20024F12H J. CENT. SOUTH UNIV. TECHNOL. Dec. 2002

o B TH% T3 G B AR iR A3 BiC 75 2 BEAR I BB (L B 52 M

HIEE, FHa, = &, X

(PRERY Rt S TR, Wik Kb

410083)

FEE: B0 R AR A 2R A F 7 A 400~ 600 mV, 5 S50 R RE RIS 40 10 2 7 S G 0 A 3 e AN () JEURE I T (6
T R SRR VS I ) b X 6 PR AR IR, A S8 5 P 5adt T HL ALV AT PR R A0 K, 2% 5 T AR T Bk R B
A A7 oK 5 SR T 5 R AR B AR A o) I B o R R R i B Sl R R W B U R R, X A R e e
PLAZACANK, (HIE AT FRAR ES NS AR I 47 N ¥ NasAlFs, AIFs, ALOs AT NaF S5 2% Jit, HJ 0 3 BH AR et 2 £ R 4k 5 A 3R T
Al 2D BB, T AR AR B AR R A5 A L Bt RE I e RT3 BBORR AR O L7 4K

KEEIR: HAR IS WA, Wi, kAR, 48
FE S ES: TFS21 XERFRIZAD: A

TE S 1005 9792( 2002) 06-0580- 04

R Tl ReFE B oK, W REAI FH 2R 4K, R AEBHAR
HEL A 27 9 P 1 BE A 3L LAV 57 38400~ 600 mV, 5 ZU
B R SRR A A g

THURE 4 e A AR AR P R R, BB R BBl
it R B AT T AN BTV R, A BHAR T AE 2 — e R,
FELAA BT REIE BHARAN IR (fE T 3~ 4 I JG) , TR
FHAR (5 A) 4t 48 N3 BH A, 3 7 A2 K & 1) 7%
B R (RSO AR Bk 2= A RE, 75 4 B A 3R THRY &5 Pp g ot
bR, S5 1E A BR BB L% — e L Ag 3 3] FE A
Ak R VS B BT TR BH AR B i AR AR K
Wi, B AR R T BV, (HR S A — 24 JUc R 3
THURS FH Bl B, 3X B8 2% 6 3 K 2 AR ok 61 Rk
523380 COy [N AL 45 FELfig A= r= ik F2 v, Fil
R RRAR B 25 S Bk COn Je 3 R 4 AR 1T o T 4
o, AT 0 T BHAR (40 A0 i REL) . 7 0k, 1 AR
[F) JSORMEC 77 (575 SRR 3 A i) 1M 36 T % B
PR, 76 SE 36 = EAT FA o WAz ik, DA 255
T 25 S B2 2 7= ol 5 500000 2 1 A3 b s T 0k B
A3 BV FR R ).

-
I 35 4

M EAEHR 15 mm (g R 2004 Sk, T 7B
AR 8] B 2 7 B4 FR] b 1k 56 FHURE FH AR = Al B 2 56 e
i R FHARAAAE (B BC T B 5 AR ) . BRfal e 22

I %5 B #3: 2002- 05- 17
HEEW B B ZKE SRR R ERIIH (G1999064903)

SREAE R AR 7 7 P B A I A, -2
6 TR AR Bt D Jsr ek B R ) 95 2% 1 B DR Ry — 2L
CAEREAT LE AL,

AP 1 o, SR BT i e R Py 8
LA, TR 970 °C, i (BT AR E)
76. 83% NazAlFs, 8. 17% Al,03, 10% AlFs, 5% CaF, )
FEAR P HEAT BH AR I A2 I D DR EF — 5 A B AR Tl
R, FHAR _EABATR Bt 5 2 B A S I RE A AL R
B, b LA (R A R TR, DAYED B AR R
P H i S B0 BEAR FELAZ e . D A L i o3 A B
FE R R e 4 A S B — (3 AL, DU AR T 3

1

1 —FIAR AN B, 2 —4 8401 109 Pr) FAHL ;3 —f7 ST 49,
4 —HUR AR, 5 — R ALNI KRR, 6 —BIAR AN A,
7542, 84S Ll 9 —WIKER; 10—k 235K FH
11 —RIEEE; 2—RIERH; 13—
B 1 FHAR o H A7 W S 50 A R G B 0 i ]

YEZ & M BTN (1974- ), Y5, LS AN, PR R VR, 1, A dHE 6B 18 S o



56

FOUAE T, S5 45 R AR TOURT FH AR JSORISC 77 50 BH B I e A7 0 5 1) 581

B O B A SR I IR PO T AE R B AR S HL AR
HAL A 22 B 5 R o ) e gl AR AN A SR AE S L, TR
SR T R, B 5 FHIE, HCRHE Sl
.

76 Ny SR, B2 P 0878 A a8 i oy v i
JORE TR (970 £1)  C( IR HA LB ) J5, 4
N BA MR AE R 2 LG s A%, 40 min S5 HRL AR 5L E [ T
F(970 £1) C, A 0. 01 Q b #fE o FH 1
EG&G Model 37115 H3 Jit/ HL AL AN 4% 1 BH B HR 38 %6 1
FE— B YE B N AR AL, F0E R A T AT AR GS H
REIMAR, A5 VK SE B0 TE 220 5 2 ASBAM. B AR FI 2 L
A 5] B KA s A ey et B oL 3 v ) s B B die
L ENIAE TS, I 15 Tafel M2k Tafel #}3 FIAE #e
O 2, DARAE %8050 FH A 1 LA 2 v

2 HiREITR

PEARARAE O LA B M B ik 1 o, PR AR
HLA AR 45 % 2 & 2~ 4 Fros. o] W BEEE U 75
SR 43 B RGN, R 6 BE A 1 L A AR A AN K, HLS
1 AR IR BN 1 A/ em” I, 5 18% Al
17% i 75 B 56 BH AR (1) i Ay, BB 16% U 75 1 [H)
FEBAAR (A 5 AR) B3k B A7 43 3 R R T 36 mV Al
17 mV ( WL3% 2 & 2) 5 Bl BHAR I 77 0 5 T 40 30
(I 1R, BH A 9 3 P8 AT, B B 25 BR 48 =1, 3 1,
¥re b 2 B RGN g4, B8 KR
AR B 3% M 2 T, BAAER B AR 3l R A R Ak 2 20 TR Bl 3R T
AR D IR 3 A B8, T BREAS T B B O H A (L3R

1).
Fo1 T BRI A A 50

LT T E e SR v
97- 04 18 0 1487 55.2
97- 10 18 15 1356 62. 6
97- 12 17 0 1506 55: 1
97- 09 17 30 1514 54. 8
97- 13 16 0 1523 51.3
97— 11 16 15 1518 52.6
F2 AR R e,
AT alV b/V Pt 2/ V
97- 04 0.436 ( £0.001) 0.090 ( %0.001) +0. 006
97- 10 0.520 ( £0.002) 0. 163 ( £0.002) +0.012
97- 12 0.451 ( £0.002) 0. 104 ( £0.002) +0. 009
97- 09 0.414 ( £0.002) 0. 102 ( £0.003) +0.011
97- 13 0.468 ( £0.001) 0. 113 ( £0.002) +0. 006
97- 11 0.418 ( £0.001) 0.099 ( £0.002) +0. 008

e M= a+ blgi.

0.501
7S

o

sy z v

0.46¢
> 0.42

= .38t

T

T

0.34
o

0.30} )
-1.6 -1.2

1 1 1
-0.8 -0.4 0 0.4
lgf i/{Acm )]
A —i{Ff 97- 135; O—KXF97- 12 5,
v—ikkE97- 4 5
B 2 Tl s BHAR o i & 0 BHAR S AL 1, 1 5% T

FHAR 2 PR 26 2 v ARG R 2 S 5 —,
T 22 B 28 1 K /N X BEHR T BHAR P B L IE 7 FIORY
CEFIWITE A& S. Zuca ZEXHES F e 2 BAAR L HLAT
5P A BR R B SR R AT T Y, A5 R R BLAE AL
B K 9% ~ 169% If, BH ARGk H A7 i BH A% LI 11 4
B R, A FLBRE KT 7.5 Um OFLER A B) T8
e B AR %) H A 25 35 A R T, 0 PR B AR e AR Y H
B RN 3R 100 3% A0 22 SR (W aEAT, A nT B A B Al 0 72 =2
H Y27 0 IR BN SR TG A 20 R 45 I 5678 g 2 4 0D I
Pl B A BH AR S B 3 g, BH A I B2 1 Tafel X
g/, ez WAt 3 AR R X SR W I B B R T
S M BH AR 3ok R )95 A0 3k FE AT . BH AR R Tafel [X B 2%
B0 ) B v i AR A, A R A 2 AN [R] () BH A A
ANEEHER . V. A, Sverdlin 255§ A [7] BH B2 A4 B
SBRIAT T RGO, A ATTRE B A 2 R 43 A 1A
BRI O 2 BRANGEAL, 75t IF O 25 B RE ) 42
AR T BRACAR HfA  FE S B #, AT RAAIG HE Ao et
T2 1) fi6 f2 Y 4.

1% 2 & 3 FEE 4 BT I, 9% 0 5k B mT R A1 BH A
LA, GRS R 1 A em® I, AR 17% WU
P BE AR LB 5 I\ 30% 1A% AR AT A BE B o Fi Ay
FEAIK 37 mV, 127 16% 05 7 B9 FE AR AT 7 =
N 15% PR35 AR BT A8 B A oL fEL A7 B AR 50 mV. 4% B
AR, % 0 e AR By N B % O S R R FEL AR T 41 43
NazAlFs, AlF3, AL,O3 Al NaF! "', Hordr NaF fil NasAlFg /&
BE B 4 Ak B 5 4 A0 7R0ES s ALO, LA 13 59 A0 5
PEVOV T ATR, 8 2 B AR I ] S PR AR IS 1, 2
TR e S T T 7 R AR AR 3 S 101 S s A T R A T
BETE $ = BH A A 27 3 1 149 [0 B, o 3 B A a2 1
2% 30 TR BH A 2 T A 20 B8, AT AR X 562 BH %
ik HLA



582 g Tl KF 4R

0.48f
0.44-
0.40f

2, 0.36F

=~
0.32~/n$'@€§
0.285 s

P i
0.24F N . . i
-1.6 -1.2 -0.8 -0.4 0
lgl i/(A-em™?) ]
W5 97- 09 %5 O—Hd97- 125
3 7% Wi AR AR rhA ik A hf
FH AR 3L B T, 5% R
0.50F
.M/

0.46 2 -
0.42f .

Z 0.38 :

[~

0.34
0.30
0.261 .

1 1
-0.6 -0.2 0.2

1.4 —1.0
lgl i/(Aem™?)]

V—RER 97— 13 5; A —REf97- 115

4 75 16% Wi T IR 56 BH AR b in R A )

KERSSun: R VARIN b= AL

B, ik 2 nlR L, 155 18% Ui a 1 FH AR #
BHEC T N 15% 15k e, o d m 1 B Ak e
fr, 4 HW % BN 1 A/ em® IS, PH AR b H 0K
520 mV, LEAH R 26 A R AN IS AR (R R AR 52 7 1 84
mV, L2 AT SR AR f A2 3e . R 1 R,
BFEIT— 1075 H & 58 B Al I, 3 ml fE 2 It B PH B
AR MR, SRR m. — Ok B, FH AR =S B
JESE T, AR T PR B S i v o i, A5 BH Al Az
it B AR AL BSURE BB T~ o (FL2, 2B O v SO
AR B B A B T, B B AR B A 2 2K s I e =5
PR, AT A PR 5 - H AR R T ) CO 25 Jal 189, FHAR
S I VAR T k], L SI HL YA R B K, BH A
REAR . LR, WRB B 3 B AR SR 1 (¥ CO Al BHLLE R
RS R R AT, AN 5 S50 RH AR i v i T vt T A iR
A7 i B BB 1 SR IR, 38 UE AT 25 0K B NPT 7 AR
(K] CO o BHAR L HLAE 5% W, 23 A9 T 43 g o
A CO AT AT 545 Xof BFH AR I L A 14 5 W

HT P 1 P s e 2 B P ) A A A AL N %
45 ALOs &, FEm i@ A CO, 23 5l I 9 A 2 A AN [

2 B e P ik 2 AR R B A7, I 5N CO IR
it A AT AR, S SR 5 s, BT, N CO i
2 Tk 25 BRI AR I HRAL G AN [RIRR FE 48 ey, (R s
FET MR ZE LLRAE TR, SRR B0 1 A/ em”
I, A CO AL T BYId AL 42 & 69 mV, 1M i
FE LI FA 52 iy 26 mV; AR T 5 6lRE TR 12X
AE R 1 2 B2 LY 3 1K, I 1 B B v BH AR
[0 2 UL 2% (B ARG AL BE) w42 i B AR I Bt €O 58 i
(1 RE

0.55
0.50+
0.45F
0.40+
0.35+

7.V

0.30r

lgli/(A-em™?)]
B LR, A CO, M= 0.520+ 0.101 Olgi;
O—#E 1, KNill CO, N,= 0.451+ 0.091 6lgi;
@ L 11, A CO, N,= 0.459+ 0.093 5lgi;
O—ikkE 1T, il CO, N= 0.423+ 0. 092 1lg:
5 IR CO X BH Al FL AT T R 5

WK 6 s, MU BE A s na S8 5, A ks
B A% F ik S R A s MR B N 1 A/ em? T,
LA BT A 0 0. 2% ( & 53 5 A sk, A4 S PRl
fryask HE A 2 1 43 mV. X 0] B8 H T H AR TR A
[ S8k A0 i I B b 5 AR 7= ) COn S R AR B
CO, 1M CO SUAE BH M ok v A7 TF vy, 55 R i 5T il A
CO HA MR

Il
-0.2 0.2 0.6

0.6
lg[i/(Aem™®)]

O —AiRnAF 24, M= 0.518+ 0. 1491gi
® — 75N 0.2% 1547, M= 0.561+ 0. 1541gi

6 MRS IN A SRR R A R B AR I LA T, PR R



5 6 3] FOUAE T, S5 45 R AR TOURT FH AR JSORISC 77 50 BH B I e A7 0 5 1) 583

(2] WS, LR T AR B R 2 T S —— B B LAk 27

3 L oA AR COy BIVEPERIFIF[ D] . Kb hi R e eRle s
THEABE, 2001: 513.

[3]  YANG Jiarhong, LAI Yarr qing, XIAO Jin, et al. Measurement of

a. Ejﬁ%?}j_j %g% E{] k, —‘Lﬁ% FH 1:& E{] o EE /fj/ﬁ anodic overvoltage by a modified current interruption method in cryolite
/H:‘Z:k ’fE' ﬁ% 1}4& ]3% ,TEE BH 1;& @673 EP ?}ﬁ E'%g 4\% K BE] alumina melts[ J]. Trans Nonferrous Met Soc China, 1999, 9(1): 121-
9 = . = = H 1
127.

P B GO, A IR P AR 2 A B mid M
E'%gé“:%’ 1f BE 1;& E,:] i:& Tii%ﬁ k’ Iga *ﬁﬁ%ﬂ% E@ LE‘ /“:‘# carbon anodes in cryolite alumina melts[ J]. Electrochim Acta, 1980,
A IR B R T A A4 20 SR 1R 3% A e B ARG, DT A BH M 3t 25(2): 211216

[4] Zuca S, Herdlicka C, Terzi M. On porosity-overvoltage correlationfor

EE/ET ]3%1 EE [5] Zuca S, Galasiv I, Terzi M. On the anode process in aluminum elec
b %{ le] §£ 1;& af ]3% ,TEE EB *&ﬁ EE ,fj %{ jJ[] §£ 1;& HTJ‘ ;{A%_ trolysis[ A] . Bratislava R I. Proc of 4th Czechoslovak Al Symposium

i A " [ C]. Czechoslovak: 4th Czechoslovak Al Symposium, 1980: 184 191.

7 N\ NazAlFg, AlF3, ALOs Fil NaF 5524 5T, 1X £6 2% Jif

ks A Aba3 56# 2 2; ‘jF ﬂ‘ﬂ#ﬁ ‘IX T{:DF%E [6] Sverdlin V A, Dyblin B S, Vetyukov M N. The porous structure of the

A 0] BEAEHE 5 BH AL 2235 PR B[R] I, b3 BH AR O FE caibion, aricdef T] . Sov T Non FewMat, 1076, 10(11): 45:47.

E@ LEA 'f’t # i‘i %3‘:15 ;F H BE] 1;& %% ﬁ i—f}g /f’t i‘i %3‘359 y\ M ]3% 1&& )l/ic % [7] Fischer W K, Perruchoud R C. Interdependence between properties of

I;E *&ﬁ EE’ET anode butts and quality of prebaked anodes| A]. Rooy E. Light Metals
¢. FIHALBRAE 5 SECIBGS MR A, AL (1 Peonshania TS, 191: 720724

[8] Smith M A, Perruchoud R C, Fischer W K, et al. The effect of sodr

B P52 3 e AN R R AR B, A 22 7K B B A =5 11
n, AL A3 BB R T CO 25 &R 1, B8 e BRI T B,

um content compared to sodium additions through butts recycling on the

reactivity of the anode binder matrix[ A]. Rooy E. Light Metals| C] .

TS HL A R S T K, BRI AR R v IR T Pennsylvania: TMS, 1991: 593 596.
% FH *&%ﬁ E@ CO ] FH1ERH *&fim E’:] iZE’/f]t, }J\ﬁﬁ %‘i& [9] Aanvik M, Solie M, Oye H A. Reactivity and texture of cokes doped
I}E *&ﬁ Eﬁ’fjﬂ_ %. with aluminum compounds| A]. Peterson R D. Light Metals| C]. Penr

sylvania: TMS, 2000: 555 563.
[10] Houston G J, Oye H A. Consumption of anode carbon during alu

S % XChk: minum electrolysis[ J]. Aluminium, 1985, 61(5): 346 349.
[11] Dewing E W, Kouwe E. Anodic phenomena in cryolite alumina melts,
(1 My, ThEg A B M. K¥b g Tk K 2% AL, (I): overpotentials at graphite and baked carbon electrodes[ J]. J
1996: 247248. Electrochem Soc, 1975, 122(2): 358 364.

Effect of raw material recipe on anodic overvoltage of
pre-baked carbon anode in aluminum electrolysis

LAI Yan-qing, LI Yarrhong, LI Jie, LIU Yexiang
( College of Metallurgy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: As an important part of cell voltage, the anodic overvoltage of carbon anode is as high as 400~ 600 mV, which
directly influences the electric energy consumption per ton of aluminum and the production cost of primary aluminum. In
this paper, the anode samples are drilled from the industrial testing pre-baked anodes with different recipe respecting to
the pitch content and butt addition. Their anodic overvoltage is measured with the so called modified current interruption
technique in laboratory, and the effect of pitch content and butt addition on anodic overvoltage of pre-baked carbon anode
in aluminum electrolysis is studied. The results show that the anodic overvoltage decrease a little with the pitch content
increase. The impurities such as NazAlFg, AlF3;, Al,O3 and NaF are introduced into the pre-baked carbon anodes when
butts are added, much of which may accelerate the electrochemical step or surface transform steps of the anodic process,
so the anodic overvoltage decreases; exorbitant porosity of carbon anode may result in the increase of anodic overvoltage.
Key words: anodic overvoltage; pitch; butts; aluminum electrolysis



