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Abstract: Modern coal chemical industry is an important means to realize the clean utilization of coal
resources, the coal chemical sludge generated during the process of coal conversion process is a typical
refractory solid waste restricting the development of coal chemical industry since its extremely high
water content and the poor dewaterability. It has been documented that the dewaterability of coal chemical
sludge is affected by the microbial community structure and water distribution characteristics; and

thus, it is necessary to investigate the microbial community information and water distribution in coal
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chemical sludge to provide theoretical guidance for the high-efficiency sludge dewatering technology.

In this study, coal-to-olefins sludge and coal-to-oil sludge were selected and the microbial community

structure of the two sludge was obtained through analyzing 16s rRNA gene sequencing, and the water
distribution was obtained by DSC and LF-NMR method. The results show that the different sewage

treatment processes chosen by two coal chemical industries lead to certain differences in the microbial

community structures of coal chemical sludge, Proteobacteria, Bacteroidetes and Chloroflexi are the

dominant phylum in the two sludge. The LF-NMR method can more accurately measure the water

distribution, and the water in the sludge can be classified into bound water, mechanical bound water

and free water according.

Key words: coal chemical sludge; microbial community structure; high throughput sequencing ;

water distribution; low-field nuclear magnetic resonance
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ik, I % JH CPMG (Carr-Purcell-Meiboom-Gill) J¥
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Uy B50H0 28 5 06 72 4 b 345 2035 e K 43 43 A
() T, 3% .
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Table 1 Chemical composition of the coal chemical wastewater

RERIEY e Kt/ (m ') COD/(mgL™)

SR e e 650 650
PR R 600 1540

BOD/( mgL™)  [E{AEIFY/ (mgL™) NH,-N/(mg-L™")
350 200 300
981 100 575
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Table 2 microbial community richness and diversity estimators for sludge
NN MAEY R A Z 1t
G/ AT OTUs 2%
ACE Chaol Shannon Simpson

e 453 517.17 548. 69 5.504 7 0.0533 0.998 9

v SRl 562 621. 81 634.23 5.8617 0.049 8 0.998 0

2.2 BUISRUEYMBLEN

PR AL TS VR A 1T KT ) A 4 A B 46
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(Firmicutes ) 52 P #1775 e 1 Y B 32 22 A W AP i
2 7 BT B 80% LA I o AE M S e,
Chloroflexi J& £ ZALHGwIME, XS F I 42.5%,
HRJE Proteobacteria, 2415 24%, WIE & B E M
68% Zedt o TR hIE Je b, Hof 20 S
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FAXFFEBE 43 M 34.7% . 22.1% LA K 13.2%. Zhang
et al.(2021) % F{ Proteobacteria J& A20 T. 7. AU
BV, FZRA R MBRBEREE T, #Ah
EZH5BAREE . AN R EZLREM, H
Kt A7 TE AT LAGRIIE TS K AR B )36 1475 U8 &R S g
% IF % iz 17 (Yang et al., 2011) . Bacteroidetes iffi %
BN IR Y R e A, HT DUR R
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[ others

(b) KEH 58
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[ Verrucomicrob
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K1 BTG s e YRR TR BAR X
Fig. 1 Relative abundance of microbial community in

coal chemical sludge at phylum level

BEAARAE R K M A BE AR, SR s 5, JF H
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45,2021) . Chloroflexi & SBRI5/KANH T- 20 i1y
DLTE RN, B B KA G 0 R0 448 L) I A= ) o i L
J A Ak FN SR A6 Y E 77 (Yan et al., 2020; Feng et
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IR A LR ALY R R E AR .
AR YRGS MR IE AT LR, s R T2
T EAKFE Proteobacteria A1 Chloroflexi 3¢ 352 81 & 7K
15y A B, TR T2 32 2 4E Proteobac-
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X FEWE 2 frs, PR S U8 A 35 B AP AR R K
b ESBRK . S ETE Ve £ R Thauera
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Brachymonas, & i3t 75 Je th W 3 22 N Thauera .
uncultured SJA-28., Nitrospira. uncultured Chitin-
ophagaceae A & Hyphomicrobium. Thauera M fix I
B A A R AR, AE RO AR DL K TS A AR
HUMREMRERE T T EENEH PR,
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AIREE, WA ALY R ) AR A (L et al.,
2018) . Hyphomicrobium 7&K A A EE 2 5 i A
. Nitrospira {5 e P 0 EEAEE, SAM
LB VIAAE (R 4F,2022)
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Bl 3 7R T PIRNEREAL T75 08 L S 2lizK i DSC #4
TR, AR 20 °CTHL F) 20 °CHy s & Al LAV
ZEEN W] iy i e BRESRIA RS U8 L RIS U
DL Ko 2 7K 1 Wi B 0 1D AR 43 0l o 235.5.174.3 LA K
367 J/go XFAiK, WHIELERE R T 0 °C/aA It
W, mxFFEl T, ERE T
=5 °CLEAT T Iy s B A, X IS e rh iy
W P 2 1 R K DL R At 28 K ) A BILAR & 0 0 i
HRFE . B TR s &K S AT DU X
(DRI, XS5 H, b 2K 5 45 5k i
L N 367 Vg, kARG e b A A K
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Fig. 2 Relative abundance of microbial community in

coal chemical sludge at genus level
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Fig.3 DSC thermograms of

coal chemical sludge and pure water

AR IR, XTGBT T 25040, 45
RIFFESTH 3, D&KW FHEMPER 79.028
F10.001, Tl s Ja 75 e LA B It 9 35 U8 v i) 2
IR R 72.99% LA B 56.38%, PHANIG IR 15 &
K FAATEREW S . MZSE K& ) FEMP
{4 0.009 F10.93, sl i i85 2 PR IS5 e 0 245 &
K A5 R 8.82% LU K 8.89%, Wi LT,
AR EGE EEARIE B EM., 6K
RFBGs AKTETG I h &K ir b e, 454
JK & HCI FAE RN P R 21131 F10.01, BFR5 I8 1Y
d H 9N 12.08% LA K 15.77%, TEAEREH .25 /)
25 [FIE;, ASCMA R E5E 7K & 5 Yuan et al.

(2017) A5 T7 BT P TP R 4 5 K b AR ST .
DSCIXE B, AR LI-20 CCAREE VK W FREAR X J3
H K 585G K, 2 fa 50 315 K 5 i AL
Ti5eN HE AR 45K,
3 DSCEEFRAFMFP TG T A 25 57K & ik By 225317
Table 3 Bound water content obtained by DSC in the two
sludge samples and the ANOVA results

miH BEkE HieKkEE SAKA
BTG 72.99% 8.82% 12. 08%
SRS T 56.38% 8. 89% 15.77%
Fia 79. 028 0. 009 21.131
P8 0.001 0.930 0.010
2.3.2 LF-NMR:EMFKa>oH KbpE&haKE

WA, HEA B, Mo m— 322w
ik, SRRSO RE BT R ARE R, Z
JE RO R BE R, TR [ FOR RS, XA
S RRPR E i R (SR e SE,2017) . TR
AR b, S By st g AT DL LR
JURD [] 722 A 8 45 1) 5t 4 BRE ) > SRAE o AN TR)ZK 43 1Y
MRAFIR AT E T HIRA AN [R] A A [ 5t 35 1 [ 34
AR 1) 5t 4 I ] B U K Y 45 & RE AR, ZK T
R sl PR Ry o RTINS ) st T I ) £ e T AR 5 0k
I 7K 4 o B B AE L, ERT IR [ s T4 I ] ) U T
R S 0 T AR v i) Lo 481 ] LR R 2 KT B 7K 3
SRS H I 7] (Zhang et al., 2019)

3500
—a— R RIS Ve
30004 i V5 TR
250
25004 200
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= 100
= 2000 4 ©
ES
1500 0.1 Ty/ms 1
1 000 -
500
0 ¥
0.01 0.1 1 10 100 1000

T,/ms

K4 PRRTS U RORE ) S BRI ] 7, 70 A1
Fig. 4 T, distribution of the two sludges
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(B, AN WA XTI 118 A 1) st ¥4¢ B ) LA B 0 i AR o
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T 0.1~1. 2~10 Lk J2 10~100 ms, FxF i 19 7K 2301k
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BNEEEK . HUES &KL H K MR 04 1
TR 5 Fe T DAAS R, R0 A v 108 DL R il vt v
Te NI A K & EEA3 5008 0.042% L K 1.026%, X
J2 R T 9 b T e AE BURE B ) 284 FH 0 28 19 K 8
AhEE, R H K E B RR . P LA S
Ak FE A 93.13% DL % 95.38%, MUK ZE & 7K
di s T RIS S ARG A H A IR 6.83% L
3.58%, /N, Mao et al.(2016) [ EE & BL& /K
i 60%~80% M5 e, LA 45 A K 19 i b AE
86.4%~91.1%. MRS & /KHE IG5 JeH LA %07
KEEE Tl ik, E2IEH BN R

15 U8 2R A0 ALK A 23 B b S ] Bt 7K sl aod it
I 101 s B T R 5 7 T R R, R T ) R TR K o &5
AR Z 25 e AR MR I K o XU A AL
Tiglegd v W IR IR K Z 05, A K 4
R 73 2 ) FE A 15 8 2R 1A PR 0 sl % R T 90 U
FAAIHUARES 57K o X870 /K B S ARMEE 1 faf o
4 B A AR M B, R 3 UIREAL T U8 5 K
R AR R £ BRI i K b 25 07 5K
AT DVBEIR TS D B ZR ARG, BRSOk e Y 45 4
e, RmKR IR EhE, fedtis e N ALARSS &K
6] K BOERAE M6 T e i K PR RE

K4 PFMRAL TI5 R T, K& W (E 15 5

Table 4 Peak information in 7, curves of two coal chemical sludge

RS ik ML ZE A K H K

Wl B /ms  WEMIRLG /%  WEMTE/ms  WERRLY /% W7 /ms W TRT AR (5 HE /%
yOSiPT 0. 498 6. 83 7.925 93.13 39. 684 0. 042
SR 0.359 3.58 5.722 95.38 40. 371 1. 026

MUL Ei 545 R K F, DSC k5 LF-NMR %
XF 75 e th K 443 A I 4 SR HR R 2R,
X2 T DSC X 45 G K i LR TE-20 °CHJp
WA LEIKEKSy, FE BIGleP S8 ARNER
PITRIBRZK . R ML G KA SLIRE RS2k, X
B DSC X 45 G KT A5 Rim /. B IX
53 A H K RS A K B BRI B B BE BOG DSC i
TR P HERR B R A R, AR5 G K 4 K e R
WFZRHEE, MEEE T, BT RAN, K
B AR BRARU P A5, 30 ol A5 ] {30 8 ) 32 AR A5 TR
HAN, T AL T AR RS AR,
o] Ge A AR 2 R ORI s 220, 1fii DSC A5
LRI AR /N o 2 ()30 (R 10~30 mg) , 3xX
A0 3 FBORE S e AR SRR A 2 — 1, 2
AT Z AT 525 . T LF-NMR ¥ B 3 4 75 U
HOK A 5 A SR T X 4y, (7K 43 X 49 1 4
FER S, A LE-NMR 32— K fg it -+ JL 5 (1995
VEiRE , (45 S ] DUTE A 24 i ¥ e 1) B AR 7K 43
AEIRE

PR EAL T 7= b 30 B R K Ak B T S A AR
], 75 AR AL T35 e 78 Gl A W Rl eS8 4 A7
TE—E M 225, (HAR AT LA S B AL T % K
75 S o a0 5 U b i S R 2 AN B K
TSGR G e, U S E Ue h gs A K
O RN = R 5 P S > o 3 B R e el :
A= W45 51 EPS,  EPS A BE7E i AE W 40 it e 1

S TG PR AT R AR I SO AE H ,  nis Ye AT SR AR Y
P AR, A9 e v Bl 3 I B A ) R A4 K o3
RAihn. Nk, RHBEGHEIR TS Ve T iRUE Y 4
J S ZRBE LA B T 1%, T RS ME IR B9 25 5 K
A8 9 By R A H K, S BUBEAE TS PR A Ak
RIEIK o

3 %5

1) ST Ve b i A Y B R AR
TR IR TE e . SRR ] (Chloroflexi) ML JE I
"] (Proteobacteria ) &= M il s 4 15 U H AP0 S5 BT
TR Vi 75 U8 T Y = B R AP A A8 JE TR ] (Proteobac-
1 #F % 1] (Bacteroidetes) 1 4 25 T [
(Chloroflexi) ,

2) DSC VA1 LF-NMR i 4 il LA HEAL 175 Jg
WK A R4 T IX 43, (HJE DSC J7 i 37 B IR %
BRI A o R A BR ), S BOLX K4 X3 1
TERPEEAR . LE-NMRIEARIE A [RK 1454 gk
XPHHEATRI Gy, MRS BE R . LF-NMR R 5 7
K G A G K . HUES Bk DL A K, P
iy e L 90% 7K 43 A HLARAS &K

3) WAL TR Es A KB & & SR YRR
B IE L, AR B ZARSE R I K T 5 e
K B, DRI SR FH BB A5 1 R V5 e v R 2B ) 4 e
N BAREERY K T3k, AT DAk — 20 Se giAREAE T
TSR, IREEK

teria) ,
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