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Table 3 Equivalent coefficient of thermal expansion

Layer Averaged Equivalent coefficient of
temperature/ C thermal expansion
1 948 9.16295X10°°
2 944 8.86723X10°°
3 940 8.61153X10°°
4 938 8.32989X10°°
5 935 8.12886X10°°
6 929 7.97625X10°°
7 927 7.84352X10°°
8 925 7.30856X10°°
9 923 6.73506X10°°
10 920 6.64660X10°°
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Table 4 Properties of steel

Temperature/ Young’s Yield Tangent

C modulus/Pa  strength/Pa  modulus/Pa
0 2.06x 10" 2.15%10° 6.1x10°
100 2.04x 10" 2.04%10° 6.04%X10°
200 1.98x10" 1.87 %108 5.86%X10°
300 1.89 10" 1.63x10® 5.6X10°
400 1.74x 10" 1.31x10° 5.15%X10°
500 1.5x10" 9.1X10’ 4.44%10°
A FGAT R U

1) RS E -

2) RN I IdE 9.8 m/s”.

3) BH B i B L 3 T it n A0 R U B ) 6
kPa,

4) NREYRAR En bR a5t s g, bR E e i
32t

5) WAL AT A S IR A R N

6) Efivr . FEIELRIRE T 2 sy A
BRI, HARA R HEREA AT AT AL 2, B
GO TR 7 AN PR W A8 B G RE R AR 7,
WK 6(a)iTan, 1K JLALR A PR . F7 54008 H
AR IR S5 By, Wl eb) o, B LAV ik
hy VEE HE Rl o B TR R PR R DALY 0.15

P S B AL = SR s m] OB 85 381 G B vl 7 P4 £
AT IS, 0 8 AR 8 S 43 A AT It 2 T 3
B0 WAV B R A Ak (V) V5 AR T P AN TRAT WG &
E—ifd, X T EOH ORI N I 5 S bR B2
K.

7) X FR I 1% B N Frictionless support 14 %,
Frictionless support 11 555 X Frid S 5534001

33 HEERESH
ARV F AL A 8 1T, 51 1. T
Z e M RHEAE LR T AR e b, BT — KRB IR



9 26 &4 9 ) M, S LAY O BRI A 2011

Elo #HAEMRERE

Fig. 6 Schematic diagram of contact of cradle rack

K, A 12h KUE. 22005, BT 752l
IES S

B 7 B AR AR (1 S5 SRS 90 A R85 T S S
A1y, Ferp x T ) A/ TR S 2 L,y 7 (AR T
HNMIFBER T 10— 2, 2 J5 2 B EH 71 . 18] 7(a)
¥ Sy VR : ity SN L YR gtk SN VA PSR
cm, HHIUERIOREL BRI, B 7(0)2 x 7 AR 73

(a) Total displacement/m
2.98X1072
2.65X1072
2.31X1072
1.98X1072
1.65X1072
1.32X1072
9.92 X 10‘§

z 6.61X10"
Yy -3
N 331X10
(©) y-displacement/m

5.90X1073
]2.74X 1073

7 ML
Fig. 7 Displacement of cell: (a) Total displacement; (b) Displacement of x direction; (c) Displacement of y direction; (d)

Displacement of z direction

Wz, x TR 1.6 cm,  HBLAE/N RS
e B 7(e)it y JT TR I3 A = Ly T [ e KAV
K 2.6 cm, iy BT, MBI TS
(At z TR AT =B,z TR ECRAE N 3 em,
HBLAE BB R e 2T, T DAt B AR e AT
L. SCRR[16]145 T 180 kA HR UM A 1K) 7 72
AR, S R s y T5 B ) 1.85 em,
HBAERE 5K R, x Jr s KA 1.2 em,
PUE/NHT R . USSR S A RS RUE 8L,
HH T AT B0 420 kA G0 HURE, REZUEER, A
U, PSR A LEABAT T BIR 45 A K

Bl 8 P MR 5eE IR AR R I o hil&l 8 WT LA
WA, R AT LS, RS L iR
HEABIT, JRAM T O —F BITHE 2 1
cmo X5 SEERA T FOR SR O LY A

Bl 9 Fras MRS Mises N MW AR 73 A1 25 180 H
Bl 9 mTLAF s A TeN A fr TS e IR IR IA %,
N IJMEIEF] 322 MPa, HARKMHAEIET 216
MPa, Hi5EH KNAR K 0.15%, 78 AR IA 3 Jw ki B
0.2%, AUk, BRI D3 KIS AL i s I REAh, Al Tedt
EHBALAT — R MR A, LEB Ay NS RINAR
(370 AR LA HY R 5 0 5 £ 1 R0 2 3 3 L JE 8
IS NARKARZ 32 p T = SR 2 [ B o A
WA 77 5 JECHAE 58 3 SR 2 AR 1) 1 £ i
1P PR RIBZ IR ) 2 B AR 1 5 KR 2

y-displacement/m

1.63X1072
1.42X1072
1.21X1072
9.98%X1073
7.88X 1073

(

5.78%X 1073
3.68X1073
1.58X1073
-5.26X10™
-2.63%X1073

z-displacement/m

2.97X1072
2.56X1072

216X 102

175X 102

1341072

926X 107

516X 107

. 106X 102
303X 10°

N Bk

b)
z
y \T/'x
d)

(



2012 hEA SR R

2016 £ 9 H

Total deformation/m
2.64 %1072
2.35X1072
2.06X1072
1.76 X 1072
1.47 %1072
1.18X 1072
8.92X1073
6.01<1073
3.01X1073
1.88 X107

B8 M ERATY
Fig. 8 Deformation of pot shell

Mises stressgﬂ’a

3.2X10
@ 29X 108
2.5%X108
22X108
1.8%X108
1.5%108
1.1X108
7.5X107
3.9X107
7.5X106

Equivaient strain

(b) 1.58X1073
1.40X1073
1.23X1073
1.06X1073
8.85X10™
7.13X10™
5.40X10™
3.68X107™*
1.95X10™*
2.23X107°

B9 AT Mises V) AR W AR 7R B
Fig. 9 Schematic diagrams of Mises stress and equivalent

strain of pot shell

K10 s A B R B y J7 1) 80 2 J5 [ R RS 234t o
My T S A% A P e mT DABA S5 R BR TGS » U5 In)
PERE LU RGN, 3 p 1 R R TS0 AR e 5 8
Lo ifm, T2 AR K s s 2, 00 1) 4
Pk 2 . M z Tri A oA vl DU B
HULEAL 2 J7 RS LA b K, 1% 2 BT B AROR
P2 AV IRAE ] ) S5k, (R St K
A AR e BRI T, TRk m B, IF Ha
DI B D

B 11 s i BIAROR BB — = ) o b R AR R B
SEMEVEREL, P LLR 3 — I i R PR AT R A
52, BRI BRI RS A 34 MPa Zi47. M 11
ATLLE W, B OR B R 23 X 26— N ) fE—14~
19 MPa Z[11], Ab-FEoAss 2 A e N o 7ESET i)
BRI P ft A A2 N ) B, W 734531 80 MPa Zifq,
WAL TE S A P R T B s P AR G, AN A E
R

y-displacement/m

(@)

Center A-side
z-displacement/m

(b) g

Center

B 10 Itk y Tt z Ji s
Fig. 10 y-direction (a) and z-direction (b) displacement of

cathode carbon block

Ist principal stress/Pa
8.8 X107

4x107
3.3%X107
2.6%X107
2X107
1.3%X107
5.9X%X10°6
-8.8X10°
-7.7%103

-1.5X107
B BIoRPEs—EN
Fig. 11  First principal stress of cathode carbon block

4 ZEig

1) HAAERE x J7 10 0y 7 1) B KA A% 308 1.6 em
A 2.6 cm, I/ S FEH EACTHAE 52, 2
J7 5 KALAE N 3 om, HIIRAE BBl B B3R iX il
B LA Eh T2 B IR A A Z IR VR, Ak ) S
RN, FEERHER A ERE  ECHRE 5 2L AR 52 1 T4
lem, SSPRIGHMIA .

2) MESEERKNAE R 0.15%, AT 2 i b B
0.2%, E5ELE H i I2aT 41T T ARARAL T3 B

3) AR LT AN ) SRR AR TN EE e e, 15 2]
TSI S R THE 25 RIS bt L L i, v LA
h AR Sl R e v AT RO LRI S



55 26 4255 9 U] FOtE, S B AR RO AN D - KR & B 5

2013

REFERENCES

(1

(2]

[3]

(4]

(3]

(6]

(7]

i, AN ATANEE, B R B IS IE KN
SR RARRTTELT]. REBIAR, 2011, 30(1): 52-55.

FANG Ning, XIE Gang, YU Xiao-hua, LU Hui. Influence of
penetration of sodium into cathode carbon blocks during
aluminum electrolysis and solutions[J]. Carbon Technique, 2011,
30(1): 52-55.

0. B RO G R B IR B E S = i S
VU1 42, 2011, 33(5): 66-70.

LI Yong. Research on permeation and corrosion of bath and
sodium to cathode block[J]. Sichuan Metallurgy, 2011, 33(5):
66-70.

O, KL, AT BRI A iy e
w7 Bk S S A 0], T E A 8 R ), 2011, 21(10):
2594-2606.

LI Jie, ZHANG Hong-liang, XU Yu-jie. Simulated computation
and optimization of comprehensive physical fields in modern
large-scale aluminum reduction cells[J]. The Chinese Journal of
Nonferrous Metals, 2011, 21(10): 2594-2606.

Bz, 300 KA FH R A HL RS g 3 S B I I 7 1) 005 L8
WD) Kib: PR, 2007: 23-24.

WU Yu-yun. Study of simulation and optimization on the
electro-thermo-stress field and sodium expansion stress field in
300 kA aluminum reduction cells[D]. Changsha: Central South
University, 2007: 23—24.

FHRNI, A= B, RN, B b, BUE, T M, KR
BT RN R B AR T AR B R D). R A R
1, 2014, 24(1): 246-253.

YIN Cheng-gang, LI Jie, XU Yu-jie, YANG Shuai, LAI Yan-qing,
JIANG nan, ZHANG Hong-liang. Effects of innovative cathode
collector bars on thermal-electric field of aluminum reduction
cells[J]. The Chinese Journal of Nonferrous Metals, 2014, 24(1):
246-253.

TRERRE, MalbesR, XUHERE, AT, X
RG], B 4)E, 2012(3): 26-29.
ZHANG Qin-song, YANG Xiao-dong, LIU Ya-feng, ZHOU

B TURRY K — Rl

Dong-fang, LIU Ming. Simulation of 3D thermoelectric field for
prebaked aluminum reduction cell[J]. Light Metals, 2012(3):
26-29.

A, W, RN, A Db, REDR, RIRE. B
R R — 3 AR & BT SO IR, A AR E AR, 2014,
24(1): 239-245.

XU Yu-jie, LI Jie, YIN Chen-gang, YANG Shuai, ZHANG
Hong-liang, LU Xiao-jun. Method of strongly coupled modeling

and computing for thermal-electrical field in aluminum reduction

(8]

]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

cells[J]. The Chinese Journal of Nonferrous Metals, 2014(1):
239-245.

M v, L = Y R RIET A [D]. BB R
2, 2005: 39-40.

TAO Sha. 3D Simulations on aluminum electrolyte cells[D].
Wuhan: Huazhong University of Science and Technology, 2005:
39-40.

ACELER. 160 KA TR B 45 HL AR TR P Ao W - - T8 7 o6
PUOTEIESUD]. Kb HRER%, 2004: 18-20.

DENG Xing-qiu. Structural-thermo-electric coupled simulation
of the cathode lining in the 160 kA prebaked aluminum reduction
cells[D]. Changsha: Central South University, 2004: 18—20.
IR, MREkEk, A UK. FEsCE S PO 22 AR ).
ZPINNE A B A (1 AR RHFAR), 2007, 12(4): 38-39.

HE Long-qing, LIN Ji-cheng, SHI Bing. Fick Law and the
theory[J].
Teachers College (Natural Science Edition), 2007, 12(4): 38—39.
XNE, ZE b BURER LB IMD. dEat: YA & Tl R,
2008: 282.

diffusion’s thermodynamics Journal of Angqing

LIU Ye-xiang, LI Jie. Modern aluminum electrolysis[M]. Beijing:
Metallurgical Industry Press, 2008: 282.

SUN Yang, WANG Qian-pu, KETIL A R, MORTEN 8,
HARALD A @. Modelling of thermal and sodium expansion in
prebaked aluminum reduction cells[C]/CREPEAU P. Light
Metals. Warrendale: TMS. 2003: 603—610.

KNI, S, IR, R, R ket K
PR et A B R AR B LR (0. i KA RY, 2011, 45(4):
313-315.

LI Yong-gang, LOU Hai-qin, TAN Li-hua, YU Cheng-lin, LI
Xiao-rui. The pulse vibration tester of elastic modulus for
refractory at high temperature and its application[J]. Refractories,
2011, 45(4): 313-315.

LG, mlE. SR BORL A I KT SR LA R I E D). AL
W5 i, 2011(10): 189—190.

JIANG Zhi-hong, GAO Chun-sheng. Measurement of elastic
modulus of firebrick in kiln of alumina[J]. Machinery Design &
Manufacture, 2011(10): 189-190.

SRR, 160 KA T FH R o A A 5 A5 P Aof e — 3-8 0 o 5
PO EFF[D]. Kib: dhRIK2E, 2004: 40.

DENG Xing-qiu. Structural-thermo-electric coupled simulation
of the cathode lining in the 160 kA prebaked aluminum reduction
cells[D]. Changsha: Central South University, 2004: 40.

LR NI S BEN (3 L Dy v 2 20 S R R S R R Rl e -
1997, 7(2): 65—-68.

WU Hong-ze. Displacement study on the shell of an aluminum
electrolyzer[J]. The Chinese Journal of Nonferrous Metals, 1997,
7(2): 65-68.



2014 P E A 4 2R 201649 A

Calculation of sodium diffusion in cathode blocks and
coupled computing of thermal-stress in aluminum reduction cells

WANG Heng', ZHOU Kai-qi', ZHOU Zhong-qiang?, HUANG Jun®

(1. Faculty of Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Guiyang Aluminum-Magnesium Design and Research Institute Co., Ltd., Guiyang 550081, China)

Abstract: The finite element model of the thermal stress and sodium expansion coupling in the aluminum reduction cell
was established by using workbench ANSY'S simulation platform. The sodium diffusion of the cathode carbon block was
obtained by using the similarity between non steady state mass diffusion and the transient heat conduction. The sodium
expansion coefficient was converted into the thermal expansion coefficient according to the distribution of sodium
concentration, which can realize the indirect coupling between sodium expansion and thermal expansion. The plastic
deformation and friction contact of steel were considered, the calculation results agree well with the actual situation.

Key words: aluminum reduction cell; sodium diffusion; thermal stress; sodium expansion; finite element method
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