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i Fe,Os: & BUMIAISE S ZSM-5 20 T, MH VEFT T I Ay CH Uy 2 — 4, 3F B & ™
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e, FEG=PIRARN, =08 T B .1 NO AL 2 7]5E 94.31%.

X9 HEESEET; WARE; ZSM-5 47, AmIE

XERS: 1004-0609(2021)-04-1057-17 FESES: 0643.36 XEkFRSRS: A

SISCART: BORHH, ZER, BRE, & A OSBEY MY RV AN TZHART R[], PEA G
SRR, 2021, 31(4): 1057-1073. DOI: 10.11817/j.ysxb.1004.0609.2021-39637

HUANG Tai-ming, LI Sheng-chen, LI Xiao-hui, et al. Study on resource utilization technology of nonferrous
metals tungsten and lead-zinc tailings[J]. The Chinese Journal of Nonferrous Metals, 2021, 31(4): 1057-1073. DOI:
10.11817/j.ysxb.1004.0609.2021-39637

Ry — MO IR Y T AR b BRI
WP AT S A JEHE 1 HEBE R )
“IRFET, AEREE LT EOR ST R AL
Sy iRt BRI, AR LRI
FYRMEMBIER, Hh&a e BEmENaHER
AEH, AP —F “EE7 MRS RIRES
WIARL, HFEA R, R R AL, WA
FIVE R B0 e SRk B BT )32 v SR BA H T
2 SR R LK A o 1k B B A A

BEEWB: /R TRI B H (AA18118010, AB16380276)

s HEA: 2020-01-06; 1&ITHEA: 2020-05-20

L AT — B L. T E A a8
FrEE TS, AR A T E Uy 5
fodal, R HEAA R EENY, IR PR 5
W, BORESKEY. B, FOSEEN LS
A ABAEZG RCH SR R B
MEZFA, BEEAMOEREXEH, BELiEH
HHER TR EER . KT BRFEAPRL . SR A
BAF), ARG R NSRS A A A, e PR IE ™ b
B SR R S Y B IR AR S SR

BIEEE: 208, mE T, Bi%: 13036811838; E-mail: zxcvbnmyhb@163.com
JEEIR, 3%, 4 Hi%: 18907734789; E-mail: tfushun@163.com



1058 hEA O RYR

2021 45 4 H

“OREFIH, RENE, RV ERNEE, R
DA EZR G, RN SO, W22
137 ik RS 1 R IRSR A R A R ZEEAE
PPN, FETI 21 AR R R B, REH
IR £ B2 CRE A 38 S R N AR B4, (58
P PR IE K AR 7 1) 20 T 1A 2 DA RF
Bk, diafatsEREY A HBURACEES
BT RETE 2 Rl L, 2 3SR BEAT R A B4
&

CURA™ N IEBHG Wr 1A R AT e R R
BRI I — Ry R, O S m e R
BT RA S A REEAMERA S, AT DRI A &
JRAERR T T . ZSM-5 73U & T Rk 4 AR TR
Hhifr, FA AR, AR LK R4
FoEtE, ETAL ERIAZ. KSR G A R
ZSM-5 73 T BTk, HAR R A B A
i, FIFTolkfl, (HZHFERFERE s SRR
AR BB A,y AR s I 7 4 2 S
RPN I 5 3 0 [ P < 1 1 0 S AN 1] 1
S AEREST . AR B BERA R B e, DR AN A
an b T ES AR, XA s By i s IRAA
MRS A Fi5h, ERMHET NERE R
ZSM-5 53 Ot TSGR AT — e R Y
TALEE, AR A AL 73 R 25 BRI B0 5 e A
Jr R AE AL o 2R 73 IR 25 B — R TR IR
s R AR Y BT A i A &
WA T 1125« RS P VR AR I TR A 121
A TR th e JR 50 BRI R N JERE 2
ol AR IR 53 2% I v il B 45 R I PR V2 L 2% A1 R B
PIRIE AL T SRAC B AT, 28 58 K IR AR
IKBIEXS PIF A 8 ZSM-5 43 [R50, PR
A S EEY M By st TERR, NE
O RS ST EE T R AT I e AN R 9 A M A
RMASHEER

1 SEIg

1.1 JER5E
BOEELY e B2 2 E T
MR BE X BN TR AR TN . ™
TR R A B J5 e I FLAE 0.074 mm (17, I
T 120 CHEAFE N 12 h, 13210607k

ERUBE R R H R A, 36.0%~38.0%,
e E, AR), HER(PE Btk T A BR A A,
65.0%~68.0%, AR), ZEAIN( B2 O AER]
HARAT], 95%, AR), L ZRIGHEREB A
HIRAT, =99.7%, AR), VUL (TPABr,
FlgE AR AR AR, 98%, AR), 7Z&1H
IK(E ), 7S HRE H-ZSM-5(RI S fd, & SCH 45
mnfEN 100%, PR, HAEdn B R EE
n(Si0,)/n(AL03)~50, MEALFIZ).

1.2 E#HELTE
1.2.1 RIS AL

TR SRR AR RS 1:1.2 &
R EALBAIE R, NS B 2R K A A IR
¥— B T BN BUEET B 58 S
WA T R MmN AT RPN, T 190 C
THAENDHERLI 4 h, FEHRAHE, X
YRR 2 B0y, 28 4000 r/min 3558 R 5
L 30 min 7B E] FIEW, B RIRARIE TS AR
o
1.2.2  mE s i

e B T A 225 SCHIR(S, 10— 11140 2] . SR BT
HIRELN 8.2% M BRI IA W T4k B BT IR IR
Bra, RS SRR VAR I LA 1:8(g/mL). FHoH4s
B 5EHMIEREG THESH = OkH, 78 90 C
KEH IR 2 he T4k, GYEERI S5 BMRE IR E

RV I ANF RS ZES, T 170 CREE
N 6 ho PR TRIE IS SIS B > B, K
TRV IE D R 2 i, JEUHE T 120 TER
R TR 12 h, RBRRIZRRREN . HIRIZERIR
B S EASEM AR 1:1.5 IR ETER T,
BT a5 800 CBkE 2 h #4751k
B, Rl E 200 ‘CULTF JEECH, YN EEH
e, 3380 SR R B B RS T
AR, IMANEEZEEAK, BT AR AR N
IR NER, T 120 CTFEFE/KE2h 5, W
YRR 2 B0 UIRENLH, £ 4000 r/min 5538 R 25
> 30 min 4 B515 B_FIER, B~ S IR IRE TS RN

1.3 ZSM-5 > Fisamk
PA_ESR P E A s Oy 4 AR Ani, 2 IR
KFEE IR EE N n(Si0,):n(CoHsOH):n(TPABr):n(H,0)=
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1.00:1.03:0.037:146.52 & % ZSM-5 7>Vt o KGR
Bl B TR BT A RHNIRAE. 45 "CREJIHEHEKIG
BarpdidE 0.5 h s, I OBE, #iE4E 0.5 h, 5
WL B 4711 TPABr IO IR AW, k8
#£ 15 min, BEEIIA 0.03 g &Ff, AR HNO; 947
AR pH 2 10.8, 4RZ4iHE 1 h J57E 45 CH
KA T ¥ B 12 he LG SRR 2
100 mL N4 9 2R DU SR 2045 11 s 0 46 P 3 3, TEAN ]
AN RAT AL, AR BIGRG, RNV EAH
ZER, NEHREAYEHEE, ARG
BRI EYET 120 CHEAFE R TE 12 h,
SRJETE L, 3 N 2 SU5R R 550 CHe 4 h, RIS
FIFLIE A B FR BRI Na 2 ZSM-5.

S Z /N AR A R S DA Fh 7 kAT : 1) R
7K #%(Conventional hydrothermal method, CH), LA
KRR BEAY T, FERAS Il I A MR FAE 0 #4 e
S TE Y= AR R I S A VA T I R R R A T AT
AU, SR 190 C REFE 4~8 hy 2) T
7K #3% (Microwave hydrothermal method, MH), A%l
WD FAAE SR DU 6 M S 28 N Ok B e il s TRR S
A 98 9 Ak T S A RDDR 25 M B o R AT, SR A
e T AT 200 °C R fRAL 1.5~2 h, S
6 BT P R T RSO XH-800C  HHL AR ARcdB 1R s 042
A,

14 PMNAMAIZ

DA IR ASH 58 EE N A = i B A v A k)
VERE i ZSM-5 43 T 1 Rk SR A 5286 55 /Nt
—REIPCRLEE R BB T, UK RECH 12 f5 /MR
K, S T 2N TR KNG i, B
A 130 r/min, JBOKSEES T FH RS 558 WDF-1L /5
JE38, B HE RN EERA R A,

1.5 M@K

K2 E v ARLISOOXP+A! X 2752t
EAUXRF) R RN B T RmF e e &
G HTs R R A A B AR R R O 1
(ICP-AES)XJ Ji A Al BRIZ W LA =4 v i & &
FLRIATEE T K X'Pert’ Powder H £ 1
BE X-BFRATHMY(XRD, faf 2 AGNEMAF], Cu fE,
4=1.54056 A)/rHrAe i smARgE i, WiKEREP K
M 0.02626°, FHEEE N 0.6565 (°)/s, FARTEHIA

5°~80°. =4 AH KT 4 B T SR BT A )
XRD #ErR 20 A 22.5°~25°5 i Fh XRD i 20 N
22.5°~25° (R AT ST AR 2 tok KR, Horpse SO
25N 100%. SKH H AL m# s\ k4
i HLBE SUSO00(SEM)X PP S b AT 3RAE . R 5
Thermo-Scientific 1S10 {8 HL -5 #2141 6 154X
(FT-IR)X A5 BOFE S AT B 2R MR AE, TN
4000~400 cm ™' SR HIAS ¥ T (TW-BK300C) b 2 THi
L T AC(BET) X BT 43 7= 4 L 3R T AR K FLAARAR 40 A1
BT T (FRSAEIE): PRI 44 300 C
B 12 h BT, WHARE-196 C 24 T Xt
Ny EAT IR B —JBE Bt o ¥ 9% | Hiden A ®]¥] DECRA
5E TSI MT TR BRE A T = AR NO [ 1k
AR

B B EAL R FH 2 LA Si0, FI R 2R (K) R R,
)

_m X

K ="2"22 4 100% (1)

my - X

A m NTHHF R E:; v AT EAH Si0,
FUEDEL %; my NFEPIRE; x, NP Si0,
=L %o

2 HFER51R

2.1 BERIRBRZXTH RILE AL A ST

B AR RN S B RIRis . TR s
K SRIRIE IR R R RN . R 1 s
TR 453 (1) XRF A a5 8. el 1-1 Hsn )2
W, B 12 NEYVEEN R, HaSEUEMNE
No R 1 AAL PR RN EE M E A K
N Si0y, HENN 57.71%F 38.82%. HIKA
ALO; Al CaO, MW# ALO; H&E/ AN 15.16%AM
11.25%; CaO F =754 7.79%K1 18.01%. SAJ5 /&
/DB Fe,03. MnO. MgO. K,O il SO5, X TFifh
FALIIHI & BAE 1.24%~8.34%2 0] . 55 AR
As,O3+ PbO. Cr,03. Na,O. P,0s5. TiO,. ZnO-.
CuO. Rb,O. NiO. ZrO,. WO;ZEHAhd 7. Pifh
RA I 8%, &Mr i EE&8aEZR, At
AT TR BB R B A (S10, AT ALO,) & &
MR T 50%.

2 B N TG RER R I IRIR RN 4H 7 1) ICP
IR . BA 1-3 NIRRT, B 14 K
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FRIZEEE B, B 1-5 NSy By, A
e ELEMYER R, BHE2 TR, BY 1-1 M2
W12 ByesRART, By ALO; Fr &AM,

HAtEmMED ST 'Y ERRK. BH 122 1
Sio, R ELEN 1-1 [ Si0o, FElk, PHEDHN
46.78%A11 63.76%, EH" 1-2 MIARREAR 247 Fe,Os
Ml CaO HESREN 1-1 1 FeyO3 fil CaO M FEM
2223 1%, RYEY 1-1 (EEES L &, 248D,

&1 T AT XRF i
Table 1 XRF analysis of tailings components

AT RESE 5 T FH R G R ZSM-5 S5 AL T ifid kL o

B 1 P Al R M IRIZ R it B 1L
KV B ERL RS E R ARRIZ BRI
A B i BB T A (R 1-1 A1 1-2) 88 BRI
RIBRERIL R, DRI 3, BRIZ BN TEAL )
(W™ 1-3 1 1-4) RIREORBERIR, FneTE
TR R, DR L 7 A vl O i A i AT BEAT R
RERAALEE

Dried tailings w/%
No. Sio, ALO;  Fe,0;  MnO Ca0 MgO K0  Na,O  P,0; TiO,
1-1 57.71 1516  3.72 0.26 7.79 1.63 3.44 0.21 0.12 0.32
1-2 38.82 11.25 8.34 0.82 18.01 6.28 1.97 0.34 0.10 0.37
Dried tailings wi%
No. SO, ZnO CuO0  Rb,O NiO 710,  Cr,0; As,0;  PbO WO,
1-1 1.24 029  0.088  0.076 - 0.0077 0.0086 037  0.012  0.19
1-2 4.20 0.19  0.021 0017 0.0042 0010  0.017 - 0.25 -
1) Not detected
F2 RO RRIZREN A5 ICP 44T
Table 2 ICP analysis of tailings and acid leaching tailings components
Tailings wi%
No. SiO ALO Fe,0 Ca0 Others" n(S10,)/n(A105)
2 23 23
1-1 63.76 10.35 3.64 6.84 15.41 10.47
1-2 46.78 9.98 8.50 15.12 19.62 7.97
1-3% 82.30 8.48 1.78 1.00 6.44 16.50
1-4% 71.00 9.21 5.39 3.95 10.45 13.11
1-5% 61.22 12.75 8.18 7.08 10.77 8.16

1) Others: MgO, MnO, K,0, Na,0, P,0s, TiO,, SO;, WO3, ZnO and other impurity components; 2) Acid immersion in water
bath at 90 ‘C for 2 h; 3) Reaction kettle at 170 ‘C, acid leaching for 6 h; 4) Acid immersion in water bath at 60 C for 2 h

(2)

1 R RS S

—

(b

8o

Fig.1 Physical diagram of tailings under high temperature alkali fusing activation
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JET AT LESEES, R 1-2 BL 60 CRRIE
2 h AFE R (R34 28.79%), CaO & EEMER
ITTRAT1-1  CaO & &, & XARH 1-5. HER
SRR BRI BR 2, HEHE 1) LLEH, h5R47
TERLZ IR e 5 R 4y, BT WA A 1) 2%
TEES, NWRBRINAEAT SRmA L, R
53 AR AN ) B BRI 2% A FRAT 1-1 SR H 90 "CHR
1R 2 h(FR 23R 2 20.52%) b # 5 (BA™ 1-3)n] A kit
R ZSM-5 ) RLLRET 12 R Rk, 1R
FHIFE RN, WA =M X & W R A
90.88%. ZRIRTIH, B 1-2 KH 170 CIKIZ 6
h(FR£ZY) 43.46%) BRI AL B S (BT 1-4), AILL
A R RS R ZSM-S PR, BT L, AN [ 2H A
A RIR BR 24 T2 AHE, nIRER T2 i 4
SIERE R, Y 1-1 5EF 12 £ RRiZ A
Jo s B SE AR B O A 5Bk, IRIR BN
My S RAED L, FERIN Sio, TEM L
Tt HARIERERR LA S EIA T TR, WERIR
JE AR BE IR EE n(Si0,)/n(ALOs) K21 9 JE R

1.6 %, 43714 16.50 1 13.11.

Kl 2 Fras MR KA EE 55 R XRD .
B 2-1 NERIZEEN . B 2-2 AT ER.
BN 2-3 NRREERN . B 2-4 AT WHERE
Wy B 2-5 AT N RIR A TE L B 2-6
NI AL RN mim s TS Rl 2-7 T
AR IR B 2-8 AR EEE N S
AL -

HH I 2(a)f1(b)PT %1, 1 260 5 20.59°. 26.73°,
36.59°. 39.51°. 42.49°. 50.21°. 54.93°. 60.00°A
68.19° &b Ay A1 L (Quartz) ] 4 1iE AT 4 1§ (PDF#46—
1045), KRN SiO, FEUMAHA RAEIE. 8
BN XRD i H, 1F 20 4 8.89°. 17.81°F1 45.48°
b2 F = BE(Muscovite) RHAERT I (PDF#07-0042),
2 N KAL[AISi;010](OH),, 7 SiO, 45.2%-
ALO; 38.5%. Ky0 11.8%. H,0 4.5%", Fit, 43
A4 Si0, I ALO; fFET A=,

TER 2(a)Fl(b)HH, 26=29.49°4k 1y 77 fi# 1 (Calcite)
AT ST I (PDF#83—0578), J5filtf1 /& K4k CaCOs

(@) ' ® — Quartz
4 — Calcite
v — Koktaite
* — Muscovite
2-1
1 * I e o4 o o )
A A A l PR 1 A
2-2
A
| BN UV W | PO | .
1

(b) 1 v — Pyrite
® — Quartz
4 — Calcite

+ — Clinochlore

2-3 .

o I MR 'I. o

10 20 30 40 50 60 70

2-5

iLJJ

+ — NaOH
® — Na,SiO;
v — NaOH(H,0)

10 20 30 40 50 60 70
20/(°)

2 RH RPAEEARHE XRD %

100 20 30 40 50 60 70
20/(%)

Fig. 2 XRD patterns of tailings and pre-processed minerals: (a) Tailings 2-1, 2-2; (b) Tailings 2-3, 2-4; (c) Tailings 2-5, 2-6;

(d) Tailings 2-7, 2-8



1062 hEA O RYR

2021 45 4 H

W ECE I —F, BEERN CaO 56.03%,
CO, 43.97%", WFEN f CaO 45 EH TR
AR B 2b)(EEE N )R 5 il A7 R AE
AT R T 2B =) E), 5% 2 il
FHER"H] CaO E &5 15.12%F1 6.84% (153 HT
BHWIE. B, EE 2@, 26=28.28°k Nt
B (Koktaite) FFE AT 1 16 (PDF#11-0475), AL
FCH(NH,),Ca(S04) - Ho0, A 8 A 1D &85 7
FERRET W CaO 15 —MAAfE R .

EE 2(b)h, 26=12.53°A01 25.13° 4 N RtEte A
(Clinochlore) 5 AL AT B I8 (PDF#29-0701), AL224H 1k
H(Mg,Fe)s75Al 25[ Al 25812 75010](OH)s» HIEERJBH
AT REA — &8 AlL,Os. Fe,05 A Others 2% J5i f71E &
XONRGVE A . 20=33.05°F1 56.23°4b N B 2k
(Pyrite) 4R AERT 51 14 (PDF#71-1680), b4 /R
Fe[S,], & Fe 46.6%. S 53.4%.

HE 205, KBEEVRERREE, 1
20=20.59°F1 26.73° 4k 1A AT ST UEA i o, K HH
SiO, & ETF: 7E 20=28.28°H129.49°4t, ¥ B 5
T3 RRAT IRFAE AT SR A 2K, SRS T CaO
BEAR LR ARIER 2 M8 3, 29BN TRIZ G Si0,
EEH 63.76%TH 5] 82.30%, CaO SEH 6.84%
A E] 1.00%, H 5 XRD i) Hr 45 A0 — 5

HIE 2007 71, Kae R IRERRE, F
20=29.49°4t, J7fRAIRFEAT I FE AT 2%, R
BT CaO AR, 7E 26=33.05°H1 56.23°
Ab, TEERETRIATSSIEA BT R, X2 RN BRI
T AR PE S BU(FL T DL SE AV R TR IR e K Hp
FEMT R, (BRI T AR ER AR ) 5206 R BT K
F 3R A Be B B e 2k, 78 HoAth 2% BT i B 2
T, Hgsng prilm . 76 20=12.53°F1 25.13°4k, £}
SRR IRFIEAT S th I A 2%, MR 2 #YEr R
™ RRIR A F 2 5 H 0y & B AR A (ALO; FEA AN
A%, Fe,O5 Al Others 445 35198 /0 ) AT AHE R 428 A1
RN R — 3 Fe,Os AN AD 4% 7 (32 B 2
MgO)FFFETE 2o

PR AR AL EE 2 J5 1) XRD 3 4 ]
2()F(d)FT7R, 1E 260 N 17.02°, 25.23°, 29.56°,
35.05°, 37.45°. 48.31°, 52.25°F1 65.91°4b Ak
P& 4 (N, Si03) FF AIE AT 5 14 (PDF#16-0818), KB &
TR A IR AR 75 AL S AR T R AR e 1
s A AT L ), BRI TT DA & i ZSM-5 431 (1)

JER, & 2(dyHr, 20 4 15.53°, 31.35°, 38.16°.
53.80°F1 55.48° 4k & A A BN (NaOH) 5 iE AT 5 e
(PDF#85—0733), 20 5y 14.92°.30.13°.33.20°.36.17°
A 3972040 A AN K E ) (NaOH(H,0) FEAENT
ST (PDF#76-0387), i BT A IR IR B % i FH
P Ik o, T RE RN B R R A RIR %, Si0,
FRED, FEATFER A Z IR REN.

22 SEHIZMES £ Sio AL aIsm

TR R K el B i 14 75 (High temperature
alkali fusion activation), T-b/BH KRR IA TG
175 (Low temperature alkali soluble activation). & 1
R, THREE AR R B IREAE
YIRS RPN G, MR A MR 2 AT,
A FEYEE A 4 ) 6.84% A1 15.12%H] CaO
25, ARYEEH XRD 4558, B+ CaO Ao E
FLLL CaCO; M RAFTE . T iR BE I 25 5 R A4
Sz Si0,+CaCO5+2NaOH=—Na,CaSiO,+H,0+CO,
AT HMEIS T /K IR 5 4 (NayCaSiOs), S B
ZEHIL S IR, MR, AR BRI T A A B
W AT, AT DA RO AR AN I AR R, A
PRI R . Rk, ML T RS, R
BRI A CaO 2% i AL 25 BE LUK, CaO & &%
Z MR RIASTE EERIR B 2% BV AT 20 AT AR el v v
k., PTRAfEAL T 20 A

% 3 fas RN KBS T AR 2 ),
2 3ok B O 114 o 0 S A e A T L CRIT IRV PR A 2 2
o X TARIIIE TG, B 1-1 iEE 1) Sio, 3
HER 51.34%, LB 1-2 FHLER Si0, i H
#(23.91%) K 1 5% . WRAEREH IR 73BT 45 R (&
2), BH" 1-1 BEAEREER 415 Fe,03 & 5(3.64%)-
CaO 7 5 (6.84%) M1 Ath 4% /i 2 /3 (Others) & & 1=
(15.41%)#BEL B 1-2 MAERESR T4 7 & 21K
(Fe 03 & 8.50%. CaO & 15.12%. HoAh 2%l 4
/3 (Others) B & & 19.62%). HIt, EH ' Fey0s.
CaO FNIHABA T2 7y T REXS B H Si0, ¥ Hi =4k
s . B EVEEN BT 60 CIRRIE G/ B JRn
1-5 HEATARIRBIA TG AL, e Si0, ¥ i #N 56.56%,
H5EY™ 1-1 WG H Si0, ¥ i AT . A 1-2 o
&, B 1-5 F CaO &84 7.08%. Fe,03 &
A 8.18%. HAhZ= T4 7> S & &N 10.77%, Fey0s
ERIEANA, (H CaO MHAh 45 4H 7 & B AR
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&3 R MBRIREY E )5 iR 4L
Table 3 Composition of precursor solution after tailings and acid leaching tailings are activated
Tailings Activation Precursor drying wi% n(Si0,)/ Dissolution Dissolution
No. method quality/g Si0, ALO; Na,0 n(ALO;) rate of SiO,/% rate of ALO3/%
1-3 High temperature 4.42 34.02 1.35 42.33 42.84 77.72 30.07
1-4 alkali fusion 3.67 24.90 1.01 42.26 4191 55.00 17.20
1-1 3.88 24.72 0.13 49.25 323.26 51.34 1.66
Low temperature
1-2 . 3.65 9.02 0.15 56.53 102.23 2391 1.87
alkali soluble
1-5 4.21 24.18 0.26 59.87 158.10 56.56 2.92
Ky G RA CaO MHARA SR 7> N2 RY A HE A ALOs %, S ELALO; i R,

W SiO, A E R . SFHER 1-5 5 1-1, &
F HoA % 5 21 43 8 5 (10.77%) b 5 3 (15.41%) /)
T =432 —, {HH SiO, I H ZFEAFHIT, 1508 HoAh
FIR A 5% Si0y ¥ H RIS /N FHETT UL, R
H CaO 5% R/ SiO, W H ISR, B
TSR R Si0, ¥ H 2R 52 e R 3 A2 oK 3
NG A CaO HAhZ i . FeyOso
NEREE G AR, RREN (B
1-3 1 1-4) i A A BB LA B (B 1-1 A1
1-2) IR BRI AL 1) Si0, i 2R s, Ul IS4 7
X} SiO, ¥ R FE B K . FTLUE 2, W R
WA 1-2)LL 60 CHRIE 2 h(EH™ 1-5)F1 170 CHR
12 6 h(BH 1-4)WA RN 7B )5, CaO &
M 15.12%73 SRR T 7.08%H1 3.95%, FT3k{S K
2R B LMK IR AR A = IR A A R Sio, ¥
DRI 56.56%F1 55.00%, FEARAT, BiWI7E
ZBRKIA CaO FeFi)E, AT Sio, i %
MR, X RP T CaO X SiO, i H (1)
SRR . BRI, WA SN A S 2L Si0, I H H 22
S () Ji BRL B  BE T R AR R AR R 2 o (R R
CaO)Iem . 4h, REEHE R WA A RRIE 7
FEAF SRS IRIZ N CaO & & IIAIH
(7.08%F1 3.95%), 1H SiO, iFHREEEHHEER
(56.56%F11 55.00%), iX F B ICIR B 15 AL ) CaO %
JR AT Si0, ¥ H 2R 1) M0 L LU i A i 147N, LR
DRl v L s 9 T 2 A eV T /K IO RERR 5 8, 1T
R IR AR 175 A T DA G i NI AR
MFFENTT ARE, RIE RN 20 S i
WAL R 13 M1 1-4) 4 # 2 )5 B 5K R
n(SiOy)/n(ALO) KZIN 42, ARMMRIEIRAEILE
W 1-14 1-24 1-5)0HE 2 JE T IR n(Si02)/n(ALOs)
KT 1000 X BEEH, A% TAE A FRIRARIE 26 AN 2 BA

BT LAEL n(Si05)/n(ALOs) H s s i E iR %
25 E TR, SRR RE Si0, H H 2R s R R A
F H i BT A CaO HoAh 4. Fe,O5, CaO
BN Si0, ¥ H F I R B oK, AR BRI v AL 0T 2
AT 52 1) CaO R RCMATE LT, 4% CaO A Hi%E
R e s e S p, B AT DL R IR B 24
SR AUk, ST DUIE i DR I B A 1) 5 9 SR A
W AN, HEBREKRE CaO s, THT RN
SiO, ¥A MR, (HZ N ALO; ¥ H R 52
IRK, AR T i i, ARIR AT ALOS ¥
H A, FETIEA 51 7(Si0,)/n(ALOs).

23 MmUWIZXNEN &/ ZSM-5 Bz

i B K G (CH) A 30 7K #4i% (MH) P 15
ZSM-5 PP R 3 Fs. 774 XRD w40 3
Fizme 3R 3 HkEi 1~4 KA M TAENERIZ N &
IRBE AL, HoARES 1 R0 3 KA MH 48, Ff
in 2 A4 SRA CH VLA B R 5~8 SR I TAL 2
NN RRA S, HAPRES 5 M7 RH
MH VL5, Kb 6 Al 8 KA CH VL& k.

WIER 4 ATHN, A s A AR BRI, BT 1-3
K MH 54 0, AT 2 h 1 S A 1)l w] Bk
FIARXT 45 S FE AN 115.82% M= (FEdh 1), KA CH
RA R, IR 2)IE BB T MH V579
(AR 45 0 B2 1R AL [R] 4 6 h(111.94%), B CH
LA RTS8 MH 7519 3 £5, KPR MH %
A AT A 4 A ]

HE 3 aTLLER], Frasmrea 1~8 7£ 20 N
7.9°, 8.8°. 23.2°, 23.9°F1 24.4°4b 5 H P SR ()
MEFI 25 45 AE AT ST (PDF#44-0003), I&IER4LE, T
FoAth 0 ARV, Ui B LA IR =9 ZSM-5 4y
Tt
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Table 4 Results of ZSM-5product obtained by different synthetic processes

ili ivati Crystallization i i
Sample Tailings  Activation Rela.tn./e Yield/g K% n(Si0,)/
No. No. method Method Time/h crystallinity/% n(Al,O;3)
1 1-3 Hich MH 2.0 115.82 1.53 70.89 35.49
i
2 1-3 £ CH 6.0 111.94 1.44 67.34 31.11
temperature
3 1-4 MH 1.5 110.37 1.03 46.78 41.77
alkali fusion
4 1-4 CH 4.0 119.95 0.97 45.20 39.85
5 1-1 L MH 2.0 125.63 1.13 56.75 129.97
ow
6 1-1 CH 8.0 118.53 1.01 49.61 102.31
temperature
7 1-2 MH 1.5 114.78 0.37 24.85 89.84
alkalisoluble
8 1-2 CH 4.0 110.10 0.34 22.60 87.77
1): Utilization rate of product to SiO, in dried tailings
(@) *— ZSM-5 (b) *— ZSM-5

'lo Sample 1 - ‘\4‘0 MH 2h

L " MM . CH8h N

L Sample 2 hﬂ CH6h

'y Sample3 | MH 1.5h
i lh CH8h
n ,L. CH6h

L M cH4n
n A CH3h -~ Sample 4‘.‘ " CH4h N
- CH2h hﬂ CH3h
A . ,,J‘y .~ Seed N A CH2h
10 20 30 40 50 10 20 30 40 50
26/(°) 26/(°)
(c) R e— 7SM-5 (d) e— ZSM-5
L]
*e Sample 5 n . o,
MMLL.. o MH2h e Sample 7 L.  MH15h
Sample 6
A A.’L.‘ o CH8R - " I . CHS8h R
_.«L_..__._.,_Jb\t___“ CH6h A CH6h
—AL__”L——_L_‘* CH4h A Sample 8‘ CH4h ~
A CH3h CH3h
CH2h CH2h
10 20 30 40 50 10 20 30 40 50
20/(°) 20/(°)

3 AFEERIZHE Y XRD 1%

Fig. 3 XRD pattern of ZSM-5 product obtained by different synthetic processes: (a) Tailings 1-3, high temperature alkali
fusion; (b) Tailings1-4, high temperature alkali fusion; (c) Tailings 1-1, low temperature alkalisoluble; (d) Tailings 1-2, low

temperature alkalisoluble

[FEFEHL, A 1-4 RAPIFTIES B AR 45
i B B A AR I 1) P2 ) B 75 1) R AL B 18] 49 3010 9 4 h(FE
i 41 1.5 h(FESh 3), CH & A MH &
B 2.6 £ S ULARMRL, AARIR BRI 1% AL AL BRI
A R E SR 7249, MH 354 kbl CH iE& Rl

B AR . AT 1-1 SR MH V54 A Xt
SEenBE 125.63% M MI(RE M 5) 7R B SR AL H]
2 hy MKH CHEA R, SALEE 8 h, AR
SEEREON 118.53%(FEdh 6), BRI CH &SR LIS 8] N
MH £/ 4 % . 220, XHFER 1-2, CH LR



H31BE AW

PONEE, S AOEREY MY RY SR T ZH A 1065

8) AT A AL st 18] J& MH 149 2.6 f5(FEf 7). R,
To VR A2 el B v Al R AR A TS AL, B T
RN IR RN, M CH LA, MH LS
FRT DA 285 45 A it AT [ o 3R RUATE - O A
O RE, RTIKRIR AR, BT
RSN BIVIAERER R SRk, AL T BhAS 1 fife -1l
W MERME RS ER T, S EeE 7 K511
HANRe, 15185 AEER SR G 0K o T AR i
, U Rt T BB e, H—
T, OB o S5 TR - S 7 R HE TS (1) K 4y
T, TR AT OH B AE1SIIL /K 1
HAEHE I EAGE, HERSG AR TERS
HEBUEE RO, DI B R A AR, DT AR A K R
oo BUAL,  HH TR0 0 SR A oy =, 4%
s AR 2 B IR 2 B T S — IR IR, A
FIF SR AR R AT . R BRAE S i AT Sk
B, FSEBARE, MMIE 14+ 0% 1 i thod
FEMTL S L T SR T LA e 0K A A
A G IR SRS R B, i HL AT DA i A
Whnse 4 Ak s ZSM-5, BT L MH 74 B 25t
JRER KB Si0, FI A CH AR H T 3%~14%4
Ho

HE 3@)nlE, EHFIE, RIREET CH
VA SR AL IE] 2 b A0 3 b I PR KR X 4 i 4
A 13.46%H1 59.28%; XTELE 3(c)mT %1, §hfk 2h
FU3 1B =R AFOT 25 8 FE 43 )R 3.12% 1 24.6 7%,
AJ PLARILAE S A TR AR R I 6L T, Sl i v 4L
TIAL S5 A 7= 1 B AR 45 8 RE i TR R A A
fho FEREHL, B 3R E T LR B, ST
B, Eim AR A A S5 A R 4 A e
B v A

Bl 4 B AP R R A RS AL E S CH ¥
AR AL 2R . B 4(a)FI(b)IREE FI, TR
FFU B, RIS TG 1L A EE ¥ AT R T )
T A X & ot BE AN R A TR A, TS A SR
TR AT AR H (LR 4), BRIZE RN FIRRIZ
BE R v IR T T Ak S AT 9KV I R AR BE R T
n(Si0,)/n(AL,O3) 7 AN 42.84 K11 41.91, 23R A4
B RN RIS IE WA G n(Si0,)/n(A1,03) K I & 1
hn, J350h 323.26 A1 102.23, HULATEEE, RTORE
1 n(Si02)/n(AlyO5) % 7= 40 I AH X 45 & B R ot 1
AR o X2 F VAT n(Si02)/n(ALO) 13

RBEAR T 5 A Z P RR AR I AR IR I R JEE
WSS T RS TPA I AR ELAE T, S BB i 4
A RE ST BRAG,  SCEARR B AL T Y, BT
B ZSM-5 (AR 45 it AT A

120} (@)

90+

60

Relative crystallinity/%

30
= — High temperature alkali fusion
* — Low temperature alkali soluble

2 3 4 5 6 7 8
Crystallization time/h

120 . —

90+

60

Relative crystallinity/%

30F
= — High temperature alkali fusion
* — Low temperature alkali soluble

2 3 4 5 6 71 8
Crystallization time/h

4 PRRES A FEITE AL BE S K a0

A &

Fig. 4 Crystallization curves of conventional hydrothermal

synthesis products after different pretreatments of two

tailings: (a)Tungsten tailings; (b) Lead-zinc tailings

X LEIE 3(c)RI(d) T %N, 45 R R IE A TS AL S
snft 4 h PR 4 i BEN 70.33%, SRTTTETEE
WimAt 4 h P EIARX 4 R A B T 111.10%; 45
A B 4(a)yFI(b) T AR I, HYEE RN fb AL e PG
AR 5, 5 HILATIRE T n(Si0,)/n(AL03)
43978 323.26 F1102.23, 1587 n(Si0,)/n(ALOs)ik 5 ,
HEOT 235 i FEE AR i A 2 B R A B I

24 ERILEXNF=HRIRHENT

Bl 5 B NS FIEYEED R R AN A & L
2R ZSM-5 P SEM 5. 1 5(a)~(d)FT N
M= A R A TS A J5 & o= ) SEM &, 3L



1066 o EA 4R AR 2021 44 A

AR AW Wy

B 5 ARGRTZHE ZSM-5 )i SEM &
Fig. 5 SEM images of ZSM-5 products obtained by different synthetic processes: (a) Sample 1; (b) Sample 2; (c) Sample 3;
(d) Sample 4; (e) Sample 5; (f) Sample 6; (g) Sample 7; (h) Sample 8; (i) Seed; (j) MFI structure chart
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H, Bl 5@ () =K - MHVESE R B 5(b)A1
(FF=PIR A CH %61 B 5(e)~h)Fin Tt
AR S A B SEM &, HAE
5(e)f(g) =R MH iEE %, B 5(HFM(h)H 7=
YIRH CH L& G B SOFTRNEF SEM &, E
5G)FT7N N MFL B 437 M Bl o i 5(a)~(d) AT LA
A, fEREEIAEACET, A RRIZEEN
ERFRIZHEE RN, CH A MH 1548 =50
BIRNBERTE, A arE BRLNEHE WA, 5
214 5.6 um A 2.8 pum. =B 15 AT A AT DR )
TEAREE IR EE n(Si0,)/n(ALO3)Z1 A 42, Ui BITE L5 i
N A T AR SR Bl ) SRR SR ERTE T
o FHL, MH A EU= 4 5RLAR A2 R R i S 5
BAMRBERAZ, A2 R EH, 15 ik
BRT g, Fril ki,

HE 5(b)s (d). (OF(h)A] LA H, KH CH %
HHUN, NE RN BN IC AR RN, &
TRRIE T AR B J5 I P2 TSR35 R R ER Y, AR
5.6 um; ARIEARIATE L AL EE S = YIS RN T
BEAETE, Kl 2.8 um. M3 4 7740, MR
JABMRIRARE , BTIRHE I n(Si0,)/n(Al,O5) Kl & 3
W, Mo Fah 1% ks, EETFREFEE
(1.46 A)ELARIR T 1I(1.82 A)/, n(SiO,)/n(Al,03)H
e NS E 2, PR RES 2D,
A FIT il A AR KL 08/ A n(Si0,)/n(ALO3)
XFE R E B S ok A,k — 2 B R
n(SiOy)/n(ALO) IR M PN i L g 2, FEI)
Kiagmh, S5E 4 d it 5 gt —8. 5
Ab, FEVIIE SN EERIE B 7S 5 AT 1728 4k o] LA
ZSM-5 A KHLBERAE RS fEdnfbid e rh, Ao
WL B 40 TR R T e I SE AR S R T, Bl
HBRPLHAT, B FREEREFIREE ), 5 Yk

xS IR LER TR R AL A

FIZEEH, XFp )y SRS A AR, Akl
i n(Si0,)/n(ALOs) g INESEE Z R 5
SEMERE K EERIE, N SERR pH E
B, pH EIAKES, AR THEEFR LG 6 St
17, 5 ZSM-5 43 FIRAE b([010]) 7 M AEK .
B SGFTR, SEERRTE a J7RA ¢ J5 i ErAK
BERKT by ERAEKES, RAAR T IXMN
J R ZSM-5 4 T35,

H B 5(e)~(h) T LA Y, PEARIG BRI T 1 b 3
T, NER MH IR Z CH %, PISs NN T
Bk, KN 2.8~3.5 um, JESE KN EMHRK
ZEole TERIRATE AL EE S, MH AT B o
T AL R A PR AR, (E R RIR AR S T
EARIX AL . T E IR SR IR R 1
AR HTERIE n(Si0,)/n(ALOs) KR N, vk
ERRIERTAEELZN Si JE T 5550 S 1[5 Oy
TG, SRR Y, BRI
AL A% R, HEEM I EA D
n(SiO,)/n(ALO:) G N, A MR BA &L T, MH
ER CHIEA = RiAE KN Z A K AHIE B 5(e)
()~ tH = L B S(H A (h) 19 7= 5 -4t »
RIZARY T D, X 0] GESE BT B m A Be Ik /iy
RAA R AR, AN I I i AR SR T B, T
AT DA R R A B N 5E A Hb S A R ZSM-5 4316
XA S BUREIRE -MH 75 B9 3 TH 5T
1 H MH A& Bl L CH LA i E 2
T 8%~12%, FEXEERN H Sio, MIHEZ T
10%~14%.

25 AP REREILES S
%5 B NE L ZSM-5 PRIRESN 1. 24 3. 4.
5817 W R L ALARISE. R 5 v xl, 7=

Table 5 Specific surface area and pore size distribution of products

Sample Total specific Total pore volume/ Micropore volume/ Average pore
No. surface area/(m*g ") (cm*g ™) (emg ™) size/nm
2 294.77 0.28 0.11 3.32
4 321.51 0.30 0.10 2.94
1 350.45 0.22 0.11 1.90
3 273.21 0.19 0.084 2.01
5 326.97 0.20 0.065 1.98
7 333.02 0.22 0.082 2.00
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Wy R T ARAE 273.21~350.51 m¥/g 2 J8), “FI9L
FRTE 1.90~3.32 nm 2 [f],

Kl 6 AR NE L ZSM-5 FEIRESS 14 24 3. 4.
5 FH 7 1) Ny R B/ Rt B 250 i 2 S AL ) oA i 2%
AR A 0 (p/po) AR 35 (0~0. 1) i Y %l
MES N, BEGRMER T, SRR Z AL
HAXH IR 71 (p/po) FE 1 IR 315(0.3~0.8) 2 N N, ZEAHEIA

VR BEARER, /AL RIET . & 6(a). (b)F(c)
87 N B B/t B 45 T 2 % PR R 28 Ay A B R 43 S )
TR AR LR g IV AL, R 3R 20 508 H3 .
H2 Al H4 7Y, FEIREM 1. 2 14 HE AL
Bl 6(d) (e)FI(DET Ny B/ S5 4 T 8, &
BARER 30 5 L7 ONBRELZE R, UEEA TR A BE
B B FLAR BN 7307 2

(a) _ 140 0.15 F(b) ~ 140
0.060 | » % 130}
= \ 5120 =012} S
'an | 3 g E 120
<, 0.045 £ o 5
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5 = 3 2100}
£ 0.030 E £ 006l | = %
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o 0 02 04 06 08 10 i 0 02 04 06 08 10
S 0015} Plpo g 003 iy
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E S ool 5 S
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g < ]
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Fig. 6 N, adsorption/desorption isotherm and pore structure distribution curves of products: (a) Sample 2; (b) Sample 4;
(c) Sample 1; (d) Sample 3; (e) Sample 5; (f) Sample 7
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2.6 NMNABMALZXET &K ZSM-5 F=4R52 0

DE T R0 45 Rt oy T A=, A
TAEE R0 L R TR T2 BeR,
DR T2k ke A ml 4T, drist] T2
SR ANEFAF A NFTNRBOR BT
M N2 7 B, 28859 100 mL A1 1 L
100 mL R B3 N F A AR R 1L RS HL
PEHERS, SALE NBAHRE S A, BARE L
130 r/min.

7 S =/ MKA NGO BT Y 0 B B3 SE
Fig. 7 Physical diagram of reactor used in laboratory test

and scale-up: (a) Laboratory test; (b) Scale-up

JEOR = W0FE it 9 F1110 43 501 9 /INiCRE i 2 7 4R
F I 12 O, AT Es Rk 6 Fis.
I =N SO R & B RIS A) 5%, 1E
LG R 2 P ORFEII AL R Si0, FI FH 24T
T /NRE =4, FEEREE R O Sio,
5 ALO; & EBFEAL, A ALO; & & FELE
(16.6%~18.6%) =T SiO(5.1%~8.6%), Kk, LS
FLEE IR EE n(Si0,)/n(ALO) IS A M v, H 2 T4 2
W R n(Si0,)/n(AL05)(43.68)f8 1 T i IX Ik

(41.91), Xn]REE R AN A T Al R
T, BT Si TN T AR,

% 6 Fin R ICP S /MR =9 it 20 4 3t
TR, MR 6 wLLE W, FEWA s TN
Si0, 5 ALOs, LAL/DE ] Fe,05 I CaO ML EE [
HEJRENY) As,O3. PbO I Cry05, EEEREE/RLLH]
L E] 36.52, SiO, FIFHZETTIL 43.00%. )20 FI4:
BRI EH /D E Fe0;. CaO 5MEESER
) Asy,03+ PbO. Cry03 S HoAth 24 i X & B ZSM-5
PRI AN K o

Bl 8(a) s AN = PIRE i 9 FIEE R 10
) XRD i, 204 7.9°, 8.8°. 23.2°. 23.9°F124.4°
Ab ¥ B R ) MFL 45 M) KF DE AT 5T 1%
(PDF#44-0003), HH X} &5 & 2 73 0l 9 123.35% Al
129.33%, ULEAEIMIF=YI N ZSM-5 4 it [
8(b) TR NIRRT 411 FT-IR 3%, 7R3 %05 7
: 1640 cm 'L 1400 cm ™'\ 1200 cm™'. 1070 cm '\
793 cm '\ 542 cm Fl 455 cm ! b B B A TR
REAE TR MRS, i3k 455 cm ™! 42 Si0, Al
AlO, VYT T—O S MFREIR I 542 em ' Ak
NGy R S AL SR G LT IR I S IR B, 2 SR
ZSM-5 WA 7 F IS5 M REIEIE s 456 XRD HIRAE
S8, LU T T A BTN ZSM-5 43T
o /N4 BRI X6 485 s FEE I v T/ N~ 4 11
FHXTEE BB, Ui BTBOR T AN 2 PR N IR RN 1 B
= IAR O 25 i 2 o IX BB BOR L2 8FasE, T
KB RLANER &

Bl 9 Fr A/ MR NMATBOR & =71 SEM
8o WP RN TR = YT 33 S Bk
T, B RN /MK WIRiAE ) 2 pm, 43 B85,
NRLIN 5.6 um, BRRHETE . BYEERD /MR
YIKIARZ) 3~4 pm, KAINA—, /NMRZIRH 5.6 pm, H
VR INRL . BEARSRT NSO =R,
Sy ECVERSEE, W RESE OSSR R T B g
RIMETTURIER, 6 ik /Y F B —, Itk
Az AR U A, (R, SR EUT YIRS IR
JNST

Bl 10 Fs /MBS =PRI NO #4k
MBI . 75 R B H BN (R 5D 0,
3.06%+ NH; 8.36%. NO 7.54%. N, 81.04%; VB4
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Table 6 Scale-up products component analysis
Sample w/% n(Si0,)/ K
()
No. Si0, ALO;  Fe0; Ca0 As,04 PbO Cr,0, n(ALO5)
9 83.19 3.90 0.37 0.071 0.00021  0.00069  0.0021 36.52 60.79
10 82.47 3.21 0.16 0.069  0.000050 0.0022  0.00053 43.68 43.00
o b =l g
@ «— 7SM-5 0 14000m 703emt 4 °m
1640em™ | 1220 cm” e
! 11070 cm™}
® 1 No.10 | | |
.o L | . |
I; | No.10 I ! \
e LN TTRGY W : | v/
| ]
. I I
! I
! I
No.9 ! |
| '
PN M
10 20 30 40 50 1600 1200 800 400
260/(°) Wavenumber/cm™

B8 KA XRD #E A1 FT-IR #

Fig. 8 XRD(a) and FT-IR(b) patterns of scale-up products

A
B9 K= SEM 14

Fig.9 SEM images of scale-up products: (a) Tungsten tailings; (b) Lead-zinc tailings

100

= — Sample 9
e — Sample 10

NO conversion rate/%

300 400
Temperature/'C

10 FORF=PIEALTIT NO F4k%

Fig. 10 NO conversion rates of scale-up product catalysts

200 500 600

AAHN 1.0X10° mL/(g-h) 26 F B NO #E
TR . BHIE 10 ATRAE H, FEd 9 =Mk
FIH NO H b A2 b A il B2 (M m et m e 17
2%, 560 CHIERRE R, N 97.69%, Ffih 10 77
PIEALTR ) NO A B3 It A I FE R4 e e Tt e i
FEf%, 380 CikZfmiat, N 94.31%. BTG L
ZSM-5 3 Fi = WA B A TS T, iR 6 e
YIFE L 9 A1 10 [ FeoO5 & 843 7l 4 0.37%41 0.16%,
AT LAR I Fe O3 & w8 i IFE il 9 F= WA 54 (1 e
TR .
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1) UV BBy ey By MRk RH
K HRIE R K G 8 ZSM-5 4TI, 52
FeIRM SR, TR B I I B e 25
IR, (HAIERERIZ AL BE ] ikt Be g b, RIS
IR BRI VE A T TEA R AR LR R i A ke %
Ji 5y 5 A TR FE R Si0, 1 H ER e R
A= EMEIIBE N CaO. HAhZ4SR . Fey03, AHEL
R BRE AL, RIRIRVATE 2 CaO IISEI /I o
AT R Si0, A1 ALOS 1 H 2R 5210 22 57
PERCR, ARIRHRIE AT IR A3 (6 B IR P ek 8 R R
t n(Si0,)/n(AL,05) FHXTHR R, SR T T S AL #E 11
ZSM-5 PR, AHFEIDRIARIR/DN o BRIZ i s
AL HL A A ZSM-5 F=9%t A B R Ak i FH 2 (LA
Si0, i) A& # 45.20%~70.89%, =TI BAE AL
AL R 22.60%~56.75%, A H Ak R, T2
BE K.

2) B KPR AR S T, I A
A A R 45 6 1 ZSM-5 4310 » sl AK G T 75
I (AR 3 FUK BGE R 73 2 — s, I A U™
PIRIARSE /N, RS, R BERA R 2 (L
SiO, th) AR XS Z &, BT & R W L R T AR AE
273.21~350.51 m*/g Z A, SE = JBORIRIG F BT, 1 L
RPN T ZBRBPAN, TERE, Bk aF
TE A R AR, SECEYIRARRN,
PIMEALTI NO A 2T 94.31%.
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Study on resource utilization technology of
nonferrous metals tungsten and lead-zinc tailings

HUANG Tai-ming', LI Sheng-chen', LI Xiao-hui’, ZHANG Peng-ju', YANG Hong-bin,
RUAN Le', TANG Fu-shun'

(1. Collaborative Innovation Center for Exploration of Hidden Nonferrous Metal Deposits and Development of
New Materials in Guangxi, College of Chemistry and Bioengineering,
Guilin University of Technology, Guilin 541004, China;
2. Environmental Emergency and Accident Investigation Center of
Guangxi Zhuang Autonomous Region, Nanning 530028, China;
3. Solid Waste and Chemical Environmental Management Center of

Guangxi Zhuang Autonomous Region, Nanning 530028, China)

Abstract: The ZSM-5 molecular sieve was synthesized by conventional hydrothermal method (CH) and
microwave hydrothermal method (MH), using non-ferrous metal tungsten ore and lead-zinc ore tailings as
materials which were activated pretreatment by high-temperature alkali fusing after acid leaching and
low-temperature alkali dissolving without acid leaching, respectively. The obtained products were characterizated
by XRF, ICP-AES, FT-IR, XRD, SEM, BET and catalyst activity evaluation. The results show that, the synthesized
product is ZSM-5 molecular sieve. BET shows that the total specific surface area of the product is between
273.21-350.51 m*/g, and the pore diameter of the product by the MH is small. Low-temperature alkali dissolution
activate pretreatment can obtain higher n(Si0,)/n(Al,05) liquid precursors, which leads to the transformation of the
morphology of the product from a spherical shape to a hexagonal prism shape, and the particle size of the product
decreases. The product synthesis by activation pretreatment with high-temperature alkali fusion has a higher
utilization of the SiO, of dried tailings, but the process is complicated and the energy consumption is high. The
sequence of influence factors of SiO, dissolution rate during activation from high to low are: CaO, Others, Fe,0s.
The required time to synthesize ZSM-5 with the same crystallinity by MH method is only about a quarter of the
that of CH method, and the product size by the MH method is smaller, the surface is cleaner, and the SiO,
utilization rate is also higher. The 1 L reactor has a small amplification effect, and the stirring conditions are
conducive to the mass and heat transfer of the synthesis system, resulting in a decrease in the particle size of the
product, and the NO conversion rate of the product applied to the denitration reaction can reach 94.31%.

Key words: non-ferrous metal tailings; pretreatment; ZSM-5 zeolite; synthesis technology
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