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Hydrothermal synthesis of the jacobsite-galaxite join

Kiyotaka ISHIDA, Hitoshi MoMoI and Fumitoshi HIROWATARI

Abstract

The phase relationships in the jacobsite (MnFe,0,)-galaxite (MnALQ,) join have
been investigated by means of the conventional hydrothermal technique. The spinel
phases were synthesized using two kinds of starting materials: oxalate mixtures and
nitrate gels. The crystallization processes were also examined at 2kb and 700°C.

A solvus curve between jacobsite and galaxite was determined under various
oxygen fugacities at total pressure 2kb and temperature below 750°C. The unmixing
area enlarges with increasing oxygen fugacity, especially at the galaxite composition side.
The solubility of iron and manganese ions in galaxite may be a good indicator of oxygen

fugacity.
analyzer.

The products were determined chemically with an electron probe micro-
The compositions of synthesized spinel deviate from the ideal MnFe,O4-

MnAl;O4 join, which is shown to be pseudobinary.
The cell dimension of the synthetic jacobsite is corresponding with those of the

synthesized and natural specimens within experimental error.

The cell dimension of

synthetic galaxite becomes smaller with decreasing oxygen fugacity.
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Fig. 1. X-ray powder patterns of synthe-
tic products by oxalate mixtures.
Jb: v a7 2§ (jacobsite). Gx: %
7 7 24 (galaxite). Rc: <o H
$i (rhodochrosite). Mn: < H
gk (manganosite).
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Fig. 2. X-ray powder patterns of synthetic products by nitrate gels. Bx: v©'7 2 §i
(bixbyite). Co: 27> % 4 (corundum). Hm : &4, (hematite).

Solvus MEh#IIFAERD b D 2HDE L TIEIEH
iz s, BEDOLERICZED 2 - CHEBEBIEHE
L OAHY, BETO0CTIE Y 2 7 2P 25mole%,
DH 5 Y ZAEDFEEEBL, 5 2 2[13# 35mole
%D Y 3T ARG TFREET 5.
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TR ¢ OERETHZ. ZOAKRY%E EPMA 12X
VEBOW TR 7. FEREMIIINHEEE 15kv,
2% 0.015¢A (on pure Fe metal) ThH 3, L
7RI 2RI * TRL, ZOFERIZ Mn-Fe-Al
DEFHTHEIITRY., YT LLN 5 7 2 A
BT, WERDEMELY S Mo 1 4 U IZED.
W50 ARLIEET Y 3 TRGRND A< VST
WZEH, FI7ZAFERPRI T VE LAFFITEALTY

3. LdoT, BRANERExVEOLEERIL,
BRI Y a TR —H S5 272G join 120 - TWig
W,

2. BEIEZFHUILER

a_, NNO buffer THIEL 254

HFEVEIEERS VEETIER L 72, £ 2kb, B
550°C~700°C DO NNO bifer % T2 REE
2170 o7z, RG24 B~128/8TH 5. KB
REFEIRITRT. £HRHE, Run 101 TR~ n
VPPN T RTCRAERVETH S, A%
VIHOEEREL, BBE2HVEELIZIEELL,
700°C T3+ 2 7 2 $EAIZH 30mole % DH 57 2/
DFREEL, F 5 2FEFIZIGEE 30mole % ¥
QT AN TFRERT 3. NNO buffer —¢cHifEL 72
BEITE, XA EXVEDS OO ZGH L i,
Z €V Y a T2 g—H 52 2 F
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Table 1. Unbuffered experimental data for oxalate mixtures.

Run No. S;%Ztrﬁs T(e%})). Izg;?ut;cs)il Products dimengfé}ls 7]

24 0x-100* 748 52 Jb —
25 Ox- 80 748 52 Jb —
39 Ox- 70 748 48 Jb, Mn —
26 Ox- 60 748 52 Jb, Gx —_

40 Ox- 50 748 48 Jb, Gx, Mn 8.477 (5)

o 8.331 (5)
27 Ox- 40 749 52 Jb, Gx, Mn —
41 Ox- 30 748 48 Gx, Mn —
28 Ox- 20 749 52 Gx, Mn —
29 Ox- 0 749 52 Gx, Mn =
55 Ox- 70 730 48 Gx, Mn —

18 0x-100 700 96 Jb, Mn 8.509 (1)

19 Ox- 80 700 96 Jb 8.451 (5)

30 .0x- 70 694 120 Gx, Jb 8.493 (5)

8.401 (5)

20 Ox-~ 60 700 96 Gx, Jb, Mn 8.485 (5)

8.355 (5)

31 Ox- 50 694 120 Gx, Jb, Mn 8.491 (5)

8.315 (5)

21 Ox-~ 40 700 96 Gx, Jb, Mn 8.486 (5)

- 8.304 (5)

32 Ox- 30 694 120 Gx, Mn 8.290 (5)

23 Ox- 0 700 96 Gx, Mn 8.200 (3)
53 Ox- 75 640 168 Jb, Gx —
54 Ox- 30 630 264 Gx, Mn —
15 0x-100 601 116 Jb, Mn —
33 Ox- 70 598 192 . Jb,Gx —

34 Ox- 50 598 192 Gx, Jb 8.491 (5)

8.293 (5
35 Ox- 30 598 192 Gx, Jb —
17 Ox- 20 601 116 Gx, He, Mn —
52 Ox- 90 550 336 Jb,Re —
51 Ox- 30 550 336 Gx, Jb,Rc —
42 0x-100 502 336 Re, Jb -
43 Ox- 80 502 336 Re, Jb, Gx —
44 Ox- 60 502 336 Rc, Jb, Gx —
45 Ox- 40 496 336 Re, Gx, Jb —
46 Ox- 20 496 336 Rec,Gx,Jb —
47 Ox- 0 496 336 Re, Co, Gx —

Jbr ¥ 27 2% (jacobsite). Mn: &< > 4 8 (manganosite). Gx: %5 7 G (galaxite).
He: g2z v (hercynite). Rc: < o 4 8% (rhodochrosite). Co: 25 & 4 (corundum).

* zemnE o (LSRR IE MnFe,0, mole % CGR$. (Chemical composition of starting material
by MnFe,0; mole percent.)
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Table 2. Unbuffered experimental data for nitrate gels.
Starting Temp.  Duration Cell |
Run No. materials °C) (Hours) Products dimensions (A)
62% Nt-100 700 9 Ib 8.513 (1)
64 Nt- 90 700 96 Jb,Hm 8.503 (1)
63 Nt- 80 700 96 Jb,Hm 8.484 (1)
65* Nt- 70 700 96 Jb, Gx(?) 8.477 (2)
66 Nt- 60 700 96 Jb,Gx 8.483 (2)
61% Nt- 50 700 96 Jb, Gx 8.476 (3)
8.318 (5)
67 Nt- 40 700 96 Jb, Gx, Co 8.494 (6)
8.303 (3)
63* Nt- 30 700 96 Jb, Gx, Co 8.466 (4)
8.283 (2)
69 Nt- 20 700 96 Jb, Gx, Co, 8.448 (4)
(Hm) 8.265 (4)
70 Nt- 10 700 96 Jb, Gx, Co, 8.428 (6)
(Hm) 8.256 (5)
60* Nt- 0 700 96 Gx, Co 8.216 (2)

* EPMA Coa# Uk (Samples were chemically analyzed by EPMA.)

Hm: zRgk4; (hematite).

Mn

$b-100(62)
4Jb-70(65)
®Jb- 50(61)
©Jb-30(68)
dJb- 0(60)
‘o°
50 ® A %50
2% \g
MnAly frmmemen QAT s e e e MnFey
[ ]
Al — e
BIK AKX 2 EOLEHERK
Fig. 3. Chemical variation in cation ratio

for some synthetic spinels.

join RizhBbDLIEERING,

b. HM buffer THfH L 7-EEk

R E IR VB TIERR L7z, & 2kb, 18
550°C~700°C D&iF < HM buffer #» i\ CAREE
BT 72, RIGHEEIL4 B~11ABTH 3. EBE
REHE4FITRT., ERPIZR C2VEMMNCa 5 Y
LhzpES,

3

a-

BB A ERIVIEDRFEH
Y a7 RGO T ER

Run 18 (881%) TA&RLZva 7 x ik~
WGBS T2, Fert 4 4 2k 5 ¢ Mn?t 4 %
VHEBBINTHS LD LELN G, BREDEIHIE
INZEEBRTIE, a7 AEUMNICBOMRIRRL, H
185 MnFe,0, IR WO ¥ 2 7 2 EmEI Nz
bOLBbNs, BTERL F4RICRT Run
77 (HM buffer) Tl 8.50940. 0014, 7, #33%
125%% Run 74(NNO buffer) i3, 8.510+0.0014
Th5.

b. 757 2ARDKTFER

BRRIE 2 S HAWE % Vv, BRESEZHMEL 2
WTER L7245 7 2RI oW V24N, Z0
BFERT 8.200+0.003A THY, Db DI~
T/PhEV (Run 23, #51%). Zhid Mn: Al 1%
HAs1:2X) MnizZL< &b, B4 DEAH:
HELTnwaborBbNn3, MEERSVEHAVCERRSE
ZHEEILZOWTERLEZT 57 2RI T VL A npl
VW, BFENIE 8.21440.02A <52 (Run 79, £
4F), ZOLEON I AARIFEEH»S LR
NBXH512Mn, Al 1 FHI31:2L9 3 Mn 4
F UL, ZOZE»5 Mn 44038 Al 44
BEBL TV EDBTFERPREL R -2bDLE
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Table 3. Experimental data for NNO-buffered run.

Run No. Igzg?ig%s T?‘%I))' ~log fo, ]?IL-}I(‘)S{E(S)? Products dimen(;ieg:ls (A)
74 Nt-100 700 16.2 108 Jb 8.510 (1)
75 Nt- 50 700 16.2 108 Jb, Gx 8.458 (1)

8.314 (2)
76 Nt- 0 700 16.2 108 Gx 8.205 (3)
91 Nt- 20 695 16.3 96 Gx —
106. Nt- 75 696 16.3 120 Jby, Ib, —
108 Nt- 35 699 16.2 120 Gx, Jb —
111 Nt- 70 704 16.1 126 Jbs. Jb, —
112 Nt- 30 700 16.2 114 Gx, Jb —
96 Nt- 50 643 17.7 106 Jb, Gx 8.466 (3)
8.294 (2)
102 Nt- 70 652 17.5 121 Jb (broad) —
103 Nt- 35 651 17.4 121 Jb,Gx —
110 Nt- 80 650 17.5 126 Jb (broad) —
95 Nt~ 50 599 19.2 117 Ib, Gxy, Gx;, 8.480 (4)
8.274 (3)
109 Nt- 80 603 19.0 154 Jb —
113 Nt- 30 600 19.1 120 Jb, Gx,, Gx, —
101 Nt- 50 550 20.8 281 Ib, Gx,, 8.482 (2)
Gx;3, Mn 8.210 (1)
#® 4 %  HM buffer TRESE2HE L - EBER
Table 4. Experimental data for HM-buffered run.

Run No. nslé?g;zlgs T?"né}))‘ -log fo ]%Il-lll;)%t;(s)? Products dimenct%ils (A)
77 Nt-100 705 11.2 72 Jb 8.509 (1)
78 Nt- 50 694 11.5 72 Jb, Gx,Co 8.473 (2)

8.247 (4)
79 Nt- 0 700 11.3 72 Gx, Co 8.214 (2)
105 Nt- 20 640 17.8 189 Gx, Jb, Co -
98 Nt- 50 650 12.7 91 Jb, Gx, Co 8.474 (3)
8.265 (3)
99 Nt- 50 600 14.2 137 Jb, Gx, Co 8.483 (2)
8.236 (8)
100 Nt- 50 550 16.0 270 Jb, Gx, Co 8.492 (4)
8.234 (4)

hbnz, NNO buffer 2HNCERLEY S 2E
OILEFEMRE MnALO, 125EL, BFERNL 8. 200+
0.003A %2 (Run 76, #53%),

c. HFET B AR NVEOBRTER

FRRIR AR D Jh50Gx50 % HZFME & L <L 2kb,
1R 600°C TEIR L AR OMAR XBEHTR 28 4
HicRT., BOBEIETR IS UFANEHL
(Run 99; HM buffer, 54 3%), Mg &AWL X

R UESETS (Run 34, 1%, #4K
POTBEITYATRAPLIY S XADE UEE
(220, 311, 400) oEFTRRE ®LETNIE, BES
EREL 231250 TY 3 7 2ELORERENH 7 &
2HEDZNELY b 2B, ZOBEE»L, BEIE
OBELIT >N THET 2 X CANVHEOLEER L B
BEBILTCHWBZ EBELHATH S,
AR TR E S HM buffer 3 X 78 NNO
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Fig. 4. X-ray diffraction patterns of syn-
thetic products with the interme-
diate composition between galax-
ite and jacobsite.
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it "‘m‘;;:&:’--__
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c
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o
E
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o a‘aoor ./‘
/’/! I
8.250} s e H
[ R ¢
8:200}
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Temperature °C
®5 NNO buffer, HM buffer T&H L
Y aT R, HI s AAORTER
Fig. 5. Cell dimensions of jacobsite and

galaxite synthesized under NNO
and HM buffers.

RunNo
97:NNO 700t 8HHM 700°C
96:NNO 650°C 9BHMB50°C
S5'NNO 600°C 99HME00C

?

101:NNO550 100HMEOC ™
) %,3] J%OGX CHl 440
eI
[ S S S T 1 1 i I 1 ) 1 i l.
73 77 81 85 73 77 81 85
26 (Fe/Mn) 20 (FelMn)
# 6 K NNO buffer, HM buffer &L

12 &R O X B R E T RE

Fig. 6. X-ray powder patterns of synthe-
tic products in NNO and HM buf-
fered runs.

buffer THIME L TARRL 23R 2 €200 HOBTE
BELBEOCBKRZESKITRT. £, INLSOXHE
BWREFRRE 28 6 KioRS, BEOLRICE S W
¥ a T AGLOBTFERIINES L Y, 0, FI7 =
FOZNEAEL LB, O LIREDERE LD
WZEWIZEBEEAEE > TWBZ L EZRLTVS,
F 72, BEEBOE» D, HIEL ZBESESER
3 LERMOIEEMRPRLS I LRRLTOS,

v % %

SHOERTREETRAH T COER2T2-T
WRWOTREELEEM LIR30, HRERERO
KR Y SZBZ THEN 2 EENBRII I TE S
LDOLEZILNS,

HBEWE B v (Mo (T LA 4HEEZS
n3) BV, BEIERZHELZVWE S, B Lt
HM buffer 12k b #If L 7-BHESESE NS0T,
I UHREHEL, ARINEZCRVEOILEE
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B3RO E» SR I N3 RE Y —fRIC Mo 4
FUIEL I ERHLPIIR T, s TH S 2 AR
AR IT B TIE, Mn?* (AL Mn3),0, TEb I 3
X312 Mn?* 4% vidER{bah< Mo** OREBEE
LHhDEELLND, IO LIBRTEREBETE
DOEFEPLATOHELLTHS 9., Thbb, 77
2F (Mn**ALOy) DHMRIZBENERBE DV ENY R
< UHFERRICET &, #iEE b O OZERROBRIX
HM buffer XY 3 {EVWEIBI2HBLEZLLNS.,
—%, ¥ a7 AR HM buffer THIEIX N 3
BESETIEBVWTLRBIZARINS, TOZ L,
Ya T DO MR 6MnFe,0,+0,=2Mn,0,+
6Fe,0; 7%, 4Mng0,+0,=6 Mn,0; 5Tl x

N2@WFESE L HM buffer Offich % 2 L 2EHKL
W3,

WICEHEEIFEDOENEFITOWVWTERL TR B L,
MW buffer (2Fe;0,=6Fe0+0,) TT: » 7= K B
DERIZELNZ X ST, ¥a 7 AEMRIIIE< >
H gk Mn 442 2STUHESKIC ) ZETRS
7% (6MnFe,0,=6MnO+Fe;0,+0,).

LD ErD, YATRAFEN 57 AGTRER
12 L BESEOHE S, R B > TNnBE I LA

BEo»rTHD, T bbb, va T AFEOERESIL
HM buffer kY EBOEBESESS MW buffer T
FHAX N2 BEIEOHICHY, T AEDERE
ity a7 2oz nk v k<, HM buffer & NNO

Piotat= 20 kb T
750 |- ]
Ox ;« Ox M
1 .
700 / // II \\ \‘ \\GX.
L 1 1 1}
[ I '
o A )
: l Jb + Gx \\ \\
é 650F Jb ] - o -
a | —
5 | (I
i | |
600} | i
I !
Ao \ NNO
I 1
le le
1

L 1 1

1 1
MnFe0, 10 20 30 40 50

Starting materials (mole %)

£ 7 K

60 70 . 80

1
90 MnAlp0,

B x O% BT TH®E L I solvus

Fig. 7. Experimental data under various synthetic conditions.

OX : BERIEEAW 2 HFEME L LT, BEAERZHM L 24 (start-
ing materials were oxalate mixtures, unbufferd rums.)

NNO : @7 v 2 HFEWE & LT, NNO buffer TERFR/SE2HIMH L
2854 (NNO buffered runs.)

Nt: By V2 HREYEE LT, BREISERZHBELULVWES (starting
materials were nitrate gels, unbuffered runs.)
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buffer ORIZ R HY MW buffer £ TRETH
%, L7255t HM buffer 3 X *¥ NNO buffer iz
L BBESET T, HETZ2ACRXVEDS HTY
3 7 AGMOBBFROBILXT LA LBV, Ll
BRSH T I ZAREZE VWL, HM buffer & NNO
buffer TIIEREED 5 A0V L » T BERHEERIL K
ELB{LLTwE (B, F7RD. INIZERFEY
EXEensl, MERSICBIIAEALALL Y oE
i< HM buffer FCARINAEN I 7 AG[D A E
FOVIIEBERIPL 25720 TH B, £2T, ¥a
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