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Isolation, optimization and effect of organic sodium-removing
bacterium from coal
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Abstract: [Background] The alkali metal sodium affects coal burning equipment and
gasification efficiency in the coal combustion process and acid wastewater is produced in the
pickling process. [Objective] To propose a novel method for removing organic sodium from
coal by microorganisms. [Methods] A bacterial strain, which was isolated and screened out
from Huangqihai, Chahar Right Front Banner, Ulanqab, Inner Mongolia, was identified based
on morphological, physiological, and biochemical characteristics and the 16S rRNA gene
sequence, and a phylogenetic tree was constructed. The optimal growth conditions of the strain
were investigated by single factor tests, and the growth curve was plotted. The optimal removal
conditions of organic sodium in coal by the strain were determined, and the removal effect was
evaluated under the optimal conditions. [Results] A strain that can remove organic sodium from
coal was screened out and identified as Sphingomonas aquatilis. The strain showed the best
growth performance in the medium with glucose (4 g/L) as the carbon source, peptone (13 g/L)
as the nitrogen source, and initial pH 8.0 when it was cultured at 30 °C and 150 r/min with the
inoculum quantity of 3% and liquid loading of 100 mL. The optimal removal conditions of
organic sodium from coal were as follows: initial pH 8.0, liquid loading of 80 mL, coal slurry
concentration of 5 g/L, and inoculum quantity of 7%. Under the conditions, the removal
efficiency of organic sodium from coal by strain CSW-1 was 23.79%. [Conclusion] A novel
method for removing organic sodium from coal by microorganisms is proposed for the first
time, which provides a new idea for the efficient and clean utilization of coal.

Keywords: coal; organic sodium; Sophingomonas aquatilis; screening; removal efficiency
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AR H R bt . L8 R AR M T 22 3
MR Z2 1 50T o ORI N TR T Y o
. A M OCR ML ESEED,
TR A P IR BRI b B BT R AT T AR .
WKk 22 SRS TS B R R BB = B A A
WS B TP BT R M L T 255 TR 5T
7 AN AR A AT A 70.18% ., Ye 25
FI R B B A7 19 J5 A T A 0 R A ke Bl A= 4
PRIEP BT CER, 20t 36 d LW ERALPE
JEAE A X BT B S BR N 77.68%, Ak
A I BRI PR R hy 87.88%, Hu %M
SR WG 25 A st 10 12 4 i) 22 B A v 98 LA
ToHLmR , 4550 R B A DL Y L BRRTE 80%
DL b ATRUR B, FIAAP6 & BORAE B 1Y
TG UG T FAR RO RCR o SR, 1w JCFE I
A= iR B N T I B AR B A LT R
PRI, 0T 328 B8 3G I S8 v A AL A 1% A0 3 7 ik O
WG A T AT ML R B BRRCR , X R
HLEN TR B o R v 18 35 oA B2 A

MRS A6 X 5 22 B4 T 48 /R 47 3 A
ALV T T 1) SR A b B L TR E X TR L
WMAERZCR M, BB SRHE ., AR
FERFPERT 16S rRNA LK 341 43 B % B kA T
YRE, JE A B DR 2R U R T A TR e AR AR
, UISCHE A MU S AR RR 2514, FF e i
PR T PPAS B BRBOCR , DL T AR E A5 0
o AR T AR v R L A A

1 MR5r%

1.1 #&

REEREAI T NS IR X S LA TR
IR A5 B AT PO M (40°46'10"-41°01'05"N,
113°06'45"-113°27'40"E), “F-1i#4% 1316.8 m,
X ER s, JE Tom s Bk, S
KZTALE/NF 1 g/L, & HCOs;-Mg-Na #iK ,

PRI AR S AR e AT L 1 B s . Ho
L P2 1 32 SR A 0 | B A s S KA

IHREECE I PU A 78 BRIy — S
PR BERE . 005, LA—125 um Rigk i MERE
VERRIR XS 5, BT R b 75 25 3 5508 T it A7 LA
Bij 1k S o 3 2 PR A R A B R BRI 2
3.01%, BRI AT I 2 B, HIeple”
YA R E B R ABEMAY, LM REARNT
FE SR AL ) .

N .
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Figure 1 X-ray diffraction pattern of inorganic
minerals in soil.
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Figure 2 X-ray diffraction pattern of inorganic
minerals in coal ash.
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1.2 EHxE

AR, FREERABRSEREES %
SCHR[ 141801 . E iR s(g/L): FWE 3.0,
EHP 10.0, #4KA 5.0, 10.0, 15.0. 20.0,
pH 7.4-7.6, iE W iR FR & (g/L): FRFH
3.0, EHAM 10.0, % 5.0, 10.0, 15.0. 20.0,
pH 7.4-7.6, M7 (g/L): HAWE 4.0,
B 13.0, A8 5.0, pH 8.0, B IAIEFRAL
X g (4 [ A% R A B 20.0 /L A 35AR -
1.3 EERFIFNEE

FRBMEAN, R EAEYHEAS
B W] b, KEvR Rz a R A v
FALE AR, KR Ir Bl
YR DNA $2HGLH &, Ll £ AR AR
/3] ; PCR B AT KOD One™ PCR Master Mix,
TOYOBO A #] .

(EN Y E AR e S AR |ES RS /AT P
AL R T, i AR AR A PR
Al FREOCHREEIRAE . TR ARSI
SR R ZEROK W, il B R AR A PR
ol B, BRI SRR A A PR A
I F4FT PCR 1%, Applied Biosystems 23 ] .

1.4 BEHHNEESHIF

B 10 g H3EAEMINA 90 mL B /K, 1
WE P PE RS ERERE 20-30 min EAHE 5 HIE T
SYOTES, WE 30 min, JHESIRAE I - RO
I A U A VA TE 2R R B R AR 1 55
B FURATIFE T 30 cClEIEEEFEFH, 12 h 5k
SRR 24 h 5 FF AR B B TR AR R B
MR 4 T 7% T2 A8 R 60 1) 22 S PRV T 8 FE 4
PRES B R AR B 95 3 Btk T Al RN 2k, R A
BRibE, oA HERREES %, #AH
ZRW, MR Taifte, EEIRME T MR TE
TN R AN, Baifh)q mE % T4 W
BEAGRFRES, 30°C, 150 /min FHE£ R FF

24 h, BEEFKET 4 CoksP LR 2856
fii
1.5 BEHHEF

BOR RSB AEEL (1074, 107, 1071 & 4
PRIV AR AT T DA A A M — 05 1) 52 0 ] 4 B
FRIE b B A P IR 5.0,10.0,15.0,
20.0 g/L, - F 30 °CIEIRIG FRFE HHE 5% 48-72 h,
WS T VR A AR AR B, PRECE AR TR i Al
A1 PR 7 3 P R R AR K A AT R B B T AR B
e, ARSI T YIRS
1.6 BEHRAYIE B2 MRS

BOR AR B AS B (1074, 107, 1072
DIk 15 5 19 B BV AT T TR R 19 3 o S ] A
B b, RSN EARIR R 5.0, 100, 15.0,
20.0 g/L, I E T 30 °CEIRIGFRAE 15 5% 48-72 h,
WS T VR A AR AR B0, PRECZE A [R]) 78 in o AR
P14 i1 4 5 7 5 v AR A B AN B e P 3
RIGEE SR AL, ARS b AT aE N B 5
1.7 EPhBEVARRRIALE

B g HEFEETE MR SR s, &
BWIG pH 7.5, 2R 100 mL, F 121 °CK
W 20 min, FREEFRIERAE, B4 50 A
SmL ##, F 30°C. 150 t/min 553% 10 d J5
FE R Y Na VR .
1.8 EHMERE
1.8.1 FASHFEME

PR TR R IR A, R H VR Y
Ak . Bl mERmIE S, B E & TR
2, IR, R, Y, AEhSE R
TR R AR ARAE
1.8.2 EIBE WSS

M R AN R G e F) e A 1
A ARSI 5 %5 PR PR P A LA A R A 0 2
1.8.3 16S rRNA E[E 18 XM

W AT B P TR R A T IR AL R IR, R 40
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P DNA $2 B0 £ $ B vk 1 4 JE R 41 DNA
FIFH#E S 27F (5'-AGAGTTTGATCCTGG
CTCAG-3")#l 1492R (5'-GGTTACCTTGTTAC
GACTT-3")%TkE i DNA #4743 . PCR J b 1A
% : K@K 20 uL, KOD One™ PCR Master Mix
25 uL, DNA #i#R(4 ng/uL) 2 uL, 1E. JI5]
¥1(10 umol/L)4% 1.5 uL. PCR [ i 2544 : 98 °C
2 min; 98°C 10s, 55°C 8s, 68°C2s, 35/
fE¥R; 68 °C 1 mino A FH 1 %30 NE A EE I H kA
5 PCR ¥, FIFHMF O PCR 74 k4 7l
J¥ o PCR =¥ 5% FEIE K /NZ Sk 1 500 bp, R
5% 722F (5'-AACACCAGTGGCGAAGGC-3")
1 907R (5'-CCGTCAATTCCTTTRAGTTT-3") Mk
o B A B o X PCR A TIN5 o A5 75 471
5 NCBI £icdis e v i A5 o 13 bk 2 18 )7 4 i A 7
BLAST [bxt, #EHBUMICTII7E MEGA 11.0 4%
P T RS R E WA A
1.9 S£K4FHRE
1.9.1 BE

B 5% 24 h WTEHE T3 W R 100 mL
M4 RE R I IRIE SR, PIG pH 7.5, 25
TERSFRIEE M 20, 25, 30, 35, 40 °CHIFEIRH
150 r/min ¥55% 60 h, B35 BAE 0] W48t
JETF Pl E R OB (ODgoo), AE 3 1K,
BOFH41E
1.9.2 #%E pH

B3 24 h TEWRIE T30 100 mL
P4 B E A SR, WG pH (E 530N
3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0,
30 °C. 150 r/min ¥53% 60 h, B 375 7E AT WOk
G300 BE T H I E TR WO BE (ODgoo),  THAE
3, BCEFIE
193 EZEME

HUESR 24 h B BRAE R 80 1%, 3%.
5% 7% 9%. 11%53 5# TR R 100 mL

FI 4= B B R 3, 30 °C, 150 r/min 5
7% 60 h, H I IRAE AT OGS O B T
PR WG BE (ODgoo), TME 3 UK, BCF- M.
1.94 XR=E

WG F% 24 h (TR 53 3 TR 40,
60. 80. 100, 120, 140 mL FY4F B & MBS
Fidh, 30°C. 150 r/min 5% 60 h, B Fi5W
FE ] UL 43 0 B T I TR VR O B
(ODggo), M5E 3 ¥R, HCEHIMES
1.9.5 EKRHEIR

HUESR 24 h MWL T2 & 100 mL
M4 R R RS IR A, A3 TE SR 100,
125, 150, 175, 200 r/min FIFER 1% 60 h,
B39 VA AT G436 B T v I T i
YGE (ODgoo), Ml5E 3 WK, B,
1.9.6 W&iE

BE3% 24 h WEWRCEE T2 100 mL
A4 B R A R FR D, KRR AT 4 I LA
ARE L EERE . RN AR A H RN
ME— B R, 25 F A [ Bl U5 0T 4 T A R s )
30 °C, 150 r/min £53% 60 h, B F 35 AL AT W%
G300 BE T H I E TRV A WO BE (ODgoo) o WS
B SR P AT A AR RS I T 31K,
BOFH41E .
1.9.7 &R

B SR 24 h W TN 100 mL
A4 B AR FR D, KGR S 4 5 L
EFNE . ZRK . (NH,),S0,. KNO;, NH,CI
FI(NH,),HPO, VE A ME—RIR, 5 5A A & IR X
AN AR AR, 30 °C. 150 r/min 5557 60 h,
B35 VA AT LG43 606 B T T 1 W
% (ODgoo) o 71 5 S A [) L6 MR B2 T A T 1Y)
ARG, WE 3K, BOFHE.
1.10 A KBhZaINE

B3 mL K557 24 h A4l TRl
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100 mL M Ah-Fil R b, B3R ) hs pH (E
7 8.0, 30 °C. 150 r/min #4785, 45T
1. 2.3, 6.9, 12, 15, 24, 28, 32, 36,
48, 52, 56, 60, 72, 76, 90 h Bl 5 mL &K
F 2400 r/min .00 10 min, B EERAE T W%
Ay HEEEE T I e B SR T K B (ODsgoo) , 15
AT
1.11  BHLEARBRE MR

TER R AR K AT, il s ik
B0 78 MR AL I B AR BR A . (1) W R
pH: B 5% T3 WA 100 mL A
NaCl P Fp 55 73 4, B4R pHAE 53518 6.0
7.0, 8.0, 9.0, BRI N 10 g/L. (2) i :
B 5% R 3% TR pH fHh 8.0 A% NaCl
PR F IR R, B 4 i E R 60, 80,
100, 120 mL, MEIRWE R 10 g/L. (3) Kk
JE < B 5% TR 2 T8 W 80 mL AN 7 NaCl
PR PR R IR I, BEEIEIRMRE R 5.
10, 15, 20 g/L, ¥14H pH{E N 8.0, (4) R .
AN 1% . 3% 5% 7% B R EE T3 e
5 g/L. PG pH {EH>M 8.0, N 80 mL
AN NaCl (I FhF G R 5 b b oG ML o it
BRIREGTE 30 °C. 150 r/min BFEK T, IF
TEO0, 2. 4, 6, 8, 10d#ATHURE, BURE 3 1K,
W B I E R Na VREE, i bk
JR B R AT B ) SR R AR o
1.12  BHLMNERRRER TR

T 20 A IO o S8 v A AL ) i A A 1 T TR
B HLEN A BRAOR , SRR R A AL Y
T IR S 2 SCHR 18T A2 , A3 ML i) IR BR AR
NRA-3)5E .
Miccoa (Y0)7W, (HAc-coal) — Wa (HAc-coal) / Wi (HAc-coa) x100

(1)

Thicrcon (Y0)=W, (HClcoal) ~ Wa (HCI-coal) / W (tCt-coal) x100

)

”Total-Na* (%): [Wl (HAc-coal) +W1 (HCl-coal) ] -
(W, (HAc-coal) W, (HCl-coal) 171w (HAc-coal) W o) <100
3)
S W gy N 2 R DA JELAAE TP IR 1 A L
B R 52555 W oy I ARTER AT 2 I )
OV L SN Wy oy 9 2 BRI i
I AT B B TR B W gy WIER TR
IR i P B IO HILAN B 5 0 5

2 ZRE5H®

21 EHHNSBESHIEER

S 2R A Eaif, RS 27 HRAER
AR B N R T A S 5 A7 AE 22 S MR TRk
WX 27 ARAN TR AE LA A Ay M — ik U [ 44
R BT EE SR, SRS FE AN TR n o
AR SR B P A T E L R IR, U RS A
1074, 107, 10 19 R B v A TN [ A A 1 11
PREEFRIE b, AR HA KRG, B ORI 5%
O B A0 P 2 T N R IR S R S, A T
I, B 00k B8 8 TE A [R5 [ {4 5 57 3
s AR KR . R IR E Y 7 Rk o iF
5 5 A BILEA I I8 15 38 O I R R T Y
Na" & i, 45 R 404 1 R bk CSW-1.CSZ-1,
LXX-3 BEBER P Na o aden, HaaifE
100 mg/L LA b, $BHIX 3 AR X A pLah A

*1 RXBRYPOPETRE

Table 1 Sodium ion concentration in zymotic fluid
Strains No. Concentration of Na* (mg/L)

CSW-1 138.65

CSZ-1 115.89

CLX-2 67.65

LLX-1 92.06

SYE-4 39.78

LXX-3 104.90

CzZ-2 89.67
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AP RRRACR . Hor, TRRE CSW-1 HIRBRASCR
AP, HIEFRW A Na W EE IR 3 138.65 mg/L.
Pk, BEPERIE CSW-1 1 i fEwvk, AT
Je S T 1 AR A R AR I oA AL ) B B
WL
22 HEMEESER
22,1 FSEFYHE

PR CSW-1 7E @A 7 3L RIS TR S K& B
T BB AR AE L% 2. il PO, TR
BRI, B, NETE. ANEH, RERIE
FOEH . e BB LSS B 40 B A e JE
ToFEM. MR, RO RARR A, R
RO 10 TR A Ay P 22 R PR T
2.2.2 EIBEL4FMH

PR CSW-1 A B A LRt DL 3R 3. XA
PRI R R AN BB A S A HL 7 A H.S,
YHTA ) Voges-Prokauer X2 BB ME , KA TA
ANRE AT AW 7 TR A IR o 200 TR R A% 7 A5 e By
K AT AN AL S AL S, (EAS BE 400 B S Tl 3 4 i
WIS . Ak, ANRAS RE i 2 I R b 1y (2R ™
AR, AN RE R AT AR R R A Sy HLi
2.2.3 16S rRNA EEFF o

Bk CSW-1 28 16S rRNA K& - 47 48 il -

* 2 BEFE CSW-1 BRASFHHE
Table 2 Morphological characteristics of strain
CSW-1

I H Project 25 Result
JEAR Form [AJE Circular
Bift, Color # Yellow

1% Margin 5S¢4 Entire

W Transparency BB Opacification
RIMIEA Surface texture P4 HYG# Moist and smooth
22 YL 4 Gram staining G~

“f 4l Spore -

#fE Flagellum -

JEPE Capsule +

+: A5 - Gy G FEERAE

+: Yes; —: No; G : Gram-negative.

*3 E CSW-1 REIBE LM

Table 3 Physiological and biochemical characteristics
of strain CSW-1

i H Project

#ifb A Hydrogen sulfide
W1k Gelatin liquefaction -
AL AN Catalase
VEH; /K fi# Starch hydrolysis
Voges-Prokauer -
PR L Citrate -
n5| % Indole -

ZE 1 Result

+ o+

+0 B - Bt

+: Positive; — Negative.

PAFHEER P HI /N R 1 500 bp, ¥ Frisim)
F¢H1E NCBIEUE 2 Hh 4T BLAST HLX e £ ]
MEGA 11.0 #f4:f#) neighbor-joining J5 1 #4 & £
GERFME 3). HRk CSW-1 5K AL FE i
& (Sphingomonas aquatilis) NBRC 16722 f¥7E %
KRBT, MUERIE 100%, Z5ATEARER
Az B A AR 5 ) T A A R 1 E g2,
PE—25 1 72 TR R CSW-1 SRy 7K A= 8 s BB A
23 HKFMHELSR
23.1 RE/MNFN

TEA G A R e, B vE M. 2
5T HEE %) B0 Pk A K 0 Joi P e 5 2 52 B0 T B
(R RZ 222 RS AR B 25 T X R AR CSW-1
HATEESR, AR AR RTINS Y TR T DG 2 (ODgoo)
SIREROCRUE 4 FiR, ZFEBER) ODeoo {H K
T BE Y T e S S R R N R IR
20, 35, 40 °CH}, BRI ODgoo MK, 24
KM o IR S5 20 BAT 1Y A P B A 1 358 i AR
A, EKITRENERYRAGRIERSH; K
FEIw S, R . RO RS S R AR
P, IR AR fE 25-30 °CHYR
T, BRRRY ODgoo ARy, LIS T
AT I AR ROIR O R AT o MR B Ky 30 °CH), bR
] ODgoo 15 B e RARL, LUHT 12 B AR PR A ) 8 1 A
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1 @[ Strain CSW-1 (0Q652012.1)
100 Sphingomonas aquatilis NBRC 16722 (NR 113867.1)

Sphingomonas melonis KBL13 (MG576166.1)

o 99 Sphingomonas oligophenolica WR95 (AB365794.1)
67 —|_— Sphingomonas sanxanigenens ERGS (J1X131016.1)
100 I:Sphingomonas psychrolutea JU-31 (MN559425.1)
Sphingomonas glacialis PAMC 29220 (MW507636.1)
100 Sphingomonas mucosissima M0918 (KF924237.1)
6_()'_— Sphingomonas aurantiaca MA306a (AJ429237.1)
Sphingomonas aerolata ZS14-31 (MW237819.1)
Novosphingobium panipatense SM16 (EF424402.1)
i
0.01

3 ET 16S rRNA EEFFIMEEK CSW-1 ARG LXER  KEW T REUERR bootstrap {H; &
R 0.01, FRVFHEBMZERAEA 0.01 M5 5 1F5 K GenBank x5
Figure 3 Phylogenetic tree of strain CSW-1 was constructed based on 16S rRNA gene sequence. The node

value of phylogenetic tree represents the bootstrap value. The scale was 0.01, representing the difference of
each nucleotide position was 0.01. The serial number in parentheses is the GenBank accession number.

o I, e 30 °CYEMHRE CSW-1 Wit FEASFIRI UG pH 4 F XF B Ak CSW-1 #1785 3%,

AR R R A T I A5 14 TR 9 BE (O D go0) -5 ¥ i
2.3.2 #146 pH KON pH BISCRUNIEL 5 Fras, R R 9 ODgoo (HFEWI

With pH BHESEWBIEBAL, B3 1. G pH 9 TFh i 25 KE /N, WA
BTG, DTS2 R 240 B X IR B A2 pH<6.0 1), BRRI9 ODgoo i, 4 H9E K32

0.8 0.5
0.7} 04r
Jost 03¢
q Q
QS
© 02F
0.57 -
o1} I I oal
L nE .
20 25 30 35 40 30 40 50 6.0 7.0 80 9.0 100 11.0
Temperature (°C) Initial pH
4 REXEM CSW-1 £KHEMN 5 #%A pH MR CSW-1 £ KBS
Figure 4 Effect of temperature on the growth of Figure 5 Effect of initial pH on the growth of
strain CSW-1. strain CSW-1.
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I, HIEFREMYIAG pH (HAE 6.0-11.0 B,
Rk CSW-1 ABfaEE K, MWtk pH fHN 8.0
WF, BRI ODgoo iAFN R KA, BEEHZ R
PR RE SR PR, PRI, BEE 8.0 FE W I FE CSW-1
ARG pH.
233 FHERFN
TR0 1 K/ IN 5 55 7 5 v 4 TR P A R
BORARC . TERR R S5 R XTI CSW-1
PEAT RE 95, Feow AR K I A5 0 TR WO
(ODgoo) S H A KL R WA 6 Fin . IR HRI)
OD o0 it 42 i it 114 T 155 22 S 388 K Dl /N i 3
PIRE CSW-1 TEHEFI A 3%HT 1) ODgop 15 2l i
KAE, R R 1%IKZ . MM KT 3%,
ODgoo 2 B W (9 F a4, H2 b i3 R 3
FE IR NI FE L PR T AT A R
VEFE 3% N E R CSW-1 By R .
234 REENE
20 A R 7 2o AR v B Y L R R B SR
M7 AP0, FEAS [ 2 T 2k 1R T 6 B R
CSW-1 #FA7H55%, Foe A= R 0TS i TR O
J&(ODgoo) G M L M L R AN 7 PR, bR
1) OD oo FHHE W Fit (1) T i St S K5 sl N 3
BEWREETE 40—100 mL B, TRBR Y ODeoo FifiHE R
045
0.40 -
g 0.35¢
8 0.30

025F

9.20 1 3 3 7 9 11

Inoculum quantity (%)

6 FEMEXEMR CSW-1 £KHFN
Figure 6 Effect of inoculum quantity on the growth
of strain CSW-1.

FYIG I FH 5, Bl BV e AR S K, 3597
R AR D, FEEN Y ODg LB T FERY
e, (EREE RSN 100 mL B, BEFEMAY ODggo
IRB R RAE IR, 648 100 mL A5 Ak CSW-1
P e PR
235 EEREERNEMN
RN TR PR 5 =10
Befih, S Y SRR TEARTF
BETANE R X H bR CSW-1 BE TR %, RaE kK
ST A5 £ BT R W O B (OD o) 5 15 A i 1 1 6 2R
W 8 firn o R IRFEHAE 100-150 r/min B, T#
0551
0.50
< 0451
8 040

0351

40 60 80 100 120 140
Liquid loading (mL/250 mL)

7 RREXEMR CSW-1 £KHF I
Figure 7 Effect of liquid loading on the growth of
strain CSW-1.
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Figure 8 Effect of rotating speed on the growth of
strain CSW-1.
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PRI OD oo Bt F2 A o 4 34 N T 157 o 1 IR ik
WK, HER R G SR W R R, AR AT
SRR, A E AR, BRIREHAE
150-200 r/min B, TRAKIY ODgop 2 22 18 /N Y
R I ) R 2 A R I B 1) 3 i X 4
A T LR IR, R AN TR A A K . FERR IR B
M 150 r/min B, 3595 W& 1Y ODeoo 35 B KAH
PRI, ##% 150 r/min fE R R E CSW-1 B fE
P IRHG
2.3.6 RIFRIEIE

e V5 T 4 30 o 4 B A B T o i i B
YW, AU RE | A0AEAE . 4NAERT . 4iAE
R A ANy S5 2™ AR AN TR) A BB R R 28 15 ik B
PETF X RE CSW-1 #1735 5% , Fae A KIS
) B W ' B (OD o) -5 itk T i 258 0 Al 15 4 B
IR UE 9 PR, Bk CSW-1 X 4R RE
HITME . TEARERDH 2R BE O A AOR AT, 7EL
25 SRy M — IR VR B B R B P i AR ROR S
T, BAARFAAERRAE R HA K I . Ut
HH 32 TR R T S A R R e ) g, FRRE A AL

n Nnn .

B, RS, XTEALRRI A AR 22, e
HATHEE TR MR CSW-1 PO AERR IR . e %5
BRI 5 1, 2, 3, 4, Sg/L I, B3R
Y ODgoo P45 25 08 78 i A 388 g 384 i, %6
R R B 2 I AN R A S A R P
I, RZGEEE 4 o/L VENTRPR CSW-1 i fEk
TR .
23.7 RIFEHIF I

RIFSEA BAE IR T A% R RN A
FIA WM R FER TR A R IR FR 2S5 T
ST XTRAR CSW-1 #7155, Ao A
5119 TR IR ' FBE (OD g0) -5 20 TR A 248 AR5 Ak
FIOC R UNE 10 Fios . Wk CSW-1 FEIAA LA
PR EEFRHELH 1 ODgoo B2 5 I A TCHL &R 1 15
IRk o, SRR S MR R A T RE D) o
HYIEZ RN, M B A PRER CSW-1 4K
M AR . 7R RIS N 23 5128 4. 7. 10,
13, 16 g/L B, H53RW i) ODgoo 2R IR
IR RS AN AN, AR 13 g/L WA T e R ik 3
R MEABRBMERT 13 o/L B, 41

0.36
0.33

B9 MRIEXER CSW-1 £ A: BRIEFIZE. B: BRI

Figure 9 Effect of carbon source on the growth of strain CSW-1. A: Type of carbon source. B: Concentration

of carbon source.
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Figure 10 Effect of nitrogen source on the growth of strain CSW-1. A: Type of nitrogen source. B:

Concentration of nitrogen source.
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Figure 11 Growth curve of strain CSW-1.
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WO S IE A Na WP, SEOEIRM R Y Na W B R s ik 159.89 mg/L. ¥
f9 Na™e i tH B R e B 34 006 pH XTARBEIBE VAR FEE SOk 40 B R B A P WL S A [ 12C i
R HLE AN 124 Bk, WM pH 7. BERIKEER 15 @/L BE&RER T il Na'He i
{4 8.0 MM B XA b LA R AR R, s, TESERUKREE S 5 /L IF AR Na' e BE AR 22
KT Na e S i ik 159.92 mg/L. MW Ho/h, TEHBEFHMETL T, RALPE
R R A LA I A 12B BT W S o/L. BER R AN B A A B
N W N 80 mL I RUAEYI M/ IRCR Iy, NI 12D B, RPN 7% 0 A R

—4—100 mL
v— 120 mL
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Figure 12 Optimization of conditions for removing organic sodium from coal by strain CSW-1. A: Effect of
initial pH on organic sodium removal from coal. B: Effect of liquid loading on removal of organic sodium in
coal. C: Effect of coal slurry concentration on removal of organic sodium in coal. D: Effect of inoculum
quantity on removal of organic sodium in coal.
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() Na W B B AR i o PRIIL, SRe e S A L
BRI ERR S5 A . #I0G pH 8.0, 2V 80 mL,
MR ]y 5 g/, RN 7%,
2.6 EPRXTEE S B NAY AR BRIIR

TERE A HLEN I e HE bR 45 T, R R
CSW-1 Ab3RT P HLEC R & R 4
iR o JERE P ) B R 24 7 41 (HAc-coal) . RRIA
HH(HCl-coal ) F1LEAT HLAH (Total-Na ")) 7 5435l
308, 768 Fil 1 076 ng/g; ZAMRALILZ 5 A
H S R 4 % 8 (HA c-coal) . R R %5 8l (HCl-coal)
FLEA PLE (Total-Na ) B &% & 43518 199, 621
1 820 pg/g. KK CSW-1 AbF o KRR i s
PR 4 1 A (HAc-coal) . #h R 81 (HCl-coal ) FLEL
AW BB R AR 13 B o BERE T HAc-coal

*4 EWRCSW-1 LERIFERFAINMNTREN
&8

Table 4 Content of organic sodium in coal before
and after treatment with strain CSW-1

Item JE A =ik
In raw coal (ug/g) In residues (pg/g)
W(HAc-coal) 308 199
W(HCI-coal) 768 621
W (Total-Na") 1076 820
401
35F
= 30t
oy
8 25
Q
E:q:) 20
s
E 15F
g
Am 10 -
Z
5 -
HAc-coal HCl-coal Total-Na*

B 13 E#k CSW-1 R h BRI AL BRZUR
Figure 13 Removal effect of strain CSW-1 on
organic sodium in coal.

(I %k 35.39% \HCl-coal BIBRRZEH 19.09%
PG HLEN ) B ER RN 23.79%. WAEYIIPE
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Hb, Bl A EACH Y A LR R, R
WHEE TSRS TP EAS S AT L
AN S T R AR T ac e, AR EERETR A HLAN T R
P97 Gl

3 &

gl E. . daife ik, 3R
pite HP 7 36 S — R R IS R e A ML A Y o 1 T A
CSW-1, il 38 METE A 2F R E K B 1% P A 1 T
VEAE AR R F R ANRTE . % EE
ANFEW . FERTE BOEH . b BT MR
FIMTE IO . HEE, fAfEEME, B T =K
AT o Ak B0 AR A 4 45 R 0 R 22 B Bk AE AR
IR HORRE R S A VLA HoS, Y
Voges-Prokauer i 52 BB M- | 4H TR AN BE 7 i 3
PR AN ERIR o REN% ™ A TE B 7K A I A 2ot 4
O, A5 W0 BH Sl o o R R . I 4h,
LR ARAS BE 7 ik 2 1 kb ) €0 B R 7 A s e
WARER AT RR AR ATk I . 383 16S rRNA
FEDRF 810 20 B AT 1 TR AR CSW-1 A 7K A= i 4 e B
RO, T e B DR a6 A S 1 T R i B A AR K
A B 30 °C, 146 pH 8.0, #HEFh i 3%,
W 100 mL, $EIRFEH 150 r/min, il fkIH
R4 g/L), SIS A E A3 g/L),
FEIZSAE T 20 T 2008 19 2B K Hh G F xR
BUEN B BB SR AT T ARAL 8 I A LN
) e A BB 2544 4y - W) 4 pH. 8.0, %€ = 80 mL,
WIRWEE N 5 g/L, BFhiE 7%, FEZFMHT,
IR CSW-1 XA A HLAH P B BR 22 23.79% .
AT PR A P06 S BRI
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