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ABSTRACT

Biosolubilization of an Australian lignite was investigated by using Streptomyces viridosporus and
Poria cocos. In order to solubilize coals effectively they were pretreated by nitric acid both in surface
and liquid cultures. The optimum growth pH was 7.5 for S. viridosporus and 4.5 for P. cocos. The effects
of various carbon, nitrogen and metal sources on overall solubilization were also studied. Solubility in-
creased with the addition of urea for S. viridosporus, and peptone and tryptone for P. cocos. However
carbon and metal sources had little or negative effects on solubilization. Maximum amount of coal
solubilized was 85 % (w/w) in a batch fermentation culture. Extracellular materials produced by micro-
organism were found to be responsible for the coal solubilization. Approximately 70 to 80 % of coal
solubilization was determined to be the result of non-enzymatic reactions, and the rest to be the result
of enzymatic reactions. Characteristics of the solubilized coal were compared with those of original coal
and pretreated coal by the approximate and ultimate composition analysis, and [R-spectrum analysis.
The spectroscopic results showed that the mechanism of coal solubilization was caused by continuous
oxidation.
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ol ek njgle] AYHo B F& AL TR
7}A& leonarditer} ¥& H3beg e Aol 7]l
gt ol we} o) EE Mebel] AHFA]717] Aol
e A sho] Meke) A4 FHFE TUOR
A dgse wolzle ATt Aol #rH(3-5).
Ty, 4Fd o4 Aele A3 70T e 45
5ol EAAH o2 vehtba leh(5). Axk As}e uh
2713 otAlzt x| &AE R A Hstont, 72
eho) ohF Al TR AdEA FZo ok Al
2ol e XY £44 folEEEe] A E
of & uhgol Fojgto 2 HIE= oz F5
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o dg2A ¥ 7HAE 7HAH, 3, A, HE A
o AAE Fte] 7L d8E A2 F o
olz{gh Mete] 7143} V|EE o E Fokrd HFE
w3k o) 2, 23 FAo|t AL 3G FA|
29| &go] 7=y, Meto 2HE dehs 443}
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o =4 o 4Eel g A A rlztel ARE o
b 24 7]y Slstel] Fe3sheich

ME D

AlZHEL

Ao AHe-5 Aeke TFA ZEhg ARE-ERod
Aere hammer crusher® Ux} 83 & E4g 2
3l BF sieved AHE3Fo] 20(0.84mm)/24(0.
707mm)mesh ZH5FE-& AH8-3t3c}.

ARB R E Y HiSEA

Poria cocos KCTC 6074 A-3-ahadT-4xel 4
ok ulo}] PDA(potato dextrose agar) Abw ulf
Ao} 4] wfoksted A4be] PD(potato dextrose) ®j
Ao 57| A0 R wlokstglrt. Streptomyces
viridosporus ATCC 39115& YMEA(yeast malt
extract agar)ol] T@tdlod AAbo] yeast malt ex-
ract spANM EAH Zo werstsich. P

cocos®} S. viridosporus®= 22+ 30°C
9} 30°C 7] pH 757} & Z=HYL A
of AAscH( A oA Yskw
71l A= S. viridosporuse 30C 1~
pHE 7-82 z4lslged, P. cocose
2 vwmol|A pHE 4.3-4.72 29t 4},

0Cce 1~

MEt| Hxf2]

o gl o7t HEke] AFsg Folv] AR Hvt
o AMA= 8M A 30 % FAHFFaTE
AHEEHTH(6). MRS A7 3w Az st
Egste] FEUAA 12417 St WAE Az, A
g &3S Fol7] st} 3T A2 1084
A ZRP7)E AREte] ERAIA Foioh dAeld
At Mg AlH8-o] pH 60] Faj7}k] 4l Fs}9
ok MY Mehe o3 Bkl A Mebd E2
FF T2 Az7)eA FEE AW AAS -
o] x| Mgtolet dhqict.

MEtH 5|

| HE wlFE oA AR 2 43 2718 7
25 3t Ao} Mubalst 7] A4 o Azl
vlwstelch. ©A nAwAd e 57 83 A
2 3 Adxed Arbg ez Hol 4k & Mrhe
AzE AAstgdot. T wokol| A= petri-dishd
05 g& #edo), g AE9) Fu)ukg (extracellu-
lar reaction) oJ¥-& #alsly] $l5tod L wiokel
A ot A o) AE Yo 0.45 me AT ZE 7}
e AR 2)E ol vjgEe| e FE3 o7
Sl 72t debg WA FE 9 A3 RF 24}
stodeh. T wfokel o] A=t dAstse A5yt F
' Hell ol e MebE Bold, AxF FAE
245t 27| F FAD @ob s FAE vx
slof Asks& SAs AT 7)o vepd Azt
th&-o] Aol ofsle] Faledzict.

A5 (% (w/w)) =

(298 4g9l 2715 A- A3 ¢ 4B ) |
(399 429 27 $1)

AA Aol T Al B Ngkel
FYA71E 245D ool TIES A H 2
7 A71E BT RS FYsto] AEE 2
b shofrh. AA AN A BER R kS 1 %
(w/v) 22 steich. A3k F4e AT APel4E
ol gel % Here) Asse] 3% oA W
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Ao et Ade AYPsec}. oq7)Ae njgE
A7 i x]ol 'hAL(1 % (w/w)) 623 A4H(0.
5 %(w/w)) 6% 231 F4o|&(5mmol dm™?)
6% tatoZ sqch. JE4 i) e £7)
go] w3l 9l Mgt Fgl0ke) Zulo] wE A HE
2+2y zAbshedth

S0l 9Fh ME] oliEt JH54

ol Fol 2’ Aeko] dsjub-so] g4 97k ub
SWHE A f3ke] S viridosporuse AEF
947, P. cocose HEE 3U7F wiokste] g4 o]
27" Adejel A ejokdS JAE2] (15,000 rpm,
15 min) 3¢ AF&AE L2 oS o)E 242 100
mLA UF T /s 7|F02 21, 1= S EZ
Hlolrol| Yol dXeE 3lxz, Y] 17]E pro-
teaseZ A8}t 234 3709 ZelAzme AMEk
& 7k 1 g¥ dolA d3k5-& 2k

A Ao A AR 3] ESAwe A3 A
Bro] A Aol AAEH, A4 dgeHe
& o]43} acid precipitation®] (7))
Al gstoion, o3lee  UV-spectrophotometer
(Hewlett-Packard, HP 8452A Diode Array
Spectro-photometer) S ©]-&3tod 450nmollA &4
shodct. wix)49] B4 F%EE  Biochemistry
ananlyzer(YSI 2700 selected, USA)E A}8-3}¢
ZAshsich AlE Auim At 71830 49 3hehA
Fz2] #3i= FTIR(BOMEM, Michaelson se-
ries) E o] &3tgict. Mtz Az Mgt zeln of
3} AMete] ZodHade PROXIMETER ANALYZ
ER(TGA-501, LECO Co.)2 &¥A 2 wrode}
222 ELEMENTAL ANALYZER(CHN-1000,
LECO Co)Z 3stged, 348 E4e SULFUR
MODEL(SC-432DR, LECO Co.) 2 ¥-As}¢ir}.
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MEIHS} HFo| §4

dte|glotBal S, wiridosporusE YMEA uj#]d)
AEsd oz ZHE slokd-E urds} A|3ke]
woll opel 2803 Wajriy oA SAg
Z2EM0 2 wWsiolry. A4l (YM broth) el 4=
A7 &1 wjekr)Y] AL Eds 93-S WA ¢
+ o2 Jehdth. %olF AEAd P cocose
PDA Apeduf el A vz g Mo 2 gglony
Hef 2] (PD  broth)ell A& ujekr|9] ALz}
250 rpm ol3todlAE mycelium #HelE B,
300 rpm o]Aell & coccus HENE et &
AN ME coccus el 300 rpm ofA}oll 4] 3}
Ade z133H4.

TH iAol A 2| MEH A3}

Ew wijekol| A8 Aslsol digk Azte Table 1
of vebtslel. S. viridosporuse= Ao 2 g
Aete] diste] 2 dste g Asr|7rE et
woer, P ococosT® Z& ZAE vk S vir
dosporuss= 12217k o|ujel] Mgt «lsly} Aztsgl
P. cocosi= oF 1 FTHE A3y} A= AE
9] £u] HbS Ao HE F eldE BF, ujAE
Aeto] A HEFG FE3 A& Fslo] 7+
o2 &g FF ZT7L Huts dsiglo 2 F
ol Ee o3k A3} 7|zbo] AEe Eu| uhggle
o 5 dsich(Fig. 1).

ot B0 M| MEE oH3}
oA} wiekol o] Mel dEl:o Table 26 e}
u sih. 7ol vehd 35S Shin(7) Fol
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s ol] W] BET b FAl] FsteA AYPE
A&stgdet. dabujekoll xS, viridosporus7}t P
cocosBrt} ¥ A3HeS Bolom AAeAE A4
o] A o2 vepytr}. o] A e Az
A2A AibE ARS8

Table 1. Coal solubilization efficiency on surface culture.

microorganism pretrement solvent

solubilization efficiency(%(w/w))

solubilization time(day)

S vridosporus HNO, 71.2 1
H0, 410 3

P. cocos HNO, 54.0 2
HO, 29.3 5
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Fig. 1. Coal solubilization by extracellular mate-
rial of S. viridosporus.

Table 2. Coal solubilization efficiency in liquid
culture(solubilization time=14 days).
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Fig. 2(a)s} 2(b)& Aste) 2= F94]7] 2
< 93 AgAgelrt. Mrke] #Ad F947]E H
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2o} AZstd S. viridosporus®] 7ol ®ha<dol
79 223 W Fol AFEF 7d ol Muks
Folate Ao} £3, P. cocose "|AE AFH &4
of Hebg Fste o] F2 o AgHc o
714 S. viridosporus?] 79 wtAde] A9 £
1 ¢ Hell Aspr} & AYPHER o] MrkS o
shabe ER-o] o)k WAl AAHEA TheAe]l &
Ao 2 Az vgEd o3t AMrie] AslF
o33kg ujX= A7} EAS A7) A3t 65
B9l %(w/w)), 6% H2UW05 %(w/
w)), 6% F40](5 mmol dm™?)o] thgh A3}
5o wwa ZAFHs} Table 3o ekt glck. S
viridosporus® P. cocoss 7+7b kA3 F&ole
of disjse gsbsol 4t b AG 238 2ta

Day

Fig. 2(a). Comparison of coal solubilization ex-
tent by S. viridosporus with different
addition times of pretreated Australian
lignite(1 %(w/v)) (-#- glucose concen-
tration(g/L), -O- coal addition after 1
day, - ®-coal addition after 2 days, -~
coal addition after 3 days, -¥- coal
addition after 4 days, - 0 - coal addition
after 5 days, -®- coal addition after 7
days, -2~ coal addition after 9 days).
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Fig. 2(b). Comparison of coal solubilization ex-
tent by P. cocos with different addition
times of pretreated Australian lignite(l
%(w/v)) (-~ glucose concentration(g/
L), -O- coal addition after 1 day, -®-
coal addition after 2 days, -V- coal
addition after 3 days, -¥- coal addition
after 4 days, ~0- coal addition after §
days, - ® - coal addition after 7 days, -2
- coal addition after 9 days).
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Table 3. Effect of different carbon, nitrogen and
metal sources on solubilization efficien-
cy of coal by microorganisms.
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Table 4. Effect of solubilization efficiency for
broth without microorganisms.

. F b
microbes  control’  heat’  protease

) solubilization capacity(%(w/w)) solubilization S, viridosporus 55 45 40
materials S. viridosporus P. cocos efficiency(%) P. cocos 15 10 10
control 500 185 Supernatant of liquid broth was not treated.
Carbon glucose 506 220 Supernatant of liquid broth was heated at 121°C, 1.06 kg/
source lactose 218 199 c¢m? for 15 min.
(%(w/v)) sucrose 207 265 Supernatant of liquid broth was treated with enough pro-
maltose 15.2 115 tease to deactivare all protein.
cellulose 165 16.1
fructose 12.5 29.8 5|24 wety| digkoiM e dsks
Nitrogen urea 674 306 P. cocosE 3Y B9 7% & 10 g/Leo Hetg
source (NH )50, 55.6 427 Folgt & d3%g ZAbeHgioh(Fig. 3(a)). P
(1%(w/v)) NHCI 51.2 143 cocos 2] 7;;‘—?—-°ﬂt oF 68 % (w/w)e] A3}58 B9
yeast-extract 32.1 437 =), o]= ZaetAz wick(Fig. 2(b))9 18 %4
peptone 254 52.4 H)5}ed ok 50 % AHEo dzl: gAls B o). 3
tryptone 239 52.1 B gubz)e4] Adr} Ty Fo FEA mHl
Metal MgSO;4 55.5 20.7 & B3g A}, P. cocos= FEA wHbr)|e] ouu;q
PR o o of Fod A 42 TARGC ot A% 2
dn"ls_r?)mo ZrlnSOj 50:2 1812 OQL.% A % HHoE 1}%6}7] HHTOJ_] _OIT'J]
Cacl, 96 173 Age S vlrzdospoTusd] o 3} o Ak 2‘1533]-3_11:‘}—.
FeSOL 482 168 S. viridosporusel] gk ZEAl WHl7|d| 2] As}s

s Agke JehglAw, Az dsiAe S
viridosporust 847 & 17 %9 d3kg HAL
Bold, P. cocosE PE Z EFEC] o 30% A=
FRATE Aoz debdeh. ok Aotz 3]
zto] o] olths AHAUE o 7} 9ok o|= AE
A3} X7+ E A o] polypeptider} polyaminefF
335 7ol Strandberg?} Lewis?] &
e A3z Balrk(s, 9).

-Yi.lﬁi '“10

S0 25t ME 59| JtEY

Table 4= v|AEof 23} AMete] AFfulso] F
ol o7k AQIAE Wa)7] it AEARAE dehdd
7e]t}. Table 4o oJslH @A 2|} protease®
g3 F A3t Aole Asheo] o 20~30 %
HE Zhags & F olok 4714 Arb A3t 7)o
s =4 70~ 80 %E HEL IS
st} ol Aute] dshgo] Al o o
Ao| HAE AL F43] 24t Cohen 23}
o dFE 9 5‘]3]"’4(10), Aekg dstsie E3lo
H]§ 4 HFS-of #Hodgiri= Strandberg®t Lewis?)
Ados e AFAE I (8, 9).

ABRE Fig. 3(b)e] veligde}. S. viridosporuse
o 82% (w/w)®) g HlozA Fehra
wjokrch= oF 20% 9 FAEL BEodeh o7 S
viridosporus7} P. cocos Bt} 7] 43} &% 9 o
3h5o] $atdnt. ol wHElobr 27) A5
w2} AH Aol Ashge FRold w]sle] PA o}
ehdrhe Wised] 73454— o} 2 Ao} (5).
7S HEAZE A, A A5l o2&
717}o] 1 vwmdd 73%’— el Fol3 74 2 ywvme
Afolle 45%d0l%en ArE EIE ‘a} 735 1|
NEY AR (AT BolA] Ashs) 2 dghgo] ¥
A vEbgdt. ofF TAZ Fto] vl Ed] o3 A=t
o] dsloll= FU|HFY HAHHo| EAFS & T A
Ack. o|F o AL 2 vvmelH st =
Zetra= wlokdlA, S. wiridosporusol] wid &3}H
d AhEEA a4t AREHe, 248 05 %
(w/w) 718t ZAtolls Hxn d3t5o] 85 %(w/
w2 % 3 % (w/w) A= A JepdAg, 2
Brbes 27) 43 £ 5 4P wE2A FE F F
Adch. A7 Mz dstse YM efx|gt ole of
o] 459 wjgted a4vh A7 EHGlE de 354
2 Z5E ¢ AUtk 2832 YM sijAef 84
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Fig, 3(a). Solubilization efficiency of Australian
lignite(1 %(w/v)) by P. cocos at batch
-fermentation (1 vvm, 150 rpm, pH 4.3-
47).
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Fig. 3(b). Solubilization efficiency of Australian
lignite by S. viridosporus at batch -
fermentation with 150 rpm and pH 7-8
(-®- 1 vvm with air and 1 %(w/v) lig-
nite, -A- 2 vvm with air and 1 %(w/v)
lignite, -¥- 1 vvm with oxygen and 1 %
(w/v) lignite, -0~ 2 vvm with air, urea
(0.5 %(w/v)) and 1 %(w/v) lignite, -A-2
vvm with air, urea(0.5 %(w/v)) and 2 %
(w/v) lignite).
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Fig. 4. Comparisons of IR-spectrum of the origi-
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HAEE de 3 AHse] FRAZ(acid-precipita-
tion method)3}gch(7). oA ojal HAAES
AF22l4 372 YA F 3172 KBr U3
£ Az F FAskch Fig. 4= Auist A2
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27b A9 ehta) habAe 19 Fahed Hekol
2] WA (e —> WA 4R > ez} Alw)
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gl 9AE AAFLE Fo45s & + U 1700~
1750 cm™'9] Hejo) e a2 ALY H57|
o] W3y} Rolx, 3000~3600 cm™' Alo]e] W&
H3E OH 71§ Jehie 1630 cm™ #2¢9 33
+ carboxylatet} quinone®] 57|19 W3E e}
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gt} ol 179 vhio] At4rl B0 24 A3}
Hhgo] dejubs A& vehdn. o] mlAE 9
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Table 5. Approximate and ultimate composition
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analysis of coal.

coal fixed volatile ash moisture C H 6] N S calorific
carbon  matter value(kcal/kg)
untreated coal  36.79 46.38 113 15.70 55.10 5.46 38.73 0.51 0.20 5080
pretreated coal ~ 33.87 60.04 5.09 1.00 51.94 392 41.2 2.88 0.06 4600
solubilized coa  41.04 55.41 296 0.59 47.27 407 43.84 464 0.21 4340
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15 dae 7k A7 AAAd 24t
o] d%Fl Ao Hozlc}. a2|w doded
Netdcok of 146 % Awsl ZFads o
- ole AstAREe A kel wHlste]
7k, jadt fav adde
13k (5).

osto} e Mt 432
THHAE @ADL, o] £

mj ok

oz

fr

e
U

Ul

A

d&

M 2
2
£

e
b
rlr

o rx

o P Ay o B B 0o
fo
b

o]

(i

g oox
oiﬁo%‘:-ﬂ
= (o -5 Mo
. - 2
o 2

rlu ofr

m\l
N,
2 rlo ox

>
oy
e BN

FHoEA, AF Fol kL of
ARZY ABo] el o
87} 29 AzTAY 48EdE
olck. Zeh} Ao ol4Ee
$E0 AbgE A2 o] uidthe W3t 4
2o HHe) F4¢ Be2 Ve Ao A
Ak oo dAlouxE BALY BAS 4%
SHA| aefstolo} shiul ol Aol oJa deke] o)
2 FeEe AAL B AAHeln Agol4 24
¥ A7z 3% o] sb5amE A7)del B
SIAle vl o3 dr Azl WA Sejsielet
T B},

o
rlu

MKt e LN o
lo

A~

4=
2

[<]

viridosporus$®t P. cocos®] A %7] pH= 242+ 7.
59} 452 Jelykow, S, wiridosporus7} 7| A3}
= o AR A35olA P ococos Bt 78 o
35S Boioh. A3ksg $olr] 4T ArMARAE
S. viridosporuse 8.47F E3AH0|9E, P cocos:
WEH} ERBol AFHOE vehgeh. Hu dsis
L& 3 EA Wby zqdel A S, viridosporusol A 85
% (w/w)7hA FAAZ 71 it A3 7|7k
3.597bA] 58 Uk qlslch. B3 24 An
2 7h AR Mrbe] RS B4 A4 o)
Aol o3k Mete] d3le Mero] Al AbshE
Abof| 716138 wh3lch. w8, S, viridosporusel ©Jgk
As}te] 7)ake u|lME] o8] Edo] 2sle] A
Fo], A3 7)2tF 80 %+ o|AAIAAES 25t
HlEaukeolglen, 20 % Eadko® vehd

e 2

2 AFE FAAlN ABT A 7E
A dfoz Fasgen], d7uE A
1 320 SAayel oluAA9714 R e

o -
1+39

1. M. S. Cohen and P. D. Gabriele(1982), Appl.
Environ. Microbiol., 44, 23.

2. R. M. Fakoussa(1981), Coal as a substrate
for microorganisms : invertigation with mi-
crobial conversion of national coals., Ph. D.
Thesis, Freidrich-Wilhelms University, Bonn,
FRG.

3. B. W. Wilson, R. M. Bean, J. A. Frans, B. L.
Thomas, M. S. Cohen, H. Aronson, and E. T.
Gray(1987), Energy Fuels., 1, 80.

4. B. D. Faison, C. A. Woodward, and R. M.
Bean(1990), Appl. Biochem. Biotechnol., 24/



Vol.11, No.4 469

25, 831. 8. C. D. Scott, G. W. Strandberg, and S. N,
5. D. L. Wise(1990), Bioprocessing and bio- Lewis(1986), Biotechnol. Prog., 2, 131.
treatment of coal., 1st ed., p 1-322, Marcell 9. G. W. Strandberg and S. N. Lewis(1988),
Dekker, New York. Appl. Biochem. Biotechnol., 18, 355.
6. H. J. Shin and J. W. Yang(1992), Kor. J. 10. M. S. Cohen, W. C. Bowers, H. Aronson, and
Biotechnol. Bioeng., 7, 73. E. T. Gray(1987), Appl. Environ. Microbiol.,
7. H. J. Shin, H. H. Lee, and J. W. Yang(1995), 53, 2840.

Biotechnol. Tech., 9, 329.



