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A (clean coal) & AAFst7] A Awte] w|PE LI Ao M Heb L] HEE U& 5 gE A
HEYAEE 3] 9], coal-water-mixture2] A|zol] AL4EE 1159 AQYAYA o] HAls} weglol
Thiobacillus ferrooxidans®] ferrous iron At3}e)] w]x& AdS ZAstelr). So] &4 AREAIAel CWM 1001
(polymer sulfonate Na salt], CWM 1002[formaldehyde condensate of sodium naphthalene sulfonate(n=4-
5)], CWM 1102[formaldehyde condensate of sodium naphthalene sulfonate(n=10-20)]& 10 ppme] $&
FZ A T. ferrooxidans®] 7% A EAR et g2 AW EL 10-100 ppme] FHE FE
ol ferrous iron®] AtslE EA3tly, AlWEBAA Y FX Frltel ate} ferrous irong] AT} F73)
Fastc) FolA Ald¥AIA e CWM 1104(formaldehyde condensate of sodium naphthalene sulfonate,
n=1)2} CWM 1105(sodium polyacrylate), »]o]-2Ad A= &A1 4 2] TW 1020(polyoxyethylene sobitaneoleate) &
1,000 ppm7}A] ferrous irong) 41318 ohd 21842y ¢d3ke] ¢ladc 500 ppm ©]4+2] Monopol NP 1060(non-
ylphenol ethylene oxide adduct)2 #7}3l%1-& o, ferrous iron®] A3&E €7} chad 7431t o5 v 25
(CWM 1104, CWM 1105, TW1020, NP 1060)2] AQZAAEL Mgt v E ST ANA 2¥E Hut
£21219] {542 T4 3 ALgol 7Hed A= Yrlggith

Abstract—Influences of a number of surfactants on the oxidation of ferrous iron by Thiobacillus ferrooxidans
were investigated. The goal was to select appropriate surfactants for a microbial coal desulfurization process.
Anionic surfactants such as CWM 1001(polymer sulfonate Na salt), CWM 1002(formaldehyde condensate
of sodium naphthalene sulfonate (n=4-5)], and CWM 1102[formaldehyde condensate of sodium naphthalene

. sulfonate(n=10-20) ] strongly inhibited the oxidation of ferrous iron to ferric iron by T. ferrooxidans. Most
of the surfactants tested slightly promoted the oxidation at low concentrations of 10-100 ppm, but significantly
inhibited as increasing their concentrations. Other anionic surfactants such as CWM 1104(formaldehyde con-
densate of sodium naphthalene sulfonate, n=1) and CWM 1105(sodium polyacrylate), and a nonionic surfac-
tant, TW 1020(polyoxyethylene sobitaneoleate), up to 1,000 ppm either had no effect on or slightly promoted
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the oxidation. The oxidation rate of ferrous iron was slightly reduced when a nonionic surfactant, Monopol
NP1060(nonylphenol ethylene oxide adduct), was added over 500 ppm. These surfactants, CWM 1104, CWM
1105, TW 1020, and NP1060, were found to be used to improve the fluidity of coal slurry in a microbial

coal desulfurization process with no harmful effects.
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B Qo dE sty Au SEjEldAx ARl
A7F AALA oz, Fizjed FdsA 4
9]l %2 CWM{(coal-water-mixture) &} | Zol] AL4-=+=
A &4 A) o) AL4-& mastgch 2R ATAEe o
CWM9] pipe lineg %53 $4FHA A 233 L
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2. Mz W Uy

2-1. #F9 ujL

Ferrous iron8] &3bol| A1-8% #F= T, ferrooxidans
(ATCC 19859) olt}. #3¢] 4% wiAl= Silverman}
Lundgren[17]¢] A% 9K medium-& AH8-819{c} 9
K medium®] Z41-& mineral salt medium[ (NH,),SO,,
3.0g/L; KCl, 0.10 g/L; K,HPO,, 0.50 g/L; MgSO,-7H,-
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Table 1. Components of surfactants used for manufacture of CWM

Surfactants
Common name Component HLB
CWM 1001 Polymer sulfonate Na salt anionic
CWM 1002 Formaldehyde condensate of sodium naphthalene sulfonate anionic
8 ----- (CHZ----«),,---H
n=4~5
SOgNa SOJNa
CWM 1102 v n=10-20 anionic
CWM 1104 4 n=1 anionic
CWM 1105 Sodium polyacrylate
H --ee(CHyo--CH---)-H
COONa

Monopol CoH g @__ 0 (EO),H 7.83 nonionic

NP 1013

where EO: ethylene oxide

Monopol Nonylphenol EO(50) adduct 18.30 nonionic

NP 1060
Monopol 0 (EO)-H 7.83 nonionic

OP 1013 Callyr— =0 (EO)
Monopol _—~(EOml 7.40 nonionic

ClezsN\,

LM 1013 {(EO),H
TW 1020 Polyoxyethylene sobitaneoleate nonionic
Cemesol nonionic

0, 0.50 g/L; Ca(NO5),, 0.01 g/L) =} o1z} 141 FeSO,:
7H;0, 45 g/LE olFo| 2 glct. T. ferrooxidans= 9K
medium-$ 1N H,S0,& pH2.02 2 243}3, 2% 28
T, 150 rpme] 270 2 shake-flaskoll A wi 3}, o]
wjofel-g oF 20%7F 12,000 rpmell A 1AlR-e)ste] &
A2 3433, mineral salt mediumo 2 LI} F
thA] 41828kt ¢ A4 23] wbE-ated FeSO,7t
Abzpste] A" JAEE AAYL F, 10°cells/ml F
T2 ¥ FFog A

2-2. Ferrous irong| Ak} 5ol o|Xic AHEY
e Hg

CWMe] A=A AleslE Arkyiale] A& vh=| 3t
o A7|7 Bao] shsEE dlv] A AHgEE Al
A E v|AE DT ANN 252 N F&
e FUg 37 2R F4] NHedE =4
87] 9sted Apgsteict AwPAAE CWM AXE
8 AHE-EE HASA S A2, 1 F7E Te-
ble 1o Al Alskgch

sl2taet 32 M5E 1994 108

250 ml2} shake flaskell 100 ml2¢] 9K medium$ ¥
3, Al g4 A& zH7} 10-10,000 ppm7tA] A 71eka, pH
2 2028 zA39ch 29 T ferrooxidans®) cell
suspensiong 10%(v/v) & A F3}e] 28C, 200 rpm2]
shakerol| A wjoFslglcy. of 2-3x|7F 7+ 2 2 pHe} re-
dox potential® ZA 3ty AgE H3Hssch

2-3. MEto| Eglol| o|lxj= AN SRS FE

9] d¢) AAZRE T ferrooxidans®] ferrous iron
o] A43h2 221814 L 0| )R] & ADGAAAE
Mgt zigld Arlsle FREALE ZAbsAch ol
o o] et &ejz] $ & 70%(w/v) o), AHeAA
%+ 100 ppmell A 5,000 ppm7tA] Hrbstsdck & o
TFoll A AHEE Mgk AR ] okt o R RE AR
Fdglolt). Arte) ¢Jzt=27]+ 0.2-0.5 mme] 3, FeS,2|
F2Fe 3.7 wt%o|ch 24417} 744 2 2 redox potential %
pHE &AslHa, 1ml¥ A &S AHstdct

2-4. BAY
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Fig. 1. Effect of anionic surfactants on the oxidation of

ferrous iron.

W okl o) 18] F H(Fe)F o} Fe*gxi= UV/VIS
spectrophotometer(Spectronic 21 UVD)E A}&-3}o
Muir2} Andersenl] &3} AE FFrHo= F43}
AcH20]. s FHo 2] Fe?* o] 2] ot afe 0.1
mlel| o-phenanthrolin reagent 04 mlE 41, F/HTE
20mlE 71 ¥, vortex mixer2 W43 ¥ 510nm
A FA=E B 4 v o FFe
E4317) sl A Fe** & #4141l 10% hydroxylamine
hydrochlorides8-9-& Al-4-3le Fet* 2 A3 Foi
Muir2} Andersen?] ¥h{[20]c.2 A9 Feks BA3}
<t} o-Phenanthrolin ¥ el 2Jai+ e Zekz} Fe?*
o]&-& FAMF Fo Fe¥* o|&o) o2 F43} Fe*'
0]2¢] <k rte]g] 2 A4

3. &zt A nF

3-1. Ro|2M AlHEMH S FE

3-1-1. Sulfonate-group-2 3HH-3t AW BAIA ] 233

Fig. 19} sulfonate groupg 3#3 AREAdA CWM
1001, CWM 1002 % CWM 11027} #7}€l 9K me-
diurndl| A ferrous irong] AjZbel] @& AAAHE =
Alslgch AW 7L ArslR) 94 control?] ¢
o of 35X)7F 7AFAFe oF 90% o}Are] ferrous iron
AH8-84 Bk ubdel o1F A FHol AWLAA
& 10 ppme] #HL EEdME ferrous iron®] At3h=
A2} o] F-o] R A] kgkrh o] & Sol A AWBAAEL
T. ferrooxidansoll 7}23% inhibitor2 2H4-3h= A& ¢
4 gtk geba, o1 E AdWBAAE | AE 2T

10

: control
10 ppm
50 ppm
100 ppm

: 500 ppm

: 1,000 ppm

mOOD>e
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Time (hr)
Fig. 2. Effect of CWM 1104 on the oxidation of ferrous
iron.

Aol A Hetzeleld] %54 FAA717] 98 A8
F fich

CWM 1001, CWM 1002 2 CWM 1102+ =5 sulfo-
nate group$ 471 ©]4 &3l 9= 2 EZ Dugan
[18]e] A}-4-3F sulfonate group S §H-5-3F ABSS} 4413}
A#E Holm UARE o 3F AFYFE sulfated]
AAe A3 93, T ferrooxidans) 733t inhibitor 2
gt AnHog ol fol2A AHEAA=
Aol si71E WP A, s} SellA A A3} uteE
olell YA LS AHFT] YAl Ao
Abg-o) Fbed Zloew HAld

CWMe] AR AME-EE oA ARBAA
Z9] sh}el CWM 11047} T. ferrooxidans® ferrous
irong] Abs}el) v x)& o3 8¢ Fig. 20 EA)3}%ith. CWM
1104 Lo]& AHYAIAZ Table 14 AAZF wle}
7o) CWM 10022} CWM 11028} §-AF&F sodium naph-
thalene sulfonate group& Z+ EAo]ARE n=1<
EAZ Z+7t n=4-5, n=10-2081 CWM 10029} CWM
11022) 5 B &Ao) T. ferrooxidansol d3ted 7323 A4
2H8-g s A ge] 237 ferrous iron®] AHEHE
287} 93-S v)xA] ged) AWIAAA ST HL
=) ¢S controle] 7 $-ofl ferrous iron<) Z7] 4ks}
42+ 0.25g/h-Lald uksle], CWM 1104+ 500 ppm
oA <k 03g/h-Lef /M8 2 935=E 23, 1,000
ppm ol&2) & FEoME controld fAME &
zterh 500 ppmE A7VR A$ 2247 A F F 65
%2) ferrous irone] ferric iron®.2 Ak3}sjgl, A=
FAA 7 A7 A 942 controle < 53%7} AksHE )
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Fig. 3. Effect of CWM 1104 and CWM 1105 on the oxi-
dation rate of ferrous iron.

o} o2}, o] AR AH = Awre] v|JE DF3FA
AHge] 758 AHelth

3-1-2. Sodium polyacrylate 2] °33}

Sodium polyacrylate(CWM 1105) 2] 7}l u}E fer-
rous iron®] %7] AFETE Fig 3o] Btk CWM
1105= 500 ppmell A 2 0.3 g/h-Le] 744 L& g
& 73, 1,000 ppmo)3le] o} & F% ol 4+ control}
FAHEE g2 gtk &, o] A &AAls CWM 11049}
vy x| 2 1,000 ppm7HA] £ ferrous irone] 43S <F
7t A& A A 3kg o] A A9k 10,000 ppmoll A&
743 Ashatg-g woch A g7 4E"H £ 9
31216, 17], T. ferrooxidans$} 72 A 213} wle|e]o}
o Wit AN J g B dFEEY A7 F
52 ADFAAAZL 100 ppmolte Re FE2 A
7}&k 73 %ol 5t ferrous iron®] 43kE EFA5t 1, hHE
A2t s AR odeid ook 2=, CWM
1105= A Heg & %74 T. ferrooxidansol
A&l 8- 813 7] o Foll Ly Auk &gl
Hgo| 715d AR BT

3-2. H|o|24 AlHSAHS Y

3-2-1. Monopol A% AHGAIA 2] A&

CWMe] Al zol Al&=+ Monopol A% 9] v]o]&A]
AN BAAA 42 T ferrooxidans®} ferrrous iron Ak
3to) ujA dE-E Z=Abslelc). Monopol NPA %2}
A HPA A= alkylphenolel] ethyleneoxide(EQ)E %
Thk-EAA A& A g ol £l 9 £ Mono-
pol OP10132} Monopol NP10139] Fx ®iZle] ot&
T. ferrooxidans2) ferrous iron2] 4At3}ol] vlx|& QS

2=t H32A HISES 19944 10%
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Fig. 4. Effect of Monopol OP1013 on the oxidation of
ferrous iron.
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Fig. 5. Effect of Monopol NP1013 on the oxidation of
ferrous iron.

Fig. 49} 50 B3, AHEAA 9] Fxe wZ ferrous
iron®] %7 A& = E Fig 69 Jelidcl

Monopol OP1013-2- 10 ppm&] A2k H7}A| 4| ferrous
irong] A7} thA x|l =12, 50 ppmell A+ lag phase
7} Z7}sdct. Monopol NP1013-& 10 ppme #H71&
73 %o+ 22A)17t 73 Zof ferrous irone] ferric iron
o2 <F 7297} A3} wkd, AFEAAE ArlEA
¢t control®] 7-$-ol& °F 53%7} Ak3}ateic). ey
ARG Y Fr7} Z7VE5E T, ferrooxidansel #
#2182 Btk

Monopol NP10133 LM10132 10 ppmeilA ztzh
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Fig. 6. Effect of nonionic surfactants on the oxidation rate
of ferrous iron.

0.31g/h-L, 028 g/h-Lo} Hef d3k& w7} BASA T,
Al g3 2] A7leke) Fr)3tel| whet ferrous iron
AsE T2t FA s Astch dhe el Monopol NP
1060-2 100 ppm7}2]+= &7}kl #AIgle) controlel] A
Ao sk we} fARE 9AR e 48 7 dL
500 ppm o] Aol AWTAA L FE FUld o=}
ferrous irong] AbstEE= tia 7HA3ksich Monopol
Axe] AWGAA F NPL1060> FHoE & F
<) 1,000 ppmell A= w3 & SRS FAF
4 e o F Udch Fv|EE A2 Monopol
A% AWGAA7} T ferrooxidans®] ferrous iron
Ak3}ol] )] o #k-2 HLB(hydrophilic lipophilic bal-
ance) 9} WA WA 7} slehe Aot Table 14 <&
4 914 wle} 7ro], Monopol #1%5¢] A= &4 4 2] HLB
ZH-& NP1060>NP1013, OP1013>LM1013 $-¢]c}. HLB
= AldgAdAle EXe £23% 84 F, ethylene oxi-
deAoll A ¥7}5) ethylene oxide$) moles=7} BolAs
2 HLB g Z713kc}. Fig 604 B nje} zhe] A
A0l 242 AHYAA Y FE Sl w2} fer-
rous irond] A&7 FH3A FHastdch NP1060
& c}2 Monopol AES AHGAAB} AFAle] oF
25w Ax e, T ferooxidanse AFA° =&
Monopol NP1060<] Q&) Hal& AA P& AL ¢ F
olth. CWMe] Al zAlo) Aeigllel A (F548)&
HLB 3ol 248 & A4S Holx, CWMS
FAS Eo)7l §8 M JHsE AldEAAle HLB

& 16 o]Ate]l=2, A}4-3 Monopol AE9] AHZ

0.5

O T¥ 1020
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Fig. 7. Effect of TW1020 and Cemesol on the oxidation
rate of ferrous iron.

AR F AeglAte] 8RS wolvldl M Hgdt
A &4 A= Monopol NP1060°]c}. a}2}4], Monopol
NP1060-& T. ferrooxidansol] 3 A zt80] A1, F
FAjo) $-palr] Wil Mt Ljelate] v|4E 23
ZAol ALgo) 715 AREAA F R 1Y
st

3-2-2. 7)€} ulo] A ARYAA ] A%

Polyoxyethylene sobitaneoleate(TW1020)} Ceme-
solo] H7}%l 9K mediumol A ARLAGA ] Fx= W3}
o] @2 ferrous iron®) %7] 43& =& Fig 70 =4
stk TW1020-2 10 ppmA 714 3o 41314 0.313
g/hLE Ho|x, 5Eo| F7ld we} Fap 33t
1,000 ppmoll A+ control®} ®]4&3F 0.25 g/h-Lo} Ab3}
2% & <gic}). Cemesol®] 7%l CemesolE 100
ppmo] &} A& control# #AE 025g/h-LY &
22, 500 ppmol Aol He FAsH ArslExs) gHAas)
ook = TW1020 1,000 ppme] TEE H7HA]dE
2 ferrous iron2] AH3HE Tl vz o o] a1, e
¥ %ol A ferrous irone] 4HEHE £213}7] Wl £
AT ZHo Hitsh= AR AlRFch

3-3. MEto] o|WE EHHIMS AHFLH S8

T. ferrooxidans®) A AR BAAS] AFE AR
A3E 22 ¥E Ag 27 g4 vAE
g3 Hgo] sy Ao Holx AHYAA F
CWM 1105(sodium polyacrylate) 7} A &k2] 238 £
n]AE L ZAsHch Fig 8ol Mwte] o] E &
ik F9k 70%2] 2vE Hdge|25E T ferro-
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Fig. 8. Effect of CWM 1105 on the removal of sulfur from
coal by 7. ferrooxidans.

oxidansoll o3 Atg=le] WAooz {FE2% Mol
FEH S el 70%2] A 'k &8 E 5 == CWM
9] Az AH-EE Aure] Fx F9 shjola, duk
2o s CWMe AxA| AHeEe AldEAdAE 0103
% FH7HEc) geba] & od el A Aekql A} suspen-
sion state2 FAF F WUe FE9 ARYPAE A
7Veksich ARG A E 100-5,000 ppm7HA] H7)Ele]&
o], 2719} &3-8&L FAFE o} AA A 22 500 ppmE
H71eE A9 cvha E8Ee) ¥AEHAL, Hr)de)
Z 713l wie} oha &3kgo] Faske 73] UXiuh
control#} v} 37} A 2 AH A A ] A }el| A QLe] 2
20 Aol 80-85%2) pyritic sulfurE AL F
sl o121 A= CWM 11057} T. ferrooxidans 2]
ferrous iron Ab3}ell e v)x|= < =2} A} RS
o 4 gl CWM 11058 5,000 ppm7HA] Hrbsie &
FA S v F3go) Hovz CWM 11058 Hr}
ste] et Leje]d] HEE FE 5 U A=Y Fir2
ek £eje] 9 FFo] oA R 43RS T3 Mt
82l o] FEAA v Y& d3gE HEF 5 S
Zolt} E3, airlift reactors} 2 £aja} ul-g7]d A
Adger 3 U fEEdr 1nY Ha &
HelolA w|AE FFAe| sl ALF naldh
gl Metoll 4 & Aol 9K mediumel| 4] & A
A7} X322, 1,000 ppme =73 ferrous iron
o] i3tExrl & Wiyl gles CWM 1104, Monopol
NP 1060, TW 1020% A &te] o| 4 & @3- Ao &40}
158 7o g walr}

4.4 £

BIeHES) Hi32 AISE 199441 103

CWM Al zell AE-Ee AASAA 7T HA3} ule)e)
o} T. ferrooxidans®) B4l w|x & g 413 Az}
g7 22 AEE At

(1) &o)&A ARLAEA CWM 1001, CWM 1002,
CWM 1102+ T. ferrooxidansel] 733 A3 B8 a4
AT, A BN wWEEE A AFE AAlE] 9
& ARgo] 7bed ez HrlEgck

(2) wle]24 #AA Monopol NP 1013, Monopol
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