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Review on characteristics and resource utilization of coal gasification coarse slag
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Abstract ; Coal gasification is the core technology to achieve clean and efficient utilization of coal. In China, the output of coal gasification
slag is large while the utilization rate is low. Coal gasification slag is usually disposed by storage and landfill, resulting in serious waste of
land resources and environmental pollution. The resource utilization of coal gasification slag has become the research emphasis of
coal chemical industry, especially the coal gasification coarse slag, which accounts for 709%~-80% of the total coal gasification slag. In this

paper, three coal gasification processes and the formation of coal gasification coarse slag were introduced, and the physicochemical charac-
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teristics and environmental risks of coal gasification coarse slag were summarized, and the research progress of coal gasification coarse slag
in the utilization of building materials, soil improvement and high value utilization were sum up. Affected by the main control factors such
as coal type and coal gasification process, the physical and chemical characteristics and environmental risks of the gasification coarse slag
from different sources are not the same, but they do have some commonalities. The particle size of coarse slag is much higher than that of
fine slag, about 50% of coarse slag has a particle size of more than 0.5 mm, and the content of coarse slag of different particle sizes less
than 0.5 mm decreases with the decrease of particle size, and the coarse slag also has a smaller specific surface area and a larger average
pore size. The carbon residue content of coarse slag is lower than that of fine slag, and the carbon residue content of coarse slag is general-
ly in the range of 3%—-20% , which is unevenly distributed in different particle size grade. Generally, the medium particle size coarse slag
of about 0.25 mm has a higher carbon residue content. The inorganic components in the slag are mainly SiO,, Al,0,, CaO and Fe,0,, of
which the acid oxides account for 45%—75% , while the basic oxides account for about 209%—45%. There is a certain enrichment of heavy metals
in the coarse slag, including some lithophilic elements such as Ba, Co, Cs, Th, and some non—volatile or semi—volatile elements such as
Cr and Ni. In addition, the acid extractable content of heavy metals such As Ni, Cd, As, Cu and Zn in coarse slag is high, which
has great environmental risks and needs special attention. The physical and chemical characteristics of coarse slag and its environmental
risks have a great impact on the applicable resource utilization. Coarse slag can be widely used in building materials such as mine backfill,
road construction, cement and concrete, ceramide and wall materials due to its low carbon residue content and high inorganic compo-
nent content such as silicon and aluminum. Coarse slag with higher carbon residue content has more loose and porous structure characteris-
tics, which can be used for soil improvement. The special structure of coarse slag and its abundant silicon and aluminum components make
the coarse slag have great potential in preparing porous adsorption materials and ceramics. The coarse slag can also be used to prepare cat-
alyst or extract and recycle alumina and other high value utilization. The coarse slag contains certain kinds of heavy metals, which has cer-
tain environmental risks and restricts the comprehensive utilization of the gasification slag. Therefore, before the resource utilization
of coarse slag, it is necessary to comprehensively analyze the enrichment and occurrence state of various heavy metals, and strictly control
the environmental risk assessment, thus avoiding the secondary pollution caused by the resource utilization of coarse slag.

Key words: coal gasification coarse slag; physical and chemical characteristics ; heavy metals; resource utilization ; building materials ; soil

improvement ; high value utilization
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Table 1 Particle size composition of partial coal gasification coarse slag in China
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Table 2 Main inorganic components of partial coal gasification coarse slag in China
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Table 3 Crystalline mineral composition of partial coal

gasification coarse slag in China
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Table 4 Carbon residue content of partial coal

gasification coarse slag in China
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Table 5 Heavy metals enrichment of partial coal

gasification coarse slag in China

B it LEROICE i A LS

T Tex-  =1.0

4
aco! ™! <1.0 Zn Se

Pb.Ba .Cr.Cu.V. As
FHEGSPPY =10 Ba.Cu.Cr.V.Zn
<1.0 As.Pb . Se
THGEY =10 Ni .Co .Cr.Sr.Th U Be.V .Cs Mo
0.5~<1.0  Se.Tl As .Cd Ba Sh.Pb
<0.5 Cu.Zn Hg
THGSPH =10 Ni Sr.Co.Th.U Ba Be As Mo

0.5~<1.0  Cr,Cs.Cd.Tl,Se.Sb.Pb

<0.5 Cu Zn Hg
IR =1.0 Ni .V .Cr.Sh.Cu.Co.Be As Sr.U.Ba
I,urgi[Sﬂ 0.7~<1.0 Cs Mo .Th . Zn
<0.7 TI.Cd .Ph . Se Hg
KE Lur- =10 As.Be .U
gil ™ 0.5~<1.0  Cr.Ni.Li Zn
<0.5 Cu.Ba.Cd Pb Hg

17



2024 4F5 7 1)

www.chinacaj.net

R e I QN 530 %5

EIEAE DI SUPNEN 3 JL o7 R eI A RN I
HEGEILR S EA K, AR LIS Hw T H
JRICRMRARRE Y 4R e AL iy
P ST IR A W75 1 o o8 3] 55 0] 73 1R AT S O |
RS RS H RIS, M —MEEEILR
55, BV A ) 5 i e e, (H R B DR

AR TR TR BGS B I 12 4 R A 2R R
BERORARMES , fe 2, TR ] e UGS B 2 kit A5 b
I, DUl — A O PR A7 A BRI AE XU, [ N
o AL A G R T R AR UL 6, #Lid
Ni Cd 55 As Cu.Zn YRR AT $R OGS & HH0S , 754
KiE

*6 ENHSSUBEAEHNESRTERERS

Table 6 Heavy metal occurrence state of partial coal gasification coarse slag in China
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T12 A H R TR T 24 B AR i SR 4 ik T
TRUCH B IR R e ML s FH T I 10 56 )23 A T Ak ) s
HEAT T A0 St gs oA, A5 B R S K ek
HOIR e RE KL T 5 24 309% MRS, I 4 kL
1.38 m’, Vo eV S AR i 25 o AR T b 1
YEARJeRb I, e RAE e AR 80% Y 251 T Bk
TR EE T PR B TR bk TR EE - HUR SF 4
R F125 0] T AR A2\ 6 /K e VR 35 - B T w6 A2 52
W TOhRE R AR R A 10 a, FEEY FIAR
LM S A BNEIE T 4% 5B E %
SRk AT T — s A B T TR R, R AR
B oA S E ARG e m TIE SR
BB It ARl s 240, A B T s 45y
KRB AT S5 TS R SR R
JEEARCAR: T A A 0 i R B T ) A
3.1.3 KRG RE M

VORI IR 8 4 R E E TN
i Si0, (AL 0, Fe,0,5 CaO 414}, 55k AR Eh /K U il
GIAHIE K BTG VRS s A R T KA ) B i
BER, PR e mT A AR K U 5 TR 88 1 B kL sk iB Fn
RO BN AR £ K T 5 IR S MR T
DA IR EE R PERE , ANUATSE M bR P rkne
B/ A WY o D RS i e T P
i 2 7 RS VR R AR RO R AR D oy A
IRAE R B BE AL B 2 TR B 1, R LI B 8 A
It 30% B, R ORLAR DL B BE 78 4 & HE, v R
TREE T 0% SR A A FHURsR ST, 3 Lot kil
SACHE P A B K, AT B T R
B SR R 8 T 25 Rk e A B4 I ) 4%
JE 3R BE B2, 2 B 109% 45 8 1 S AL 7 K e S
PR 2 AR T AR E KAk 52 Y & A AT 4 J K
VEEELE I R 48 M PU R R E  (HB & T 10%0ET,
BEAHE A5 3G EELE I B PR EERER, 5
HH AT LIV R AR EORE R K e AR R, K
BB I 5% KL I i £ 00 A2 kL 2 e 1k TR 4, BORHT
ARV 7= et S S N e e I B A
AL BT A EREZY 10 kg/t

BRI BR 2 R 5 0 & i ]
IR AR B R K B R R AR TS Y B
WU E LR U I | A 5 R i v ™ ) A 7 A
BRBE S ETOL, B INRST R RIS AR R AL Ak R Eh S50
PERU IR BB A rh 23 89 BEAIR T ) A rh 45
FHERE, K T 5EOR R Rl AR AR TR K
RSB REAT T RIFFEAE TSt T B I S
AP B SR T VR BB - A BT R 5 B, e BB Ik s

Je LS TR EE - B i B W Wl i T IR B L
TRBE S5 IR B £, HLJm 1015 B B Ao (7] 22 < i 4
S LI, O TR S R E N KRR E SRS
AU TE o He ik, Bl K U 1 b et R Hp A i SR AL RS
W IS 2 SO A B RS EE I , M I i R 5 - 52
FEBE T T4 R AR, SRR A RIS T AN AR
s PR X AL 7 i 4 S L i) £ 7K e A 0 e B ) B2 ),
PR B[] 20 ~ 120 min, B3 BE 60 min (KL 1 1 5%
&1, HAE 20% ~ 40% 42 i 5 % K Je fib 5 i i % 5
JE S hudrom B 58 FHVE BT 20% ~ 30% 158 it
N RTBUE KPR I IR AR T PR BT, B s K e D IR Y
B2l I3 o, s (1B U RN R = R I ER IR W
5 5 AR AR A ORI R R i T M LR
PRI 32 2 2 4 F B Sio, 55 A0, DU T A 1)
fif 2R, BHL L1 SR AR i 3R 1HDE iU 2540 )2 4 =k
RO T Y R (|} = FA R R 1/ S /-1 10
FELTES 0 RO PR AR, 2 X R B J3E 2 i R v
5 21 55 PR T i e E RS R A SRS,
JFiE A IE 2RI A5 B B LR 4L A8 0.125% =
ARG +0.625% TR IR 45 + 1.000% B A h, BLEH
A IE SR I E T A R R A A 4L AR
H 2.5%FE5+0.1% W R +0. 1% i B2 41 +0.06% £
PEHERE+0.04% KRG Z0kE , R E AR R i
BRI RO IR 3 d 5 28 d BYPUESRE 2 ik F]
125.4% 5 119.6% .,

t AL H R BR B K G TE R T R — 27K
MEBAAR K J3 i — 208 3% i T <Akl 5ok R 8iA
R 22 ) B4 S 7, DA T S5 50 e A 3% e R A
TR RIS B e 2 B AN 2 GB/T 1596—2017( FH T
JK YR EE b Ry K ) vh i b SRR B8 + ]
Ky e 1 3 LR WAL 5% 8% 5 10%,
IRV TR A PR B e 2k B AN 8 1 8% 1) %2
Ko PR, B e A v 1 AR R & K e 5
TRAEE A Ak s, X R 0 47 0 A A B B L W AT
PEDT LUO 25T & B ik S AR L i 0k i T
8 HAM 2549 AF 86 B A K e Z2 41 K}
SR S A A R, ZER
25800 S TR A AR KL S AR 309 7K R i 45 15 F1 TR
Bt (BT 0 B T R b 247 ke 308 1% S T 39 5
3 dbUHESRE C A RIS IR A 1) 70% LA b PR s
FHAMELL 50% ,28 d R B R E ik 123% T
JE s TR R 78% , e B LML A Bl T 42 = 1R
He T HsRE S,

3.1.4 BH
B s S — o P S R, S 38R0 4% 5 ~ 20 mm,
19
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TR G T R e PN S 2 e oo B A 35 /N | LR T
TR PRI BRI PR PRI | A FARR G M 4 25 Ry
ST N T A AT B SRR A 3
AR Si0, 5 AL O, 5 ML F & a9 aE RS ITR
S PR ER R R AT SR A
—E IR, 4 PR R T R B TR AERE B
AITERAAL, H2 v BRRE A FL IR S BRI 2 X
BLAET DU AR R JFORE, SR FH A4 B T2 7
750~900 °C #il 45 T HEFREFE 0.34~0.61 g/mL fyh
25 Bk, AR o 25 PR A & 0 2 T o AR v R i
Jiti €O, .CO 5 H,0 SRTE m il T AR ik BT 2,
FRPLAEY L 3% S AL | 15% K85 12% 4135
WA U, SR FH G S5 1) B e 75 7 vk il 4 45 31 114 Pl
BT R R BN 5.59 ~ 8. 71 MPa, i £ GB/T
17431.1—2010¢ 52 FE 6} Je A0 7 vk 55 1 384, 2
SERLY ISR | FLIR /K 2 i REL s 5 2 38 n i = ()
AR A P 2 B 12 T 2 6L v 4 11 6
fRfe S, JIA %00 DL 50% WS AL LI 25% %
+5 25% G HRD R FRE 7E 1 150 CHEL5RE T ke
45 30 min Ji7 , AT 1S 23R EE 24 MPa WK N 21.36%
(1R PR, R T T TR 1 it AR 45 4 T i i s T 4
JE T 2R P | BRI B KU
3.1.5 HEAH

SR T B E A Si0, AL O, Ca0 5
SRR ARL R B BT B B8 A T A Sk AR
RMIRGE | TR I 22 B HH T ) 2% 45 Pl it Kol 780 35k 4 44
REDT R AR DTN 5 A i R AR HE
FeBR A R At S8 R e 7 - 3 1RA, LI
WIR WA A7), bl B f5 Bl 15 3 MU7.5 D -
() 4 S % . CHEN %57 ¥E 2k + 5 005 3B
10% 5 20% B S AL Hil 15 R bt , bt R EE 5
W 7K R 5 2 ASTM € 62—2005¢ 2507 ( th %6 10k
GUE I L S ORI BT ) B FR HERLIE ) AHOCEEK
RN DL 35.6% KA ML 55 32.4% I
14%BRA A JFR, LA A R 5K I AR A BN
WO R, TE 100 C R ZE SR 45159 B Jabetk 1% 1
KR B0 B R V4R Rl O e A 2K A5 Ik B A B 4 2
JC/T 422—2007 (e W & ik i W B0 %55 ) 5 GB
11945—1999¢ 5 FE KD HE ) IR . =1 ) 20%
IRA A CHLIE 5 20 3 Fe B Ak HE ik L i) TR
) SEE R VE N IR, SR B R A 3 ] 45 15
FHRE 1.42 g/em’ FIFEE0.218 W/ (m - K) FT
FESRBE =T 19.1 MPa FH7 RUER (KA RE, 14RF
AR 5 20 TR & Ak R R, 43 51 R
B B WURR 1 & 7k 5 BUARUK kit ik i A%

20

RN T LA TEREA LY 3 PR PG S AR R
3.2 HEATIENR

SALMLIE HA B 2 LIS A R Tkt £
B e 53 ALLE R Ak P ALBR (i 1 %
AL GBS K PGSR, RS P SR L
N.P K FEY TR oc 2, N 7 3240 3 i 5
T8, ARV EY A KO R = T AR
SR KRR S0 T B RV b R AT £
B R IEE AL S e RS R R A X e AT R
B R A A KA S & B, it P REL 3 mT
R4 BARKEE S Sk, JF B &S+
BT AR A S A A, TN
Wi 7EFFAE I 5 IR 8, TR AR I 4 AR S . AR
BN 7.08% 5 2.25% ~22.89% , 5 3E 77 R ik
1 6.21%, ZHANG %51 53 & BRUREAS AR R s vl 3184
o - 38 R BILORIA RO 1 RO S - e
SR AN T R A R AN K O3 AR L
IR MR A6 15 T SRR AR T+
BRI R T ZHANG 450 i) F S Ak KL i
Xof - EEA TR R, 45 SR 3 MR o R R K o Bl
R H R K M R B R TS B T B
IR A B T2 P R S A 5 AL
e, (R S0 B R 1 A M A BR . BP9 A
VAL (R A8 2 S i R B3 22 R K, B
YR I R RE 5 75 43 B e R o, R A o
ML 4 5+ e 4 — 5 Fe B RS HO ) ZEER
U R 4 SACRLE S TR 1 9.0 ¢ 2.2
LORAEMRRREE -, AIME R A F T 10 H 15 4=
K, 50—y, MR E R b LAY
AR R 0BG 0E 5300 R 49.5% . 24.7% 5
59.5%, BAIEN RS £ KBRS KL S g i
TRA G AT R RS, 25 5 32 W S A0 s T 1k + 1
FLERZEAE  BRAR - 45 5 | LK 25 i R R,
B+ Sk R AR A K R TR
e, IR AR S A S [R5 L A7) BROR i
Xof - 39 ke LAY KSR 5 4N i M EL g E — %, YIN
SV EER AR 4 PR IR [R] B S AR S S Ak 4
AT R R & BRI S AR ST SRR 4 1 T
F RS R - A AR D TR 4 4, 4 A R ARG A < Ak
X K ALBR G LT AR 5 2R A 1= S FL R 38 , ek
T HIEMBIEE, R T R+ AR K RE 1 AR
IKPERE, R & B0 4 B AL R AR B LR SR
AR A8 0 TG I S A S, (H R A AR K P BE
S AL B (03 IR

ZHANG 25T AN BAR S AL KL T 1 — 2 R
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ol A FR AR R, (R A A A — 2 SR R, e
PN g Al A MELL R RGE I A
BUBT SRS A 800 i 55, O R T 5 s
SACME AR e R s AU S A
W F TR MR R, TR R, R
FEREL S FH T 4980k B AT BB A AE — o BB AR, Pt
T EHE R AHE T ES R S &,
ZHANG ZEV" " R BRI 7E £ Edom A 15% <Ak
RIS 5, 45 SR TS Ye i) ) 3tb o ARG 80 B0 T XU
e ERA IS bR fERRE, 25 B TR
PR i R 48 LA A B A R R AR I &
SRR, Kk BRI R R AR AL B E SR A
B RECE A S R E T 4R ek
B = S N O R W A 2 v 4 = w9 B AR
I B AR A D R T A E
SR AT A I TR) B R A P e (e s | 2
PAITE 55 ) P SARHRL TS 5 4 Ja A RIS it A A AT
KIHBR AR 5T 11
3.3 HEHNSELAA
3.3.1  ZALRH AR

AL A R IR 45 4 TN 3 & A RE B AR L4y, 1
R 7 ) 2% Z2 F LR B AL O i LA AR RS . Ak
R 7 Tl 25 W B AR =R 2 3 . D Rk
R IR A S5 R i 3 i - SR R 2 7 VA p A h 4
J& F AR s AR AT AR, 15 B FLAR
fErE s REER 2 A MR @ B IR A i A 254,
RN P E ERETT R SRS R K G BLAE T
Pl e B LR AU A 7 2L R G e
FRH I b4 s A, R R e vk il 4 4 ) 4R
Y —rEE SR, 8 — 25 APk E R T4
PSR T R B A 007

DLV RR I Sy ek 38 e A [5G 8 12 T ol 4%
1RENFLEE R ZSM =5 43 F 1 P B3k 4 NaP
AY B A R - RE R A R AE 22 L R A
KE, ZHANG 4510 58 3 %b He il 06 & PR, 76 R JK tb
1.0 VT EE 4 ¢ 1 ERFRMCEE 20% \IRIZ IR 90 C 1Y
AT SARMIE £ R v AR E PR B A
FLEEH , AT R IR 2 B PO B FLEE b S5k 2k
T BB LB, 1 1) P9 A AR B 3= & LR 45 14
FLBRIE S WA AR A FLEE R . R AR SR SR R
BRI T Tk 5 i S AR R4 7 2l | iiF o
RS R T X I T T R ) U R fE L 15 3 4%
HC1 7£ 50 °C 2k 60 min 5 2% NaOH £ 50 °C 2k
80 min Z51F T BCPEAS B AY SAAH I 25 BR AR R
A X8 2R 1 114 1% B £ 3 501 O 7.006 5 7.236 mg/g.

LIU 21 JF & T — Fh DL R R 8 5k, LI
Na,CO; « 10H,0 Atk A5 6l 55 ZSM-5 3 £ 1)
Ty 3BT A T 0% a7 A S S T RE AR A5 R Y
i SR, I AEASAR GG f /K A1 T S B 485 4 78 R
A B PR ZSM-5 kA HE T AR 386 mP/ g,
FUAEF R 0.148 em’ /g, B FLAZ N 2.11 nm, X F]
BRI USRI A SRR i R IR S R A vk
AT AEIEIR AN Z LI PR A, L R i AR
H178.6 m*/g, FLIRFLH 0.18 em’/g, W B -1 L2
H 6.42nm,, JT A FESALRLE B A D B NaOH
HEBETK, I8 Si0, + ALO, : Na,0 : H,0 ¥ 5
ML 5.2 0 1.0 : 5.0 : 100, &3 B %k 24 h,
105 C 45 12 h J5 ol il 45 L3R 1A 161.06 m*/g 1)
NaP W41, T A LAY NaP Wb F TAEUR K & A
i B R R 92.67%, FIE" UIT AR
AR A Bk, 285 — 2R 90 Ak BRAS 2 T T
AR AL AR 453 1, IEAE S 10 SR
AT PR 3 %, e i S B B A T A
BT R A 538 m*/g, FLIAFN 0.350 em®/g, WL}
FLAE 2.6 nm [RUHEIR N TR Y ALk Ay, X SEBFSE
Xof 7 AR AR REL T T 2% R B AR R T 2 oy o,
W48 E AL E N A B B 25, 78— e R i i
JEH ARG ok R T5 Y, H R X 4
S Ak X ol Tk EL A AR A 1 W B BB, YANG
AU T SR A A R o R P A
AR RRIE , ) BRI 958 — i 408 12 o 4 — A I AR
AH R IR - RE R G A B (HSMC) |, X BE R 3R 11
e KW 75 1 28.62 me/ g, S A i WG 25
(9 28 55 LA E, FEBLIERY [, YANG &1l g A
BB R SAES (BRI ) HE— D4R TR I X B R Y
W BFHPE R, T £ 4 T MO A R XoF ol T 6 1 W%
B 734390 19.83 .39.38 15 50.14 mg/g, HopBE
SO S REL S X 8 T 1 WO I 58 SR e, LA A
i) pH & TS,

B b3k DLRE TR A 316l 25 ZFLARLSE i W] F
AR T T g ] A 1 T i, VR R B R AE
B NS T 23 2 oK B LOKS ¢ A i SR 44
Hil s iE A R Al B TR A B il a5 T
SRR AT IR Bl 24.46% YR,
I Ry LR B R 2 B RS B AR R T ERAA |
KOH R i i il 45 th LL R T AL 1 226.76 m*/g FLEF
0.694 cm’/g WG PER, HFLBE LLGFL A FLo~ 3,
LR B 0.321 em®/g, WAL bE 2 1h AR A
742 m*/g, HTAHE PR R SRR, PR AL £
TR B I i A o P A A A T o 3 e e
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H r SR R RN R AL 2K 0.25 mm 2247 1
AL R T LA A I R e 1 o S A O A A
(R T WA e A v A6 A7 B S AR T v 43 B8 1 R T
A T4 28 1 P et e AR v B AL AR g —
ATTIA
3.3.2 HEMH

AR AL B R Si0, ., AL O, Ca0 &
Fe,0, 5L, 5L Sl & M B W 26 - 5 = 08+
S JRURH LA AR, PRI SRy BT LA AR A TR A et
HilE P BT, 6T AR A B bR
W 2 M £ A A K Sialon 5 ZFLHE % 2 4>
Tl

Sialon F % Si Al.O 5 N PUFpIC KA, &
AL O, S E AL FE il T VT Siy N JB L —Fo
RIS R b %, B — ROV Y g2t hg | R
AE AR S bR M RN & SIS AR
AT BAT WA B F AT 51 TANG 450l
PR 25.69%11) Texaco “AHIEERES f5 , 7E 1 500 C
) 500 mL/min N, <5 F #4170 5 A& Ak, #1451 LA
Ca—o.—Sialon & F S A H Sialon ¥ &, MG =
P LRI Texaco 5 Z WM ALY 1Y 5 F S 4k
R Ry BB, 8 fik #4 A TR R AR S 2215 8] Ca -
a—Sialon #HA , I & B JFEHME 2] A9 Ca—o—Sialon
KA T B R AR R], 35 B AR 7 2E Y Ca, AL SO,
of Ca,Al,SiOg Fl O—Sialon F#E—F LMK, (HA
R 22 5 530 Ca—o—Sialon LASMIKI 2% B AHAETE
FZ5 . YIN ZUP0 Texaco SALHLIEAE 1 450 °C B
PR R E AL 5158 T Ca—a—Sialon-SiC & ¥
1A ] Fsf A 3 9 45 SR 3% ) e P e 3R B2 T 5, Ca—
a—Sialon—SiC & Wi % 10 0% AL R BE A 5 7 54
FIMERIA BRI, & AL 2R sl | X b
1) 12 VERE SE I 4K U i 3% Y, 0,+2% MgO 7E
1 650 CHE T il 25 15 21 5 AH B & 1) 2 [T AE B oy
18 GPa, Wik 5.2 MPa - m'"?,

Z AL B AR —FoR AL B, A PR S
WP e T e iR S A 2 AR ik FLBR R i B ) RE
Ty KA A AT R AR P il 2L B T
LR EE N T W Z— VB — R 4y
BT, Z AL & BT SR RN AL R A i B R AR
JETAERSZ RNz Y R Rk
FL HFOm A B S5 3625 0 24— RN G s e gs
G LB R, 434 B AL B R e T e 4 ik
FEHRAR Si0, B A WA B T B8 A A1 T8 i S i
M BRAE IR 1100 °C e 4 TR BE i 15 1 22 L K % i
BABRMALGYERE, LB R 49.2%, L1 R

22

5.96 wm, PR K 8.96 MPa,0.01 MPa [ N,
WA 2 432.6 m*/(m® + h), RGP T B
SETRLEE Z LB R R BEREES IR T 1 000 CFF
2 1200 °C, FLBR SRR NER TR IE SF41L
REAEAE R SOES, JURFE 1150 CR=AE T I
ARSI S EGLBRR T = TP 5 AL,
1 200 CLeSqH3I 2 AL B LR H 39.2%, 11
LA 8.37 pum, FLETRAEH 13.17 MPa,0.01 MPa )
S Nziﬁiiﬂﬂ 2 300 m3/(m2 *h),
3.3.3 HtbEE A A

AR R A B E R k| Sio, L AL O,
CaO 5 Fe, 0,414, HAB K IR w2 L1y
SER RN B B, A 1 5 A Ak 7R ) BEAE A
HHE B0 H R T A AR R e LR K T
ik, R B A B 5% K 22 56 40 i ol % 4 £k 790 1) o
FE I i O R A A AR A A T 8
. WANG 251 DL 2 B Fe, O, 5 £ 43 5050 3 A
8.338% .19.35% IS AL ML A58 X 42, 4 AR
ARSI T 7K U8 25 s TR A% B A i 4,
ZE AL RITEIE 1000 C AT B 1% 8], & Fe
A 1o ) TR T A AR Pl 4R < NO Ak ik
83.49% , 341 Mk Fe AE R i PE 4L 7338 in 17 <4k
P75 2 1SR 67 1 B, A ) 1 3 T R U Bl RN
b, 1t N—O #4E 5 Wi % W8 )5 TR L 075 NO™ |
Fe™ L A7 JF 78 1 18 T & A E AL I8 IR 1 4y ff
Fe* \N,5 0,, WU % F#E ST RIK S
AR 5 4 s rh T AL o A AR VR AT VAN, &
T Ca—Fe EALW 5 Fe BALY % TCHLL 3 AT
1 ORI XA A B B AR, R R 1)
AL A 2 B T Al s, 3 IR s 5 A v HL A S A
HIEAL TR

SAHIE A 10% ~30% 1) AL O 205% , #J5
SRR R WS AR KL R AL O, S, fETR
58 0 S 0] o3 v AL O, i 5 4385 s 15 409% BV IH
AR s R SR, 5
AR X R I AR O 45 5 8 iR 6 Bt i AR
B, A IR AR A AR
A EORE, 3 ok 2B B R 45 - K i 1k 5 NaOH 4%
S -THERMR S I AR AR R AR AR I R IR 4y
BIA 39.17% 5 98.95% , % M S AL KL AR AL AR 1Y
ISR IO 5 S M B B2 L, — e A B
FEF AR Al A A AR A R k1 M R R A
W T R AR IR 0 O A W e R S UTTE AF
PERERY R G AL AR, 7T H T 15 7K b 28 5 2k FH K b
1IN D' & T 2 NG SO R iR:Er=,
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R R RAE A S e TRETZ, &
W T AT R ARG 5 b S A 88 B i 3 5K
H}10% ~ 1% , FhFEE R 44% ~50% , 45 Al 5% 55
SIRILE SRS GB/T 22627—2014( /K Ab
BAAEEY TR 2R A IR R bR 2 -
PRI ERAR BT T 05 R A AL SeTE IR A &
TR Fe? Ca® 5/ hE AP R4S BkEh 5 M0 vk
PRVE B T DL E SRR T O JRUBHIR IR il 4 R A A Ak
BB E R T AL O, 5 43 B R 19 10.84% T
% 14.38% , BRI JG AT AL O, U5 28.4 o/,
AP RG AL GB/T 22627—2014( 7K
PRI A FALER ) TR,

AR 1 B U5 AR T A (ST A R0 R s
A7 5 T R Y ()L, i 2577 AR B R AT Al s, X
AT A 2R 0 A S AT FE 2R S, H DM I Ay
AR T ek R 22 S0 g = 0F 5T, 9037 S Ik
A0 FLRH: F S A, A R T e B R 2 U ) Al
WEFE M A1 K IR g 5%, JF it — 20 52 38
A A R R AR I R P e A
LRI Z AL TS = B, T T AW 4% A
B, FUR R R 4 = A — S g ik ) L, D) AT 5 20
— RS,

4 FHEKRE

ULAEA | UKL A% O B8 5 375 355 i ROF)
FARIERE K I LR, A R 5 B AR
S 25 A R B R X, R RS
et 5 70% ~ 80% B S AL ML, A FEAL B 5
FERALFH ZIR 5 52, SRR 1 B AL Re 1 5 0
Pl AL T2 B R SR AR A TR 3R A G, AR 0
R 5 I O A fIK RERR S OHLAL o S i, vl )
T I MU S K S5 TREE + | Mok 5 5
PRI R AR FH AU, sEAh M T e B
574 5 2 FLIR REAA AL | ) 3 S8 v (A R P Tt L
A — e N AR, (B3R E DT AR i ZEIR LR
FAWGE 2240 F 5296 = B B T i — 2B IR AT, 5
PSR TES 1 R 5OF 5 PR AR ) SR H

1) ALK 5% o o w58 T T AR R,
(LS S TEHEA AL R T A 72 b 5 4 R 035 HE UGS, 3
Bo BRG] PR A Sk [ A A4 AL R A
JE AL Z — |, o7 2 B R AR FRA T, 5 2 %t
AL I AR ERR e 5 R

2) B i i A e ) AL 45 4 TR A 2 AL
FEHT SRR, RS R EBERASN, BT TR
R R TH 01 3 s AU S A B 55T ROk o

TIERABOR W B R, ORI T 4
K RAFAE—E BREE AURG: | DR HC AR T A% PR A
Lol h G m S, Al e A R ekl
PR AR A e D R R SR, A
WEAIIRART T DI it 0 AL I T i 1Y
AR AR ANELAL

3) AR Y e B AR 2 2R — 5 5 i
SO A Rk FR AL iy, B TR 2 N BRR B
PR R, T 5 SRR A A B sk T
G T AR TR BRI AR DT R I R IR
ABIRFE, FHE— 2 4 AL I ] o o (™ i 9 0, 512
eSSy ETRE AN ¥y E TS

4) SRR AT A S5 A RE R 8 R A EE, R
AL HERCR /N, Al AT 58 AR 5 AR 2
J2 (4 iR R ALk B, 5 73] FH 2% Ao o 132 14 B A R 2 () o
S ol 86112 A BEIRAE A
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