5524 %55 9 W] HEEFaEEFER 201449 J
Volume 24 Number 9 The Chinese Journal of Nonferrous Metals September 2014

XEHmS: 1004-0609(2014)09-2339-06

0 R R AR R SR R RIS T Ry IR TR A

ERE R - S S -

(1. M FRHE RS MRIRl2E S TR, #FH 471023;
2. Hgm RO A P R BE e, &FH 4710235
3. HIE R A AR, )1 471312)

W OE: O T RIUE LR R IR K AR K A Burgers 8RS, 7E 965 C A IR TR, X EAT Tk
AR 3 IR F AR R AT R AT S5 0T A 88 SR A SR A0 HEAT bl IR A i A 5256, SR Burgers BT 9]
WA R REBAEAT R REAT 23 BT« FIH Origing.5 #1440 Burgers B8 SHIEA TS, 19 2085k R JIADRHI R 7 7 o
SRAW]: Burgers B AERLUT Hb S I 3R BT BRARLAE SRR L 246 T 4 R (OB, ISR R A SR A T
i, Burgers BUUBHL B\ Ey oy Ry (EBOK, FOBHRTURAZRE B AEARERE BT LA SR B AR A
KHE K, Burgers BB E . Eys o M1y (HA2/, MOBHIPUGAZRE ) AR 22 . BTk SR o B4R B AT RHESN
VRN IR A AL . SIS FRAFAR A = 84T 1R v S AR AR T B 2 0 P R i TR S B R 2%

KRR W BREPIRAEL AE; Burgers B

FESES: TFS21 ME RS A

Creep model of carbon-based cathode materials for
aluminum electrolysis under high temperature and electrolysis conditions
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Abstract: In order to obtain the creep data and Burgers model parameters for various industrial cathode products,
uniaxial compression creep tests were carried out using a modified Rapoport equipment for carbon cathode materials
under high temperature (965 ‘C) and electrolysis conditions. The testing samples were taken from three typical industrial
cathode blocks: semi-graphitic, full graphitic and graphitized carbon products. The viscoelasticity of the cathode
materials was analyzed separately with Burgers model. After fitting the model parameters with Origin8.5 software, the
constitutive equation of carbon cathode viscoelasticity was obtained. The results indicate that Burgers model can well
reflect the viscoelasticity of the carbon cathodes. And the higher the graphitization of cathode materials is, the larger the
Burgers model parameters E, E,, 77, and 7, are, and the stronger the resistance to the creep deformation is. As the cathode
material structure is damaged by the metallic sodium and the electrolyte, the Burgers model parameters £y, E,, #; and #,
become smaller, and the resistance to the creep deformation of the cathode material gets worse. The obtained data will be
useful for understanding the creep rule and better quality control in cathode deformation and the cell service life
prediction in the production.
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Fig. 1

Schematic diagram of apparatus for cathode creep
measurement  during aluminum electrolysis: 1—Load; 2—
LVD transducer; 3—Loading frame; 4—Measuring extension
pin; 5—Gas outlet; 6—Loading extension rod; 7—Graphite
crucible; 8—Cryolitic melt; 9—Testing cathode sample; 10—
Alsint support; 11—Resistance furnace; 12—Anode rod; 13—

Gas inlet

Table 1 Density, porosity and heat treatment temperature of cathode samples

Sample ] Apparent Apparent Heat treatment
Binder Aggregate ) 4 )
No. density/(g-cm °) porosity/% temperature/C
S 20% pitch 52% anthracite+28% graphite 1.57 14.04 1200
F 20% pitch 80% graphite 1.64 18.12 1350
G 20% pitch 80% graphite 1.58 22.27 2850
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Fig. 3 Creep strain and fitting curves with testing time for

cathode sample G at 965 C and 5 MPa
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Table 2  Fitting parameters of Burgers model for three typical industrial cathode blocks at high temperature
Sample No. E/(10°N'mm ") E/(10°N'mm ") 71/(10°N-min-mm ") #72/(10°N-min-mm ") Relevancy
S 0.620 0.398 33.781 1.133 0.976
F 2.315 0.440 37.882 1.210 0.968
G 3.472 0.521 42.707 1.464 0.932
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Fig. 4 Creep strain and fitting curves with testing time for

cathode sample F at 965 ‘C and 5 MPa
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cathode sample S at 965 ‘C and 5 MPa
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Table 3 Fitting parameters of Burgers model for three typical industrial cathode blocks during aluminum electrolysis

Sample No. E/(10°N'mm ") E>/(10°N'mm ") 71/(10°N-min-mm ") 17/(10°N-min'mm ") Relevancy
S 0.253 0.218 25.641 0.772 0.945
F 0.878 0.341 32.118 0.987 0.982
G 2.1186 0.449 35.546 1.174 0.965
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Fig. 7 Creep strain and fitting curves with testing time for

cathode sample F during aluminum electrolysis at 965 C,

mole ratio of NaF to AlF; of 2.5 and 5 MPa
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Fig. 8 Creep strain and fitting curves with testing time for

cathode sample S during aluminum electrolysis and at 965 C,

mole ratio of NaF to AIF; of 2.5 and 5 MPa
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