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Fig.1 Effect of mixing process and resin

modification on the bulk density of TiB, -C

composite cathodes
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Fig.3 resistivity of composite cathode
prepared from modified asphalt with different

kinds and contents of modifiers

ik 0 ~8% Iy, TiB, — C 52 & B4R A4 A6} 1% i BH %%
A TR AL B2 AN K, 36 2 DA A AR s i = IS T
8% I , APk 0 T VR RS 45 0 W R R 5 7
a3 MERH AR BE /N, FLBR R K, 3 302 A B b
R HLBH AR 5 o BfE A R VS It 3, 2 A B
WA A8 R SR B AR 4, K 58 Je BRI AR N B 4G
FUAH 5 BRI AHSS G TS0 , Wk K A IR A
TR 12% B, 528 BB R F BH % 55 oM T AH L
REAREAE, A BIFEAK T 20. 4% 14% , 31X 2% POk i1k
JE DT R A SE A A T AR A, N R I R B
B ARG S50 5 S IMBCE LN, T3 A, A B
i TiB, k-5 KRG 45 790 2 (B 285 A i o %, FLBR %
REAR, NTTTREAIR T 52 & IR A B F B2 . 4 i
IS AR SN 2 12% L i, i T et i i g
FEARLRAR R TS 00 St 1) 385 0 1T R AT, 5265 BB A 1Y
FLBR XA s, NI SR i MR AR 22

VNN TS T AR i T AP 90 7 1 £ 1) TiB, -C 2 &
BB %) Fi BEL 5 Bl AR Bl 8 fim 3 m B e, HL
SRR RN ZE AN K, AT RE 5 0 7 WOk IS 2
LOESPSS
2.4 TiB,-C E5BRHRHMERRE

R AN TR 55 150 ALk B8 9003 7 R A [ e e 3 75+
#1 TiB, - C &2 & BIR A B e FE o B K /N, 45
e 4 fos .

H1E 4 AT LUE 1, WG IR 4 1) TiB, -C &
A BAEA R BT 5 BE EL I T TR S (BT R 5 A
TR 5 PR Ty B RO IR A g o5 10 7 il £ 1) TiB, - C



2025 4E 12 45 6 1]

RIS . PRI IR TiB, -C B A AR BPERE T 205 - 119 -

—=— id
40+ —e—iFEh
—— IR
L —e—4E

8
R /%
4 AR SR e S
1l 5 ) 52 5 B A 47T T it 2
Fig.4 Compressive strength of composite
cathode prepared from modified asphalt with

different kinds and contents of modifiers

S TR L 0 58k L AR B2 L 30 7 TR N A9
SR L K 5 R AC P 90 7 ) 45 1 TiB, - C 5 PR
PRI 5 B2 A HR R, BEAR A 445 i 11
TNSEHE R IG Wl ] 5 By P A 0 75+ &5 1 TiB, - C &2
A AR AT s B A 5 7 TR AN 00 7 AR N A
58 2 22 18], ELBL s 98 B2 1) DR /)N BREARS A 945 T 16y 346 o
1ML sl s PR AR O U A 9 TiB, - C A5 B
A AT 58 AR B RS , R Tl 45 Py 8
— BN, 2R T 129 I 0 3 a1 s G 2
N AR5 BGALIZ FOIRESH , B R Z 815 5 2l
AEZRSZ I TR/, B0 S8R T A ke Mo 4 i 22 0 16 )

TEIAL IR , A IR ZAOKAL, P e mil AL
L HE AN R, 25 SR, {6852 45 AR B
o, B AR5 K SEM 23 B nl AL, W E R DA BT
S, NG 5, AN TiB, - C &5 TR LK
SR RE SN 5 M AR Jlis 2 e A i 745 20 AR B O g e , A
AERCE TiB, -C 25 BRI DTSR o

PRSIk I 1) 8 5 04 /N T 8% I, B I Sk

HAE RS ES R B T I8 B A A5 5800, UM IR s
ﬁﬂgﬁt? 8% If , A% N i U 7 A Dok 4 750 1V
FREN T A5, 255 25 JEUR IR TN IR 12% 3R
et

FT AT R R - S T A 200 D ARl i 1 e
W il £ 19 TiB, - C A2 5 B A H BT Hs 580 2 7+ 1)
TG,
2.5 TiB,-C E5WRMBHRMARS

EIRIL PRI =Rl IN Ui e §  RTTNCINUN R S G R TT

TR A I 7 il 4 B TiB, - C 45 FARR Y
SEM & -, e rb 1 8 X 30 TiB, , 840 X 38 el ik

*IEVFUIIJ

HITE S AT LAE R 255004 TiB, - C 5 Ak
Hho A L 2], TiB, BURLAE TiB, - C &2 & B A1
BHH A3 L LR 8 5], H TiB, J0RLZ 8] 19 25 6 85
UF JLT- B o3 B FIERAE BB R AL B A A7 A 32 2L
e T AE BB AT 1 T v, A 8 P 0 1) 0 75 R 4 7
T IR S, B /N o35, DT 7= HE BB AR AL
Bio HIE(a)(b) HALEREE (c) (d) FLEEZ Al
DI IR S 0 5 A0 A SR IR SO 9 75 X TiB,
WURLA KRGS 1 LA

.~!”‘ ,;‘ ; ;
\1‘»:3 lq\.‘—’f’)’k >

4 (c) @E"ﬁmﬂﬁﬂi J:{Jjﬁ% \ (d) %WHE&T@%?
B S K[ TiB,-C 25 BIAE
) SEM(1 000 %) & ;5
Fig.5 SEM(1000 times) photos of different

TiB, —C composite cathode materials

SRtk — LS iR 45 7% TiB, - C 2 A BAK
MRHRFZ IR 4 TiB, - C &4 B A R SEM ' R
E—2B K WK 6 iR, mE 6 aLIE H, Bl (a)
Hr TiB, JURL 2 [A] (1) 25 B LA 22, 33k 1d BH LG 1 5 1F
R TiB, —C A5 B RL B R 45 500 ) e il Ik sl 1k
AN ASRRHE TiB, JUR 2 58 4, fff TiB, ik Z (1]
AR B (b) (¢) (d) o TiB, F0RLJH Fl 5 A
SRR A R A gt A ] (¢) v TiB, kL E [
RS 45 70 22 %) B B, 33X 2 DR SRy VR MR Y i o5 P 30 7
TE il X TiB, JSURL I 1 P BT, VRS AL 45 71

REBIE B TiB, JUR A5 A A v , #E i i TiB, ik Z
) P45 G LA T o



\ ‘mn »,\.;c,;g N.l; 2915 240
(c) %E@Wﬂaﬂﬂlﬁ{)ﬁi G| )H%—LWH YD
B 6 A TiB, -C & FIA kT
SEM (3 000 1) R& F
Fig.6 SEM(3 000 times) photos of different

TiB, —C composite cathode materials

2.6 TiB,-C & SRR S {3 2=

BT RS RSO e v
ARSI 45 1Y TiB, - C 525 BIARA ) H fi
JE SR SEM K R (7)) "TLUE iR )5
BB AR 1 0 AL, 1 B B AR B R 1) 2 2 AT 2
JEEA ] (%) T o, ST T b 22 A PR B 43531 4 1. 03 mm
0.97 mm 0. 84 mm 0. 8 mm, il 1 i35 7] 15 5 4G
LT RN INUR R e Rl 1B =W g e TR
F I TiB, — C 525 B ) 8 ol 3 58 - 351 Oy 8. 07
mm/a.6.03 mm/a . 4.42 mm/a 4. 13 mm/a, A 7]
R, R FH BRI M P 22 5 R ES Th PE fE
U, 335 A LR T 0 A b s DA AR 5 A 1Y 4
—H

3 4hie

B 60 FEL AR e BERE IRV, R SC 73 1 R IR R L B
SRS I SRR M A 0 7 5 o T o & TiB, - C &2
B, TN S 5 BAARR R 1 BRI RE % v A I

hE R PEAT T, R BILLUT 2 A5E

1) R 45500 H B 45 4 A 0% 36 i 21 4%
8% 12% \16% , WK MR E AR A B AR B4
AOPARRRAEBE T AL LR T F 5 J3E 4 4 L
A A I AR R PRI A FHAS K

2)) R AR SRR R Iy 12% Fe A Ik

() TR 77

() HXWH!ETEQT%?E%E
7 AIE TiB, -C A AR LIS
ST ) SEM (3 000 1) i
Fig.7 SEM (3 000 times) photos of the interface

after electrolysis of different TiB, —C composite

cathode materials

ROR d5c e, R I R v 0 95 1 45 19 TiB, - C 425 B
OB AR BE F AL U BH 8 BT ik B M i el
FMEE N 1.6% 2. 7% 20. 4% 42% ; 352X
PEWIT Hi 45 1) TiB, —C 52 G BB 4 AR B 45 B 2k
ENEE R 0.8% 1% 14% 39. 6% ,
3) SEM 73 Mr 4 SRR, Ot U O RG2S R
I R Y JI TSP 907 7 R B S0 JIiE ek v 0 9 % TiB,
LGS LU, LR g B i 5P 10 75 % TiB,
LINEE 35308
4) RUBCPEW T #5010 TiB, - C 525 B A B
JE Pl 32 8. 07 mm/a, ¥ 0 PR R A1 BA 460X 903 7
PEATEPE T 45 B TiB, — C 545 B b R fo o
A FTREAR, 7390 0 4. 42 mm/a 4. 13 mm/a, UL 2CPE
T %5 1 TiB, - C 525 BIARA BHTR il R A Fie
P
E=2CN
[1] HUGLEN R, KVANDE H. Global considerations of aluminum
electrolysis on energy and environment[ C] /DAS S K, ed. Light
Metals 1994, Warrendale, PA, USA; TMS, 1994 373 -380.
(2] ERATYE. o EGE T AT R bR T S R ()],
TARRKSE, 2001, 3(5) : 50 —54.
QIU Zhuxian. Research and prospect of new electrode materials for
aluminum industry in China[ J]. Engineering Science in China,
2001, 3(5): 50 -54.
[3] MCMINN C J. A review of RHM cathode development [ C] //



2025 4F 12 A% 6 I . SPEP T AR TiB, - C S5 I BEERE T 205 - 121 -

CUTSHALL E R, ed. Light Metals 1992. Warrendale, PA, BAETIRAE ], g Tl keiEdR, 2003, 34(1) : 24 =27.
USA: TMS, 1992. 419 -425. LI Qingyu, LAI Yanging, LI Jie, et al. TiB, —carbon composite

[4] OYE H A, MASON N, PETERSON R D, et al. Aluminum: cathode material for middle-low temperature sintering aluminum
approaching the new millennium[ J]. JOM, 1999, 51(2): 29 - electrolysis[ J]. Journal of Central South University of Technology ,
42. 2003, 34(1): 24 -27.

[5] PAWLEK R P. Aluminum wettable cathodes: an update[ C] // [9] XUE Jilai, OYE H A. Sodium and bath penetration into TiB, —
PETERSON R D, ed. Light Metals 2000. Warrendale, PA, carbon cathodes during laboratory aluminum electrolysis [ C] //
USA: TMS, 2000 449 —454. CUTSHALL E R, ed. Light Metals 1992. Warrendale, PA,

[6] ROBINSON J. DOE roadmap toward innovations in the aluminum USA. TMS, 1992. 773 -778.
industry[ J]. JOM, 1998(5) . 33 -38. [10] XUE Jilai, OYE H A. Wetting of graphite and carbon/TiB,

[7] WIh%E, WE4, 2, % TiB,/C 24 R A kK composites by liquid aluminum[ C] //DAS S K, ed. Light Metals
PEFFEL CL /7 5 0 8 L Tl 2% 51 2% 2005 4RAR 2 R 1993. Warrendale, PA, USA: TMS, 1993; 631 -637.

R ATE S ,2005; 238 —242. [11] WATSON K D, TOGURI J M. The wetting of carbon/TiB,

FENG Naixiang, QI Xiquan, PENG Jianping, et al. Research on composite materials by aluminum in cryolite melts [ J ].

expansibility of TiB,/C composite cathode[ C] // Papers of the Metallurgical Transactions B, 1991, 22B(3): 617 - 621.

Fifth Annual Meeting and Academic Exchange Meeting of [12] ZHAO Fang, LI Jie, LU Xiaojun, et al. Electrolysis expansion

Aluminum Electrolysis Professional Committee in 2005, 2005 . performance of TiB, — C composite cathode in [ KjAlFz/

238 -242. Naj AlFg ]-AlF;-Al, O; melts[ C] // JOHNSON J A, ed. Light
[8] Z=Ep4Ay, WisEds, Z=0h, & PIRESEs R @ TiB, -k & Metals 2010. Warrendale, PA, USA; TMS, 2010. 901 —906.

Process of enhancing the physical properties of TiB, - C composite cathodes by modified pitch
LI Shanshan'*, LI Haohao', ZHANG Hanwen’, XIE He', WU Lin'
(1. Ningxia Institute of Technology , Shizuishan 753000, China;
2. Northeastern University, Shenyang 110819, China)

Abstract; The issues of high energy consumption and high pollution in the aluminum electrolysis industry have
become a major focus for the international aluminum community. Research suggests that a new electrolysis system,
composed of inert anodes coupled with wettable cathodes, holds the potential to fundamentally improve the existing
aluminum production process, thereby achieving the goals of energy saving and environmental protection. This
study aims to enhance the physical properties of inert and wettable TiB, — C composite cathodes for aluminum
electrolysis. By modifying coal tar pitch binder with organic resins, we investigated the effects of different modified
pitches on the properties of TiB, —C composite cathode materials. The results indicated that as the resin addition
amount increased from 0% to 4% , 8% , 12% , and 16% , the incorporation of furan and epoxy resins significantly
improved the bulk density, open porosity, electrical resistivity, and compressive strength of the TiB, — C
composites, whereas phenolic resin showed little effect. The optimal improvement was achieved at a 12% addition
of both furan and epoxy resins. For the composite prepared with furan-modified pitch, the improvements in the
aforementioned physical properties were 1.6% , 2.7% , 20.4% , and 42% , respectively. Corresponding
improvements for the epoxy-modified pitch composite were 0.8% , 1% , 14% , and 39.6% , respectively. SEM
analysis revealed that the furan- and epoxy-modified pitches exhibited better bonding with TiB, particles compared
to the unmodified pitch, with the furan-modified pitch providing the most complete coating. The electrolytic
corrosion rate of the composite prepared with unmodified pitch was 8.07 mm/a. In conirast, the composites
prepared with furan- and epoxy-modified pitches showed lower corrosion rates of 4.42 mm/a and 4. 13 mm/a,
respectively, demonstrating that the modification process enhances the corrosion resistance of the TiB, —C composite
cathode materials.

Key words: aluminum electrolysis; inert anode; wettable cathode; TiB, — C composite cathode; modified pitch;

penetration and corrosion; green metallurgy



