated activated carbon with extensive micropores 
(20−40 μm) presented strong activity and adsorption 
capacity as shown in Fig. 4(a). In the leaching system 
with Phanerochaete chrysosporium, mycelium and 
metabolites could adsorb and cover on the surface of 
activated carbon to reduce preg-robbing capacity by 
changing physicochemical properties of minerals as 
shown in Fig. 4(b). After 14 d incubation with 
Phanerochaete chrysosporium, the pH value of culture 
medium increased from 4 to 8−9, which indicated that 
Phanerochaete chrysosporium could produce and secrete 
nitrogenous bases such as polypeptide and polyamine 
which could involve in the degradation of carbonaceous 
matter by increasing pH of the reaction system [28]. The 
results of XRD showed that Phanerochaete 
chrysosporium could damage the macromolecular 
structures of activated carbon as presented in Fig. 2, 
which was probably related to the chain reactions based 
on the free radicals by catalysis of the lignin degradation 
enzymes system, and the specific mechanism is shown in 
Fig. 5 [10,29]. Firstly, the bio-enzymes-P(Fe3+) loses two 
electrons (2e) to form positive ions free radicals 
P(O=Fe4+·) by the reaction with hydrogen peroxide  

 

 
Fig. 4 SEM images showing surface morphologies of activated 
carbon before (a) and after (b) treatment with Phanerochaete 
chrysosporium 
 

 
Fig. 5 Effect mechanism of biological enzymes on 
carbonaceous matter 
 
(H2O2). Secondly, P(O=Fe4+·) reacts with a substrate 
molecule RH, which results in electron transfer from RH 
to P(O=Fe4+·), thus free radicals R· and P(O=Fe4+) 
forms. Finally, P(O=Fe4+) returns to the initial state by 
reaction with another molecule RH. These reactions 
produce massive free radicals which can reduce the 
preg-robbing capacity by destroying the structure of 
carbonaceous matter. The adsorption characteristic of 
activated carbon depends on the pore structure and the 
surface chemical groups. FTIR analyses showed that 
Phanerochaete chrysosporium could increase the number 
of oxygen-containing functional groups as shown in  
Fig. 3, which could reduce the gold adsorption capacity 
of activated carbon [11]. The function of Phanerochaete 
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chrysosporium on carbonaceous matter is the result of 
combined effect of passivation, alkalization and 
oxidation of biological enzymes-free radicals. 
 
5 Conclusions 
 

1) Phanerochaete chrysosporium is an available 
microorganism to degrade activated carbon. 
Phanerochaete chrysosporium can not only degrade 
carbonaceous matter, but also partly remove sulfur in the 
carbonaceous matter. 

2) Phanerochaete chrysosporium can effectively 
inhibit the preg-robbing capacity of carbonaceous matter 
by destroying the structure and passivating the active 
sites for gold adsorption in carbonaceous gold ores. 

3) Phanerochaete chrysosporium can destroy the 
microcrystalline and macromolecular structures, which 
increases the number of aliphatic structures and 
oxygen-containing groups, and decreases the content of 
aromatic structures and the condensation degree of 
aromatic nucleus. 

4) The effect mechanism of Phanerochaete 
chrysosporium on carbonaceous matter is the combined 
action of passivation, alkalization and oxidation of 
biological enzymes-free radicals. 
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Phanerochaete chrysosporium 对活性炭的 

降解及劫金能力的影响 
 

刘 倩，杨洪英，佟琳琳 

 
东北大学 材料与冶金学院，沈阳 110819 

 
摘  要：研究黄孢原毛平革菌(Phanerochaete chrysosporium)对碳质金矿中碳质物的替代物——活性炭的降解转化

及劫金能力的影响。经 Phanerochaete chrysosporium 作用 14 d 后，活性炭的降解率高达 27.59%。XRD 和 FTIR 分

析表明，Phanerochaete chrysosporium 可使活性炭的微晶结构发生一定的畸变；含氧官能团和脂族结构的含量增

多，一些芳烃结构氧化脱落。金吸附性试验表明，经 Phanerochaete chrysosporium 作用后，活性炭的吸金能力明

显降低，可达 12.88 %。这说明 Phanerochaete chrysosporium 在降解转化活性炭类碳质物及降低其劫金能力方面是

一种有效的微生物，可用于处理碳质金矿中碳质物，以降低其劫金性，提高金浸出率。探讨了 Phanerochaete 

chrysosporium 对碳质物的联合作用机理（钝化机理、碱作用机理和生物酶−自由基作用机理）。 

关键词：Phanerochaete chrysosporium；活性炭；降解；碳质金矿；劫金能力 
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