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Study on characteristics of entrained flow pressurized gasification slag in
Xinjiang and its application in sandy soil improvement
YU Lei"*" , YUE Yun-hui'*, ZHANG Zhao-ging"*, LI Hui'’
(1. Xinjiang Mineral Experimental Research Institute, Urumgqi 830000, China;
2.Xinjiang Key Laboratory of Rock Mineral Analysis and Technological Mineralogy, Urumqi 830000, China)

Abstract : In Xinjiang, China, the entrained flow coal gasification process accounts for more than 60% of the coal
gasification technology. The slag from such process contains SiO,, Al,O,, Fe,0,, CaO and residual carbon. The
petrographic composition in the slag is mainly compose of residual carbon, quartz, pyrrhotite and periclase, which has
large specific surface area,high constant and trace nutrients.In addition,the mass fraction of heavy metals in the slag is
relatively low,which meets the requirements of quality environmental standards for soil. After mixing the slag with sandy
soil in a certain proportion, the total salt content of the soil decreases by 2. 8% —18. 8%, and the content of nutrient
elements such as available potassium,available phosphorus,hydrolyzable nitrogen,and total nitrogen increase by 5. 8%—
246. 0%.The slag can loosen the soil, block salt precipitation,and provide effective nutrients and trace elements required
by the soil,and can be used as a biochemical substrate for soil improvement.

Key words: gasification slag; airflow bed pressurization; soil improvement; sandy soil

R TN B K2k 21 942 12t
JEAEEA T RTRA A AR S R
Gl R S E S G N 0 R s | S = TR
TR MR B R AR R i
AR VREL kg EEFE DU AL T R SRR A A
W 60% L T

Wi 25 S AL T 00 H A TR S Ak i HE
o 2URIBE N, S AR Y TG A A B R R
MR TH AR E S A0 B, A SR
SAbprh o &SR R AR V8 R IES AL R I
FE, AR R AR AN BRI S T 90% LA
b EEEAS IR T 20%%, Skl L

DASETA O A T Ak B AN B 4R 5 275
e K B 1 HE5 Qe PREE AN, 3 237 AR R AL
N A SR I A R 2 R
FBEZ BN EYR

FRI, X Adr i F) 32 2R AR O ok
R, PR A D R e TR A R R Bk 145 B R A
SRUBPABHEE 100 s B R e 2 sl e PR 15 268 %
HEATERFE A S I i T T B L 5 A
VR AT 5K W A AR TR A ORI B
I XA AT O, A R R R
BTl B K e g K B 4 R
IR R A YRR TR | 2 LM B AL

75 B #5:2023-04-25 ; f& B B #§:2023-07-01
ELTB i S by i SR AR 25 5 9T (XGMB201949 )

EBRT AR (1987-) , Lo WL, @R TRRIW  BIFSET5 161 R A A0 W) 0047 PRSI IA , 3 TR R A ,402969095@ qq.com,,



2023 FE 10 B

AL AR A b R AR AT R P

SEH VST BRI T A i SRR S A
AT FE X G2, SR T T IR AT 1 s B X -7 4
X=2t LI ZLAMETE | HUIERE & 25 B 1 B 2
XA I A 2 S P B 0 | ik
i LM TLR G 200

1 SCIEEy

1.1 s
1.1.1 3

- SR U T iR 4 U S B M A S X AR RE
YRAE XS, SRAETREE R 0~20 em B REEM T 4F
LBRiEA MR ZEE Y, AR T 2 mm e
Je i A, %
1.1.2 ayi&

ISR A g T BRA Rl A=,
GEA IS P8 e Y A PRI 6 kg -4 i
M 4 HE R 0.50% ., 1.00% . 2.00% . 3.00% .
5. 00% Wiz S Aey it B s i 5 s
BTEESRMA T, Al a S YKOL, & H 4
HEg'5 o0 TR-0, 3 B b i 78 i 5t 2t 43 B /S
FIK+ 4% 5 TR-1, TR-2 . TR-3,TR-4,
TR-5,
1.2 KA E

A 25 [ IR I A A 1 3 IR A
F25CERTHFE0 d, 57 d MAE = EETK,
PREFSCE A (8] - AL TR . 90 d JE k454
TR R TG 3 03 JFUIR A3, 5 B 3 i
332 mm i JREIA, 40803 v, 2 mm - EEE
pH AR FHE T8 S S8G E— L E 2
0.25 mm ME 2 AP FESEGHHE Z 0. 149 mm
e IR InES,
1.3 SiitAE
1.3.1 Z3EHSHH

- SERE AR IR 4 AR 3 R A (- HERE
il A& SRIIE AR ) (IRAT) A9 ZR, M 1 i
Aok BERIKE  HERKE pH A 8E 2
WICRSSE, WA E LIRS oK E B
Rk HE KR fH S40 ) pH/ B TS £
g4 + 5 pH s FIH UV-1800 ££4M53t
O BE TN A 4 388G %0 ; R BAF-4000 Ji 9%
JEICTE A 5 + 3 iy ; 1 1] ICAP -6300 Hi &
BB TR R SR O a2 A A | S
LB W% TR M NEXION 350 Hy 8 & 25

REB : F1i8 LRSI ERV R IE AR R AR T IR R PEVN A - 149 -

BRSO 4 4 TR T R M H A =R
AR AL HE T ac s A E R
M 34 Eh
1.3.2 &Auy ot

I FH A o 2 0 O 4345 30 S A 8 6 B 0 A7 5
F D8 ADVANCE X S E-ATHF T AN 85 L5 5
FIHT IXA-8230 HL 4R ET -3 4 v B o0 A H R T B
25 FIFH ASAP2020 HDSS 4= H S L4 B B 43 #r
S 7 S AR Y LR A K Bruker Tensor 11
(LN AR Y TS TR SN DN iR IR e
G,

2 #ERE5IFE

2.1 SUpEREESHT
2.1.1 BBy A4FE

W BRI T A PR B R FH 2 22 Mg 7K A
WRTRNINESA T2 A3 S AR R B 55
g URIEA) R EAE 0.5 ~5 mm B & 71, 8%
(GZEARY M 25K YKO1) o 3 FORLEE 41 /N A )
AR OC B e w350 = 0 7 S| R R W A Y RS
PR AT A R AN SR 1 R,

F1 FEETSUPBERZERSH

B/ mm >10 5~10 3~5 1~3 0.5~1

w(YKO1)/% 0.2 4.7 18.5 36.9 16. 4

. 0.25~ 0.15~ 0.074~ 0.045~
L/ mm <0. 045
0.5 0.25 0.15 0.074

w(YKOL)/% 11.9 5.9 3.5 0.9 1.1

2.1.2 #RBEEHSH

AP E R R BRI E 1 R, K1
(a) FRIALLE B Py 22 o Z2 LA 0 R | 2 45 35k
JE RIS B 0k | A7 S 5RO 0K [ 25 7
IO 3R 18T B AFAE T BN I KBOR NE, Z8B815 57
M, EEICRAMCH Si Al Fe Ca, SALY B ILA
TER TE R AR UL, AL 1 (b) HBH I Ap % 3|
Jrvis v R B AU O BA IR ZF AR AR G AR 2

1,

(a) A ORAR 270 65)  (b) T GO 450 )
B1 AftpEawesi



- 150 - FAX AL L

2.1.3 X HEATHLEM T

B AR ISR A S 2 0. 074 mm J5
1T X S At ot 25 R Kl 2 e, A 2 ]
DVE A s 0 W A oy A e wERER T
B, AYCh IR E Y, ok B T A B A A
3B A A R A R ) WO A TR
T O A N A R R B v R

2600 ®COD 1011176 O, Si Quart;
F ) 1 Quartz
%g% L » COD 101116 Mg O Periclase
2000} = COD 2104735 Fe, S10 Pyrrhotite SC
1800
1600 ot oot
=)
s P §s
= 1000, 3 55 8
600} WWW
400t
2001
o 20 40 50

30
26/(°)
W2 AfbyidE X STET 8 EE

2.1.4 1R ErHE BRI HRIESHT
S4B A ERE R AN 3 Fin, K3 R
ATVAE H L1021 em™ Ab BRI T Si—O ASXTFRH 46
YR8 ,463 em ™ Ab Sl 0—Si—0 25 iRk 3, b £EAE D
KRR R R 2T AR | 45 6 i L B X T2k
T 5 R i A K AR S B B

100f
90t
80
70 7 wly
60\ 52
50t \ L
40t
30t
20t
10}
0

B %

3425—

3800 3400 3000 2600 2200 1800 1400 1000 600
BB/ em™!

B3 Sflpidasrig

2.1.5 ALY iE RS BIRACIE R 5

A B S B i T R T a2 2 i
Ro MR 2 Al LUE ), HFEE R Si0, (ALO,
Fe,0,.Ca0 MgO, £ % & 4 J& J0 2 I i 40 BN i i
GB 15618—2018( 3145 o 0t A F 1l 4 39875 44 X
WS P im ) v B 1 KU, 0 228 6, 7T DA S 4 3
MR ANV, A S AR R 0K
Kt B 370K, 4 P K Fe Mg .Ca B Se %% uJ )
FIAE AR S EY ™ i, ALY i 3R 45 Sl
TRPER AN 3 FioR, NFE 3 Haf LIE i fe
5 LRI A, AT LR B K AR, R K
PR LB =, T AR AR T ORI 3 - 44
HEjj[SOJ .

55 43 &HIBT 2

R2 SUPERSEMETESN

P Si0,  ALO,  Fe,0, (a0 MgO

N

A% 39.53  18.83 12,90 12.11 5.75
S Na,0 K,0 P,0; Ti0, MnO
RS % 521 0. 87 0.47 1.01 0.19
24 TC cd Hg Pb Cr As

FRSE/%  4.69  0.11  0.009 4.6 232 5.4
S8 Ni Cu 7n Se B Mo
TS/ %  55.8  56.7  17.1  0.77 188  4.63

®3 SUpEFSREBEUERS N

pH 9.10
R FESE (g k™) 0.91
P R /4 (mg kg ™) 67.8
R R B (mg-kg ™) 11.4
ERFESB (g-kg™) 2.34
IR R R B (mg kg ™) 63.7
BHES T8 et/ (emol +kg™") 10. 51
e R A (m?-g™!) 23.51

2.2 SAIPEEY R I IR AL M B AR Ok BE
HI =

i A K oy e PP T 4 2 A
T4 PR, WK 4 Rl LIE W, BEE T i
RN, SRR BE A R B L A
FK B R K R (R R K R 2R T
11. 7% ~ 69. 0% .9. 7% ~ 110. 9% 1 21. 6% ~ 112. 0%,
Tl K SR e A S g e A A
B AP o Tt A Y 39 i TR, 2 R RS
SR RO KA AR TR R, el L,
B A i Y T LASGE BRI AR A A PR
b )t SR PR K fiE

x4 HBRASKPERLEXSREBEAERHOETN

ZH TR-0 TR-1 TR-2 TR-3 TR-4 TR-5
RIS % 88.7 863 8.4 8.7 8L9 784
MBI % 41 59 67 89 103 13.1
BRI EL %% 72 7.8 79 74 18 85
[ Wtk Kk Wk BF WFR W%

Homo Hgm R et et et
w+ wt+ Bt
WIS KBRS %  22.15 2474 28.65 31.17 33.68 37.43
BERKEREM % 1254 1376 15.68 18.63 21.89 26.45
HEFRK RS % 719 8.74 10.06 12.36 13.62 15.24
K/ (grem™) .58 153 147 14 139 133




2023 F 108 REF  HBOURKESIPENFIERRRANR RN RPN A - 151 -

2.3 |UERFMXLEpH. £REMAETF
BRI

Jit A 5 5% pH A ER BERTPH B 1 aS
RO 5 Bin, RS Rl LU
TSR pH L IR BEE AL A
R R R, LR pH R A N, 4k
i 3 KOBE B AR B S IN BRAR T 2.8% ~
18.8% . NI, i Ak b it ] i 2 6 = + S Eh oy
SR A TR SRR U B A B R

x5 ERASKPERLEpH. £HBEFMMAETF

2 TR-0 TR-1 TR-2 TR-3 TR-4 TR-5
pH 8.67 8.60 871 872 874 8.78

ST (g-kg™) .76 171 1.65 1.59 1.52 1.43
FHEs FAcHit/ (emol -kg™')  3.26 6.32 8.42 10.74 12.25 15.69

BH B A2 4 2 VPN R AL ) 0 4 3 22 v M g
() EEAR AR, R - HE R R R i S 4 HEAR T
S BH S A 4t B B AR R S N R R
BERGIN, o T AR i AR R R AR B, AR TR
K, A 23.51 m*/g, A BRI PHES F3cHe e 1, re sy
IR B g i, RIS, 3% pH RS A
A TFPHES 7 58 e i 1 = S AR T
i, A-sgerb B B - 284 B 3. 26 cmol/kg 3 i F]
15. 69 cmol/kg, T ELRALHE J7 Hh 55748 Ry b &5,
2.4 SUPERRMIT LIEFSHZN

it P A i IS 3R O AR AR IR 6 TR,
M 6 HRT LUE b 4 et <Ak i e, B
FETE T TR O AR A A HLS UK i
PR ST 388, SR T FH AR i Y 3 53 03] 2
T 26.4% ~ 246.0% .5.8% ~ 52.5% . 35.3% ~
182.4% 14. 1% ~96.2% .32. 9% ~ 162. 0%, +3FH
FROrRE R R TR B S TR RE T, Wb
T SRR RA SR BT TR A A T 4
S R KA DT 7K St PR S0 Jo i 23 BOR R 3 42

*k6 MASKPERIEFINETN
ZH TR-0 TR-1 TR-2 TR-3 TR-4 TR-5

HYWE TR (mgkg™) 25 3.2 43 57 7.1 87
PR REY (mg-kg™) 139 147 162 178 185 212
LHEPESEY (kg ™) 0.17 0.23 029 0.35 04 0.48
HHUEERE (gkeg™')  0.78 089 1.02 111 131 153

IR ETR Y 10.2 13.6 16.2 20.8 23.1 26.8
(mg-kg™)

Tho &a# 5, trh e RUsE 8 A LR T >
K BH B A e B A OG A LS S B
AT T A AU 740, PH B 7 S RS

3 it

BRI S AR B XA 5] | R T AR
AT HL, A0 B R R R AR R AR,
TAES B B AR TR e U R A F R
EIEICR AR, 7R A S it iz S A
WG IR TP i Sk, s 7D L R AR 2
Fay, SR AT TR PR K RE T PRAERE I A FR 4o
N [ e w2 G v M A R = 0 e A L s e w41
GANETIAKCE R, ek RADST HIER AL T —
FhEEE RN EAREE

AR AR R I X A R
PR BN, FE R PRUE AR pH B, — &
FREE L PP 1A R SR R, IR, R R
0ot - ER AT 38 S I B AR A B AT HLIE SRR AIK £
5% pH,

2 S T BRI B0 AR X R ot ek R
TFHEAT AR 5 At i R A L LL A5, XA
FIE GV ARG L A DL A T3 — 2D IR A
EHES GRS 20 ST

S 3k

(1] g0 SCTHRAL 7 bl iR 2 S O R AT [ T AL L, 2022,
42(S2):9-11.

(2] FaPRMG, TZiME A &, S5 0 SR AR - vty SR i e
FE[I] HERFLEHAR ,2020,48(S1) :226-231.

[3] Huang Z L.,Zhang P, Yang Y et al.Acoustic emission detection of
slag performance in coal gasifiers[ J].Chinese Journal of Chemical
Engineering,2020,28 :2200-2207.

[4] Xuan W W,Zhang Y Q,Zhang J S.Chemistry variation of slag and
the layered characteristics of deposits in an industrialized entrained-
flow gasifier system with radiant syngas cooler[ J].Energy, 2022,
260:124942.

[5] F70, XU, Bk, . R b S U7 e A1k
(RTO) FAYRL L] ML T ,2022,50(1) :35-39.

[6] Lin K,Shen Z J,Liang Q F,et al.The study of slag discharge be-
havior of entrained-flow gasifier based on the viscosity-temperature
characteristics of different types of coals [ J ]. Fuel, 2021,
292:120314.

[7] #A4kE Pl T & R SBR[ 1] 341k T,2016,36(2) .
1-4.

[8] Xu X W,Mo W L,Hao C X,et al.Ash composition, structural char-
acteristics and thermal conversion performance of Texaco gasifier
based on Zhundong coal[ J].Journal of Fuel Chemistry and Tech-
nology ,2022,50(7) .777-786.



- 152 - FAX AL L

[9] B, IS, MV, &5 b Ak i 280 b DX S fR g i BE Tl
PESIHTBRTEL )] LA, 2021,27(3) :101-108.

[10] VLA, S e, T HRAR, 45 A ) 5T -5 0 S 46 Oy AF 58 0k Je
(71304046 T ,2022,42(S2) :39-42.

[11] Fu B,cheng,Z Y,Wang D Z,et al.Investigation on the utilization of
coal gasification slag in Portland cement ; Reaction kinetics and mi-
crostructure [ J ]. Construction and Building Materials, 2022,
323.126587.

(127 s, 2R, AP 45 5S4k b i 9 100 B8 2 B RHIE 9T 5 B

LT R T R =24 (B2 AR E 5 TR RR) ,2021,45(1)

155-160.

R, RN, TR R RS 2 ORI AR i R

BT[] M LT ,2022,45(4) : 135-138.

(147 FIRERT, By, ok &, 55 Ak b i 1 5 IR B ) B R e
YIS TR AR £ ,2017,7(6) :712-717.

[15] Schupsky J P,Netter T, Wu G X, et al.Crystal morphology data for

[13

[

viscosity modelling of fuel slags-supplementation of spinel phase
and validation by crystallisation in entrained flow gasifiers [ J].
Fuel ,2021,303:121114.

[16] Wang J,Kong L X, Bai J,et al.Characterization of slag from anthra-
cite gasification in moving bed slagging gasifier [ J ]. Fuel, 2021,
292:120390.

[17] XUBH b g 2, 45 ) AT AR i il 2 v 23 DR B H &
HIHLIRBESE[ )] MEBRAeAL,2020,43(4) :89-96.

(187 i, WRZE. S Abr v W B 5 174 ol o 5 G A T 5 S8 I /K R 1Y
WFE[T]. 241046 T,2019,48(6) : 1149-1153.

[19] DHBZR, 258, SR A5 R BK XS Ca( OH) , R IBESALY i

HEERTE S AR R LI [ )] AR 2 5 TR 24

2022,40(1) :83-87.

EARIH, I, 40, 5 A PR RS A G AR K R

MO L)) HEE LA, 2018,36(3) :59-63.

[20

[l

(E#&% 147 W)

[34] Lin Z,Chen Y L,Zhang X H,et al.Zeolites developed from mixed
alkali modified coal fly ash for adsorption of volatile organic com-
pounds[ J].Materials Letters,2014,119140-142.

[35] Wang J,Hao J,Liu D, et al.Flower stamen-like porous boron carbon
nitride nanoscrolls for water cleaning [ J ]. Nanoscale, 2017, 28
9787-9791.

[36] Amy-Louise J, Edward L, Orla W, et al. Understanding layered
double hydroxide properties as sorbent materials for removing
organic pollutants from environmental waters[ J].Journal of Envi-
ronmental Chemical Engineering,2021,9(4) :105197.

[37] Fu H,Yang Y, Zhu R, et al.Superior adsorption of phosphate by
ferrihydrite-coated and lanthanum-decorated magnetite [ J ]. Journal
of Colloid and Interface Science,2018,530:704-713.

[38] ARk, AR Wl F 0, 45 MR JBE R 1) T 0 55 W A I3 [ Y 2%
BRI PR SEL ] 3R5E T 42 ,2016,34(12) :1-5.

[39] Grubb D G,Guimaraes M S, Valencia R.Phosphate immobilization

55 43 &HIBT 2

[21] Chen X Y,Hossain M F,Duan C Y, et al.Isotherm models for ad-
sorption of heavy metals from water-A review [ J ]. Chemosphere,
2022,307:135545.

[22] Chakraborty R, Asthana A, Singh A K, et al. Adsorption of heavy
melal ions by various low-cost adsorbents; A review [ J ].
International Journal of Environmental Analytical Chemistry,2022,
102(2) :342-349.

[23] TR BRARSE TR, 55 ARSI ST RIAS [8) R X IR 5 R 11
W B3 2 (0] A0, 2022,41 (1) :90-98.

[24] Zhao W,Zhou Q,Tian Z Z,et al.Apply biochar to ameliorate soda
saline-alkali land ,improve soil function and increase corn nutrient
availability in the Songnen Plain[ J ].Science of the Total Environ-
ment,2020,722.137428.

[25] FRAE, B R VLB %, 45, o [ R U i 280 5 0 DX - 30 A7 0k
PSR T AT L, 2017,36(3) :273-281.

[26] &K, B02s B0 IR 45 Ak it ol R XD 3 - Kk 43 4y 3
PEF M )] K LORRFRIFSE ,2022,29(2) :64-69.

[27] FHEHE, B2 XI5, S5 KBRS X T 52 U
RS54 R 02 SRR TS [ 1], + Sl 4, 2021,52(6) -
1411-1417.

[28] FERAS, XU F A7, 5. T ) B o Hb e 15 e - B Ak iy
U A R R R SRR BIE T [ ] IR, 2022, 41 (6)
1029-1039.

[29] Yudin A S M,Oumer A N,Roslan N M F,et al.Computational and
experimental study on pressure drop in a fluidised bed with
different air distributor designs[ J ].International Journal of Automo-
tive and Mechanical Engineering,2020,17(2) :8043-8051.

[30] & dw, FLIHE , 77 1L, 55 $85E H R AR K ot R RS Tt T 53 i e
[J]. 43 2022,54(1) . 18-23.

[31] XU 0%, 252 a4 A [n] IR i 2 - 338 FH 7 5 4 b 9 00 78
W53 [J]. P EF S, 2020,36(1) :125-130.1

using an acidic type fly ash[ J].Journal of Hazardous Materials,
2000,76(2-3) .217-236.

[40] Chen G,Shah K J,Shi L, et al.Removal of Cd( 1T ) and Ph( Il ) i-
ons from aqueous solutions by synthetic mineral adsorbent ; perform-
ance and mechanisms [ J]. Applied Surface Science, 2017, 409
296-305.

[41] Algadami A A ,Naushad M, Alothman Z A et al.Novel metal-organic
framework ( MOF) based composite material for the sequestration of
U(VI) and Th(IV) metal ions from aqueous environment[ J].ACS
Applied Materials & Interfaces,2017,9(41) :36026-36037.

[42] Motsi T,Rowson N A, Simmons M. Adsorption of heavy metals from
acid mine drainage by natural zeolite [ J].International Journal of
Mineral Processing,2009,92(1-2) .42-48.

[43] Jiao C,Xiong J, Tao J,et al.Sodium alginate/graphene oxide aerogel
with enhanced strength-toughness and its heavy metal adsorption
study[ J].International Journal of Biological Macromolecules : Struc-

ture, Function and Interactions,2016,83.:133-141. 1



