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Abstract 
The structure of diiron trialuminium trisilicide is a com- 
pact three-dimensional arrangement of three symmetry- 
non-equivalent FeMl0 and one FeM9 Fe-centred polyhe- 
dra (M = A1 or Si) connected by fac~, edge and corner 
sharing. The average distances are Fe--Si 2.381 and 
Fe--AI 2.585 A. Si has 9-11 neighbours and A1 11 or 
12 neighbours at distances less than 3.1 m. 

Comment 
Industrial ferrosilicon alloys containing about 65 wt% 
Si have several applications in foundry and steel 
metallurgy, notably as cast-iron inoculants (graphite 
nucleation agents) and for the elaboration of thin mag- 
netic sheets. They contain two major phases: an c~- 
leboite (FeSi2.4) matrix and pure silicon in the form 
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of platelets. A few percent of alloying elements such 
as A1, Ca, Mn and Zr enter the composition of some 
minor phases. The effects of these elements on the 
grinding behaviour of the material have been inves- 
tigated (Gurneau, 1993). In model ferrosilicon alloys 
containing 1-4 wt% AI, two phases of nominal formu- 
lae FeAI3Si2 and Fe2AI3Si3 were observed. The crystal 
structure of FeAI3Si2 is reported elsewhere (Gurneau, 
Servant, d'Yvoire & Rodier, 1995). The compound 
Fe2A13Si3 was discovered by Zarechnyuk, German, Yan- 
son, Rykhal & Muraveva (1981) who refer to it as 
Ala0Fe22Si38. Anglrzio (1990) observed its presence 
in industrial ferrosilicon alloys and used the formula 
FesA18SiT. The formula Fe2AI3Si3 adopted here is in 
closer agreement with the crystal structure, but is ideal- 
ized. Our electron microprobe analyses indicate a com- 
position range with the following atomic percentages: 
Fe 22.7-25, A1 38.5-42, Si 33-37.5% (calculated for 
Fe2AI3Si3: 25, 37.5 and 37.5%, respectively). The com- 
position of the crystal investigated closely fits the for- 
mula Fe2A13.2Si2.8, which suggests a partial substitution 
of A1 for Si. 

The structure is a compact arrangement of FeMl0 and 
FeM9 polyhedra (M = AI or Si) connected by face, edge 
and corner sharing. Fig. l(a) represents what can be 
considered as the basic unit of the structure, i.e. four 
polyhedra, Fe(1)M10, Fe(2)M10, Fe(3)Ml0 and Fe(4)M9, 
hereafter designated by [Fel], [Fe2], [Fe3] and [Fe4], 
respectively, centred on Fe atoms lying on the same 
(010) plane. [Fell and [Fe2] share a rectangular face, 
Si(3)-AI(6)-Si(4)-AI(6) (see Table 2), with a relatively 
short Fe(1)--Fe(2) distance (2.816,~,). [Fel] and [Fe3] 
share an edge, as do [Fe2] and [Fe4]. As shown in 
Fig. l(b), such basic units are linked by a common 
edge, AI(1)-AI(2), to form infinite strips running parallel 
to [100]. The strips lying on the same (010) plane are 
isolated from one another but are connected by corner 
(C), edge (E) or face (F) sharing with the strips lying 
on adjacent layers. The connections between polyhedra 
are listed in Table 3. 

Another description of the structure can be given 
in terms of the alternate stacking of corrugated layers 
A and B parallel to (0Ol) (Fig. lb). In the A layer, 
which contains [Fel] and [Fe2] polyhedra, each [Fel] 
(or [Fe2]) polyhedron is connected to four [Fe2] ([Fel]) 
polyhedra by face or edge sharing. In the B layer, 
comprising [Fe3] and [Fe4] polyhedra, each [Fe3] 
([Fe4]) polyhedron is connected to two [Fe3] ([Fe4]) 
and four [Fe4] ([Fe3]) polyhedra by edge sharing. In 
addition, adjacent A and B layers have faces, edges and 
corners in common. 

The interatomic distances (Table 2) agree satisfac- 
torily with the values observed in other intermetallic 
compounds. As expected, the Si--Fe distances (mean 
value 2.381 A) are significantly °shorter than the AI- -  
Fe distances (mean value 2.585 A). The slightly longer 
Si(1)--Fe and Si(6)--Fe mean distances, compared with 
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(b) 
Fig. 1. Partial representation of  the structure of  Fe2Al3Si3. Projection 

on (010). (a) The  basic unit: four polyhedra  centred on Fe atoms 
at y _~ 1/8. Large filled circles (and large numbers)  represent Fe 
atoms, smaller open circles represent Al and smaller filled circles 
Si. (b) Infinite strips running parallel to [100], formed by basic units 
sharing Al(1)-Al(2)  edges. The  Fe atoms are numbered.  Strips with 
Fe atoms at y _~ 1/8 and y ~_ - 1/8 are represented in pale grey and 
dark grey, respectively. The  rest of  the structure is generated by a 
21 symmetry  operation. 

the other Si--Fe distances, suggest that Si(1) and Si(6) 
could be mixed (Si,A1) sites. However, no significant 
decrease in the R factor was observed by varying the 
occupancies of these sites to fit the experimental for- 
mula Fe2A13.2Si2.8. 

It is noteworthy that all the atoms in the structure, 
except AI(1) and Al(2), have a y coordinate close to 1/8, 
3/8, 5/8 and 7/8. In addition, as Table 1 clearly shows, 
for each atom of coordinates x, y, z there is a non- 
equivalent atom of the same element with coordinates 
x '  "-' x, y '  _~ y+l/2, z' _~ z. [Only two pairs, AI(1)- 
Al(2) and AI(5)-AI(6), do not verify all these relations.] 
As a result, the structure can be considered to be a 

superstructure of a hypothetical simpler one with unit 
cell a '  = a ,  b '  = b/2, c '  = c and space group 12/m. This 
pseudosymmetry is responsible for the low intensities 
observed for two categories of hkl reflections: k = 2n + 
1 a n d h +  1 / 2 k + l = 2 n +  1. 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~ 2) 

Beq 2 . . . .  * * . . = ( 8 7 r / 3 ) E , ~ j U u a  i a i a,.aj.  

x y z Beq 
Fe(l) 0.55644 (6) 0.11825 (7) 0.72857 (3) 0.474 (6) 
Fe(2) 0.55532 (6) 0.63784 (6) 0.73027 (3) 0.357 (7) 
Fe(3) 0.75645 (6) 0.12979 (7) 0.46474 (3) 0.461 (7) 
Fe(4) 0.76506 (6) 0.62166 (7) 0.46897 (3) 0.457 (6) 
Si(l) 0.9089 (1) 0.1252 (2) 0.17331 (6) 0.62 (1) 
Si(2) 0.9694 (1) 0.6229 (!) 0.15226 (6) 0.54 (1) 
Si(3) 0.7919 (1) 0.1445 (1) 0.62357 (6) 0.66 (1) 
Si(4) 0.7943 (1) 0.6138 (2) 0.62604 (6) 0.88 (1) 
Si(5) 0.3994 (1) 0.1281 (1) 0.01080 (6) 0.57 (1) 
Si(6) 0.3967 (1) 0.6210 (2) 0.03280 (6) 0.81 (1) 
AI(1) 0.1762 (2) 0.0470 (!) 0.66762 (7) 0.98 (2) 
AI(2) 0.1882 (2) 0.7039 (!) 0.67718 (7) 0.86 (2) 
AI(3) 0.4502 (1) 0.1402 (1) 0.55058 (6) 0.47 (2) 
AI(4) 0.4548 (1) 0.6175 (2) 0.55607 (6) 0.74 (1) 
AI(5) 0.5521 (1) 0.1240 (2) 0.17459 (6) 0.59 (1) 
AI(6) 0.2959 (1) 0.6231 (2) 0.22522 (7) 1.08 (2) 

Table 2. Selected geometric parameters (~,, o) 
Fe environment  

Fe(l )---Fe(2 i) 2.8161 (6) Fe(3)---Si(2 ~') 2.2649 (9) 
Fe(1)---Si(l ~i) 2.498 (1) Fe(3)--Si(3) 2.296 (1) 
Fe(i)---Si(2") 2.361 (1) Fe(3)---Si(5 ~') 2.344 (1) 
Fe(l)---Si(3) 2.356 (1) Fe(3)--Si(6 "~) 2.498 (1) 
Fe(l)---Si(4 ~ ) 2.2950 (9) Fe(3)--Si(6 ~') 2.489 (1) 
Fe(I)--AI(1) 2.875 (1) Fe(3)---AI(I 'v) 2.490 (1) 
Fe(I)--AI(2 "i) 2.403 (1) Fe(3)---AI(2') 2.531 (1) 
Fe(I)---AI(3) 2.641 (1) Fe(3)---AI(3) 2.597 (1) 
Fe(I)--AI(5 'v) 2.609 (1) Fe(3)---AI(3 '~) 2.701 (1) 
Fe(I)--AI(6 v) 2.479 (1) Fe(3)---AI(4') 2.606 (1) 
Fe( ! )--AI(6 v') 2.652 ( 1 ) 

Fe(2)--Fe(U ii) 2.8161 (6) Fe(4)--Si(1 x'') 2.3346 (9) 
Fe(2)---Si(l ~) 2.549 (I) Fe(4)--Si(4) 2.2672 (9) 
Fe(2)---Si(2 TM) 2.357 (1) Fe(4)---Si(5 ~i) 2.361 (1) 
Fe(2)--Si(3 TM) 2.316 (1) Fe(4)---Si(5 xi') 2.4082 (9) 
Fe(2)---Si(4) 2.366 (1) Fe(4b---Si(6 ~) 2.500 (1) 
Fe(2)--AI(I ~x) 2.417 (I) Fe(4I---AI(3 v) 2.523 (1) 
Fe(2)--AI(2) 2.752 (1) Fe(4)---AI(4) 2.631 (I) 
Fe(2)---AI(4) 2.579 (1) Fe(4)---AI(4") 2.557 (1) 
Fe(2)---AI(5 ~) 2.567 (!) Fe(4)--AI(5 ~") 2.528 (1) 
Fe(2)--AI(6 ~ ) 2.493 ( 1 ) 
Fe(2)----AI(6 x ) 2.645 ( 1 ) 

S i (3) -AI(6) -S i (4) -AI(6)  common  face to Fe(1) and Fe(2) polyhedra 

Si(3)--AI(6 v) 3.021 (2) AI(6' )---Si(3)---AI(6 vi) 97.75 (4) 
Si(3)---AI(6 v') 2.674 (2) AI(6V)----Si(4)---AI(6 x) 98.81 (4) 
Si(4)---AI(6 v ) 3.024 (2) Si(3 ~ )----AI(6)---Si(4 ~ ) 80.87 (4) 
Si(4)----AI(6 x) 2.624 (2) Si(3~)--AI(6)----Si(4 TM) 82.14 (5) 

Si and AI environments:  (a) total number  of  neighbouring atoms at 
a distance less then 3.1 ,~; (b) number  of  neighbouring Fe atoms; (c) 
S i - - F e  or A I - - F e  average distance. 

(a) (b) (c) (a) (b) (c) 
Si(l) 9 3 2.460 (1) AI(I) 12 3 2.594 (1) 
Si(2) 10 3 2.328 (1) AI(2) 12 3 2.562 (1) 
Si(3) 10 3 2.323 (1) Ai(3) 12 4 2.615 (1) 
Si(4) 11 3 2.309 (1) AI(4) 11 4 2.593 (1) 
Si(5) 11 3 2.371 (1) AI(5) 12 3 2.568 (1) 
Si(6) 11 3 2.496 (1) AI(6) 12 4 2.567 (1) 

Symmet ry  codes: (i) ~ - x , y  - ½, ~ - z; (ii) x - ½, ½ - y, ½ + z; (iii) 
½ - x , y -  ½,~ - z ; ( i v )  1 - x , - y , l - z ; ( v )  1 - x , l - y , l - z ; ( v i )  

½ + x ,  ½ - Y ,  ½ + z ; ( v i i ) ~ - x ,  ½ + y , ~ - z ; ( v i i i )  x -  ½ , ~ - y ,  ½+z ;  
(ix) ½ - x ,  ½ +y ,  3 _ z; (x) ½ +x ,  ~ - y ,  ½ +z;  (xi) ~ - x , y -  ½, ½ - z; 

(xii) ~ - x ,  ½+Y, ½-z;(xiii) x -  ½ , 3 - y , z -  ½. 
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T a b l e  3. Faces (F ), edges (E ) and corners (C ) shared by F e  polyhedra 

Each polyhedron is designated by its Fe central atom followed by a letter indicating the Fe y coordinate: a, b, c, b', c' for y ~ ~ 3 5 , ~ , ~ , - ~  and - -  
respectively. Polyhedra lying at y ~ ~ are taken as the reference. 

[Eel] a [Fe2] a [Fe3] a [Fe4] a 
[Fell a - F AI(6)-Si(3)-AI(6)-Si(4) E AI(3)-Si(3) C Si(4) 

E AI(I)-AI(2) 
[Fe2] a F AI(6)-Si(3)-AI(6)-Si(4) - C Si(3) E AI(4)-Si(4) 

E AI(1)-Ai(2) 
[Fe3] a E AI(3)-Si(3) C Si(3) - - 
[Fe4] a C Si(4) E AI(4)-Si(4) - - 
[Fe 1 ] b - - C AI(2) E Si(1)-AI(3) 
[Fe2] b - - F AI(2)-AI(4)-Si(2) C AI(5) 
[Fe3] b C AI(2) F AI(2)-AI(4)-Si(2) - E AI(4)-AI(3) 

E Si(6)-Si(5) 
[Fe4] b E Si(I)-AI(3) C AI(5) E AI(4)-AI(3) - 

E Si(6)-Si(5) 
[Fel] b' - - E AI(1)-AI(3)-Si(2) C AI(5) 
[Fe2] b' - - C AI(I) E AI(4)-Si(I) 
[Fe3] b' F AI(1)-Ai(3)-Si(2) C AI(I) E Si(6)-Si(6) - 

E AI(3)-AI(3) 
[Fe4] b' C AI(5) E AI(4)-Si(I) - E AI(4)-AI(4) 

E Si(5)-Si(5) 
[Fel] c C Ai(6) F AI(6)-AI(5)-Si(2) - - 
[Fe2] c E AI(6)-Si(I) C AI(6) - - 
[Fe3] c - - - E Si(6)-AI(3) 
[Fe4] c - - E AI(4)-Si(5) - 
[Fell c' C AI(6) E AI(6)-Si(I) - - 
[Fe2] c' F AI(6)-AI(5)-Si(2) C AI(6) - - 
[Fe3] c' - - - E AI(4)-Si(5) 
[Fe4] c' - - E Si(6)-AI(3) - 

Experimental 

The  phase was  e labora ted  at the Labora to i re  Centra l  de 
Reche rche  de C h e d d e  of  the PEchiney Elec t rom6ta l lurg ie  
Society.  A mix ture  o f  the pure e lements  in a tomic  propor t ions  
Fe:AI:Si  o f  5:8:7 was  mel ted  at 1373 K for 2 h, then annea led  
at 1073 K for 6 4 h ,  and f inal ly fu rnace -coo led  to room 
tempera ture .  Smal l  s ingle crysta ls  were  ob ta ined  by gr ind ing  
the ingot.  

Crystal data 

Fe2A13Si3 
Mr = 276.9 
Monoc l in i c  
P21/n 
a = 7.179 (2)/~, 
b = 8.354 (2) ,4, 
c = 14.455 (4) A, 

fl = 93.80 (2) ° 
V = 865.1 (7) A, 3 

Z = 8  
Dx = 4.25 Mg  m -3  

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f rac tomete r  
0/20 scans 
Absorp t ion  correct ion:  

by in tegra t ion  f rom 
crystal  shape (ABSCOR; 
Coppens ,  Le i se rowi tz  & 
Rabinov ich ,  1965) 
Tmi, = 0.63, Tmax -- 0.70 

4864  measu red  ref lect ions 
2517 independen t  ref lect ions 

M o  K s  radia t ion 
A = 0.71073 
Cell  parameters  f rom 25 

ref lect ions 
0 = 8 . 2 8 - 2 4 . 1 0  ° 
# = 7.91 m m  -1 
T = 294 K 
R o u g h l y  pr ismatic ,  e longa ted  

a long  [ i01]  
0.18 x 0.07 x 0.05 m m  
Grey  with  metal l ic  shine 

1289 observed  ref lect ions 
[I > 3tr(/)] 

Rim = 0.031 
0max = 30 ° 
h = - 10 ~ 10 
k = 0 ---* 11 
l = - 2 0  ~ 20 
3 s tandard  ref lect ions 

f requency:  120 min  
in tensi ty  decay:  4 .7% 

(corrected)  

Refinement 

R e f i n e m e n t  on F 
R = 0 .0170 
wR = 0.0218 
S = 0.64 
1289 ref lect ions 
146 parameters  
w = 1/cr2(F) 

(A/o')max = 0.01 

mpmax = 0.5 (2) e .~-3  
mpmin = - 0 . 6  (2) e A, -3  
Ext inc t ion  correct ion:  Stout  

& Jensen  (1968) 
Ext inc t ion  coeff icient :  

2.40 (8) x 10 -7  

A t o m i c  scat ter ing factors  
f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

As in FeAI3Si2, a l u m i n i u m  and si l icon were  diff icul t  to 
dis t inguish.  The  dis t r ibut ion f inal ly re ta ined for  the AI and Si 
a toms  on the M sites cor responds  to that  resul t ing in the lowes t  
R factor. But  more  s ignif icant ly,  (i) this d is t r ibut ion leads to, 
for every  AI a tom,  an A I - - F e  average  d is tance  greater  than 
the average  S i - - F e  d is tance  (see Table 2), and  (ii) it is in good  
ag reemen t  wi th  the 12/m p s e u d o s y m m e t r y  o f  the structure.  

The  crystal  s t ructure was  solved by direct  me thods  us ing 
the p rogram MULTANll/82 (Main,  Fiske,  Hull ,  Less inger ,  
Ge rma in ,  Declercq  & Wool f son ,  1982). All p rog rams  used 
be long  to the SDP sys tem (B. A. Frenz  & Assoc ia tes  Inc.,  
1982). 

W e  t h a n k  t h e  L a b o r a t o i r e  C e n t r a l  d e  R e c h e r c h e  d e  

C h e d d e  o f  t h e  P 6 c h i n e y  E l e c t r o m 6 t a l l u r g i e  S o c i e t y  f o r  

c r y s t a l  p r e p a r a t i o n .  

Lists of structure factors, anisotropic displacement parameters and 
complete geometry have been deposited with the IUCr (Reference: 
DU1127). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CHI 
2HU, England. 
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Abstract 

Dicerium pentanickel dizinc, Ce2NisZn2, crystallizes as 
a new ordered substitution variant of the Er2C07 struc- 
ture type. Cerium dinickel zinc, CeNi2Zn, crystallizes 
with the YRh2Si structure type. Both structures contain 
MgZn2- and CaCus-type slabs which occur in ratios of 
1:2 in Ce2NisZn2 and 1:1 in CeNi2Zn. 

ing with the nominal compositions Ce25Ni55Zn20 and 
Ce2zsNi55Zn22.s, and hexagonal CeNi2Zn forming with 
the nominal compositions Ce25Ni35Zn40, Ce25Nia0Zn35, 
Ce25NisoZn25 and Ce22NisoZnz8 

Ce2NisZn2 crystallizes as an ordered substitution vari- 
ant of the Gd2Co7 structure type (Bertaut, Lemaire & 
Schweizer, 1965), also known as the Er2Co7 structure 
type (Ostertag, 1967). Ni and Zn occupy the Co po- 
sitions 6(c) and 18(h), and 3(b) and 9(e), respectively, 
in space group R3m. Another ordered substitution vari- 
ant of this structure type is Y4Rh9Sis (Paccard, Paccard, 
Moreau & Gomez Sal, 1985), in which Rh and Si oc- 
cupy the positions 9(e) and 18(h), and 3(b) and 6(c), 
respectively. 

The distribution of Ni and Zn in the structure 
of Ce2NisZn2 could not be determined from X-ray 
data alone because of a lack of scattering contrast. 
The following two arguments support the proposed 
distribution. Firstly, the composition of the model is 
close to the nominal compositions of the alloys for 
which crystals of Ce2NisZn2 were found. A model 
with Y4Rh9Sis-type distribution would correspond to the 
nominal compositions of the alloys for which crystals 
of CeNizZn were found. Secondly, the bond distances 
associated with the positions 3(b) and 9(e) are longer 
than those associated with the 6(c) and 18(h) positions. 
This is in accordance with the larger atomic radius of Zn 
compared to that of Ni. As shown in Fig. 1, the structure 
contains the following coordination polyhedra: Cel 
[Nil2Zn6Ce2], Ce2 [Ni9Zn3Ce4], Nil [Ni6ZnCes], Ni2 
and Ni3 [Ni6Zn3Ce3], Znl [Ni4ZnnCe4], Zn2 [Ni6Ce6]. 

Y ~ ~ ~ ¢, 

~ o ~ 6 ~ O ~  Cel Zn2 ] ) ) ~  
. !~o.  'r,'~. ~, ,.-, f ' ~  

~ ' 1 -  . 

Ce2 Ce Zn Ni 
d 

. ( )  o o 

..---., ---- o o o 
, 48- s8 0 0 o 

• ~i,s-.~ : , ..,. 

,'q~.-I,~ Nil k._/ k._.) 94-100 O 0 

".-- -k.../ Ni2 Ni3 105-115 0 • 

Fig. 1. Structural projection of rhombohedral Ce2NisZn.~ along [001] 
showing the coordination polyhedra. 

Comment 
No ternary phases have been reported in R-Ni-Zn sys- 
tems (where R is a rare earth element). Our investi- 
gations of the phase equilibria in the Ni-rich region 
of the Ce-Ni-Zn system at 470 K have revealed the 
following compounds: rhombohedral Ce2NisZn2 form- 
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CeNizZn crystallizes with the YRh2Si structure type 
(Paccard & Paccard, 1985), which is an ordered sub- 
stitution variant of the CeNi3 structure type (Cromer 
& Olsen, 1959). Its structural projection is shown in 
Fig. 2. The structure contains the following coordina- 
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