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Table 1 Main compositions of raw slags and acid-leached tailings

Mass fraction/%

Chemical constitution

SIOZ A1203 FGQO3 CaO

MgO MnO K,0O  Na,O P,0s TiO, SO;

Raw slag" 82.12 8.68 2.57 0.053 0.12 0.11 3.51 0.28 0.03 0.03 0.92
Leached slag? 88.88  4.76 126  0.0062  0.11
Mass fraction/%
Chemical constitution
Rb20 NiO Cr203 Nb205 ZnO CuO SrO PbO WO3 Bi203 M003
Raw slagl) 0.09 0.002  0.006 0.010 0.01 0.04 0.001 0.010 0.081 0.020  0.004
1) Determined by XRF; 2) Determined by ICP
Wb R AR ZSM-5 A AR S Al ik TR R AL v
v — Na,SiO;
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Fig.1 XRD pattern of acid-leached slag
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B2 GRS AR R XRD i
Fig.2 XRD pattern of active acid-leached slag by alkali fusion
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Table 2 Effect of adding seed and ethanol into synthetic system on ZSM-5 synthesis from tin ore tailings
Sample Crystallization Content of Content of Mass of Relative .
. Product .. Yield/%
No. time/h ethanol” seed?/% rodue product®/g crystallinity/% el
1-1 24 0.00 0.00 Amorphous 1.51
1-2 48 0.00 0.00 Amorphous 1.55
1-3 24 0.50 0.00 Amorphous 1.87
1-4 24 0.00 0.62 ZSM-5 2.69 76.64 58.75
1-5 24 0.50 0.12 ZSM-5 2.10 51.83 49.17
1-6 24 0.50 0.37 ZSM-5 247 81.71 78.48
1-7 24 0.50 0.62 ZSM-5 2.70 89.83 78.88
1-8 24 1.00 0.62 ZSM-5+MOR 2.90 87.18 84.57
1-9 24 2.00 0.62 ZSM-5+MOR 2.92 76.11 67.65
1-10 24 4.00 0.62 ZSM-5+MOR 2.81 72.39 57.23
1) Calculated by n(ethanol)/n(SiO;)g.q; 2) Calculated by n(seed)/n(SiO;)geq; 3) Containing mass of adding seed
. _ ° e — ZSM-5
e — ZSM-5 +— MOR
.. o .. (]
Reference sample " Reference sample
- *
* # Sample 1-10
Sample 1-7 = -
I :L *Il Sample 1-9
) N Sample 1-4 s s
%
— e Sample 1-3 ) ) Sample 1-8
e S Sample 1-2
S —— Sample 1-1 . ) Sample 1-7
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20/(°) 20/(°)

El3 FnsFR CBERTE 4 XRD 3
Fig. 3 XRD patterns of synthesized samples by adding seeds

and ethanol
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Sample 1-7
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El4 AR BFINETE XRD #

Fig. 4 XRD patterns of synthesized samples with different

contents of seeds

5 ANFECEEAIET Y XRD #%
Fig. 5 XRD patterns of synthesized samples with different
contents of ethanol
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1(Si0,)eed=0.50, FHFFIRNNE: n(seed)/n(SiO2)gea=0.62%
I, PEYIRAIAE ZSM-5; 4 LR D0 R 4R S G i



1794 hEA O RYR

2019 £ 8 H

PEY R 4k B 2256 AT (MOR) 24 L AT S B 20 R
9.7°,22.2°,25.6°), 1fi HLBERMEZE, 20600
en TR, [RIIF, bR AR R 5 R R
SR, HRNATET CREAE UL A A R X ZSM-5 (1)
BRSNS, & 2 B LT DASE & Sh A A b T8
R, dEE RN M ZSM-5 FEA RS R TIES T4
e A PR A . MRS PTE DL R R, R
aifl TR RS i ZSM-5 IR L, 24 n(alcohol)/n(SiOy)=
1.00 5}, P R4iM ZSM-5, 44kSE88 hn 2.8 v in &
i, P2 I 0-Si0, 2% Al . i R I,
CBEAERE AR B I /K G OS2 R B 450 3 1 AE
F, [F B PR N SR IR A A 2 A 3 s dl A Ak
HRMAEH . HULrT L, ZEEAE A ik R IR
BB A U050 T a0 B BGRI AR i =2
T A AR R AR ZSM-5 45 SRR . SRR I R
MG BIT ZSM-5 @A i PRIE it S 45 &, RIS, 20
IR, A S SR AR A A
A NS %, BRI H BRI AH &5 & R W
(RI3E I .

24 (A% pH REUEERMEN

AR pH 2BUEE A R P REES IR SRR R &
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i 2-4, 2-5, 2-2, 2-6, 2-7). LIRS N 190 CHY,
TE 20=9.7° J 25.6° Kb H I B I 1R 22 56398 A 1T SR i R o
2-7), FCJEFRATASE T im0 AR 5 80H AR
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¢ e— ZSM-5
*— MOR

Reference sample
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20/(°)

6 ANFAZR pH RIS 4) XRD i
Fig. 6 XRD patterns of samples at different pH values

Sample 2-1

Table 3 Prepared samples with different pH and crystallization temperatures

Sample No. pH  Crystallization temperature/'C Product Relative crystallinity/% Mass of product'/g  Yield/%
2-1 10.4 170 ZSM-5 31.80 2.57
2-2 10.8 170 ZSM-5 89.83 2.70 78.88
2-3 11.6 170 ZSM-5+MOR 2.21
2-4 10.8 150 ZSM-5 30.26 2.16
2-5 10.8 160 ZSM-5 43.17 2.70 9.16
2-6 10.8 180 ZSM-5 87.66 2.77 79.04
2-7 10.8 190 ZSM-5+MOR 82.43 2.80 72.39

1) Containing mass of adding seed
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Fig. 7 XRD patterns of samples at different crystallization
temperatures
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Fig. 8 Crystallization curve and yield curve of product

R4 AIE LI B TR 24

Table 4 Prepared samples with different crystallization time

Relati M f
Sample Crystallization oa ?V? ass 0]) Yield/
. Product crystallinity/ product”’/
No. time/h o %
% g
3-1 6 ZSM-5 31.90 2.92 0
3-2 12 ZSM-5 48.69 287 21.99
3-3 15 ZSM-5 59.48 289  39.79
3-4 18 ZSM-5 88.42 271 77.27
3-5 21 ZSM-5 88.87 273 7892
3-6 24 ZSM-5 89.83 270 78.88
3-7 36 ZSM-5 86.17 298 86.77

1) Containing mass of adding seed

B9 Al L AR d AL (] TS SEM &

Fig. 9 SEM images of seed and samples at different crystallization time: (a) Seed; (b) 6 h; (¢) 12 h; (d) 18 h; () 24 h; (f) 36 h
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Table 5 Comparison of alcohol and n-butyl alcohol in system
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AORIETBE, 52 PRI HARF=IIEm . SEie
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n(seed)/n(Si0,)kea=0.62%, % pH v 10.8, 1ET EEH
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(1) L5 Rl G AR RTS8, B gh Ak
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o K10 AT, AEARFERIN—ERIE T O
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Fig. 10 XRD patterns of samples with different alcohols

Synthetic additive Product Relative crystallinity/%  Mass of products’/g  Yield/% n(Si0,)/n(ALO;)”
Ethanol+Seed ZSM-5 89.83 2.70 78.88 25.73
n-butyl alcohol+Seed ZSM-5 91.17 2.62 76.85 26.58

1) Containing mass of adding seed; 2) Determined by ICP
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Fig. 11 FT-IR patterns of samples with different alcohols and
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Bt /K —OH MIHIZEIREN, Kk, MBI 11 RAESE R
KE, =N ZSM-5.

B 12 B R R AN 20/ 1E T IR &b Ah BT A3
P SEM 5. B 12 RIAA R T ZSM-5 dinfdk, HE
P K\ FLIR 0 dickr, e gbRiRi 2N 4.5 pm /2

B 12 ARRBAINCEE/IE T BERLG A ETAS) SEM 18
Fig. 12 SEM images of sample by adding ethanol/n-butyl
alcohol and seed in synthetic system: (a) Ethanol and seed;

(b) n-butyl alcohol and seed

Hi, HICE B L WA S, R0 SR 5E 4,
HERE XRD LK FT-IR RAEZ R4

BE—XF BIR 2 RO [RIBESR S AR AL R R
BT PR e E T . B SR TR T S B P
P43 BIFE 600 700 AT 800 C 2SR FH T 3 h,
ANFERE NIBRE =it T XRD FAHZE MR, DU
e = i FE IR AR AROUL I BT 45 77 400 & AR 45 R BE R A
fE. SERTREE R L 6 Fir.

6 AFNLEE T LB/ IE T B+ R A (KA X 45 it
Table 6 Thermal stability of samples synthesized by alcohol/

n-butyl alcohol with seed at different temperatures

Relative crystallinity/%

Synthetic additive
120 °C 600 °C 700 °C 800 C

Ethanol+Seed 89.83  90.46 90.58 83.64
n-butyl alcohol+Seed 91.17 90.69 87.30 85.18
Seed 100 9834 9492 80.51

M 6 FTLABH A, A T2 LORE R AR R
45 i B2 B B AL E R I TR AR L, i A B bR
W) ZSM-5 23k 800 'C. 3 hiBkefs, AN &S T
B2y 6 NE R, WORBRIRFFR S I 2E da fE, TS
FEZ IS 800 °C. 3 h JBbe/m, AHXT 4 i B2 R 2 20 4
B4R, RGBT R g PR . X C R
(19 LA E 4l Ak T J50RE R 2B SR AR R oK BE A A H
ZSM-5 43 Fifi =P, AR SC A 2 A AR A A Rk
ZSM-5 B, G I A AR R R TN AR 17T DR
R Bt ZSM-5 530, SR (v @Sl R I
BHRAGR B AL T B A

V) TR ESR] A S RBEN R A RIE A
IR RS A SS AT DMESN A R ZSM-5 BT it BERE R AN
BRI, DABRINEER IS G A S S EM, AT RL
A B v AT = SRR [ e B B ZSM-5 7240

2) LEERAHFIOH R AR pH. SR &
AT [B]ER XS ZSM-5 247 () 4 FEE RIIAT 28 7 A il

3) LEEHARAEBIBAGER, EInHR T A
R, I O AR 5 S B T A AR AR 1 B
R EH Y IDNG R TE A CE U TR € S SRR (iR
# pH AR BRI T His =Mtk 4 66, H
AR pH KAMEGIREEE &, =4 B 21 220
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Hydrothermal synthesis of
ZSM-5 using tin ore tailing as raw material

ZHANG Peng-ju, HUANG Tai-ming, HE Hua-jie, WEI Xia-xia, ZHAO Meng-meng, RUAN Le, TANG Fu-shun

(College of Chemistry and Bioengineering, Guilin University of Technology, Collaborative Innovation Center for

Exploration of Hidden Nonferrous Metal Deposits and Development of New Materials in Guangxi,

Guilin 541004, China)

Abstract: The ZSM-5 zeolite was hydrothermally synthesized using non-ferrous metal tin ore tailings as raw material

through ethanol green oriented method, and the influences of seed, synthesis pH, crystallization temperature,

crystallization time and alcohol additives, etc. on synthetic product were investigated systematically by various physical
and chemical methods, such as XRD, SEM, FT-IR, XRF, ICP, etc. The results show that the ZSM-5 products with high

crystallinity, regular octahedron shape and good thermal stability can be hydrothermally synthesized from non-ferrous

metal tin ore tailings by using ethanol green oriented method. In the synthesis system, both ethanol and crystal species

can effectively accelerate the crystallization rate of crystals, but ethanol has no structural guidance. System pH plays a

decisive role in the generating rate and purity of product. Higher crystallization temperature and longer crystallization

time may lead to the appearance of heterocrystalline phase in the product. Ethanol and n-butyl alcohol in the system have

little influence on the relative crystallinity and morphology of ZSM-5. High crystallinity and yield of ZSM-5 product can
be obtained under the conditions of seed dosage n(seed)/n(SiO;)geq=0.62%, n(alcohol)/n(Si0;)geq=0.50, pH=10.8,

crystallization temperature of 170 “C and time of 24 h, respectively.

Key words: tin ore tailings; recycling; ZSM-5; green synthesis; ethanol
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