2022 4E2 ASE 11 Al

KA« AT R T 0 R K AR Wy o ) T A B R bl ) Jd 8 Tl S G

79 .

BYEF IR Mr E B R K A ) o 50 TR 5 Ak B
L oy [) 5t 8 Tl 55 B2

FaE ERE, LB, FA@W', T4
(1. PR CEARMGARAT, Hl A8 7309005

2. FURA AL RS R ARHARA R, HA F4R 7309005

3. BRI A BRAF], Wim K 410000)

B!

[f ] EBHLHET RO EHERMERE TR RAN G R- KL T LB TR
REREEFHLW A TR, AL TRATE, B, N8 SIHEARLE T EHITT ARRKE, FIN
TR EREDFNEEREENRABRAL LY, B EAEBEEHEKARELILEM AR AR
A 0.7 ml/L, A H 0. 7 ml/L, =B A Z A2 G4AEE AN 0.3 mL/L, A4 7 0.3 ml/L, EREHT,

WIEJGH B K ER BB THRTELT,

T E K PETA) A BR FAHER, AR T SRR, A S I8

K& R IRMAE,
[RHER] T2BEK;, BR-4ETE; EHHA,;
[TPESES] TF813; X758 [ CHkbR&ER ]

DOI:10. 19612/j. cnki. en11-5066/tf. 2022. 01. 015

SRR R A R K BOK
A SR MR, 7 B2 A BIA bR S A BEAE B 8
FHM S BRI A B Al % 5 A T 4 T R K 1Y
AbHRTT i RH IR AL DO (R AR A
%o%%ﬁﬁ%%EMAﬁE%NJﬁytms%

4ﬂ$%ﬁ&:ﬁﬁmwﬁwiﬁﬁﬁﬁiiﬂ
&ﬁiﬁ&$m[%W% AR AR EAR M K Ak
EEWEWWJﬁiiﬁngE%%%ﬁ%Zﬁ
MR OB EMAB T, B N R A 4Ed 2%
P B ARMELE SEBR ok A 7= rp AT B 2R
L UBIRESER UL s NI G NSRS IR IR AR = 2N
oK R A 4 S T B R B, O T R R BR 2
111y ELAL PR AR B AR, 77 2R i D v 4
TR A AL #E

[ WA H 3] 2021-08-12

[fEE T ] Fabar (1987—) 5, Wl 2% N AR B 9 T/
Ui, EENEA AR SR AREHTAE,

(IR b, Fab, EARRE, % e lE a8 k4
Y TR BE A B R U R A Tl SERR [ T]. A R 42, 2022, 51
(1):79-82,101.

B LYL O IEATHE ST A RARLEEINS520 7, 5%

WP TH AR, LA

RER, ko, BB, TRAR
[ CEHS ]

s RE AL
1672-6103(2022)01-0079-04

HARREY BRI T 20, R K - Bk
Y T ZA BT RSB R SE " b AR i R rp
AR IR K B 16 R R R B 2 T A R i
S, AR BOK P AT B AT R 10 R
S [1IN 1 i = S 1 TP S D/ 7 5 A B L L
B R KASRE R [0 T 2E5K 2% w3 A R K Ak
BT AT TR , 51 H 4 i K A 1 il 5
JEE AR R B [ JE e T 2 AR SO A A ok 3 R
ARG, I X IZBORAE AL B JOE B AR
o A 7 A P E < R K PP A A B AT TR 1)
W, A RZE A R B2

1 T2 REARR

1.1 IZFEE

AR T i PR K Ak B A v R FH A A 4
FRLR LABRRT B8 2 09 52 5 5 D RE TR AR R AP A
KBz R A B ) 26 4F T R B 3T B AR
W= SRR L& P S, B B — Fh A K
IR Sk R RS AR A,
TEf S AR AR O #EAT 0 B Al AT S 57



. 80 - b EH K & &4 AT ASHR

W, ZAEDIHRGRAE pH (EA 3 ~4 MEF AR KR, 2B
HC (02 A L I A T AR S AF A, 5 1 2 D Sk A ]
5 Cu®* (Ph* Zn®" Hg** (Cd** 45 4 @ & T nl s
TR IC 5 U, DT 7465 8 9 7 i OB R
AR I 0 8 T 2SR A A Wy i 0 A A R Y A L
ASINASAE ) , s o T BRSO S AL Y
TR 43 B AR TR SCAR MR
[l BA AR R BB AT AR BT |

T RIG YA
1.2 #ARXEE

A R0 AR BT A R R R K AR BRIk
AT LAYk v 22 4 J [R)  IR B vk AP HEK
TR oK R s A R R, B TR R P
[FIBRES AesE hbs K B 2% il SRS 35, 5%
B 2EDIE T BT VL TRBEDIVE 5 W TR
4 PR KA B TG A I IR L L 10T

R YRR AL B L R AR E R 5 A2 DIveE IREEITHESF 5k 1% H

2 Wy 300 TR B Ak B T

Sif 35 MLy 3oy BTy TR TLIE 5 I
3 T H Sy e i R S
e N RN TR AN RN
e P B L S 5 5 A
A F HEHE, K T2 B B AR B R T B U AR B, 1K T4 @zgfﬁ B
M LLRE IR PN B R
A B 5T e ik D
RERA WABAE2 <3 Te/m’ AR5 -6 T8 /m’ RAEAT, 3 ~4 7w’ Zi;m’ﬁﬁ*%Kﬁﬁ
SREL
(1 3l B AR 2 [ LR (SRR T el
B 55 450, 20 R - W B A R, T 5 A
e LEUF TR ” R T SEE
i Gy a5 A L ik i3z s=i T
T L TR, F TR W
s S T WO FE 2 K 201/3, RSN AEIE 2 SHTBUI, ek
TR s e ALY
B0 1 5 B 206 5
BN, M 4 A ’ -
b R AN, RS AR, A WA ARIRERE AT e ot 4
prua L \
e
S 2 A T T K
S PESR, FL 4 25 0 “h
S p S R T RS T IR ;;;m LM s ek, 4 ook s
- i 5 0 £

2 T AR

YRR R K AR A 6 000 ~ 8 000 m*/d, Hi T
FKESEOFE 2, B TR RS e, RA
AR =BRER T2 A5 i AMER K B Cd Zn LA As

W EE Y B Tl s e M HE PR HE ) ( GB25466—
2010) HLAE BIBRE' . BbAh, b kG ) & B % IR h
FEIREE N 2 245 pe/L, 4 G R-BREE" T 4 b B
Ja , KK B AR IE A FR ( <5 pe/L) HERL

R2 AK-YIETZA BB & w5 i MR A

JrHTRE pHfE  TDS/mg-L~! Cd/mg-L~' Hg/mg-L~' Pb/mg-L™! Zn/mg-L™' As/mg-L™! Tl/pg-L"!
B4R IE KRR 4~6 50000 ~53000 1200~1500 11~20 10 ~50 3000 ~6000 220 ~280 2000 ~3 000
A1 K= T AP 6~9 8100 0.05~0.1 0.1~0.3 <0.03 1~2 0.01~0.5 1000 ~2 000

NN/ S 7S T 2 B S S DN
AW T2 TR BEAL BE S R A E B R K, BAR T
2RI 1,

R AT K- B T2, K Ak B P BE
— B Ak B DU 25 B i A — B L, fE—

BEBYA T pH, 252 THRIEA — G Bt B ERER ;
TE =GO M B A KLV AT pH A 76 1Y 9%
JOE L BN SR BE R AT 58 BE SO PR — B bl
SCBRIE o, B A B e, B P
TZE—BHR,



2022 4FE2 A8 1 EBORAE.

BV IR L K A W i 7R R

ORI AR P Py R e Tl 92k - 81 -

EREEK
EERIEK

N b

I

— R iR
Ltk
PAM

TR

]

e AE

A=Yyl 7

PAM

LW JE R CHEAT)

__________________________________________________________________________

BB 2

i
X 3r i

HIK

PAM

LiEH RV CEFF)
AR-BREETZ

A ) ) R TR Ak B b ] B A T AT Sl R B Ak
B AR P BAL BAT S I T AL B PR OK Se itk A Ak
IO AT RO, ZRBR KRR o 5 225 TH AL itk
A, B KEFLVA T pH A 78
T AP BOIARAE ), A Rl v v T R R K
SR TS RRE N 45 5 T WU E AL & W D0HE ; 78

AR
T g
AWl

PAM

ik

JETRCHEAE)
EYF T2
Bl 1 A K-ERER T2 AR AN A Wi 350 U8 B Ak BRI ] it e T 20 A

=2 0T b AR A R DT T AR AR DR
o7 St PR I ER AR AT 2R B S, TR K AN
KL= s P28 — B BE LIS IR IR A3 15, LWt A
TR, BRI TS — Bkl
A 0 ) R A P I o A Ak B8R A K B ARG
ZERMNE 3 PN,

RT3 AW Ak HH PR I 5 A Ak B e A A ARG 4 SR K v PR A

A 7K A B

pH H*/mol-L~" TDS/mg-L~" Cd/mg-L~" Hg/mg-L~" Pb/mg-L~" Zn/mg-L°" As/mg-L°" Tl/pg-L~!
FrifE FRAE

K — 0.39 51200 1310 11.50 10. 44 3285 277.9 6200
—BrK 9.8 — 7 060 0. 46 0.03 0.33 10.2 0.91 20
Bk 11.3 — 6450 0.02 0.02 0.21 0.6 0.15 0.3
FrufERRH 6~9 — — 0.05 0.03 0.5 1.5 0.3 0.5

TE: TDS F7R W AR VE [ 14 8 4k

3 LZ2isirds
HE A R A R s T A A
BT S BB R T2 4 . — B RS Ra s A

0.7 mL/L /E¥#15)] 0.7 mL/L; —BAC T R Gk E
0.3 mL/L AY#F 0.3 ml/L, ZT2CHEEs
TTWAE AR K AL B F 18 520 J7G,

(HAF R FE bk = v 4 JR I /K pH



.82 - b EH K & &4 AT ASHR

{ELAY AR Al X T 4 T 1) 2 o R 24 0 48 it A AR K
me, — Bk pH E R FEHIE 9.0 LA 1, %7 pH {H/)
T9.0, T &KX BT B A K FL I pH {ETE 9.0 LA
b, B R AR R B e R T2
AT,

ZE IR 4R 28 S m s s T EA
JEH SRR AE F1 , 7F— BeAb Bk R v A ol 9 6t
EUWNEZ A A e R AT ) V€ S (ED ¥ N
FE R BNAMEAK BT BRIt 7E — BoAb 33 i)
Bt b 380 T B AR B IS A AR A S A
A= SRR E T B A =, A SE B 42 8 AR
FEIRAR RO IR A A B R K T A 4 R S T
PIfe e 18 B HE B (AR, T 2 K R K

FE3 A7 i R P N WA T 208 AT S50 oK 45
B, — 5 TR PR s 1B 45 B IE #3247, 95— 7 T T 38
b 530 iy s g SR B e B E TS

4 Hhg

HIRN RS RER ) A 1 A K-k T
AL PETE 4 8 B KN R T 2 [ B SR 4 ) A, %o B
B KT LT T TRk, 51 A48 E K
A R AL B R B R AR T 25

1) A= 90 ) 390 3% 8 Ak L R W [) B A T2 Tl A
PEGHRE 4B R K A AT R BE AR B T SBR[
e, oK 5 4 8 K oae & R e iR bR, T 2
CHY BTk TS Y W HE PR ) (GB25466—2010 ) %L
Ko BAHEETEA&M R, —BRGiER 0.7 ml/L,

AP 0. 7 ml/L; B R G R E N 0.3 mL/
L AW6l57 0. 3 mL/L,

2) LbrA = 4B K pH E I AS 4k X
&)@ LR RI MO E A RIS, — B 7K pH
ERFERITE 9.0 LL b2 pH {E/NT 9.0, 75 B S I
B Rk FLVH % pH {EA7E 9.0 LU E,

Z L ACREBITWAR, 4E 18 Kb 3 9%
520 J3 G, SER T 4 JE IR K A PR R H Bk 1k
HEAI, AR T ABEIRS , AR S IR IR BRI THOAR
PR, B BRI A,

[ &7 ik ]
(1] Xz, Wk, FRE, % BFA CREE Py,

feE KBR1I]. MIEEE)E, 2007(4):2-7, 22.

(2] Mok=, WECE, REUE, 5. BRRASTIR ST #T].

JMN K2R ASRBIARR) , 2002(3) & 62 - 66.

(3] Btk AwslnreahsKig K bR R )], hE

RS R ,2017, 35(5) : 115 -117, 119.

(4] feiom, Ex=ME, ERM, 5. BYEHG % E SR EKAEDHIF

AR AR CT 7/ B R B R L T K kTS e il 5

YR AT AL 3 e AT M A5 VB K S Y R R 4

2009.

[5] HBSLEE, Mk, 3o M A 2 Kk Ab B A BF 55 BUR AN & R a3

[J]. P E# L, 2018, 27(S1) ; 87 —89.

(6] thas, BIKAS, 25, HYEEA IR K &8T5 Yeis BE R 53T

[J]. BRE2 Tk, 2020, 307(4) :17 -20, 26.

(7] #AX4H6. ISP #YERA M T K FHE R Mg S [J]. A

R4 1fE, 2017, 33(2) : 47 -50.

[8] MFHih. ARK-PIRP A& F A8 S T /K[ 1], 717G

HT R222A4), 2006(3) : 58 -61.

Removal of heavy metals and Tl in the wastewater from
Pb-Zn smelting by biologicals
JIAO Xiao-bin', YU Jian-zhong’, KUANG Le-yi’, LI Wen-chen', XI Li-li', WANG De-hai’
(1. Baiyin Non-Ferrous Metals Co. Litd. , Baiyin 730900, China;
2. Baiyin Honglu Resources Comprehensive Utilization Technology Co. Ltd. , Baiyin 730900, China;
3. Science Environmental Protection Co. Ltd. , Changsha 410000, China)
Abstract; The impurity content of smelting raw material in a Pb-Zn smelter gradually increased, the former “lime
- iron salt” process to treat heavy metal wastewater no longer meets the reuse requirements, especially with the thal-
lium content going far beyond the limit. Therefore, the existing wastewater treatment process was upgraded and re-
constructed, the process of heavy metal wastewater biologicals for advanced treatment and coordinated thallium re-
moval were introduced into the plant. When using this process to treat Pb-Zn wastewater,the better process condi-
tions are stabilizer 0. 7 mL/L and biologicals 0. 7 mL/L for the primary treatment system, and stabilizer 0. 3 mL/L

and biologicals 0. 3 mL/L for the secondary treatment system; after treatment under these conditions, the content of

(F3% 101 W)
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Effect of Al,O, on properties and crystallization kinetics of

calcium-silicon-magnesium glass-ceramics
DAI Wen-bin, MA Ming-sheng
( China ENFI Engineering Corporation, Beijing 100038, China)
Abstract; The metallurgical slag is modified and reduced to recover iron metal, and then directly prepared into
high-value building materials like glass-ceramics, which is one of the effective ways to realize high efficiency and
low carbon recycling of metallurgical slag. The slag after metal extraction is mainly the CaO -Si0, - MgO system
(CSM) , and it is usually necessary to supplement an appropriate amount of Al,0O, to improve the related properties
of glass-ceramics. In this paper, by controlling the Al,O; content of the CSM ternary glass system, the effects of
corresponding parent glass on the flexural strength and crystallization kinetics of glass-ceramics were studied. The
results show that the flexural strength of glass-ceramics is mainly affected by the sintering shrinkage. When Al O, is
15% , the flexural strength of glass-ceramics with anorthite as the main crystal phase reaches the maximum. With
the increase of Al,O, content, the T, and T, decrease, the T, and E, gradually increase, while the £(T,) and n val-
ue do not change significantly. It shows that the sintering resistance of glass is decreasing, but the crystallization re-
sistance is increasing. The original dominant crystal structure is affected while Al,0; >12% , with the anorthite
crystal phase appearing consequently. When the weight content of Al,0, is 15% , both the flexural strength and the
shrinkage rate reached the maximum, and dense microstructure as well as higher values of T, E, and k(T,) were
obtained. The research results show that with the increase of Al,0, content, the glass sintering resistance decreases
and the crystallization resistance increases.
Key words: Al,O;; metallurgical slag; glass-ceramics; flexural strength; sintering shrinkage ; crystallization kinet-
ics; sintering resistance; crystallization resistance
LTI~~~
(EEF 82 M)
heavy metals and thallium in the effluent is all stable and in compliance with the discharge standards. This process
has been stably operated for two years, saving wastewater treatment cost by 5. 2 million CNY each year, the goal of
resource utilization and reduced discharge has been reached; it has also reduced the environmental risks and pro-
vided technical support for bio-environmental governance, and has larger application value.
Key words: heavy metal wastewater; lime-iron salt process; biologicals; stabilizer; thallium; advanced treatment;
resource utilization; reduced discharge
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1: 10 g/mL, sodium chlorate being used as oxidizing agent at a dosage of 30% and the initial acid concentration be-
ing 3 mol/L, and reaction time lasting 4 h. Under such conditions, the relatively high leaching rate of Co, Cu and
Fe can be obtained, which are respectively as 95.47% , 96. 62% and 96. 01% . A unreacted core model is used to
characterize the excellent imitative effect of the two-stage Cu-Co alloy leaching process, internal diffusion is the re-
striction factor of the reaction, the apparent activation energy during the leaching process is within the distribution
range of 5 ~20 kJ/mol. In the secondary leaching, the activation energy of Co and Cu is increased by 1. 721 kJ/
mol and 8. 888 kJ/mol respectively while that of Fe is decreased by 10. 186 kJ/mol.

Key words: copper-cobalt alloy; direct acid leaching; oxidizing acid leaching; Co leaching rate; Cu leaching

rate; Fe leaching rate; internal diffusion; activation energy



