« 120 - A4 R GRS (http://ysyl. bgrimm. cn) 2020 45 9

i 1o T 5 G A e P i R R R i 7 26 T2

F AL ER N 3

(1. NEARITEFPE, 5 M A~ B K 5530045
2. B A BAE5REZE KD 410083)

T 3 1w o i 9 0 A R e R A B B B 4 T2 a3 A2 . % F Box-Behnken Design(BBD) i 11, #ff
G T i BE (A I) A0 A AR B Yot A B A 2 ORI B L R AT TR i R 2R A I R 2 R Y
AR B T B 2 A T2 B8 i R B 550 °C i sf 8] 180 min ) 4R B} EE 2, b 45 14
T T B A 95. 47 %0, S TUMME AN 22 0. 61 A S s . 0 1 5 A5 R TR A T , 7% WA AR R R
e AR IR A% B s 2 4 ok 722

S S R) G PRI B A 5 TR0 5 B0 5 el 7 gt T vk

hE 45 ES X758 MERARAER D A X EHE1007-7545(2020)09-0120-07

Optimization of Alkali Fusion Purification of Spent Cathode Carbon from
Aluminum Electrolysis by Response Surface Methodology
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Abstract: Alkali fusion purification process of spent cathode carbon from aluminum electrolysis was
optimized by response surface method (RSM) . Based on Box-Behnken Design (BBD), effects of temperature,
time, and initial mass ratio of alkali to material on purification effect by alkali melting were
studied. Secondary mathematical model between factors and carbon content was obtained. Residue carbon
content is 95.47 %, with 0. 61 percent point different from predicted value, under the optimum conditions
including temperature of 550 ‘C, time of 180 min, and mass ratio of alkali to material of 2. Experimental
results are similar to those predicted by the model, indicating the model can be used to optimize
purification process of spent cathode carbon.

Key words: spent cathode carbon from aluminum electrolysis; alkali fusion; purification; response
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Table 2 BBD design and experimental results

5 i B2 [ °C 5[] /min TR b LG
1 450 60 2 91. 1
2 450 120 1.5 93.0
3 450 120 1.5 93.3
4 450 120 1.5 93.1
5 550 120 1.5 95.3
6 550 180 1 94. 9
7 350 120 1 88.9
8 450 120 1.5 93.3
9 450 180 2 94.4
10 350 60 1.5 89.3
11 550 120 1 90. 5
12 450 60 1 89. 6
13 350 120 2 88.8
14 450 120 1.5 93. 6
15 350 180 1.5 90. 8
16 450 180 1 90. 9
17 550 60 1.5 92.2

x3 RBLBER

Table 1 Factors and levels Table 3 Model summary statistics results
- . K iﬁ H T 'Dev, R? BEIE R’ T R* U
—1 0 1 2 1.30 0.6956 0.6253  0.482 4
X, TR E[C 350 450 550 35 1.5 1. 20 0.7981 0.6770  0.460 1
X I i /min 60 120 180 /& 0. 24 0.9945 0.987 4  0.9547 I
X; ) B4 R B 1L 1 1.5 2 =t 0. 23 0.997 0  0.988 2
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Table 4 ANOVA of alkali-fusion model

WH  CFxA d HFE FE Pia

(R 71.41 9 7.93  140.78 <C0.0001 @
A-RE  28.50 1 28.50 505.73 <C0.000 1
Bt 9.68 1 9.68 171.76 <0.000 1
C-ilkH . 11.76 1 11.76  208.69 <C0.000 1

AB 0.36 1 0.36  6.39  0.039 4

AC 6. 00 1 6.00 106.51 <<0.000 1

BC 1. 00 1 1.00  17.74  0.004 0

A? 4.58 1 4.58  81.20 <C0.000 1

B 0.73 1 0.73 13.02  0.008 6

C? 7.59 1 7.59  134.65 <C0.000 1

i 0.39 7 0. 056
JeiE 0.18 3 0.061 1.15 0.4317 ARHF
i 0.21 4 0. 053
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Fig. 4 3D response surface plot of interaction

between temperature and time on alkali-fusion
residue carbon content(initial mass ratio of

alkali to material of 1. 5)
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content(reacting time of 120 min)

P 6 H i) 5 200 4 Aot L A S8 E A 2 ol
TET 222 U TRTAE o B TA] 4 S S H OB L A 38 R 1 I 2%
e HE T BIR K BE I P S B S

20. 1\5(?
Y
B 6 BB 5 #AmE R % B 4E AR
BAEHREENZMIMORE 450 C)

Fig. 6 3D response surface plot of interaction
between time and initial mass ratio of alkali
to material on alkali-fusion residue carbon

content ( temperature of 450 C )

M 4~6 al 0, B b 00 46 B0k R — D5
T A A PR R R | N ] B L P B R v A B A A R
SRR R o L T A R I T e o i 3 1 A A A ] B
) — DA e 5 ZEAL AR 50 28 15 B LR
&
2.4 FHMHELEEIE

T U BF Al 41 1 6 2 00 < i B 350 ~
550 C A} [E] 60~ 180 min, §F K} b 1~2, DLHE A 7K
Vit Bk & ik 100204 HAR{E . il id Design Expert 4k
PEHEAT U 20 M7+ AR A5 45 N 3R S B 0 {E O < L



2020 4E55 9 1

a4 E QR ) (http://ysyl. bgrimm. cn) e 125

550 °C (I{A] 180 min . #1 LA ARRF HL 2., Bk 7K 1 7 7
e 2 T M 96. 08 % . ok B It S Btk A7 & Ak
5 A HINE 5 ME M 2R, 3 IRELIRK
5wk o il 5 H 4 B ok 95.59% . 95.23%,
95. 62 % . F-14 95. 47 % , H & i3 5 45 L 5 )1 1
HZ [ AA2E 0. 61 A 43 40, R W LG B AUAR 47
ST BRI R AR I 2 ik R R LG

3 i

1) 2 BF AR e Jes 7K 8 s v e 5 s 55 B0 IR R L I
1] B0 s B} L 22 ) YOG FR AT SE b R O R AT

Y = 93.26 + 1.89X, + 1.1X, + 1.21X, +
0.3X, X, + 1.23X, X, + 0.5X,X, — 1.04X,% —
0.42X,"—1. 34X,*

2) 2 BRI BB [ 2 A58 780 7 22 4 BT 45 SR 3R W L o
T2 B AN B T B2 L B T) ) e R L AR AR 41 5 T
PR — R I R 5 e i 2L 52 e [N P ) A
P ENEROR A e S AR NN B AR 2

3 FRAFA AT R 50 50 TE AT 2 T 2R BA AR 6 A 42 4l
WL TS8O0 R E 550 °C 180 min, ikl HL 2,
SR IRAT B T B Ll Ak S5 Ry Ak i 95. 4700,

(1] XUPRA: 8 22 S PH, 45 T 4 WL 2544 8 F i BT A

W AT A L)) A A m T AR, 2017, 7(4)
1-6.
LIU Q S.ZENG S J.ZHANG D C.,et al. Research on
the mechanical behavior based on the microstructure of
the aluminum electrolytic carbon block cathode[]].
Nonferrous Metals Engineering,2017,7(4) ;. 1-6.

(2] 2. vk vk 25 5 Il e A TG Bk 62 % B 4 1. 2 B

E[D]. B B IH 3 T k2% ,2015.
LI N. Study on comprehensive recovery and utilization
of low carbon grade spent cathode carbon by flotation[ D].
Kunming: Kunming University of Science and
Technology,2015.

[3] OSPINA G, HASSAN M L Spent pot lining
characterization framework [ J ]. The Journal of the
Minerals, Metals &. Materials Society, 2017, 69 (9):
1639-1645.

(4] B fR5, Tk, 6fJr %, %6 40 A A %2 1R B4R S AL 9 1
BMBFFELT]. A 8w QR FRIZY) ,2015(3) :30-32.
ZHAO ] X, ZHANG B, BAO L F, et al. Fluoride
leaching test from spent pot lining of aluminum

electrolysis cell [ J]. Nonferrous Metals ( Extractive

Metallurgy) »2015(3) : 30-32.

[5] PALMIERI M J, ANDRADE-VIEIRA L F,CAMPOS
J M S, et al. Cytotoxicity of spent pot liner on Allium
cepa root tip cells;: A comparative analysis in
meristematic cell type on toxicity bioassays [ J ].
Ecotoxicology and Environmental Safety, 2016, 133:
442-447,

(6] BUubss, WEIE XRS5, H A 50 R ) 30 J5E 458 B4 4% 4

W IR L) ] A G R E GRFRER 20 ,2019(9)
53-57.
ZHAO H L, HONG S, LIU W, et al. Experiment on
reduction and extraction of copper and cobalt from
copper converter slag by spent pot-lining from
aluminum smelters[ J ]. Nonferrous Metals ( Extractive
Metallurgy) ,2019(9) :53-57.

(7] BREF. SO K R A KO B T 2P 5 R/ T 0y
HrID]. Kb . H B K2, 2009,

CHEN X P. Study on pyro-process for spent potlinning
and its heat transfer analyzing[ D]. Changsha: Central
South Uiversity,2009.

(8] XIEW M,ZHOU F P, LIU J Y. et al. Synergistic
reutilization of red mud and spent pot lining for
recovering valuable components and stabilizing harmful
element[J]. Journal of Cleaner Production, 2020, 243 ;
118624. https://doi. org/10. 1016/j. jclepro. 2019.
118624.

[9] CHAOUKI G, ABRAR 1, ABDALLAH S, etal.
Combustion and emissions analysis of spent pot lining
(SPL)as alternative fuel in cement industry[J]. Science
of the Total Environment.2019,684:519-526.

[10] HAMEL G,BREAULT R,CHAREST G, et al. From
the “low caustic leaching and liming” process
development to the Jonquiére spent potlining treatment
pilot plant start-up, 5 years of process up-scaling.
engineering and commissioning [ CJ//Bearne G. Light
Metals 2009, The Minerals, Metals &. Materials
Society2009:921-925.

[11] LISBONA D F, SOMERFIELD C, STEEL K M.
Leaching of spent pot-lining with aluminium nitrate
and nitric acid: Effect of reaction conditions and
thermodynamic modelling of solution speciation [ ]].
Hydrometallurgy.2013,134-135(3) ; 132143,

[12] WANG Y W, PENG J P, DI Y Z. Separation and
recycling of spent carbon cathode blocks in the
aluminum industry by the vacuum distillation process[]J].
The Journal of the Minerals, Metals & Materials
Society,2018,70(9) :1877-1882.

(137 (R SR ME. 55 e fif I 1H B AR v il R el A 53 1) 43 85 B (|l ik



126 -

A4 R GRS (http://ysyl. bgrimm. cn)

2020 457 9 1)

[14]

[15]

FIALD]. 220« 22 JH 323 K %2, 2018.

REN H Y. Separation and recycling of carbon and
electrolyte in spent cathode carbon from aluminum
electrolysis[ D]. Lanzhou: Lanzhou Jiaotong University,
2018.

LI X M,YIN W D,FANG Z,et al. Recovery of carbon
and valuable components from spent pot lining by
leaching with acidic aluminum anodizing wastewaters[ ] ].
Metallurgical and Materials Transactions B, 2019,
50(2):914-923.

FEE W IR — B A UL BN B s R X T 4
Pt sz L] 048 R B34, 2018 (3)
30-34.

JIAN X W, HUANG J,ZHANG Y M, et al. Effect of

[16]

[17]

NaOH molten roasting on vanadium extraction from
black shale [ J .
Metallurgy) ,2018(3) :30-32.

AR AR AR XBEE L SEL B MK 5 S R 4R AR A
s )] A a4 TR .2019,9(6) :36-42.

YE B, YU Q C, DENG P, et al. Kinetics of alumina

Nonferrous Metals ( Extractive

extraction by calcination of coal fly ash and calcium
chloride [ ] ]. Nonferrous Metals Engineering, 2019,
9(6):36-42.
DEMIR F, DERUN E M. Response surface
methodology application to fly ash based geopolymer
synthesized by alkali fusion method[J]. Journal of Non-
Crystalline Solids, 2019, 524 :119649. https://doi. org/

10. 1016/j. jnoncrysol. 2019, 119649,

(EEEL 119 M)

[10]

[11]

[12]

REIG L, TASHIMA M M, BORRACHERO M V,
et al. Properties and microstructure of alkali-activated
red clay brick waste [ J]. Construction and Building
Materials,2013,43:98-106.

P Sl ik A 3 B S L R R TR R % CBC &2 & 41 8
RBFSE L] A e )R QRFRER ) . 2009(4) 1 45-48.
TAO M L, ZANG Z S,ZHUO R F. Study on CBC
composite material made from red mud[]]. Nonferrous
Metals(Extractive Metallurgy) ,2009(4) :45-48.

S L ZTT R IMG L S5 ZERIR PN iR U ik R R i
MARHE BE K SHOML 5 A8 1 s [0 ). TR BE £, 2017 (10) - 87-

[13]

89,92.
SHI D, YE J Y, ZHANG P, et al. Effect of steam
curing on properties and microstructure of red mud-
based
Concrete,2017(10) :87-89,92.

BESRCRE L PME B VA AL T M R TR A v TR AE AR I R
WFFEL)]. B £ E 4] . 2016,35(3) . 736-742,747.
HONG ] N, SUN ] M, XU X B, etal

alkali-activated cementitious materials [ J .

High-
temperature phase change of active calcium silicate[ ] ].
Bulletin of the Chinese Ceramic Society, 2016,35(3):
736-742,747.



	有色金属冶炼2020-9目录.pdf
	有色金属（冶炼）2020-9正文.pdf

