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AN X RAY METHOD T'OI{ DEFINING COMPOSITION OF A
MAGNESIUM SPINEL1

WarrBn C. Ar-roN2 Rutgers, The State Uni'oersity,
l{ew Brunswick, l{. J.

The three refractor.v magnesium spinels (MgAhOr, MgCr2Oa and

MgFerOq) form a complete series of solid solutions at high temperature.

,Lrc 1. Lattice parameters in the system MgAliOq MgCrrOr-MgFezOn (quenched

frorn 1600" C.). Abbreviations are MA, MC and MF, respectively.

At temperatures below 1000o C., there is exsolution in the binarl-

NIgAl2Oa-MgFezO+. The relationships in this svstem have been presented

b1  the  au lho r  e l sewhere  tA l l en .  1964 ) .
Detailed studl' shows significant deviations from Vegard's law in two

of the three bounding binary systems, but on a gross scale the ternarY

svstem shorvs nearlt '  a planar variation of lattice parameter with molar

composition (Fig. 1). Similarl l ' ,  index of refraction (Fig. 2) and densit\ ' ,

1 tsased in part on a thesis submitted in partial fulfillment of the requirements for the

Ph D degree from the School of Ceramics, Rutgers; sponsored by grant from Edward

Orton Jr. Ceramic Foundation.
2 Present acldress: National Beryilia Corp , Haskell, N. J.
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Ftc. 2. Refractive index of homogeneous spinel in the System MgAlzOr-MgCrzOn
-MgFe:Or. Solid line-calculated, dashed line-observed.

Frc. 3. Calculated density in the system MgAlzO+-MgCrzOr-Mgtr'e:Or
(quenced from 1600o C.).
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as calculated from the cell size (Fig. 3), show similar patterns of varia-
tion. Since l ines of equal value for all three parameters trend in approxi-
mately the same direction, it is impossible to fix the composition of a
mixed spinel by measuring any two of these parameters.

Diffractograms of the three end members show wide variation in the
relative peak heights of the (lll), (220), (400), (422) and other peaks
(Table I). This suggests that an intensity parameter might be correlated
rvith composition of the solid solution. Since the entire ternary diagram
was covered at 10 mol /6 itterva.ls in the course of this research, and

Telr,n L Ror,err.nr Paex Hrrcnrs or Ms SprNor-sr

hkl MgAlzOr MgCrzOr MgFerO2

1 1 1
220
3 1 1
222
400
331
422
. ) 1 1 , 3 3 3
4+0

220/r1r
40o/422

Lattice
Parameter a.u.,

3 5
39

100
1

5 7

10
t 1

62

1 . 1

8 0843
+ 0 .0012

7
33

100
3

1 1
30
47

67
l . l

100
10
52
5
4

32
4+

Ratio
I{atio

o . 2
1 3  . 0

8 3340
0 0010

2 4 5

8 . 3 9 7
0 00.5

I Averages of several diffractograms; not corrected for peak width.
2 Quenched from 1000o C. or above; below that temperature, the cell size decreases.

,-rav patterns3 were made of each composit ion, abundant data were

available.

The rat ios of the peak heights of various pairs of peaks were plotted on

the ternarl,-  diagram; among them were the rat ios

r(111) r(22O) r(.22A) _r r(400) .
r ( 3 1 1 ) '  r ( 3 1 1 ) '  ( 1 1 1 ) '  

a n '  - '

\Vith man1. composit ions, dif ferent samples or even dif ferent patterns on

the same sample would yield dif ferent values for the rat io selected. By

averaging severai values for each composit ion, plots were obtained in

3 Norelco diffractometer; Ni-filtered Cu radiation, fed through pulse height analyzer set
for maximum peak-to background ratio; scanned at 70 20 per min. (or ]o for some runs);
cell sizes calculated from (844), (931) and (951) peaks.



242 MINI'IIALOGICAL NOTI]S

which the l ines of equal intensity ratio were approximately perpendicular
to the i ines of  F igs.  1,2 and 3.

The ratio

r(224)
I  (  1 1 1 )

was finallv selected since it was the most reproducible from pattern to
pattern, and since the point values progressed in the most orderly man-

\ . 4 .

(B ' 3 )  )
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l ' iq 4' Lines of equal ratio lgy itthe svstem' - . . " * " "  
l ( l l l )

NIgAI:Or MgCr20a-MgIre:O+ (high-temperatureform only).

ner. Figure 4 shows the plot of this particular ratio. Lines of equal cell
size are also shown b1' dashed lines.

Therefore a single r-ray diffraction pattern r'vi i l  yield trvo easilv calcu-
lated parameters-the cell size and the ratio of two peak heights-r,vhich
can be plotted on a grid of intersecting coordinates to yield the composi-
tion of the spinel. The values of Fig. 4 are not claimed to be absolute, but
probabll '  van. with different equipment. However, a chart can be pre-
pared for anv facil i tf i f a range of compositions is available.

These results applv onll '  to solid solutions of these three magnesium
spinels. Thev would not directlv applv where significant amounts of

!reJ
r  ( 1 1 1 )

.  . b
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Fe2+, Zn, Mn, Ni, Co, or other divalent ions are present, but there rs no
reason why a similar type of result might not be found in other systems.
An example of a svstem in which this method ma\r prove useful is the
steelmaker's high-fired chrome-periclase refractorl ' , in which the result-
ing spinel after service is essentially a complex Mg spinel; any original
I-eO has been oxidized and combined with free MeO to form additional

"NIgFe2Oa" molecule.
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THE ORIGIN OF MECHANICAL TWINNING IN GALENA

KBNI.IpTH D. Lver.r.,1 Department of Geophysics U GeochemisLry,
A ustr alian !{ at'ional LI nia er sity, C anb err a, A.C.T.

In the course of a general investigation into the plastic properties of
galena (L1'all and Paterson, 1965) it was found that mechanical twinning
rvith composition plane (441) could be produced in single cr1'stais tested
in compression at room temperature and at 2.5 and 5 kilobars confining
pressure, provided the crvstals had an init ial length to cross-section area
ratio less than 0.7 and were oriented so that the resolved shear stress on

{001} (110)  s l ip  s-vstems was in i t ia l ly  zero;  otherwise {001}  (110)  s l ip
occurred. Both the general appearance and annealing behavior of these
experimentaily produced twins are quite distinct from that of (4{1)

iameliar twins which occur in large single crystal blocks of gaiena from
Broken Hil l, New South Wales. The latter (Fig. 1a) are commonly 10 to
50 ir thick, discontinuous and never intersect; they anneal by blunting
(Cahn, 1954) and absorption by the parent crystal (Fig. 1b). The experi-
mentallv produced twins (Fig. 1c) are invariably thicker b1' an order of
magnitude or more, form highly strained junctions and anneal by re-
crystall ization and grain growth within the twin volume (Fig. 1d).

Consideration of the effects of high temperature and high pressure on
mechanical tr,vinning in minerals (Cahn, 1954) and the effects of shock
Ioading and high strain rates on mechanical twinning in metals (Rine-
hart and Pearson, 1954; Zukas and Fowler, 1961) suggested that the
(44i) lamellar twins in the Broken Hil l crystals might have been pro-

I Present address: Department of Mines and Technical Surveys, Fuels and Mining

Practice Division, Ottarl,a.
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