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Table 1 Chemical composition of zinc leaching residue
Zn0 MgO Al O, Si0, Ca0 MnO TFe Ge* Cdo Pb
14. 64 1.76 1.59 6. 34 6. 20 1.20 17. 48 219 0.24 3.59

* BATH g/t,

HERIABAUEH FREBEH&HE Tre
17.48% .ZnO 14.64% .Pb 3.59% .MnO 1.20% , &
BREBFTAESERBERE,CGe WEE N 219/t B
BIRKHEE BB E.

1.2 FEHAENE

WemiER , WHFS-2 RIS M 28 (8541) BRIk
THIHAERAF,

1.3 RWA*E

MRER, GREERHEFEDBRENE, 5
INEERWMBREE NV RO BB, HRENE
P FERERRE MR, WA, K
SrETRTETE SRR P

AHRPERRARBRE ERE, 8T AHE
BRI B B ENER, SRR EERA

W8 B 3 :2016-12-08 ; % 6] H#A . 2017-03-01

87.44% B M FNUR 23.82% , RIERHARBRR
BB TZ , ZRTHRBREC T EX 8 R HEN
i, R EEERBN 67.98% , HEHENH
5.80% , o, RARERERARY FERERES AN
94.24% 5B R W N 55.45% , M E ER
FImRELE Y, B EEAE B XTEE R RN E
ERR T BE, FHIATR KA ERRR YR
HEHAITRERERRE IR, 5+ FIE RS KRBk
B VB HIERE 2 AR AR R AN R AT
PU7KF IEASIRLS , 5K HBFE N BHER H 48, ARG
A SRR,

RRIE R SR E B OLE R A ICP-AES
F1 ICP-MS il 5E .

E&WA : A+ BHEHBHSHE SR AR ™56 F A E R LR E T i S % B (KYSKF]J201504)

TEBEN RBE(1987-) 5, TEW, B+,



- 86 - g i

2017 4F

2 HR5A
2.1 HERHRBER
BIEZRIAERIAEK 2,
F2 Ll6(4x4) EXHRHRIWER

Table 2  Orthogonal test results of zine

RE Bl &M HERE
HE  T/CM/(mol L") vh  WE /%

i (D120 (1)0.5 (1)0.5 (1)2 44.08
2 (1)120 (2)1.0 (2)1.0 (2)4 66. 68
3 (1)120 (3)1.5 (3)1.5 (3)6 91.02
4 (1)120 (4)2.0 (4)2.0 (4)8 98. 12
5 (2)140 (1)0.5 (2)1.0 (3)6 52.71
6 (2)140 (2)1.0 (1)0.5 (4)8 53.78
7 (2)140 (3)1.5 (4)2.0 (1)2 93.81
8 (2)140 (4)2.0 (3)1.5 (2)4 95. 60
9 (3)160 (1)0.5 (3)1.5 (4)8 88.26
10 (3)160 (2)1.0 (4)2.0 (3)6 59. 16
11 (3)160 (3)1.5 (1)0.5 (2)4 82. 88
12 (3)160 (4)2.0 (2)1.0 (1)2 96. 94
13 (4)180 (1)0.5 (4)2.0 (2)4 61.65
14 (4)180 ()1.0 (3)L.5 (1)2 75.79
15 (4)180 -(3)1.5 (2)1.0 (4)8 68.21

16  (4)180 (4)2.0 (1)0.5 (3)6 71.92
K1 74.98 61.68 63.16 77.65

K2 73.98 63.86 71.14 76.70

K3 81.82 83.98 87.67 72.58

K4 69.40 90.65 78.18 81.63

K 12.42  28.97 24.51 9.05

ME2HFALUEH FHRBEERTE
98.12% , [Elat, & EFHRELERNT .

BHRE K, =12. 42, AWK : K, =28.97; %
H BT K =24. 51; B B E K, =9. 05,

Mtk 2{E K 0E 1, BlER Uk R Ui i [E] 2 5
e HENEERE, KRB H IR, TR E
R WA, & B FR 2 R/ANT R B I BN
M ER K

K (BB E ) >K (R HATE) >K, (R HRE)
SKp (B HBE )

H i, B E R0 M e ER MR :B,C,
A,D, B BR¥RE 2.0 mol/L R ETE] K 1.5 h &
HIBE N 160C B HEBE R 8,

2.2 HBEZRBER

BIETHBAERRNE 3,

MEIHFIUER, HEHRBEERTIT S
66.75% , [lff, & EFRRELRMT .

BHIBE:K,=16. 98 ; FiBRVKE : K, =24.95; %
A K =29. 97 ; B MR H : K, =6. 84,

HREE K ATE H, BB BRI i fa] 2 %
MEER RN EERE, KRR MR, TR E
RIRZIAARXT B, & B TR 22 K/P I HE R R R
LEER/ S

K (R HEE]) >K (MRBREE ) >K, (RHRE)
>Kp (BB )

B, B AR i PR B AL 1R M S R AE 4R 1 9 - €5 B,
A;D,, BIBRAR¥KE 2.0 mol/L RIS E N 1.5 h IR
HREE S 160°C (R R E LR 8

£33 LI6(4x4) EXFHRHIAWER
Table 3  Orthogonal test results of germanium
R v & A ik
HE T/CM/(mol - L") vh  WEW /%

1 (1)120 (1)0.5 (1)0.5 (1)2 5.32
2 (1)I120 (2)1.0 (2)1.0 (2)4  31.32
3 (1)I120 (3)L.5 (3)L.5 (3)6  62.93
4 (1)120 (4)2.0 (4)2.0 (4)8  62.45
5 (2)140 (1)0.5 (2)1.0 (3)6 18.57
6  (2)140 (2)1.0 (1)0.5 (4)8  18.74
7 (2)140 (3)L.5 (4)2.0 (1)2  66.75
8  (2)140 (4)2.0 (3)1.5 (2)4  64.84
9 (3)160 (1)0.5 (3)1.5 (4)8  65.29
10 (3)160 (2)1.0 (4)2.0 (3)6  37.44
11 (3)160 (3)1.5 (1)0.5 (2)4  63.38
12 (3)160 (4)2.0 (2)1.0 (1)2  63.84
13 (4)180 (1)0.5 -(4)2.0 (2)4  46.95
14 (4)180 (2)1.0 (3)1.5 (1)2  59.03
15  (4)180 (3)1.5 (2)1.0 (4)8  38.65
16  (4)180 (4)2.0 (1)0.5 (3)6  44.78
Kl 40.51 34.03 33.06 48.73

K2 4223 36.64 38.10 51.63

K3  57.49 57.93 63.03 45.95

K4 4736 58.98 53.40 52.79

K 16.98 24.95 29.97  6.84

2.3 HKREZRELER
BRIERRRK R NFE 4,

MNEA4FAUEE ANEBHEREAT R
94.96% , [FlBT, & FRIMZELSRMT

BHRE K, =31 15; BRI E : K, =46. 252
thatE] K =38. 25 M b . K, =11. 58,

MR ZE K AT, K E RE MR 1 F
MEERE, KRR R HEHE AR HIEE, Mk E
IR IARXT BN, & B TR E KD B BB
W EWA

Kp(BRERHE BT ) >K (B HEE) >K, (B HIBE)
SK, (R E )

Bt , BB = SR fh i3 gk B 44 5 . B, C,
A,D, BPERERYEE 2.0 mol/L B HEFA R 1.5 h B
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Table 4 Orthogonal test results of iron

45 T/CM/(mol - L") vh  &EH /P
1 (1)120 (1)0.5 (1)0.5 (1)2 9.73
2 (1)120 (2)1.0 (2)1.0 (2)4 28.75
3 (1120 (1.5 (3)L.5 (3)6 74. 46
4 (1)120 (4)2.0 (4)2.0 (4)8 93, 50
5 (2)140 (1)0.5 (2)1.0 (3)6 11.99
6 (2)140 (2)1.0 (1)0.5 (4)8 12.36
7 (2)140 (3)L.5 (4)2.0 (1)2 89. 99
8 (2)140 (4)2.0 (3)L.5 (2)4 94, 96
9 (3)160 (1)0.5 (3)1.5 (4)8 31.44
10 (3)160 (2)1.0 (4)2.0 (3)6 13.52
11 (3)160 (3)1.5 (1)0.5 (2)4 28. 83
12 (3)160 (4)2.0 (2)L.0 (1)2 54.16
13 (4)180 (1)0.5 (4)2.0 (2)4 22.63
14 (4)180 (2)L.0 (3)1.5 (1)2 21.19
15 (4)180 (3)1.5 (2)1.0 (4)8 22.67
16 (4)180 (4)2.0 (1)0.5 (3)6 18. 18

K1 51.61 18.95 17.27 43.77
K2 52.32 18.96 29.35 43.79
K3 31.99 53.99 55.52 3221
K4 21.17  65.20 54.91 41.45
K 31.15 46.25 38,25 11.58

2.4 B % UHBEEERLRABHEGNERE

FRBERRE SR, g R RIT
£, FEMARB A MRS M IR HER, TR
FEETE, WG4 MR T F R
&, B FERAGRR KM ST R R, AE
2 ~4 FAETLIBEH .

B2 EHE R mEBOTE B R LR R FENR
=, YRR 1.5 h f12.0 h, R H R
B A TR BAE 0.5 h F#11.0 h MRER, K
BLiE ARl R 1.5 h,

MRKRE LR WE . SRR EENE
Z, BERHEEE R 2.0 mol/L, MEE FEICR,
B RAETEFBR I E A 1.5 mol/L B HR I M 2.0
mol/L ZE R K, MERTEBERIEE 1. 5 mol/L BfHYR
HEEET 2.0 mol/L RHE WL TIREA
HIURPER R, FRAESEKA ETRERE
R EERLREABRERREEERN 1.5 mo/L,

BHEERE WM B RENRENRERER,
HBTTES HHRERBEE N 160C, B ET
RN BRI R 140°C ) Y, ghaid 1 AR
H4 IR BE S 160°C I B msn /K T2 iR B 140°C B
BB R, BEIHCh TIREA BT R EHER R, [

ARERAELRER IR, BERBRAR BB E
BRIBRERERN 160C,

VR A A R 3R X iR AR e e/ B A
EAALLE SRR E o SR IR B R R R
AN AR R E X 8, T W E B 6 B, Bk
FR R EEMTRE L 2.4 #0 8 Wz, FHit A
TREARTREHR LR, R 8REAEET
RHRBR IR, BERURNNEER LEELLY 6.
2.5 BH.#¥ETNEBESERLEHESEFHER

M 2.4 AT LU R R SR AR B B
PR A, BNBRBR VK B2 1.5 mol/L 32 H i 8]
1.5 h B R K 160°C R B E ol 6,456 %
HRIERIEERNES,

x5 FEFHERBRER
Table 5 Resulis of comprehensive test

BE/ % BINEHE/ %
Zn Ge” TFe Zn Ge TFe

AR

| 0.86 119 16.58 97.37 70.08 54.87

I 120 118 16.18 96.30 70.12 55.65

M 1.16 113 16.70 96.64 72.37 55.79

FH 96.77 70.86  55.44
* BN R g/t

MK S PATLLE N, ERAHT  RRRRILE
HERGEBENREY, #FHTFHRERT A
96.77% , %035 H £ 5 1k 70. 86% , 1 8] B £k
B2 H R Ry 55.44% ., —FFEHELTH K
FER N AMRRALR &, RS R R H R
B AR R RN, KRR TR LR, 5—T
T, A E A2 4 1 FRR R BRIR ) A AR R th o
SO, S Y, TE AR IESF 8 B tH R R I 3B B T 4
F SO, 54k, HAMKKRBER T B 1, 8B R
MILBTPIE IR T 35% ~40% , Rk T e s
BRI LT,

3 %  ®

(1) FIFABERAE A B 5, R A IEZC 58 ALR th
B N R T PP B B ISR L R BEAT e
B EBRRNBEHEEGT, R FHRHIERZE
96. 77% , 550 - 34 15 Hy R & 1k 70. 86% , T [a] Bif 8%
R L ALK 55. 44% o
()R TREA HITRFME AR MR, F
MHA ETRBR R, B E X ERRK A H
FHRZELE RSN, B T HR B BERERBLER N
B R 4, B BDBRARYRE 1. 5 mol/L 2 i
[B] % 1. Sh B IHIRESN 160C RHEREILLN 6,
(FH91 1)
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Study on Preparation of Zeolite 13X from Coal Slime
Si Yucheng
(College of Chemical Engineering, Shaanxi Institute of Technology,Xi’ an,Shaanxi, China)
Abstract : Slime was a byproduct of coal washing process,and the output was increaed day by day with the continu-
ous improvement of the washing rate. The component of slime ash was mainly Si0, and Al,0, ,and these components
were the raw materials to prepare molecular sieve. After the coal slime was pre-treated by caleination, acid leaching
for removing iron, and alkali fusion, the method of hydrothermal synthesis was adopted to preparel3X molecular
sieve. The results of XRD showed that n(Si0,/Al,0;, ,n(Na,0/Si0, ) and n( H,0/Na,0)had a significant effect
on the quality of the synthesized products. The optimum process conditions of the synthesis of water heat were deter-
mined by single factor experiment:the n( Si0,/Al,0, ) was 4. 0,the n(Na,0/8i0, ) was 2. 5, and the n( H,0/Na,
O)was 45. The SEM analyses showed that the self-prepared 13X molecular sieve with high purity had complete
crystal shape and clear outline. This paper presents a new method to synthesize 13X zeolite with slime as raw materi-
al,which realizes the high added value of slime-comprehensive utilization which conforms to the sustainable devel-

opment concept of the present day and has great utilization value.
Keywords: Zeolite 13X ; Coal slime ; Hydrothermal synthesis
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Experimental Research on Intensified Leaching of Zinc and

Germanium from Zinc Leaching Residue
Xu Lu',He Lanjun’®,Shi Guangda', Yang Yachui',Luo Yuzhi'

(1. Institute of Multipurpose Utilization of Mineral Resources, CAGS,Chinese Academy of Geological Sciences,
Research Center of Multipurpose Utilization of Metal Mineral Resources of China Geological Survey,Chengdu,
Sichuan,China;2. Key Laboratory of Radioactive and Rare Scattered Mineral Comprehensive Utilization,
Mineral Application Institute of Guangdong Provincial , Ministry of Land and Resources,Shaoguan , Guangdong , China)
Abstract : The intensified leaching using H,SO, was developed to study the leaching effect of Zinc(Zn>*) , Germani-
um( Ge** ) and Ferrum( Fe’") from Yunnan some zinc leaching residue. Based on the orthogonal test results, the opti-
mal average leaching rate of Zn and Ge reached 96. 77% and 70. 86% respectively with 1. 5 mol/L H,SO, at 160 C
and liquid/solid ratio of 6 for 90 min, the leaching rate of the harmful element Fe was only 55. 44% . The intensified

leaching method reached high leaching rate of Zn and Ge,depression leaching of Fe.
Keywords ; Zinc leaching residue ; Orthogonal design;Zinc leaching; Germanium leaching



