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Abstract. xNi/10NiO-NiFe2O4 cermet and 1BaO-xNi/ (10NiO-NiFe2O4) cermet (x=5,10,17) inert 
anodes were prepared and their corrosion resistance to Na3AlF6-Al2O3 melts was studied in 
laboratory electrolysis. The results show that many pores are produced and electrolytes are 
infiltrated inside inert anodes during electrolysis based on SEM/EDS of anode. The contamination 
level of nickle, iron and barium in the electrolyte reach steady state after some irregular behaviour 
early in the tests according to XRF of electrolyte. And the wear rate of 5Ni/(10NiO-NiFe2O4), 
10Ni/(10NiO-NiFe2O4), 17Ni/(10NiO-NiFe2O4), 1BaO-5Ni/(10NiO-NiFe2O4), 1BaO-10Ni/ 
(10NiO-NiFe2O4) and 1BaO-17Ni/ (10NiO-NiFe2O4) is 1.23 cm·year-1,1.42 cm·year-1,0.96 
cm·year-1,3.21 cm·year-1,2.37 cm·year-1 and 3.94 cm·year-1, respectively. Thus, sintering agent BaO 
can effectively promote the densification of xNi/10NiO-NiFe2O4 cermet(x=5,10,17)  inert anodes, 
but the addition of 1wt.% BaO(mass fraction) to xNi/10NiO-NiFe2O4 cermet(x=5,10,17)  inert 
anodes has negative effect on corrosion resistance, perhaps because additive BaO exists in the grain 
boundary, which accelerates the corrosion of xNi/10NiO-NiFe2O4 cermet(x=5,10,17) inert anode. 

Introduction 
In recent years, NiFe2O4 is the first choice as ceramic matrix for cermet inert anode because of 

its good performance including high melt point, good corrosive resistance, stably thermal and 
chemical property[1-3]. Attempts have been made to replace the present day consumable carbon 
anode used in the Hall-Heroult process with an inert anode,the cell reaction then being, 

232 3O4AlO2Al +=                                         (1) 
The  corrosion resistance of NiFe2O4e-based cermets, a potential inert anode material for 

aluminum electrolysis, are dependent on its relative density[4-6]. For Conventional sintering, the 
densification is usually enhanceed by increasing the sintering temperature, but the samples of grain 
coarsening result in low mechanical properties and electric conductivity, especailly thermal shock. 
Activated sintering is an effective measure to gain cermets of high relative density and close grain. 
Many authors have studied the impact of lowering the sintering temperature through modifying 
cermet composition. Some metal oxide, such as CaO[7-8] and BaO[9-10], may be the selective 
additive , which do not contaminate the aluminum produced. 

In this paper, xNi/10NiO-NiFe2O4 cermet and 1BaO-xNi/(10NiO-NiFe2O4) cermet (x=5,10,17) 
were prepared by cold isostatic pressing-sintering. In order to give some available advice for the 
choice of anode constituent, the effect of additive BaO on the corrosion resistance of 
xNi/10NiO-NiFe2O4 cerme were investigated . The purpose is to provide feasible cermet 
composition and reduce the corrosion rate of xNi/10NiO-NiFe2O4 cermet. 

Experimental 
Preparation of sample. 
xNi/10NiO-NiFe2O4 cermet and 1BaO-xNi/(10NiO-NiFe2O4) cermet (x=5,10,17) were prepared 

by the conventional ceramic method with reagent grade raw materials of Fe2O3, NiO,Ni and BaO. 
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Firstly, the mixture of Fe2O3 and NiO in the molar ratio of 1.35 were mixed and calcined in a 
muffle furnace for 6h at 1200  in static air atmosphere to form 10NiO℃ -NiFe2O4

 ceramic powder. 
The synthesized powder, Ni and  1wt. %.BaO powder were ground in the mediums containing 
dispersant and adhesive. Then, the dried mixtures were compacted at a pressure of 200MPa to get 
cylindrical blocks (φ20mm×45mm), bars. Finally the cermet were sintered at 1200  for 4h in ℃
nitrogen atmosphere of efficaciously controlled oxygen partial pressure [11]. 

Characterization. 
Microstructure was analyzed with JSM-6360LV scanning electron microscope and 

EDX-GENESIS energy dispersive spectrometer. The  electrolyte was prepared from reagent grade 
Na3AlF6, reagent grade AlF3, reagent grade CaF2 and reagent grade A12O3 and the composition was: 
5% CaF2, 7.43% A12O3, balance cryolite(CR=2.30). The current density of inert anode bottom was 
1.0 A/cm2. Some of  electrolyte samples taken during electrolysis were dissolved by HClO4 
solution, and analyzed with X-ray fluorenscense spectroscopy(XRF) [12]. 

The annual wear rate of inert anode is calculated with the following equation, 
)/(2436510)( 6 tsCWCWW anodeanodeaabbloss ××××××+×= − ρ                               (2) 

Where Wlos is annual wear rate of inert anode(cm·year-1), Wb  total quality of electrolyte(g), Cb  
impurity concentration of electrolyte(10-6), Wa total quality of aluminum after electrolysis(g), Ca  
impurity concentration of aluminum after electrolysis (10-6), Sanode total anode area immersed in 
electrolyte(cm2), ρanode  relative density of anode (g/cm3),t electrolysis time(h). 

Results and discussion 
Electrolyte test. 
As mentioned above, the bath samples taken during eletrolysis were analyzed for the 

concentration of anode componets and the results are plotted in Fig.1. It is clear that from 5h to 8h 
the Ba concentration of 1BaO-5Ni/10NiO-NiFe2O4 cermet rapidly increases in the bath and after 8h 
reachs the steady state 480ppm, but the Ba concentration of 1BaO-10Ni/10NiO-NiFe2O4 cermet and 
1BaO-17Ni/10NiO-NiFe2O4 cermet reach the steady state 338 ppm and 190 ppm,respectively, in 
7h.However, the concentration of Fe and Ni exhibit different behavior. During electrolysis,the Fe 
concentration rises in a similar manner as Ni and closes to its solubility.After 10h, the 
corresponding steady-state Fe concentration of 5Ni/10NiO-NiFe2O4, 10Ni/10NiO-NiFe2O4, 
17Ni/10NiO-NiFe2O4,1BaO-5Ni/10NiO-NiFe2O4, 1BaO-10Ni/10NiO-NiFe2O4 and 
1BaO-17Ni/10NiO-NiFe2O4 is 113*10-6, 113*10-6,124*10-6,252*10-6,317*10-6 and 382*10-6, 
respectively; And the corresponding steady-state Ni concentration is 
75*10-6 ,84*10-6,128*10-6,121*10-6,172 *10-6 and 222*10-6, respectively. 
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   (a)                  (b)                       (c) 

Fig.1. Elemental analysis of the electrolyte contamination of anode constituents versus time for the 
cermet electrodes: (a) impurity Ba; (b) impurity Fe; (c) impurity Ni 

Material performance.  
The inert cermet anode is sectioned and there is no any crack after electrolysis. The inert anode 

has been immersed in the electrolyte (Fig.2) and a corroded layer exists at the anode surface and the 
depth is about 400 μm at the bottom. From Fig.2(a), Fig.2(c) and Fig.2(e), the porosity of anode is 
very low and the metal phase Ni is leached preferentially after electrolysis, the anode could 
effectively hold back the bath penetration because in that 10NiO-NiFe2O4 shows good corrosion 
resistance to the molten cryolite during electrolysis. In Fig.2(b), Fig.2(d) and Fig.2(f), it is very 
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obvious that there are lots of holes and pores left and the bath penetrates into these pores by 
capillary effects and the metal phase Ni is also leached preferentially.  

        
(a)5Ni/ (10NiO-NiFe2O4) (500X)  (b)1BaO-5Ni/ (10NiO-NiFe2O4) (500X) (c)10Ni/ (10NiO-NiFe2O4) (500X) 

 

        
(d)1BaO-10Ni/(10NiO-NiFe2O4)(500X)(e)17Ni/(10NiO-NiFe2O4)(200X)(f)1BaO-17Ni/(10NiO-NiFe2O4) (200X) 

Fig.2. SEM backscattered images of the cermet inert anodes at anode bottom 
As for the electrolyte penetration, it may result from two aspects. One is due to the pores left by 

the electrochemical dissolution of metal phase when anode is polarized, or the metal phase 
oxidation and the following preferential chemical dissolution, then bath penetrating into these pores 
by capillary effects. The other is the selective dissolution of Fe, since in the ceramic phase of the 
NiFe2O4 based anode, Fe has a fairly high solubility in cryolite, compared with Ni.  

Anode wear rate. 
According to equation (2), anode wear rate of xNi/10NiO-NiFe2O4 cermet and 

1BaO-xNi/(10NiO-NiFe2O4) cermet (x=5,10,17) inert anodes were gained, as shown in Table.1 and 
Table.2. From Table.1 and Table.2, it is clear that the annual wear rate of 5Ni/(10NiO-NiFe2O4), 
10Ni/(10NiO-NiFe2O4),17Ni/(10NiO-NiFe2O), 
1BaO-5Ni/(10NiO-NiFe2O4),1BaO-10Ni/(10NiO-NiFe2O4) and 1BaO-17Ni/ (10NiO-NiFe2O4) is 
1.23 cm·year-1,1.42 cm·year-1,0.96 cm·year-1,3.21 cm·year-1,2.37 cm·year-1 and 3.94 cm·year-1, 
respectively. Thus, the corrosion resistance of 1BaO-xNi/ (10NiO-NiFe2O4) cermet (x=5,10,17) 
inert anodes is worse than that of xNi/10NiO-NiFe2O4 cermet (x=5,10,17) inert anodes.  

Table.1 corrosion resistance of xNi/(10NiO-NiFe2O4) cermet 

Ni 
content 

wt% 

Relative 
density 

% 

Imputity in 
electrolyte 

/g 

Imputity in alunimun after 
electrolysis 

/g 

Total 
imputity 

/g 

Wear rate
/cm·year-1

5 95.3 0.077 
0.047 

Fe: 0.047; Ni:0.0 
0.124 1.23 

10 95.3 0.092 
0.053 

Fe:0.036;Ni:0.017 
0.145 1.42 

17 94.3 0.080 
0.022 

Fe:0.015;Ni:0.007 
0.102 0.96 

Table.2 corrosion resistance of xNi/(10NiO-NiFe2O4) cermet doped with 1%BaO 

Ni 
content 

wt% 

Relative 
density 

% 

Imputity in 
electrolyte 

/g 

Imputity in alunimun after 
electrolysis    

/g 

Total 
imputity 

/g 

Wear rate
/cm·year-1

5 96.7 
0.245 

0.077 
Fe:0.061;Ni:0.016 

0.322 
3.21 

10 97.3 
0.254 

0.012 
Fe:0.012;Ni:0.0  

0.266 
2.37 

17 95.8 
0.263 

0.152 
Fe:0.097;Ni:0.055 

0.415 
3.94 
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Conclusions 
(1)Ba concentration of 1BaO-5Ni/10NiO-NiFe2O4 cermet rapidly increases in the bath and after 

8h reachs the steady state, but that of 1BaO-10Ni/10NiO-NiFe2O4 cermet and 1BaO-17Ni/ 
10NiO-NiFe2O4 cermet reach the steady state in 7h. During electrolysis, the Fe concentration rises 
in a similar manner as Ni and closes to its solubility. 

(2)The annual wear rate of 5Ni/(10NiO-NiFe2O4),10Ni/(10NiO-NiFe2O4, 17Ni/ 
(10NiO-NiFe2O4),1BaO-5Ni/(10NiO-NiFe2O4),1BaO-10Ni/(10NiO-NiFe2O4) and 1BaO-17Ni/ 
(10NiO-NiFe2O4) is 1.23 cm·year-1,1.42 cm·year-1,0.96cm·year-1,3.21 cm·year-1,2.37 cm·year-1 and 
3.94 cm·year-1, respectively. 
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