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To evaluate the technical feashilily of microbial coal desufurzation durng the storage In coal dumps, microbial pynte oxidation n

a packed colurmn reactor with Thiobaciius ferrooxidans has baen Invesligated. For microbial desullunzation

In a packed reactor

system, coal particle sze over 1.0 mm with unform size distnbution seems 1o be mosl sulable as fas as dranage behavior and

accessablity of pyrte are concerned. When coal samples of 1~2 and 2~4 mm partcle size ware used. abgul 32 ~47%

of pyritic

sulfur was removed within 70 days The rate of pynic sulfur oxidalion was in the range of 348~803 mg Skg coal - d. and lhe
sulfur removal rates m packed columns were about 15~25% af those in suspension cultures, Without any circulation of liquid
medium, microblal coal desuffunzalion could be possible by the inoculation of T ferrooxdans along on lhe coal dump, It was
concluded that a microbial percolation process 1s one of possible processes for the desulfurzation of high sulfur coal during a

long-term storage.

Key Words : microbial ceal desuliurization, Thiobacis ferrooxidans, pyrue sulfur, packed column
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Thiobacilius ferrocxidans (ATCC 108500t} #52] A% v
2= GSlvermand 9K XS AMESHEHIT). 9K medums]
242 (NH)S0,, 30 g/Li KCL, 010 g/L: KHPO, 050 g/l
MgS0y - TH:D, 030 g/L; CalNCQyly, 001 g/L; FeS0,7H:0,
4 g/Lolv T ferrooxidans ¥ 9K medums IN H-80,8
ket pHE 2002 =4y, 25 280, BusEE 150
pme] Z2He R [askolM shaking®e] 3971 wjeraith o] |
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Table 1 Sullur and iron analvsis of coal samples(11),

Size of coal particles (mm)

Analysis
0.5~1 1~2 2~4 05~4

Sulfur analvsis (wi%)

Total sulfur 2.50 726 1475 677
Pyritic sulfur 400 617 1349 3,38
Sulfate sulfur 0.05 004 0.04 005

Organte sulfur 1.44 105 122 1.34

Iron analysis (wi%)
Total iron 425 54l
Pyntic ron 360
Nonpyritic rons (.68 041 052 058

of YAZ7|7E 05~1, 1~2, 2~4 % 05~4 mm ¢ Hge 7
208 m7A Algz, 2y %»’M]% ok 1011 kgd d=tE
SHSETL S48 149 ok 20% AeHpvritee] ALm 7
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VIS spectrophotometer (Spectrome 21 UVD)E AL&3o] Mur
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Figure 2. Sulfur removal of coal 1n a pacled bed (coal par-

ticle size = L.0~Z0mm}. Symbols @ pH, O redox potential,
[ ferrous won, W ferric iron, A amount of leached iron
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Table 2 Sulfur removal from coal with different sizes.

Maximum sullur
removal Tate Pyritic sulfur

Type ol Particle size vemoval (%)

reaclor (mm)

mg-S/ mg-S/  / duration (d)
gpyritic S+ d kg-coal - d
< 042 86.1 2350 80/15

slurry

reactor -2 344 2,230 58725

() 2~4 W5 3.360 48725
Packed 1~2 70 425 -

bed 9~y 44 580
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Figure 5 Protein concentration wilh height of packed bed
Coal partcle size: ) 1~2 mm. @ 2~4dmrm.

Fgure el AAEETE 1~2 mm YA AeEdlA AT
A= 11, 2~4 mm YA
-H?lf‘olfﬁh 009 0.17 mg-prolein/g—coal ©1%1Th A=
o] ﬁ:‘%‘ﬂ a]_;ﬂ D]‘__ - 20 mm c];\Lol 01,\}2
ool FAFe] TUF TRy HEE E

o gyl U 10 mme FH% “”“’-719
B 035m °]3He) 2 A

olz g A4 Tl A %%!‘%‘5\ w2 Tigure 49
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Table 3 Pyniiic sulfur removal from coal in pacled beds.

Reference Bever {14} Tillel & Myerson {13} McCready & Zennll (160 Pooley & Atkins (22) This work
Strain TF (BF 219)  TF (ATCC 13661) TF (ATCC 19359)
Coal BC BC BC BC Anthracite coal
Tolal sulfur (%) 40 - 424 - 7.25 1475
Prnitic sullur (%) 2 - a.l7 13.49
Particle size (mm) 05~20 125 6.35~127 1-18 1-2 24
Residence me {d} 70 117 110 50 0 70
Sulfur removal rate
{mgS/kg coal « d} 130 - 240-330 - 39 803
{mgS/kg pyritic S - d) 542 - - 3,660 5930
Pyrite removal (%) 75~83 6 - 242 H 42
where, TF 15 Thiohacllus ferrooxidans, and BC is bituminous coal.
dadAd =o)d B 4gE der dudash goden ¥ WG WA %o dasieas zasgn T
2 A% @agel vuls, ). YA 275t wmA e 7 ferroovidansE DEE ¥ 1509 S GAY APl o) A
SolE AgHsE B BESEs) 478 A& = gog sl 2 e pyrite W wlA0%0l o# pynites] A7
A ATHI, 16). Beyer(id)o] 4319l 4% 05~20mme] @ F R THA FRE Table 49 Aewsie). F @A £
AL S A G 583 %9 w2 AAGE Qg 5y FTH ULEL o 0% oY pmiec] ATy, FEon
BT RS AR ST L dyelin o-ameel Ay TH % 025m ST d5% oldel pyrites] AARTE o
o3 'E!ETQ_ %ic!%‘% oéf,,':]' : ‘i‘l-?f’ﬂf'l A__g_% ﬂ%—?—] Cx’»_}z]’gl tﬂc], E_%Ef—, "—.—]ET 0-am ] ]’ ] rc.%oﬂ"*ﬂ: 2”"1-‘1%9] "x]'
2707k v Beyer(16)9] S99 vliael £ dyely @ L BEES AT ANG T3ed 52 9%EL nolw 4
& AP o 120] BRI ols YWA wFF Age] S WO HIeb 2e WEe e A2 Bus que A
YF 2-4% o] Aol LAl Abgy el myy OOl BR2dE s olusidir] 347 ook A4 29
L 5-15%E Ul wrl WRoz AmEr Ao 2 A4 of o]Folxal @& Aoz AlEc) UAEY FEE 4ER
g =7, pynled] o] BF 27| dfe] g Ayl A4 ek 08~38mg-protem/g-coalel 52, wE A= 016~
s S HA pyrite® P1EoR @ widdns 5050 002 meprolemg-coalolSith 42 Rgelael piiE 15~30
mg Shg nisc S day $F0%. $REES GgaEs o R A 2o} UEY T forrooviconett 204 AHTE
B9 B¥Ee) 24590 ATe gier viAg ¥ g T L3URE dloz sy
ZAEH BT S olfEle] BL BEHLL Aok 92 slowm 150% Ak 5o 45l gRel w@de) mleiz]el yellow
AEET bov7t wol AgEdtt of yellow bovel W 5o SEM
A ZAE Figure 6 H5AT Fig 6 yellow bod} g xHo
K| 2=3Hglo| SHRTOIS ME 5 MEOjAMe njYE St 2 (b= 29wl daelel o) Yellow bovile] Sig=g)
WAL 2 05~10 mmst 04~40 mmel We ap g TPESO] BAIAUG o vellow bodvel AEEd 2AE
TE Il Hezd e AESE DIEHS zalsielo a1z} Table 5ol #AEET Yellow hodvel ’L‘“%% pynite ld
2717 10~40 mm ¢ 7ok 22 05~10 mmel QA8 2 A9 sulfatest Fe’ o190, dmg-protein/g-vellow Dbody
Eg 2 4829 A o SlAays $E WA £EEE “ 9 B VR 0 A9 AR THE HeE ol
ol A4 2EEYel Ageole oA 40 mm olaty @ O1AH Vellow boy ¥ed SFe?) EWlE 252 pyriled)
A REE e ARF A% A2 ded H4 97] dge SFe 29 2% FASE, vellow bovh g4 Age)y
2EFAe] #go| EALAAT gl obEToly N4 g pyrne sulfure] dlft2e] AAF Akt vellow boye T,
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05-10 mm ojAte] Agstctn Fhei(14, 22) FFF 2o Yegs & S oglglod gk Z2 R
L0 mm ol5eh GALEI: W AuBdMe e e 9T FR AdA7) wne] o] 3¢ 457 dars Be
oﬂ QY Bge] o]2olRAe YA 4 ofAFd A 4 FAE aTske wAle] vk webd, oM wiEde
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Table 4. Sullur removal and cell roncentration in coal aleter 150 days.(ne houwd medium circwlation)

Particle size 05~10 mm below 4.0 mm
Izl pyritic fron (mg/g coal! 6.0 69.0
: pyribie iron sulfur removal  prolemn conc pyritic iron sulfur removal protem cone
Bedl height (m) {mg/g-coal) (%) img/g—coal) {(mg/g-coal) (%) {my/g-coal)
003 N 925 a8 27 96.1 19
0.2 185 486 1.1 37 48.4 08
0.45 339 38 (.46 674 23 063
0.65 3440 2.6 016 993 14.1 0.74
[»] ak
e =
olH@ ol e MHge] €8 slgAE RALS] HEY D‘Ho—

10um150KY S1SE3

182B-08 SE

Figure 6. Scanming electron micrograph of vellow boy formed
on the surface of coal dumps (&) surface and (h) mside of
vellow boy

Table 5 Assay of the yellow bov formed on the surface of
coal pitch

Protem Sulfale Iron (g sample llggfelﬂi
ngfy sample) (gl sample) L. -
B samplel (g/g samp U (Fe) (g/r sample)
; 073 0167
. (769 mmole S) 0019 0148 @0 mmole Fe) 008l
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At SR 227k lmm elgelolo} shm, B AR
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=+ 7tz 348mg S'kg coal-
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=]]
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