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a  b  s  t  r  a  c  t

The  homogeneity  range  and  crystal  structure  of  the  Ca2Mg5Zn13 ternary  solid  solution  were  determined
using  SEM,  EPMA,  EBSD,  TEM and  X-ray  diffraction.  This  compound  has  the  CaxMgyZnz (8.2  ≤ x  ≤  9.1;
27.1  ≤ y  ≤ 31.0;  60.8  ≤ z ≤  64.7)  composition  range  at 335 ◦C.  The  refinement  of  the  XRD  patterns  was
carried  out  by  Rietveld  analysis.  XRD  data  showed  that  this  solid  solution  crystallizes  in a hexagonal  struc-
ture having  P63/mmc  (194)  space  group  and  Sm3Mg13Zn30 prototype.  The  well  indexed  SAED  patterns
eywords:
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and  Kikuchi  diffraction  pattern  obtained  from  TEM  and  EBSD  confirmed  the  crystallographic  information
obtained  by  XRD.  The  atomic  coordination  spheres  and  site  occupancy  were  determined.  On the  basis  of
the  atomic  occupancy  results  and  the  crystallographic  details,  a three-sublattice  model  is  proposed  for
this compound.

© 2012 Elsevier B.V. All rights reserved.

lectron microscopy

. Introduction

The growing need for lightweight, energy-efficient, “green”
nvironmentally friendly products is driving the development of
agnesium-based alloys. Such development is mainly realized

hrough a combination of innovative structural design and promis-
ng alloys for energy generation, energy storage and transportation
1,2]. The addition of Ca and Zn elements in Mg  alloys enhances
he strength, castability, creep and corrosion resistance, fracture
oughness and age hardening response [3,4]. Recently the biocom-
atible glassy alloys with a small amount of Ca have been found in
he Ca–Mg–Zn ternary system for the development of biodegrad-
ble implants [5–8]. These biodegradable metallic implants can be
esigned to stabilize structure by allowing bone to grow while
imultaneously dissolving harmlessly in the body and thereby
educing the burden of surgical intervention [5,7,8].  Hence the
a–Mg–Zn system is promising as a next-generation material in
oth transportation and biomedical applications. Understanding
he phase equilibria and crystal structure of the ternary intermetal-

ic compounds is necessary for further development of alloys in
his system and for better understanding of the existing ones. To
ate, many researchers have studied the Ca2Mg6Zn3 compound,

∗ Corresponding author.
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but their results are contradictory [9–14]. More recently, the solu-
bility range and crystal structure of a Mg-rich solid solution were
determined using scanning electron microscopy (SEM), electron
probe micro-analysis (EPMA), transmission electron microscopy
(TEM) and X-ray diffraction (XRD) by our group [15,16]. In addi-
tion, another ternary compound Ca2Mg5Zn13 with solubility ranges
and its XRD pattern were reported by Clark [10,17],  but the
crystallographic information was  not reported in terms of lattice
parameters, space group and structure type. Therefore, the pur-
pose of the present research is to investigate the homogeneity range
and crystal structure of the Ca2Mg5Zn13 ternary compound in the
Ca–Mg–Zn system. To be consistent with our previous paper [16],
Ca2Mg5Zn13 ternary solid solution is addressed as IM3  (intermetal-
lic compound) in this paper.

2. Experimental procedure

Three solid–solid diffusion couples and four key alloys were prepared. The start-
ing  materials were Mg  (purity 99.98%), Zn (99.99%) ingots and Ca (99%) supplied by
Alfa Aesar. The key alloys were prepared in an arc-melting furnace with water-
cooled copper crucible in an argon atmosphere using a non-consumable tungsten
electrode. Samples were remelted five times to ensure homogeneity. The actual
composition of the samples was determined by inductively coupled plasma-mass
spectrometry (ICP-MS). The difference between nominal compositions and actual

compositions is below 3 at.%. To prepare solid–solid diffusion couples, the contact-
ing surfaces were ground down to 1200 grit SiC paper and polished using 1 �m
water-based diamond suspension with 99% pure ethanol as a lubricant. Two  end
members were carefully pressed, clamped with a steel ring, placed in a Ta container
and sealed in a quartz tube. The tube was filled with argon to avoid the reaction

dx.doi.org/10.1016/j.jallcom.2012.01.068
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:mmedraj@encs.concordia.ca
dx.doi.org/10.1016/j.jallcom.2012.01.068


76 Y.-N. Zhang et al. / Journal of Alloys and Compounds 523 (2012) 75– 82

Table  1
The actual composition of the key samples, phases present and the compositions of IM3 ternary compound.

Sample No. Actual composition
identified by ICP (at.%)

Phases identification Composition of IM3  identified
by EPMA

IM3  phase composition identified
by Rietveld analysis (statistical
distribution of atoms in the
crystallographic positions)

Ca Mg  Zn By EPMA Ca Mg  Zn Ca Mg Zn

1 7.5 48.3 44.2
Mg

8.8
30.1 61.1 8.7 28.4 62.9

IM3

2 4.6  40.1 55.3
IM3

8.2 31.0 60.8 8.0 30.7 61.3IM4
Mg12Zn13

3 4.7 25.2 70.1

IM3

8.2 27.1 64.7 8.1 27.3 64.6
MgZn2

CaZn11

CaZn13

4 15.2 22.6 62.2
IM1

9.1 27.4 63.5 8.7 27.7 63.6IM2
IM3

Table 2
Refined crystal structure parameters of other phases for KS1 and KS3.

Samples No. Phase Prototype Space group Lattice parameters

a (Å) b (Å) c (Å)

KS1 Mg Mg P63/mmc (194) 3.198 (2) 3.198 (2) 5.197 (4)

KS3
MgZn2 MgZn2 P63/mmc (194) 5.222 (1) 5.222 (1) 8.568 (6)
CaZn11 BaCd11 I41/amd (141) 10.796 (8) 10.796 (8) 6.871 (9)
CaZn13 NaZn13 Fm-3c (194) 12.172 (2) 12.172 (2) 12.172 (2)

Table 3
1st case: crystal structure of the IM3  phase in KS1 without statistical distribution of atoms in the crystallographic position.

IM3 phase composition by EPMA Ca8.8Mg30.1Zn61.1

IM3 phase composition identified
by Rietveld analysis

Ca8.7Mg28.3Zn63.0

Prototype Sm3Mg13Zn30

Space group P63/mmc (194)

Unit cell parameters and lattice
volume

Atomic coordinates
(Wyckoff position)

Atomic positions Biso Reliability factorsa

x y z

a = 14.760 (3) Å
c = 8.806 (4) Å
V = 1661.38 (6) Å3

Ca1 – 6h 0.456 (6) 0.904 (2) 0.25 1.179 (4) Re = 11.81
Rwp = 14.08
s = 1.42

Ca2 – 2a 0 0 0 1.179(4)
Mg1  – 12k 0.117 (3) 0.236 (2) 0.559 (2) 1.100(3)
Mg1  – 12k 0.232 (5) 0.457 (2) 0.056 (2) 1.100(3)
Mg3  – 2d 0.3333 0.6667 0.75 1.100(3)
Zn1  – 12k 0.568 (3) 0.127 (1) 0.083 (1) 1.109(6)
Zn2  – 12j 0.065 (5) 0.303 (5) 0.25 1.109(6)
Zn3  – 12j 0.409 (6) 0.120 (6) 0.25 1.109(6)
Zn4  – 12i 0.358 (4) 0 0 1.109(6)
Zn5  – 4f 0.3333 0.6667 0.100 (1) 1.109(6)

 (1) 0.120 (1) 0.25 1.109(6)

n of residuals of the least squared fit; Re is the value statistically expected.

o
q
a

r
d
c
m
t
w
p
t
f
c
w

Zn6  – 6h 0.074

a Reliability factors: s presents the goodness of fit; Rwp is the weighted summatio

f  Mg  and Ca with air. Samples were annealed at 335 ◦C for 4 weeks followed by
uenching in water. The terminal compositions of the solid–solid diffusion couples
long with the key samples are shown in Fig. 1.

The microstructure, layer thickness, phase composition, and homogeneity
anges were analyzed using quantitative EPMA (JEOL-JXA-8900) with a 2 �m probe
iameter, 15 kV accelerating voltage, 20 nA probe current. Phi–Rho–Z (PRZ) matrix
orrections (modified ZAF) were applied during the analysis. The error of the EPMA
easurements was  estimated to be about ±2 at.%. This value was  obtained using sta-

istical analysis of the compositions of selected phases from several samples. XRD
as  used for phase analysis and determination of the solubility limits. The XRD

atterns were obtained using PANalytical X’pert Pro powder X-ray diffractome-
er with a Cu K� radiation at 45 kV and 40 mA.  The XRD spectrum was  acquired
rom 20◦ to 120◦ 2� with a 0.02◦ step size. The analysis of the X-ray patterns was
arried out using X’Pert HighScore Plus Rietveld analysis software in combination
ith Pearson’s crystal database [18]. To improve the surface condition for electron

Fig. 1. The composition of the samples and diffusion couples used to determine
the homogeneity range and crystal structure of the Ca2Mg5Zn13 (IM3) ternary com-
pound.
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Table  4
2nd case: crystal structure of the IM3  phase in KS1 with statistical distribution of atoms in the crystallographic position.

IM3  composition
by EPMA

Ca8.8Mg30.1Zn61.1

IM3  phase
composition
identified by
Rietveld analysis

Ca8.7Mg28.4Zn62.9

Prototype Sm3Mg13Zn30

Space group P63/mmc (194)

Unit cell
parameters and
lattice volume

Atomic coordinates
(Wyckoff Position)

Occupancy (%) Atomic positions Biso Reliability factors

x y z

a = 14.756
(3) Å
c = 8.804
(4) Å
V = 1660.153
(5) Å3

Ca1 – 6h Ca 100 0.456 (4) 0.909 (4) 0.25 5.704 (5) Re = 11.81
Rwp = 13.71
s = 1.35

Mg1  – 12k Mg 100 0.119 (3) 0.240 (3) 0.565 (2) 0.271 (2)
Mg2  – 12k Mg 100 0.236 (4) 0.455 (5) 0.055 (3) 0.271(2)
Zn1 – 12k Zn 100 0.568(6) 0.127(3) 0.085(2) 2.860 (3)
Zn2  – 12j Zn 100 0.066(4) 0.3034 0.25 2.860 (3)
Zn3  – 12j Zn 100 0.408(3) 0.119(3) 0.25 2.860 (3)
Zn4  – 12i Zn 100 0.360(3) 0 0 2.860 (3)
Zn5  – 4f Zn 100 0.3333 0.6667 0.100(3)
Zn6 – 2a Zn 100 0 0 0 2.860(3)
Ca,Mg1 – 2d Ca 100, Mg 0 0.3333 0.6667 0.75 5.704(5)
Mg,Zn1 – 6h Mg 35, Zn 65 0.067(4) 0.120(3) 0.25 0.271(2)

Table 5
Selected atomic bond lengths of the IM3  compound in KS 1.

Atom1 Atom2 Distance (Å)

Ca,Mg1 Zn1 3.082 (1)
Mg2  Zn1 2.883 (2)
Ca,Mg1 Zn5 3.082 (1)
Mg2  Zn5 2.719 (3)
Mg2  Mg2  3.467 (2)
Mg2 Mg1 3.045 (2)
Mg,Zn1 Mg,Zn1 2.710 (1)
Mg,Zn1 Zn2 2.653 (3)
Mg,Zn1 Zn6 2.700 (1)
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Table 7
Comparison of lattice parameters of the IM3  measured by XRD and TEM.

Lattice parameters of IM3

a (Å) c (Å)
14.758 (XRD) 8.804 (XRD)

XRD. The actual compositions, the identified phases and the
compositions of IM3  are summarized in Table 1. The actual chem-
ical compositions of these alloys were determined by ICP. The

T
R

ack-scattered diffraction (EBSD) measurements, the samples were first subjected
o  a standard mechanical metallographic procedure, then cleaned with plasma, ion

illed, and again cleaned with plasma. EBSD analysis was performed using a Hitachi
U-70 Schottky-SEM equipped with a Nordlys F+ camera and Oxford HKL Channel

 software. Typical operation parameters were a 20 kV accelerating voltage and a
3  nA beam current. Phases were identified by comparing experimental Kikuchi
iffraction patterns with patterns computer-generated from the crystallographic

nformation of identified structure. Ternary key sample Ca6.2Mg48.3Zn45.5 was pre-
ared to study the crystal structure of IM3  compound by TEM. The sample was
rushed using a mortar and pestle and the fragments were suspended in ethanol
efore depositing them on a carbon coated Cu grid. The selected area electron diffrac-
ion  (SAED) and Philips CM200 TEM operated at 200 kV were used to analyze the

M3  compound.

able 6
efined crystal structure parameters of the IM3  solid solutions and atomic coordinates fo

Samples no. Lattice parameters Atom
(Wyck

a (Å) c (Å) V (Å3) 

1 14.756 (3) 8.804 (4) 1660.123(5) Ca,Mg
Mg,Zn

2  14.744 (3) 8.752 (4) 1647.700(5) Ca,Mg
Mg,Zn

3  14.734 (4) 8.760 (4) 1647.575(5) Ca,Mg
Mg,Zn

4  14.747 (4) 8.814 (5) 1659.940(6) Ca,Mg
Mg,Zn
14.93 (TEM) 8.86 (TEM)

3. Results and discussion

The homogeneity ranges and crystal structure of IM3  solid solu-
tion were studied by EPMA, XRD, EBSD and TEM using diffusion
couples and key samples.

3.1. Determination of homogeneity ranges by diffusion couples
and key samples

To determine the phase boundaries of the IM3 ternary phase,
three diffusion couples and four ternary samples were prepared
and studied. Their micrographs are illustrated in Fig. 2. The homo-
geneity limits of IM3  solid solution were studied by EPMA and
phase analysis was carried out using XRD and EPMA. The phase

r Ca,Mg1 – 2d and Mg,Zn1-2h positions for KS1-4.

ic coordinates
off Position)

Occupancy (%) Reliability factors

Re Rwp s

1 – 2d
1 – 6h

Ca 100, Mg  0
Mg 35, Zn 65

11.8 13.7 1.35

1 – 2d
1 – 6h

Ca 70, Mg 0
Mg  60, Zn 40

11.3 22.3 3.87

1 – 2d
1 – 6h

Ca 73, Mg  0
Mg  10, Zn 90

10.3 20.1 3.78

1 – 2d
1 – 6h

Ca 100 Mg  0
Mg 25, Zn 75

11.0 21.6 3.84
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Fig. 2. BSE images: (a) DC1, (b) DC2, (c) DC3, (d) KS1, (e) KS2,

oundaries of the IM3  phase were determined by EPMA and con-
rmed by XRD (Rietveld analysis). During heat treatment, extensive

nterdiffusion of Ca, Mg  and Zn took place in the diffusion couples
llowing various equilibrium phases to form. EPMA line scans were
sed to determine the solubility ranges of the IM3  ternary solid
olution, as shown in Fig. 2(a)–(c). The phase compositions in key

amples were studied by EPMA point analysis. To determine the
hase boundaries of IM3  ternary phase, four ternary samples KS
–4 were prepared to identify the solid solubility limits, as illus-
rated in Fig. 1. BSE image of these samples annealed at 335 ◦C for
3 and (g) KS4. All samples are annealed at 335 ◦C for 4 weeks.

4 weeks are shown in Fig. 2(d)–(g). The phase relations obtained
from EPMA are consistent with the XRD results. As could be seen
in Table 1, the compositions of the IM3  solid solution determined
by EPMA and obtained from Rietveld analysis of XRD patterns are
in good agreement with one another.

The solubility range of the IM3  solid solution is obtained

from the analysis of all the EPMA results from the solid–solid
diffusion couples and the key alloys. This compound has a com-
plex homogeneity range of 8.2–9.1 at.% Ca, 27.1–31.0 at.% Mg  and
60.8–64.7 at.% Zn. Partial isothermal section of the Ca–Mg–Zn
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Table  8
Comparison of planar space (d value (h k l)) of the IM3  measured by XRD and TEM.

(h k l) d (Å) (KS1)

From SAED By XRD

1 0 1 7.31 7.250
2  0 1 5.23 5.172
3  0 0 4.31 4.260
2  1 1 4.30 4.235
5  0 0 2.56 2.556
2  1 3 2.51 2.508
3  3 0 2.49 2.460
3  1 3 2.27 2.260
5  1 1 2.24 2.221
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5  2 1 1.98 1.993
3  0 4 1.97 1.955

ystem at 335 ◦C with the phase boundaries of IM3  ternary solid
olution along its phase relations is illustrated in Fig. 3. To
nderstand the nature of such complex solubility a detailed crystal-

ographic study was performed, which will be discussed below. The
omposition of the IM3  solid solution is close to the composition of
he ω phase reported by Clark [10] as approximately 8.4–10.1 at.%
a, 25.7–28.5 at.% Mg  and 61.4–65.9 at.% Zn.

.2. Determination of crystallographic information for IM3
ompound

X-ray powder diffraction was used to obtain the X-ray pattern
f the IM3  phase. XRD patterns of KS1 and KS3 annealed at 335 ◦C
or 4 weeks are presented in Fig. 4(a) and (b), respectively. The XRD
atterns of IM3  phase have shown a good agreement with the one
eported by Clark [17]. However, Clark did not identify the crystal
tructure. Only the experimental XRD pattern was  reported. The
RD pattern of KS1 was indexed using Treor software included in
’Pert HighScore Plus package combined with Pearson’s crystallo-
raphic database [18]. It was found that IM3  compound crystallizes
n the Sm3Mg13Zn30 prototype [19] with hexagonal structure and
63/mmc (194) space group. Full pattern refinement was carried
ut by the Rietveld method. The use of Si as an internal calibration
tandard enabled correcting the zero shift and specimen surface
isplacement. Since KS1 and KS3 samples are not single phase
lloys, the refinement of IM3  phase was made in combination with
ther phases. The crystallographic data for these phases were taken
rom the Pearson’s database. The refined lattice parameters of these
hases are shown in Table 2.

The pattern of the KS1 sample was used for Rietveld analy-
is of the IM3  compound. First, the crystal structure was  refined

ithout statistical distribution of elements in the atomic positions.

he results of refinement are presented in Table 3. Since the IM3
hase has a wide homogeneity range the statistical distribution of

ig. 3. Partial isothermal section of the Ca–Mg–Zn system at 335 ◦C showing the
hase relations and solubility limits of IM3  ternary solid solution.
Fig. 4. Rietveld analysis: (a) KS 1, (b) KS 3. Both are annealed at 335 ◦C for 4 weeks.

elements in the atomic positions was  implemented to the model.
The crystallographic parameters of the refinement are presented in
Table 4.

The composition of IM3  obtained from Rietveld analysis is con-
sistent with the corresponding EPMA results in both cases. In the
first case (Table 3), Zn atoms are substituted by Ca atoms completely
at 2a sites. Whereas in the second case (Table 4), the 2d (for Ca,Mg1)
and 6h (for Mg,Zn1) positions were used for statistical distribu-
tion of atoms. These positions were selected because the analysis
of interatomic distances allowed to accommodate the atoms with
bigger size. As can be seen in Table 5, most of bond lengths with
Ca,Mg1 (2d atomic coordinates) and Mg,Zn1 (6h atomic coordi-
nates) demonstrate relatively larger distances, indicating that the
Mg in Ca,Mg1 and Zn in Mg,Zn1 have higher potential to be sub-
stituted by Ca and Mg,  respectively. In addition, the statistically
expected values Re, weighted summation of residuals of the least
squared fit Rwp and goodness of fit s were used to judge the degree
of refinement in the Rietveld analysis. It is apparent that the 2nd
case has better reliability factors.

Table 6 shows the refined structural parameters of IM3  and the
reliability factors for all four key samples. The atomic coordinates
and site occupancy for Ca,Mg1 – 2d and Mg,Zn1 – 2h positions were
studied. The coordination spheres and atomic substitution of Mg by
Ca at 2d sites and Zn by Mg  at 6h sites as well as other sites were
identified and presented in Fig. 5.

3.3. Crystallographic information obtained by TEM and EBSD

The structure of the IM3  compound (KS1) was also studied by
TEM. According to the crystallographic data of IM3 obtained by
XRD, the hexagonal structure was  indexed and confirmed by means
of SAED data, as shown in Fig. 6(a) and (b). The lattice parameters

a and c as well as the planar spacing, d values, obtained from the
SAED pattern of KS1 show good consistency with the XRD results,
as can be seen in Tables 7 and 8. In addition, the consistent results
of d and (h k l) values (Table 8) as well as the lattice parameters a
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n at 2

a
f
H
c
t
K
d
t

Fig. 5. The coordination spheres of atomic substitutio

nd c (Table 7) obtained from XRD and SAED patterns support the
act that this ternary phase has the provided hexagonal structure.
ence the space group and lattice parameters obtained by XRD are
onfirmed by TEM. EBSD analysis was also carried out to confirm

he crystallographic information of IM3  ternary compound and the
ikuchi diffraction pattern was studied. The well indexed Kikuchi
iffraction pattern confirms correct selection of space group, pro-
otype and correct values for the lattice parameters obtained from
d for (Ca,Mg) and 6h for (Mg,Zn) and other positions.

XRD and TEM, as shown in Fig. 6(c) and (d). The left side is un-
indexed EBSD pattern and the right side is indexed one for IM3
ternary compounds.

Furthermore, modeling of the intermetallic solid solution

requires information regarding the crystal structure of the phases
and their homogeneity ranges. From the crystallographic data
obtained in this work, the following sublattice model is applied
to represent the current compound:
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Fig. 6. (a) SAED pattern of IM3  [1 3̄ 1] zone axis indexed as a hexagonal structure; (b) SAED pattern of IM3  [1 1 3] zone axis indexed as a hexagonal structure; (c) un-indexed
a

(

t
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Z
t
m
b
s

(

i
p

(

6
w
(

s
l

nd  (d) indexed EBSD pattern for IM3  ternary compound.

Ca)6(Mg)12(Mg)12(Zn)12(Zn)12(Zn)12(Zn)12(Zn)4(Zn)2

(Ca, Mg%)2(Mg, Zn%)6 (Model I).

Here the ‘%’ denotes the major constituent of the sublattice.
According to Kumar and Wollants [20] the number of sublat-

ices can be reduced by grouping sublattices together with similar
rystallographic characteristics such as same coordination number
nd or same symmetry, where Zn at Zn1-12k, Zn2-12j, Zn3-12j and
n4-12i coordinate sites are the same coordination numbers (equal
o 12) as well as Mg  at Mg1-12k and Mg2-12k are the same sym-

etry, Zn1, Zn2, Zn3 and Zn4 as well as Mg1  and Mg2 sites should
e coupled respectively to reduce the number of end members. The
ublattice model can be written as:

Ca)6(Mg)24(Zn)48(Zn)4(Zn)2(Ca, Mg%)2(Mg, Zn%)6 (Model II).

Model II can be simplified further with grouping the same atoms
n one sublattice. The sublattice model for this compound can be
resented:

Ca)3(Mg)12(Zn)27(Ca, Mg%)(Mg,  Zn%)3 (Model III).

This five-sublattice model provides a solubility range of
.5 ≤ Ca ≤ 8.7 at.%, 26.1 ≤ Mg  ≤ 34.8 at.% and 58.7 ≤ Zn ≤ 65.2 at.%,
hich almost covers the homogeneity range of the CaxMgyZnz
8.2 ≤ x ≤ 9.1; 27.1 ≤ y ≤ 31.0; 60.8 ≤ z ≤ 64.7 at 335 ◦C) compound.
In reality, in order to have a more practical sublattice model

uitable for thermodynamic modeling of this compound, some sub-
attices should be allowed to mix  and extend the homogeneity
range. In addition, to be consistent with the formula of prototype
Sm3Mg13Zn30, the final model can be finalized to:

(Ca)3(Ca, Mg%)13(Mg, Zn%)30 (Model IV).

This three-sublattice model covers a solubility range of
6.5 ≤ Ca ≤ 34.9 at.%, 0 ≤ Mg  ≤ 93.5 at.% and 0 ≤ Zn ≤ 65.2 at.%, which
covers the homogeneity range of above suggested five-sublattice
model and the IM3  ternary compound.

4. Conclusion

The compositions and homogeneity range of the Ca2Mg5Zn13
(IM3) ternary phase in the Ca–Mg–Zn system were determined.
This compound has the CaxMgyZnz (8.2 ≤ x ≤ 9.1; 27.1 ≤ y ≤ 31.0;
60.8 ≤ z ≤ 64.7) solid solubility region at 335 ◦C. The refinement of
the XRD patterns was  carried out by Rietveld analysis. It has hexag-
onal structure with P63/mmc (194) space group and Sm3Mg13Zn30
prototype. The atomic coordinates and site occupancy were deter-
mined. The positions of 2d for (Ca,Mg1) and 6h for (Mg,Zn1) are
in favor of substitution of Mg  by Ca and Zn by Mg,  respectively.
Selected area electron diffraction TEM data and the planar spac-
ing d values obtained by Rietveld analysis demonstrate excellent
consistency. The crystallographic information obtained by XRD is

confirmed by TEM and EBSD. Combining the atomic occupancy
results and the crystallographic details obtained in this work, a
three-sublattice (Ca)3(Ca,Mg%)13(Mg,Zn%)30 model is suggested for
this compound.
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