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Table 2 Iron phase analysis results of raw ore
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Table 1 Chemical compositions of raw ore by chemical analysis

Element Ga® Ge® Mo Fe Ag” S WOy Zn SiO,

Content/% 24.00 52.00 0.031 32.07 7.33 0.22 0.018 0.053 28.39

Element  CaO MgO AlLLO, K,0 Na,O CaF, TiO, P MnO

Content/% 14.49 3.07 3.27 0.28 0.10 1.25 0.14 0.014 1.10

e x N107%

SR SRR M aS R R 2, N 2 AT, R
Bk LERETERR , A0 A %0k 76. 52% s FETRERIR Z , 1
AN 20y 20, 60%

Phase Magnetic iron Iron in hematite Iron in limonite Iron sulfide Iron metasilicate Iron carbonate Total iron
Content/ % 24.96 0.73 0.04 0.13 6.72 0.04 32.62
Rate/ % 76.52 2.24 0.12 0.40 20. 60 0.12 100. 00
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Fig. 1 The XRD pattern of raw ore
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Table 3 Modal proportion of minerals in raw ore . . .
A : : : : : 3.2.1 EEF WA IHE
Mineral ~ Content/%  Mineral ~ Content/%  Mineral Content/ %
Magnetite  36.54  Quartz  8.32  Epidote 0.60 (1) #4: Fe, 0,
Molybdenite  0.04 Calcite 4.52 Dolomite 0.51 ﬁ?ﬁ%ﬁiﬁf?’yﬁfﬁ EFI HEIQ jz%: E/‘J ﬁ‘ Hq E}L % ’ £ Z:%jn‘ m‘u ﬁ
Hematite  1.06 Chlorite 4.02 Biotite 0.49 ARECH: FIPRLR, HORCRZE 2l SAUAR A 3
. o ) s - o KL I3 AR 5] BORDRLRE R 522 B A REIR
Tite . ocrase BRR ale . N N JN. N
' e A T R 1 T ST 0 S R A
Sphalerite 0.05 Hornblende 1.62 Tlvaite 0.21 23) , ﬁ?)& !E% %56 Tgi] E IE] LR % }E: iﬁ 5‘5 ,f_k‘: $ ,ﬂ}ﬁ EIEEI *_\)Z ( [E
Galena 0.01 Feldspar 1.58 Prehnite 0.11 2b ) ; 1;& ﬂﬂ/]\ E{J {mﬁ;*ﬁﬂﬁﬁﬁ%aﬁ%?%%%ﬁ%ﬁ ﬂ:%@%*‘gg
Andradite 18.74 Fluorite 1.21 Serpentine 0.28 ya) \%E% Hﬂ(a BL% ':P ( [EI 2c ) , ;H\:*_\LLE 1;‘]:& éEH , AN % ﬁzfji
Grossularite  1.94 Actinolite 1.05 Titanite 0.13 rfi% ,@@i‘@ﬁ ’ %%%&Raﬁ/\%%ﬂ ’ %jﬁﬁk%%
Pyroxene 12.58 Muscovite 0.65 Others 0.45 @L%%H*E E/J EE%E °© ,fXJ[—LI‘*&//I\E%%EELﬁ ‘jmg%

BCRBIAL e A= AR BT A, FEAS R ILAB BR AT 1L

R4 TR IREE A R /%
Table 4 Major and trace element compositions of galena and sphalerite from EPMA
Positions Zn As Fe Pb Ga S Mo Se Ge Total
Sphalerite — 1 64.33 0.00 1.11 0.00 0.00 33.56 0.66 0.01 0.00 99.67
Sphalerite —2 64.38 0.00 1.11 0.00 0.02 33.61 0.66 .02 0.00 99. 80
Sphalerite -3 63.73 0.00 1.32 0.00 0.00 33.38 0.69 0.02 0.00 99.13
Sphalerite — 4 63. 64 0.00 1.63 0.00 0.03 33.66 0.60 0.00 0.00 99.56
Sphalerite — 5 65.97 0.00 0.67 0.00 0.00 33.03 0.66 0.02 0.00 100. 35
Sphalerite — 6 65.39 0.00 0.56 0.00 0.09 33.53 0.63 0.00 0.00 100.20
Sphalerite —7 65.20 0.00 0.61 0.00 0.06 33.26 0.62 0.00 0.01 99.75
Sphalerite — 8 65.29 0.00 0.70 0.00 0.04 33.23 0.66 0.00 0.00 99.91
Sphalerite -9 65.68 0.01 0.69 0.00 0.00 33.32 0.64 0.00 0.00 100. 34
Sphalerite - 10 65.20 0.00 0.87 0.00 0.06 33.65 0.69 0.00 0.00 100. 47
Sphalerite — 11 65.22 0.00 1.04 0.00 0.00 33.45 0.62 0.00 0.00 100. 34
Sphalerite — 12 65.75 0.00 0.67 0.00 0.07 33.14 0.60 0.01 0.00 100.25
Sphalerite - 13 64.77 0.00 1.04 0.00 0.03 33.22 0.00 0.00 0.00 99. 06
Sphalerite - 14 64.67 0.01 1.22 0.00 0.03 33.25 0.00 0.00 0.00 99.18
Sphalerite — 15 64.22 0.00 1.40 0.00 0.04 33.15 0.00 0.01 0.00 98.82
Sphalerite - 16 60.70 0.00 3.39 0.00 0.03 33.29 0.00 0.00 0.00 97.41
Sphalerite — 17 64.08 0.00 1.90 0.00 0.04 33.92 0.00 0.00 0.00 99.93
Sphalerite - 18 64.72 0.00 0.70 0.00 0.04 33.18 0.00 0.00 0.00 98.63
Sphalerite - 19 63.88 0.01 0.94 0.00 0.05 33.27 0.00 0.03 0.00 98.18
Sphalerite - 20 64.07 0.00 0.85 0.00 0.02 33.15 0.00 0.01 0.00 98.09
Sphalerite - 21 64.09 0.00 0.82 0.00 0.06 33.04 0.00 0.00 0.00 98.01
Sphalerite — 22 64.20 0.00 0.76 0.00 0.04 33.57 0.00 0.00 0.00 98.57
Galena - 1 0.00 0.00 0.08 85.56 0.60 13.18 0.00 0.01 0.01 99.43
Galena -2 0.00 0.00 0.06 85.67 0.84 13.74 0.00 0.03 0.06 100.39
Galena -3 0.00 0.00 0.07 85.77 0.84 14.12 0.00 0.02 0.06 100. 87
Galena -4 0.00 0.00 0.62 85.78 0.60 13.28 0.00 .02 0.00 100. 30

WG BE RS 44 1% 43K Fe 70.54% Mn 0.19% .
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Fig. 2 The microscopic photographs showing the dissemination characteristics of the main valuable minerals
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Table 5 The grain size distribution of the main valuable minerals
in raw ore
Grain size distribution/%
Size/mm
Magnetite Molybdenite
~0.64 +0.32 1.30 /
~0.32+0.16 11.06 1.83
~0.16 +0.08 17.57 8.55
~0.08 +0.04 24.13 24.12
~0.04+0.02 19.87 37.18
-0.02 +0.01 9.81 19.47
-0.01 16.26 8.85
Total 100. 00 100. 00
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Table 6 The distribution of the main valuable elements in minerals
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Liberation degree /%
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B3 R[EEG AR T B TP (i
Fig. 3 The liberation degree of the main valuable minerals at dif-
ferent grinding fineness

fifp 72 PE I A A5 R A5 5 0 W B e A AR S e A R
IR IE A P RGBT R SE Y R g S 5
AR S TR ATRLBE A 1 o REBRAT o A s B2 HLADAS
Y], TR A BORE A AN Ty KA 4 ) v A B 1 oK 5
ST foc A OBL B 102 fiff B ROR BT o WRBRA 1938 28
PR EEONREBRE — FSERM A RERRET — A LR R
THA ) A R RO AR — SRR R — 7
fiff7 A

Mineral Grade/ % Distribution/ %
Minerals
content/ % Fe Mo Ga” Ge” Fe Mo Ga Ge
Molybdenite 0.04 0.00 58.60 1.02 1.20 0.00 70.00 0.00 0.00
Pyrite 0.30 44.19 0.01 2.51 56.85 0.41 0.09 0.03 0.33
Sphalerite 0.05 1.09 0.35 340 0.00 0.00 0.52 0.64 0.00
Galena 0.01 0.21 0.00 7160 330 0.00 0.00 2.71 0.06
Magnetite/ Hematite 37.60 68.29 0.01 27.60 112.2 78.30 11.23 39.34 82.19
Garnet 20.68 17.00 24.00 13.32 9.67
15.71 0.01 21.18 13.20
Pyroxene/Hornblende/ Chlorite 23.54 47.00 16.00 41.93 7.34
Quartz/ Calcite/Fluorite 16. 60 0.22 0.01 3.22 1.28 0.11 4.96 2.03 0.41
Other minerals 1.18 / / / / / / / /
Total 100. 00 32.79 0.03 26.38 51.33 100. 00 100. 00 100. 00 100. 00

T 1070,
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(a) SEI image of magnetite; (b) Fe Ko mapping of magnetite; (¢) Ga Ko mapping of magnetite; (d) Ge Lo mapping of magnetite; (e) BSE image of

galena; (f) Pb Mo mapping of galena;(g) Ga Ka mapping of galena; (h) Ge La mapping of galena; (i) BSE image of sphalerite; (j) Zn Lo mapping
of sphalerite; (k) Ga Ka mapping of sphalerite; (1) Ge La mapping of sphalerite

Fig. 4 EPMA element scanning maps of the main gallium and germanium bearing minerals
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Table 7 The mineral composition and tungsten distribution of different magnetic sections

Content/ x 10~°

Distribution/ %

Magnetic field intensity/mT  Yield/% Major minerals
Ga Ge Ga Ge
100 56.51 25.00 80.00 65.73 89.03 Magnetite, Hedenbergite, Andradite, Chlorite, Hornblende, Biotite
350 7.03 24.00 20.00 7.85 2.77 Hedenbergite, Andradite, Chlorite, Hornblende, Biotite
550 17.80 24.00 20.00 19.88 7.01 Andradite, Hedenbergite, Chlorite, Hornblende, Diopside
900 5.79 16.00 6.20 4.31 0.71 Diopside, Andradite, Chlorite, Indocrase
1100 2.64 8.90 3.00 1.09 0.16 Diopside, Calcite, Quartz
Non — magnetite 10.23 2.40 1.60 1.14 0.32 Molybenite, Pyrite, Quartz, Calcite, Diopside, Fluorite
Total 100. 00 21.49 50.77 100. 00 100. 00 /
4 #Zit Sy A AR 35T, SR EORLEE Y5 Bl A 0. 005 ~ 0. 32 mm, kE

()% 1 £ 20 6w Bk, IF R A A i &
JRICRB B AR RS R R T
W) E 2R, SRR S B B A TR
INBE™ S REBRA s & 85 £ BN RERRE™ 7 B0 o

(2) B G R AT 2 24m A T ko B v L

/T 0.01 mm Y Gl AR S o3 A1 8 0K 16. 26% , 2L
TSl A it B S O IR R o R R 2 B AR /N R R A
TR AR Ay, T 2O E 0 0. 01 ~0.08
mm , B SR SEB A B ik 5, SRy 52 W) Tl G R 1 =
SRR WA R BT RS 0 , B i e s R
W
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B o BT REYE RO ) b AR R A T,
AT R A O 3k [ i =8 A - W e gk, 738 1ot
MRERIZ el RSS20 TR Rk AR B Y 25
AN, B RSO B A ERE A 4 3 R 27 x
10 7°F1 112 x 10 ° BRI [543 31 249 0 40% i1 82%

(4) B F1 R i 5 B DL S (R 4 B 8 SRk A
ARG YRR VR 5 YA LA R Bk A ) A
s, I 2 F b ER T2 T DL K 2 R IRAFIE 20
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Abstract: Multiple technics including microscope, X —ray diffraction ( XRD), SEM energy dispersive spectrometer, e-
lectron probe micro — analyzer (EPMA) and mineral liberation analyser ( MLA) were adopted to study the mineral compo-
sitions, dissemination characteristics and occurrences of gallium and germanium — bearing minerals in a sedimentary hydro-
thermal iron ore associated with gallium and germanium in Fujian Province, China. The substitution mechanisms of galli-
um and germanium are also discussed. The results show that the main valuable metal in the ores is iron, accompanied by
the valuable metal elements of gallium, germanium, molybdenum and silver. Magnetite is the predominant iron mineral
and the most important gallium and germanium — bearing phase. Gallium and germanium enter the lattice of carrier miner-
als mainly in the form of isomorphism replacement and show diverse occurrences. Most magnetite in the ores is embedded
in gangue minerals, with extremely uneven distribution of grain size. The grain size mostly ranges from 0. 005 to 0. 32
mm, and the proportion of grain size less than 0. 01 mm is as high as 16.26% , resulting the grinding and dissociation dif-
ficult. The method of magnetic separation can be used to recover magnetite firstly, followed by hydrometallurgical means of
acid leaching, purification and extraction to recover iron, gallium and germanium from magnetite concentrate. The theoret-
ical grades and recovery rates of gallium and germanium of the ore are 27 x 10 ™°, 40% and 112 x 10 ™°, 82% , respec-
tively.
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