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Preparation of non-sintering coal gasification slag ceramsite and
its application in denitrification filter

ZHANG Yi-yang, WU Chen”™ , CAO Zong-lun, WANG Dong, SUN Jie
(Sinopec Beijing Research Institute of Chemical Industry, Beijing 100013, China)

Abstract : Coal gasification slag is a solid waste generated during the coal gasification process.Coal gasification slag
generated in Inner Mongolia region, China is mixed with cement, quicklime and CaSO, to prepare ceramsite through a
non-sintering method. Result shows that the optimal raw materials mass ratio is coal gasification slag:cement :quicklime :
CaS0, =70:30:2. 5:5.Specific surface area of non-sintered ceramsite prepared under this ratio can reach 51.7 m*-g™",
bulk density is 809 kg-m™ ,and particle crushing strength is 6. 61 MPa.Using this ceramsite as a filler for denitrification
biofilters results in a faster biofilm formation rate than using ordinary commercially available ceramsite. Chemical oxygen
demand (COD) decreases from 300 mg-L™" to below 60 mg-L™", with a removal rate over 80% when the prepared
ceramsite is used as fillers for denitrification biofilters and the hydraulic retention time ( HRT) is 12 h.The content of
nitrate nitrogen (NO3-N) decreases from 60 mg+L™" to below 2 mg+L™", with a removal rate over 95%. This routine
achieves re-utilization of coal gasification slag and provides a new filler for wastewater denitrification treatment.

Key words: coal gasification slag; non-sintering ceramsite; filler; denitrification; COD removal; NO;-N removal

Sep. 2024

ISR AE R s AT T Erp ot R
AT SR I A DL — S8 AR R 32 i A AL
FERYIR R I A AR ST R T
THIE RRCR I AL R TR E S R R ) EE AT AR
Wy, BRI R R R T B R K A B
A WP 458 e il & A g Ak & RO, B
BN = 2 V% I A B DU AE S S BB R 321
[ AR % 34, L = B A 14 < Si0, L AL O, , CaO FlI
FRATHRSED BRI S b i HE i 20N
5000 J7 t, AR A B e R T

R A R HEAR, AN ] i AR (R
I I 2 b ORI K A 25 o Rl B 055 3 T 75 % o
FURI, B s 32 A P07 SR SR IR (X —
TIEAAEA 5853 BEAT BEIR A B AFAE A AR K
IS

FL b R SR R RO B A
B R , B ARG i e URAL A RV E
[l A AT TR i I T RIS 32 2R P A 3R
BREHS GRUE R BE L) B SRAR IR B
it L B Rk e o A R e R

%5 B #A . 2024-02-23 ; & B H A :2024-06-18

fEZ B St 3G (1992-) 2o, i, TARIW, BF5E05 17 757K Ab B, zhangyy. bjhy @ sinopec. com; BUFR(1985-) , 55, fit w9 TR B 527 11

V5 KALEE IR R A, wuchen.bjhy@ sinopec.com,



- 214 - FAX AL L

SEITI , UEHUT T — 8 B (BT R AR i
BT SEBEIRAL A 5 BT R 22 T IR AL
A B FHEAR

P — R SRR, B SRE EAR
RIPR PRt S 2, Tz i T2
SRR FEARER AL LA S IR PR A G, o, B A 2R
DRATU A I FH 2 2R R S A it v SEORE 0 it
Tl A= B 6 AN AR A Sl e e A 0 S AR A I 3l 2
BRIBEK A IITS Y, A, R ad BE 1 DA TR Bt 551 Ak
PR G T B R RK

AP R R AR A SR AL A A B A
Z—o BV PRI 8 T4 R 2R RS 17 Wy
L i JRE v L ME R JEE /DN (LA A RERE o 5
R IR v A B T SR P B e 0 o 45 BARE U T g
o.M 61 LT 3 B S o S (AN F 2 0 AN SV
] BALAEAE AL, SEAT B S AT 2k CUIRBRAA IR R A B

RO A S L X RSP AT T 2R S
FHBIESE R T B AR S il £ B kL A4 7 3k | 1
M a8 A A g R R ORI e i E LA
L PRI, B2 T R i S be i 45 B
RLE fc T 25, I 45 B BORLAE S A= 1 D 1t ) J
BT T Ak, B4 T X BOK PR L &
Wyl R ERACR

1 SEIGERS

1.1 FERIEE

ARSI Fr A AR i B E N S SRR 2 17
XA R s, 38 A R ER K Y N A A KT
THRM RIEL T, BRERES AHFREN . L TR AN | BER
TENAERR H A e M AE R IR A F L 4l
JE Ry o3 b i

il 25 B RS FH 0 A5 b N A LR B A FR
SNHE] A PR QLCA00 — IT 2% 3 52 56 il Bk ML,
X4200W 7 X SR AN (XREF) S Hr bk
W A2E S . AR A S5 Bt TR SA s 1Y)

2 ANER 1 T
F1 BEEUPERKZHR
Y4y Si0,  AlLO, CaO  WEEgRR  HAlh

B/ % 42.98 15.30 3.38 18.52 19. 82

1.2 #Fl&FEMERENK
1.2.1  Slertey sl &0 ik

FHEEACY TR 105°CHER P HET 4 h, FHAFEE
PUEE 2 f5 i 200 HANEE N 25 FH o FREU 435 i 4

55 44 HIBT 1

ALY A A KRR RS IR & 35 R BT R
o B RER LSS 3 R 50 v/ min , A8 R A 24 ) 5t
Wi B oK, 25 B F K B it 29 0 B BT i 1 10%
Bt K BN, R 25 3B W BRI kL, %5 3
3 min Ji7 , T A YRR BOBROE B RO B, B kL
UG FARIE T AE =R T 3240 7 d 15 2 B kL
T
1.2.2  Selemk e M sk ml X

(1) fe % B R 1 HE R B I 5 4 IR GB/T
17431. 2—2010 FR A} K HA 105 1% ) M AT

(2) fe e i R 1) 3 B2 M Bl JS0RL B 0 5
(Particle crushing strength, PCS) AL

6T FH 0 03X SN W e ) A R g, A
FE 10 WHCEE, FEam 3 T 55 B i) Uk i i
R

PCS(MPa) = 2.8P/wd’

Hodp P ORI RE R 7, N d Rkl A2

(3) S be b kLA ORI S By ZELSS Sigma 300 %Y
R T BT (SEM) 08T, R 1~5 kV;
Fe e m A ALEE M i JW-BK122W #U L e e fLA%
SR (BET) 3t
1.3 BEAPEREEAEEDIRbPNNA

S Akt ELA o RN A B A A v B
{5 BRI N R KA B A
B2 — ) Bk R SRS fh A 0 Tt 9 %
O Z— B R KR BRI Y A R R A
FARSEVER LR X AR P S 3l i AR e
BATERRFE ) ARSI FINHE 179 ML
BRI g AL g, AR 8 em, A 60 cm, £
BTN 1 L, SEgn i AK A REE K W L BB (i
TR RERSN (CRR) BEIR — SN (BRI P R R EL
TR E . RGCR by s AT, 7R
NIRRT 15K BT #EK 1 i AUE

b PEURE A SR A T A I BB, 18l
15 % B AL R T B B s, 0ok 2%, AR SEHG R 4%
FREERET K 9L I 043 P s Ul B 4 43 n 2 2 i 1k
P EA TR 6 5250 5 s URE | W K
NO;-N.COD Ak IE M

2 #REIT

2.1 KBS wkemb g Hl &

2.1.1 KR EXT &AL A
SRR ST 100 g, PHT 351

JER FE, 7642 A KA CaSO, 1Y 43 9k 10 g Al



2024 £ 9 B

KD B KPERRBRIEHI S R AR BRI PHIN A - 215 -

5 g AIET W& T — RPN be ks, I Bl 247
TFRAE, SRR 1,

1000

A ORI AOR

SEBUERE /(kg - m™)
S (=) =]
s S ¢
[ %) w JI>
ORI R B / MPa

g

079010 85: 15 80:20 75:25 70:30 °
m(§HHE) : m(ZK )

B 1 KR & xR

EL T 0] LI Y B K F S 0 34 m , BRL i
e AR T R A 1 s B B, AR
WK IR Y R Ly 70 :30 B BRRL %) UKL B % 5
FERK, 5% 3.78 MPa, IR AY HE B Bl 852
kg/m’ o 3 AL — G 19 J5 PR T K U B R AR %
B R TR s 0 M B B A K U8 FH A 3
i, WLy b A SRR B R 2 3[R AEaK e
NG KU KA VE R 7= A 8 2 Aok k™
Y Ca(OH),,Ca(OH), HSHE PRy Si0, Fl
AL O, KA KRR, 3858 T e BEAE T, DT 4 5
WeART 4 RT3
2.1.2 AGRAZAEAEEG A

P AR b | K Jg | CaSO, FH = 43 5 i
70 £.30 g.5 ¢ AAE, AR B 19 A A K il & T
— RGBT R HEAT RAE, B4 T A=A K FH %
PRI PERE IR SE A5 R ANl 2 R,

1000 8
o 7 7 &
. 800} 6 §
. ~
£ e00f 2
= ooll b g
¥ 400 &
& 2 &
& 200 B

0

(=}

. 5. .
AR g

K2 £8&KAESEREREZH

B 2 A= A Rt 3G T W Aer ) 3 R B R
BEOE IR B S5 DTS R Rk s b AR A
WK 2.5 g, BB FERLAG HE R BE ok 925 ke/m’
ORI R B K 6. 61 MPa, 7K Fl A= 3 Bk 2 I 2 %
Ca(OH),, [FIFE R 2 T 42 2 15 BE 1 FH A RICR , $2 5
T WL P A A R 5 R R M R % R 5 (H P T AR A K
B )5 B 5, i 3k 22 i 2 i i B 1 M R 2%
JEE RIS AT A 5 FEE T
2.1.3 CaSO, ¥ 3F M 4tk it g %

FERfE T /K Je M A A K 9 S AE &2 5, B9

CaSO, FH&XF B ki M RE Y52 M, Ak b il K I
A AT IR B R 3R 70 .30 g 12,5 g, ISR
JE ) CaSO, FFEAGIN P kit fE , 25 A1 3 Fis .,

1000 8
_ HRUEE  E FRRRGRE o
s 800 i E
) L =
; 600 =
= i &
&] 400 =
oo :

B3 CaSO, I & Xt 4 40 M 66 89 %

T FERr 0 ) 25 1 B2 v, K PR K AR A B A A IR K
¥ Ca(OH),, A Ca(OH), SISk
W) ALO, %A IO IR O, A LA s B
KL ER RS, CaSO, 1T FH/K Ak 47 R 45 4k 52 ) 1
A A AILAT , DT — 2 B 2 W 1 AR o e i
TR EE DY B 3 ATLLA 2 CaSO, TR
RS o B, PR A IURLBE R A 6. 61 MPa, i 5
FHA CaSO, TRl 45 APk

ZE LR RS AR KR AR L CasO,
JE LA 70230 :2. 5 S SR T il £ i PR kL BRE
R B f i . TE LA T 45 114 B s 2 T AT 24
Y SEM EnE 4 s, M SEM Bl AT LLE H, B
1) 2 T IR SR T I ARUREL RS | FLIR 4544 &, LA AL
RALIEZ 3 W BE R LA 40 1 W B RE 1, A
FIF A RIMEE AR S BET 21l
SERFRI] B i £ 0 B kL R A 51.7
m’/g, B FRL LR AN 27.2 m*/ g, BEAAL i

(b) PR ETE AR

| (d) FpRLAS T A
B4 BEETHEFERERE YR

(o) P 2L miE 5



- 216 - FAX AL L

Tl 2 1 Pl e L 2 TR Ik 2 Tt i P AR
() b2 T R RRE A AT RO AR R AR K
2.2 BESLIE RE AR R AE LR NER
2.2.1 HBERIHNEFT FMETRBOR

FEE BB B K s e R BRGNS i
o Bl 5(a) & COD WA fRlg oL, Al LAt 7E 17
JEMb R, COD K bR BT 1, X 2 I A P e
SAkY % B P R S AR, M,
28 COD 1y 22 BRZRmEAL T 1708,

RS BB BE NOS -N LR 5(b) FiR,
TESZ R 2 AT K NOS-N R JEBEE A 30 mg/L,
HRT & &4 16 h, Bl FEREETE 30, 17 2" 58
o NOS-N WREE S 2 F B NO; -N 2 BR 35
Thim . TEHERERY B, 1738 NOS-N RBRR &
Fofueu, JEM R NOT-N LR ESE 3 d il
60% RV AT WL R HERE AL . L S (b) Bl U, 199t
TERN UGS 4 R BIHEB S i 2" e AE SR 5 K
A HERR AT, 33 2% BH S b T 7 S AR e i 4 1
B A G B TR

100

|

=
(=]
CODJF M E/(mg - L)

~

wn
T
N

BN 1'COD £
[ 2'COD £

CODERRE/%
w
=]
2
(=]

N
W
T
1
=
S

ol

Zﬁﬁjﬂa‘?}‘ﬁlld !
1—3#7K COD ¥ B ;2— 17 &b 7k COD ¥R,
3—2" &t i 7K COD #k
(a) #EHK COD WRHE £ BRR

5

B 1'NO;-NF
L ?2~N0;N£%$

NO;-NZBx%/%
W ~
=] W

N
W
T

&
NO;-NJT K EE/(mg - L)

0 2 3 4
SR E) /d
1—it/K NO3-N ¥R JEE ; 2—1% 33 Hi 7K NOJ-N i
3—2" g 7K NO;-N VB
(b) 3K NOS-N e BE K 2R
BS5 HEMBEIHEAKCOD RE FHRER
HHAHE NOJ-N R  EHhE

2.2.2 BATHBTG FEDERBR
iBAT B B K COD A 4ERFTE 300 mg/L 77,
K 6(a) AT WL, FERE A 47 B, 17,27 B v i K

55 44 18T 1

COD 7 60 mg/L VAR ,COD £ %1 80% LA |,

1% 2% K NOS-N ¥ 28R K 6 (b) fF
IR, TERAHAESZ 80 1E 2B 17 05, 17 27 &3t 1 K
NO;-N & E 4516 2 mg/L LR, 76V 5 19
KKK AW FE H 30 mg/L T+ 60 mg/L, 1
JEHL H K COD NOS - N £ BR %4 5 2k 90. 2% Al
99. 1% ,2* & i 7K COD  NO; - N 2= & 3 43 51l Ky
81. 4%F1 88. 2% ,ixX < W B A s i 45 1% B b g
G b T g B K, ELA R R A B AR AT X
I A i ) 4 0 Pk B AT B R A L R T A
AR T RO AR . RS 23 K B 2 4
TENM A K IR IRHEI B 16 h FEAIRZE 8 h, 2 g
JKH COD \NO;-N ¥ BEX A 1A A5 1k

300

~ e

'If l\l—l-f B 1

o0

§ 200}

::d

%

m‘ 100_

= 3

a

o

(] W

05 10 15 20 25 30

SN TR)/d

(a) #EH7K COD HREE

mH
g 8

40t

N

(=]
T T
w

'%

NO;-NJT ¥ EE / (mg - L)
o
=)

5 10 25 30

15 20
S e /d
(b) #EH 7K NO3 -N ¥ Ji
1—3E7K 5 2— 1% gt 1 7K 5 3—2% Jsh K
/6 AT K E COD W 1 NOS-N i

SR AR i S 45 10 B AR AS TR RS B B 1) 3
BRI B, 17 L AR IS A b s ] A 1 Pk
RS A KB R, R A KIS 1T
Jei , LA s 1 5 B B AR A A e X 2 K %) Ak
B AT 5 PR AR [R] (0 LU S A i U
Bl P A= i st T PR SFUR f T Gt 107 %o g 9k B R K
HAH B, SR A i ) & PR
AR DRIEAL T Al b 8 S AR ) R, ) o 5 4
VPR AR SRS A8 Tt v T LA S 24 B2k A AR A i
S R R K B K R g COD  NO; -N [F] 2
R, SCBUE AR i R RAL AR, O L
RN e L, KRR T P RL A A 7= A HAT
SN LRI



2024 £ 9 B

(g

3 &y

IR A G 23 PR A e AR SRR R R T L b
SRS ALY K AR A JK 1 CaS0, =70:30:2.5:5,
FEBL ST il 25 H A PR L R AR T 36 51.7 m*/ g,
) S o 3 3 T B P O s e M R B R 809
kg/m® , WORIBEAESRE K 6. 61 MPa, 54 7K 4b B g R}
(RRH AR LR A FIZ FRLAE SR SO A A 1 kst
AIBERE, AUAT LS BLE K T COD \NO; - N () [a]
P RRB R T ELA L R R Rk R R
It H e 4 M K AR bty . B SAEi
il 28 P bz S 0 T AR s 1 B DR AL R L
J5 2k T RS A KR BRI, B2
TN RS,

Iy

S ik

(1] EHE EEARE D E, BB S RE [T 5 EOR,
2021,27(1) :1-33.

[2] EAE BUURE BRI o 25k [ 1] AL Tk,
2016,35(3) :653-664.

[3] BXAKM, SRME, 85 I0E 5, 45 ISR BRIA I SE A FR DT ST [T ] 3
BRI 2015, (3) : 110-113.

[4] Aprianti N, Faizal M,Said M, et al.Gasification kinetic and thermo-
dynamic parameters of fine coal using thermogravimetric analysis
[J].Energy,2023,268 :126666-126670.

[5] Xue X, Liu C,Han W et al.Proposal and investigation of a high-ef-
ficiency coal-fired power generation system enabled by chemical re-
cuperative supercritical water coal gasification [ J]. Energy, 2023,
267:126598-126602.

[6] 6T, i, WY, 25 RS AL i e 0 BT K BT U4 R O
FEHERELI] SRR ,2022,28(8) 1 145-154.

[7] Qu J,Zhang J,Li H,et al.A high value utilization process for coal
gasification slag: Preparation of high modulus sodium silicate by
mechano-chemical synergistic activation [ J]. Science of the Total
Environment,2021,801 :149761-149765.

(8] sl BEAL T A i B WAL BOR BRI [ J ] A T 45 s
2021,47(12) :5-6.

(9] RWery, Sy, sk &, 5 MRS A i BF 58 BUAR B R B AR Jie
B35 TRBORER ,2017,7(6) : 712-717.

[10] ARBGTY, 20, 120, S5 M0 A i BT IR AL R HIWF 2 32 Jo B i

JEELJ] R 2021,27(6) < 11-21.

[11] Yang P,Suo Y,Liu L,et al.Study on the curing mechanism of ce-
mented backfill materials prepared from sodium sulfate modified
coal gasification slag[ J].Journal of Building Engineering, 2022,
62:105318-105324.

L RARTT, X R, U i S B e HOK e ke
BEREAL T Py o BERLBE [ J]. KRR M (A AR/ ,
2023,43(2) :26-34.

(137 B3 0t 251 S5 BT R G YT e R [1].07 7 R4 5

[12

[

HKBIAE ESIAPBE RIRFBRIEHI & R BRI IRE eI A - 217 -

FIH,2020,40(6) : 141-148.

[14] Liu D,Wang W,Tu Y et al.Flotation specificity of coal gasification
fine slag based on release analysis[ J].Journal of Cleaner Produc-
tion,2022,363 :132426-132430.

[15] Yuan N,Zhao A,Hu Z,et al.Preparation and application of porous
materials from coal gasification slag for wastewater treatment: A re-
view[ J ].Chemosphere ,2022,287 . 132227.

[16] Liu X, Yang S, Liu S, et al. Performance and mechanism of phos-
phorus removal by slag ceramsite filler[ J].Process Safety and Envi-
ronmental Protection,2021,148( 1) :858—-866.

[17] Zhao X, Zhao X, Chen C. Ecological floating bed for
decontamination of eutrophic water bodies: Using alum sludge ce-
ramsite [ J ]. Journal of Environmental Management, 2022, 311
114845.

(18] FERURE, XA, X E AR, 55 T [ (3 40 5 35 40y i 48 Wi L 14 0F 92
HRLI].0 7R 5FH,2019,39(3) :140-150.

[19] sk A FRAR BRI IE 5 K BT 2 530 [T,
I T2 ,2006,24( 1) :9-13.

[20] g, Gk, BAk, 55 R R o5 57 RUK AL Bug R T] . 4k
T.3f#,2003,23(6) :352-355.

[21] RAUE, T80, M, 55 004 15 U8 2L i VAL B R 1 9 L IR
K Zn®* (Cu™ PH* PERE R HLEE[J]. A )R, 2023, (8) :
149-158.

[22] ZERME, EIELR, T AR, S5 ] 52 4k B b % & W /K 1y Ak 2R 0F
FELI] IR S H R 2023,46(52) :108-113.

[23] Xing Y, Huang X, Yu J, et al. Removal of phosphorus from
wastewater by metal salt doping waste-based ceramsite[ J].Desali-
nation and Water Treatment,2022,272;126—-137.

[24] KM, ARERMG, TER 55 437K )5 U8 G e 45 B kL s £k 2 7K B 9
BRIRPEREDFIEL ] Tk K5 3K, 2023 ,54(5) :62-67.

[25] Anagnostopoulos 1, Stinanakis V.Utilization of lignite power genera-
tion residues for the production of lightweight aggregates [ J].
Journal of Hazardous Materials,2009,163( 1) ;:329-336.

[26] ERIN, BRIEAS, pAa, 5 56 T ) S ) A 1 o e ) P s X
BBTE[ ] RS+, 2022, (5) :112-116.

[27] Li Y,Wu D,Zhang J,et al.Measurement and statistics of single pel-
let mechanical strength of differently shaped catalysts[ J . Powder
Technology,2000,113:176-184.

[28] ZREA, sk, TN, 45 JOHL—A HLIE B G &% S f 28 ) ik
B R BR AL RE AL [ )] AR 244, 2023,49(2)
150-158.

[29] #He A HAR FE T RINEARHY SCRH AT PR U8 Tt P A rh ik
[J].BEw T ,2023,55(8) :23-27.

[30] Thomas J, Harilal B.Properties of cold bonded quarry dust coarse
aggregates its use in concrete [ J |. Cement and Concrete
Composites ,2015,62:67-75.

[31] Geetha S, Ramamurthy K. Environmental friendly technology of
cold-bonded bottom ash aggregate manufacture through chemical
activation[ J ] .Journal of Cleaner Production,2010,18:1563-1569.

[32] RZEM, TV, S0aEME , 55 T4 K 15 U8 - by I Bk v e 5 Bk
BERCR[ 1] 5 TR, 2018,12( 10) :2741-2750.

[33] JAME, 3307, M, 55 B/ Bk o F 37 SR T R Ge B AU
RE[J]. A BEREE,2019,40(4) : 1885-1891. 1



