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A Study of Back Transformation of Spinel to Olivine at High Temperature
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20k MgSiO;-~AdoA gejyleg o] qiddold g 22 X-H HAHY A, A M
VB8RS w o7t dojun, AT LxolAM A9dFo 2R geRlio] A|3e] A
AAsHe Zleg Hol el MiAUELE AP R 4 Pl Aoz dddy. A9d Jogy
B &y doz o] ¥ wo] 843} AUAE 7817 93 MSiOn-23d A 2o thgh
o]l 4¥E WF Y L1023~ 1116 KyollA AMatsiet. Lelul 4o ths) ‘Foixl Ajzhe] wl& vlE
'S ol&ste] BAG A Fe ZAATE okBEu] WG o] &8t AE A, nghd
HAZ 2=7F S7hetel wet g WBe GGolM T Agshed, ojud AL HYY § 4R
HAUZEo] olitx 2ol F&H o)) G} sk AL AXNAFL vk dH ez ¥ R4
E MSi0-23 82 o) Y48 Art 288 5, A2 24740 AN 4FE At A
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7b Z3tEln ¢ F RHED ojye}, WRAME FA AFEHE ez Bl
s

x
F0| 1 2949, gl S4we], Y R 44, ofEetn] WA, 48 A

ABSTRACT : Results  from in-situ high temperature X-ray diffraction measurements show that
Mg,SiOs-spinel converts back to olivine phase only when heated in vacuum, and that at some high
temperature, the olivine phase grows with time at the expense of the spinel phase strongly suggesting
a ‘nucleation and growth’ type transition. In order to obtain the activation energy of spinel-olivine back
transformation, kinetics measurements were performed on MgySiOs-spinel in vacuum at high tem-
peratures between 1023 and 1116 K. Activation energy was determined using ‘time to a given fraction
method’. By employing the Avrami equation, it was found that n values generally increase with
increasing temperature in a wide range implying that the nucleation and growth mechanism is probably
temperature-dependent. It is likely that in spinel, at a relatively lower transformation temperature, after
nucleation sites saturated, the growth of the new phase starts on the surface and gradually moves
inwards. At high temperatures, however, after nucleation sites saturated, the growth starts both on the
surface as well as at the interior. \
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Fig. 1. Gibbs free energy as a function of con-
figurational coordinate for the spinel and olivine
phase in (Mg,Fe):Si0s (modified from Knittle and
Jeanloz, 1987).
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Atk wepA g A e gheo Wk
FAgol Zolob i 1). ol2fd s
Age] o) FHHASH, AGd-RAE
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Table 1. General characteristics of the ‘nucleation and growth’ and ‘martensitic’ reaction

Nucleation and growth

transformation

Martensitic transformation

Dependence on time

Above a certain temperature,

independent

it increases with time

Dependence on temperature (T)

Reversibility/Irreversibility irreversible

of transformation
Effect of plastic deformation less important

Composition & atomic volume

Crystallographic orientation relation no relationship

between two phases

If given a sufficient time,
transformation will continue to
complete, in principle.

not to be related

Amount of transformation is
characteristic of T. Velocity of
transformation is independent of T,
and very rapid.

reversible

important
Same composition & volume change
is generally small or even zero

There is always definite relationship
between original phase and new
phase

A}a} A4 (Stanford Synchrotron Radiation Lab-
oratory, SSRL)°“"1 Al E T o] 489 712
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Fig. 2. Selected energy spectra of Mg,SiOs-spinel
as a function of time in vacuum at 1098K. It
shows the spinel phase gradually converts back
into olivine phase within approx. 2 hours. Time t
(reading up) are : 0.0 hr; 0.71 hr, 0.96 hr; 1.46 hr;
1.71 hr and 2.0 hrs.

11.58

714, X& 4% 2 2 oA
e 2ol A4E FH ARE A2 Y ¥
H(AETE ;ﬁ’\] yold, k= 3 8, 2%,
Aol 27 9 A9 Fo me WMol Hg
A= 2 =885 (kinetic rate)o] 1, n AW o]
HAUZ dE2H WAYE A A AAH(mecha-
nism indicator)o|t}. ()AL th&3} o] HE
& & dth

A M,

Inin/1/(1-X)] = nink + nlns 2)

A9 Inin/I/(1-X)]3 It x- 2 y-Zo] Zt
2+ eAEE, ARU(Z, nlnk) o2 HE kitS, 7)
27|28H nghg 45 § Jdoh

Cahn (1956)¢] E8 3} o] 2] w2, kA s}
A AYHm e el AAde F HAVL
FakEla ik (1) YAEH *MEM AE
BE o] 2757 A, o] nghd 40]t} (2)

gloje {7 wHoezRH
,n§k° A7) 12 F4S
Wo] o3, ngko] 3=n<4e]
Wel 9e W $ae Agdel A4
oleis AYE Azbo] Aol me Radh
Ak =27} Ehe AL ARo] AAHE F
o] x3l® T A& AR ARsted, Y
Andozid dhive 438 de ot
<29 A%, 24¥o] 23t &, A=
o) e Idozgd £k 39
1 2= A8 2= o= AL
.T’_ ‘E}(Hamaya and Aklmoto 1982).
W (rate constant method, RCM)
3}@1, ‘lﬂ."c}t&"\% o] &3 243} A
9.~ A Al(Arrhenius equation)2 ©]

Ak

e &

tlo
+

k = A exp(-E/RT) ()
Ink = Ind4 - E/R(I/T) 3)’

A7A, ke 5HE A4(rate constant); A
¥ -2 41} (pre-exponential factor); E.= &
A3 JJux); RS 73448314 kJ/mol); TL
Aujewoltt. F43 dyAe Inks} 1/TE
Alste 71 &7 128 48 ¢ Ao kigts O}H
ghr] A((2)AHe2HH Eo}tﬂ, RCMo] #-&
& g o3 Aol dAYF] ATt ?°H
Hhx) kg w), F ngko] WA T AFE o
Wolc}, Eg E}'n (4)2lof whet, ol" Foi
(M)A Aoz dojut rEe vl&s &
el 223 A7Ht) A ofd Y2 WA

HogHEe &As JUAE & F Yo
(Putnis, 1992) :
t« = A exp (E/RT) @)
Int, = Ind + E/R(1/T) @)

It UTE EAIE 2P EoA, of® FolR
N2 Ao v & (fraction) E EJ/RY 7] &7]
2H2E ZA43 NHYAENE ANE F AU
WY A 85 QUAE A3 HolHE
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8# otz "rke ol ik
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Table 2. The fraction of olivine phase(X) converted from spinel phase in Mg;SiO4 as function of time at
1023, 1063, 1098 and 1116 K, respectively

102 3 K 106 3 K 109 8 K 111 6 K
X t (*10° sec) X t (*10° sec) X t (*10° sec) X t (*10° sec)

0.207 17.410 0.313 14210 0.487 2.065 0.751 2.313
0.207 17.590 0.256 14.510 0.599 2.365 0.827 2.493
0.232 17.770 0.246 14.810 0.578 2.550 0.824 2.673
0.265 17.950 0.290 15.110 0.684 2.850 0.849 2.853
0.276 18.130 0.273 15.410 0.776 3.150 0.937 3.033
0.216 18.310 0.268 15.710 0.836 3.450 0.944 3.393
0.276 18.490 0.345 16.010 0.818 3.750 0.978 3.573
0.282 18.790 0.369 16.310 0.829 4.050 0.953 3.753
0.254 19.090 0.290 16.610 0.865 4350 0.958 3.933
0.271 19.390 0.304 16.910 0.967 4.650 0.990 4113
0.302 19.690 0.295 17.210 0.926 4.950 0.997 4293
0.304 19.990 0.308 17.510 0.900 5.250 0.965 4.473
0.305 20.290 0.363 17.810 0.997 5.550 0.997 4.653
0.305 20.590 0.302 18.110 0.947 5.850 0.999 4.833
0.281 20.890 0.335 18.410 0.977 6.150
0.281 21.190 0.358 18.710 0.968 6.450
0.286 21.490 0.300 19.010 1.000 6.750
0.328 21.790 0.323 19.310 0.955 7.050
0.286 22.090 0.362 19.610 1.053 7.350
0.300 22.390 0.348 19.910
0.291 22.690 0.332 20.210
0.321 22.990 0.305 20.510
0.321 23.290 0.374 20.810
0.318 23.590 0.397 21.110
0.318 23.890 0.371 21.410
0.321 24.190 0.435 21.710
0.336 24.490 0.409 22.010
0.344 24.790 0.394 22.310
0.344 25.090 0.394 22.610
0.345 25.390 0.373 22.910
0.356 25.690 0.342 23.210
0.337 25.990 0.338 23.510
0.443 26.170 0.396 23.810

0.446 24.110

0.409 24410

0.342 24.710

0.469 25.010

0.389 25.310

0.420 25.610

0.440 25.910

0.421 26.210

0.417 26.510

0.417 26.810

0.436 27.110

0.439 27.410

0.438 27.710

0.456 28.010

0.417 28.310

0.423 28.610
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Fig. 3. The fraction of olivine transformed from

spinel as a function of time for Mg,SiO4-spinel at

1023 K, 1063 K, 1098 K and 1116 K.
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Fig. 4. The plot of Inln/1/1-X)] versus Int for
Mg,SiOs-spinel at 1023 K, 1063 K, 1098 K and
1116 K. From these fittings, n and Ink were
derived at each temperature, which are shown in
the upper right.
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Fig. 5. The plot of Ink versus 1/T for Mg,SiOs-
spinel. From this fitting, activation energy, E. was
derived to be 473(=£153) kJ/mol.
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Fig. 6. The plot of Ins versus 1/T for spinel at the
fraction of 0.3(6a) and 0.4(6b), respectively.
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Fig. 7. The comparison of growth curve of olivine
phase on MgSiOs-sp: Open symbols are for the
observed data; the solid symbols for the converted
data from Avrami equation with applying the
derived n and k.
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