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Research on the Rare Metal Resources(IV)
Characterization and Ore Processing of Rare Earth bearing Carbonatite from Vale do
Ribeira, Brazil. By Nobuaki SATO, Ana Lucia C. BAzaN and Michio NANJO.

The Vale do Ribeira is located the southwest of Sao Paulo state in Brazil and is of the
carbonatite deposit which contains many valuable elements.

The ankerite was found to contain the following minerals, ankerite, calcite, dolomite
synchisite, barite from X-ray and EPMA studies. y-ray spectrometry proved that this ore is
also impotant as uranium and thorium resources because of their contents of 0.01% and 1.2%,
respectively. The radioactive problems from radium must be discussed. The ore can be easily
dissolved in concentrate HC1 solution, and selective leaching by controlling pH and reaction
time and selective precipitation by adding sodium hydroxide and ammonium oxalate are
possible. Finally, lanthan and cerium solution of 99% content with 88% recovery was obtained
which was available for crude rare earth chlorides. (Received November 7, 1988)
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b4 Table 1 Chemical analysis of ore ( wt% )
0 100km %3
— 24°8 Element Sample e
4;447 Yz | (A) | (B) | (China)
Pl e 1§¢¢+ FeO 40.17 | 26.06 13.9%
)< vals do Ribgica CaO 37.00 | 48.85 12.2
ASRTI ) MnO 9. 74 5.65 -
Yl o K MgO 2.85 6.76 —
& N 8i0, 2.55 |  3.43 2.3
BN NN BaO 0. 66 2.11 6.7
SN D) G/ SrO 0.44 0.77 —
Qe "7 ZnO 0.46 0.09 —
> NS Al,0, 0.70 0. 69 —
AR NG NERY La,0, 0.43 0.93 7.8
1 granitoid Ce0, 0. 45 1.78 17.3
sandstone PrqOy, — 0.17 2.1
fluvial altuvia Nd, O, 0.26 0. 42 6.8
gneiss, migmatite PbO 0.32 0.08 o
| alkaliine roc'ks, F:arbonatite K,0 0.18 0.35 _
{1 p.h'ylhte. schist, Ilmestgne. dolomite, ‘ Ti0, 0.13 0.37 o
silicate rocks, quartzite, metavolcanic, b)
iron formation Y204 0.10 0. 09 L8
MoO; 0.11 0.11 —
Fig. 2 Geological map of the Vale do ThO, 0.08 0.24 0.1
Ribeira. (area is taken in Fig. 1) Nb,Os — 0.10 —
F 2.76 — 8.7
2 DO RILIK, hE, NFEEH B IGEX A 8HE D 30% Cl1 0.23 0. 36 —
(RE),O; ¥ 0 M bbb TR LI, 5 S0, 0.38 0.58 -
WEERXD, Ca FedH <, INLDORME Total 100.00 | 99.99 79.7

$5.%), dolomite(CaMg(CO;),),calcite(CaCQOy;),
ankerite (Ca (Fe, Mn, Mg) (CO;),) % E (& &
TEHMATHHEEAON, HichED
fluorite (CaF,), synchisite (CaCe (CO;), F), barite (BaSO,) bEAAEL T 5.

AZXEHE RE $66 & L TIRPEEDPKERE & KT 5 & (RE),O3 D% & @EmAL TS0,
HEEE T ADIATH B0, B EoBNEIck REZ#RBML, M REC, 21535 7
D ZANLOEFHLEELONS.
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AREOBA XBEHFE, My -4 v b, =w w7400y —2HOT, 30kV, 10mA T
TiT-o1: . 2R ABLUBIZODVTOREA Fig. 31tRT. COFERICAONS X HIC,
ankerite, calcite, barite, #5 & O synchisite 23HE &4, T DT &id Table 1 DHTFER L &
RS SIS -

a) Fe,0; b) yttrium group

9) JCPDS Card No.12-88.
10) JCPDS Card No.11-78.
11) JCPDS Card No.5—586.
12) JCPDS Card No.5—448.
13) JCPDS Card No.18-284.
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Fig. 3 X-ray diffraction patterns for the
sample A and B.

A : ankerite, B barite,
S ! synchisite.

C : calcite,

Bl FE2H
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%1, EPMA™ 2% L 7c. Photo 1
(a), (byiclkZzhZnABH ABLTZD
—#345yD SEM 84754, A Tl dolomite,
calcite, barite DSHER XN, T/ A&y
D 3 K 5 B T3 ankerite 11 $HIR M A% 53
R 5472, Photo 21Ti3 T DMK IET
5Ca-Ka#i LU Ce-Lafficksd ik X
wBETR LIz, COER2S Ce 2aT0M
BosrEEIcEHRICRBIEL TEB D, AKX B
T & A & [6] 6k IC dolomite % ankerite @
ft, RE % & o #HA% & ankerite, barite,
silica DIRIET AU EHE S /.

F IR SN SO EDX X7 b
WA Fig 4 1CRg . TORERDOARILAIT
ankerite, calcite, dolomite, synchisite,
barite 25 F §54) T &b 5. ankerite, dolo-
mite 31 iC La, Ce %2 & F ¢ 5% synchisite

D3GR ICHEAET 535, Photo 1 D H¥I A K HICHANBE L Tk 59, BILIC L 5 5 EEE D R %
EEZONS. Table 21 E TN S DD EELFICT DT EPMA ik 5 EBDITFER & 8L

Yk o DT RFERZ B L TRL.

[

(a)

Photo 1

(a) ore profiles

calcite Tid Ca 5 Fe, Mn,

SEM profiles of the ore.
(b) magnification of A part

Mg L& L, ankerite

.........

(b)

1: ankerite, 2 : synchisite, 3 . dolomite, 4 : calsite, 5 : barite.

*Electron Probe Micro Analysis.
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Photo 2 Secondary X-ray images of the ore (A part)

(a) t Ca-Ka, (b):Ce-La.

% dolomite T3 Mg 25—l Mn & % W\ (3 Fe&k &L,
ferroan dolomiteliZIEWVEMIIC » CTWWAEEZ ONA.
F 72 T O Mfth quartz (SiO,), microcline ( (K, Na) AlSi;Oy)
PR L.

PLED X5, Ak, A, BB HE LI
RAELTEYY, REAVERERFTAHCMILTHAS. D1
DS DEHRH S EH T 7 0 & R A RS L0 E
WdHb.

3.4 TG-DTA™

AR DR Z BT A P B R S R AR H O
T, BREFHKT, HEFI0C/ min TZEi D 5 1000°C %
TiT-72. Fig. 5icididt A B LU Bt 20 TOfER%
79, REABLY BIROOLTHBEDERMNE SN,
500C & TOEE TIE, MHAEORKCL 2 ERE(MLE
<, B550°CHIUL s & 14 2 TR BVA £ H 27 % O F RV AR,
SN BM, ThFRBEOBNEICED CO, 25t L1
teHhEEZONS. MEAMMELORE O X #EHT Tl
CaFeO, 8 &L U CayFe,O5 2388 511, AKD 1aksr T
5 CabrU FeDRMENLBNRL, AR LIcbDT
Hb.
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BB EIEIC LD U, ThoGHEARKD A EMNTE

* Thermo Gravimetry-Differential Thermal Analysis, .
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Fig. 4 EDX spectrum for minerals

(a) ankerite, (b) calcite, (c¢) dolomite,

(d) synchisite, (e) barite.
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Table 2 Quantitative analysis of minerals by EPMA (wt%)

calcite { ankerite dolomite synchisite barite
Component
observed |calculated |observed |calculated |observed |calculated |observed |calculated |observed | calculated

Ca 33.85 40. 04 19.85 20. 02 20. 46 21.74 13.03 12.58 — —
Mg 0. 82 - 5.21 6.07 8.64 13.18 — - - ot
Mn 0. 86 - 1.84 — 2.14 — — - — -
Fe 4.56 — 13.21 13.95 6.14 — 2.05 — — —
La — — — — — — 16.69 21. 80 - —
Ce —_ —_ — —_ —_ - 18.40 21.99 - —
Ba — — — — — — — - 57. 4 58. 84
S - — — — —_ - — - 13. 50 13.74

59 ARED ¢y BRRNY
b o A k1) —% Princeton,
Gamma Tech ¢t & & = W HY
Ge¥EhHE (69¢ X
41.1, active volume 80cm®)
IG WSH1187 A FlCTEHE L
tz . Fig.6 I3 AFE D 7
2R b VAITRT. K0,
238U’ 235U, 232Th zzeRa B
LU NS DOEMKEICHNT
-7 6045, U Th,
Ralc B8 L TId B E O f 5
WREVWDT PPU by, =
4.51 x 10°y,”*Th : t,,, = 1.04
Temperature (°C) > lOwy, 2R - t,,,=1,600y),
Fig. 5 TG-DTA curves for the ore. g o0 i O IRARE (PPU IC
xtLT ®'Th : ty,, = 24.1d,
B2Tp iz LT #Ac : ty,, = 6.13h, #*Ra 153 LT "Pb : ty,, = 2.68m) & OREHFRERE LT
BEED y BHREMLSEEBOSHBARDDLENTE S, ER% Table3I/Rd. TITC
FH RSO OB v R (eps), €13 Ge HEERHBORBSIE A r BoKLEIE,
D (3 B ALES S 0 O iR (dps), Dm 3HBAIEH &Y OFEYN, WA 1ghoEHEZE
F4. F7- Th It DWW THSE X BB L LEATTOFER & Table 3 iCfif#TRL 7.
USHEERRE A BLUBTENFN0.009wt % &£0.011wt ¥ ThH O, ELEBAFIKEDY 7
VEEADEYEAM0.1%D1/10& D sk, —F, Thic D20 T3k A TO.18wt% BT
0.25wt% &<, +2 I ThiEha s LToERESHZ. L, EBTHRPLLEMETRIK
MR ITCEDOEEED ppb LNVIKHIBENTED, KABAZMES 570 €2TE U, Th
DREBEEAZET HLENDHS.
% 12380 DI TH 5 PRa DEERIZ10 ppm BREOEKWETH 553, HEMGEEDL 5D
A, Bl AT KA IR AS 107 £ Ci/ml &AE L, BRMIRAE (T 5 BRI, ""Ra OFRRBLE
TS B 1S EAIRTORIGE A E 2 A HICIBISHEIC OV TORF BB ELLS.

Weight decrease (%)
Endothermic

200 400 600 800 1000
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Fig. 6 7-ray spectrum of the ore.

Table 3 Activity and content of uranium, thorium and radium in the ore

X~ray ..
: C D Activity W Content
Ore Nucleil Energy .
(MeV) (cps) (dps) (Ci) (mg) (wt%)
By 63 0.016 1.1 3.0x10°° 0.09 0. 009
A wzpy 912 0. 142 7.4 2.0x10°4 1. 80 0.18
296 0. 006
26 Rg ¢ 0.16 4,3x107% | 4x107° 4,2x10~10
a 352 0. 008 0
23843 63 0. 020 1.4 3.6x107° 0.11 0.011
B 232Th 912 0.20 1.0 2.8x107* 2.5 0.25
228 Rg 352 0. 025 | 0.43 1.2x1078 1x10-8 I 1.2%x10°°

a) 28U, ty,, :4.51x10%, €:0.47 , A:0.031, Dm(dps/g): 1.2x10*

b) Z2Th, t,, : 1.4 x10%, €:0.162, A:0.12 , Dm (dps/g): 4. 1x10°

¢) ®Ra, ty2 : 1,600y, €(296):0.183, «(352):0.156, A(296): 0.192, A(352): 0.371,
Dm(dps/g): 3. 7x10"
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4.1 RE $50OREEHDOHMN

H{TD RE &8#7% T3, bastnaesite, monazite iZxt L CIIBRER 5y 8 1k, % 7c monazite T/
WLTETAY SRENTONTOSRY, HEES R TIE30% (RE),O; ZH D RE HiLE R
BRICAMR L, barite, silica 75 & B4 Bk, RE ORMMIERICKRILT b)Y v 2% N4
TAKEBALT £ —+ (RE(OH),) #15%. INABUFRERICAER L, Th, Fe S EDKEILY
Aoy L, AREGESE, HIELAE £ (RE) Cly » xH,0) & LT, RHEABASIHTWS. AT

14) HeRBWAFTTEESE: L7 - 7— %, (1980), 23, HeBHE.
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ML A BiEME%, TBP 2 H O oAl s LREAXD, HEHLA80EL TV 3.
#E Mountain Pass $51UTEEE & LT (RE), 0, 60% &8 O EMILAH, REERERED
BOBEICE D CO, 2REL, 0% (RE), O, $ T V—F7T v 7 LItk HBRIEHL TREED
CeO, 2538 L, EHPA™ " ic k 2 iAMmMIIc L 0 S EFR T ABLE LTV 5.

T T, REEGHEBODLZVWHEE Bic oW THERE, HBRHEEERAASL .

4.2 HEEESL

KK ZMRT MOV TIE, T 5D EDS barite : 4.5, synchisite : 3.9, quartz :
2.7 THY, MMOREBIEIIN2.9TH 512, WHERAKDOERDILE% 3. 5ICETE L T EREIL
2RAI . LrL, DEEHESED SN L -T2, THiE EPMA O&EEh 5¥ 3 & 5 e KRR kA
HADBEL TSN TH 5.

4.3 RE i DEREIR

Egic X 2RBERTE, ok BicEER (36%) #iNZ, BE, pH, RULKHREZZEZSH
5, Rit&xer . ABhoREMNEILE Fe, Ca, Mg, Ce, La it 2\ T, RISBEDERPICTH
T 58 THER%E ICP HHric kL DsRe, BRI T 3R EMEDOFEL T2,

Fig. 71C i3 pH 2 Z L S BB O X nEOREFEL /R L. pHT ~10 T Ca, pHT7 il
TMg BBt L, pH4 B U5 TRIFTERICHERTSH. LaBLU Celd pHS5 ~6 THEHL
18 D3, Fe 3sBUMITH I LALBHET, REKOBEEICK DIEROBRENSR SN
7z.

Fig.8 iC 3 & uHE D RHBOIMZ LA R L. pH6 Tl Ca DAEH L. pH3 Tid Ca,
La, Censiatt L, Fidd pH B X UERIAGI#HIT 5 C Lic Kk 2 E R LEZHVTRETH S L&
Zonb. UL, TORFMILIKEZE HERD80% L. Eicigime 3", B TR TD20% O KRiEH o 2
370 & ZRDBEFHICHESG S, D), SHICRBEORERERFTTILENH 5.

100
100 T T T — —
o Ca
A Mg
o Fe 1
g v Ce
c ° La
2 1 2
35 e
3 S
2 5
a | )
B2]
a
\- | |
o
g 4 o =] o o
0 L T T lo\S‘TD“er T T 0 o 4 —— 1 1 SEm—— —L L
1 2 3 4 5 6 7 8 9 10 0 20 40 60 80 100 120 140 160
pH Time (h)
Fig. 7 pH effect on leaching of the ore. Fig. 8 Effect of time on leaching of the ore.

* Tri Buthyl Phosphate.
** Ethyl Hexyl Phosphoric Acid.
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RicCa, Mg, Fe, La, CeZ & THKIBD itk OMEERRIER D O 7 nlikiikic & 5 RED

oy A SR AT

PIZASKERAL S b ) 2 4 3RE (OH), & Fe (OH); OL# %k L, Ca, Mg (3

LW . Fhcvyav@7 Ve =2 4T3 RE (OH), DALBEA LN T S . TOHRBBILD

M & R L 72
Ca, Fe, La, Ce O #riEt% Tabled IT/RL
fo. KEILF P U D LEMASE (1) BLU

(2) itk H RE (OH); & Fe (OH); DL
DR L, Ca &ailEns.

RECI, + 3NaOH = RE (OH), + 3NaCl (1)
FeCl, + 3NaOH = Fe (OH); + 3NaCl  (2)
o Nkl A R AR L, v a o BT

YEZ9LEMASE REBWLEL, Fe &h
MTXB0, BEDVDED FeMEALLTED,
e i L T A b EEZONS.
e\ T Ca 2Lk BEd Ao E = F v
Toa—wvAERMAh, RE b LTL %4
RO EVERNEONTEL -/ . DT 0t
2 TREHTHEDD RE O HENIO% UL EDO
BREE G S.

—F. KB{EF rP YO LE VAT VS
T LI K DN A RO RS ik B, N

B DN A Fig. 10 1GRdT 7o+ A TiT -
7o, BEBRBETONMTEERA Table 5 1C7:9. Hij

Table 4 Result of single selective precipitation process

Fig. QCRd & D 08Ik 7 0+ 2 T RE O 8417 - 12.

HBEREETO

Ore
HCl Leaching
NaOH
PPT-1

phi=1

HCl ‘—{ Dissolution

(NH4)2C204 ——o

Precipitation
|

| Y

PRT-2
HC1 —’I Dissolution

pH=2.5

pH=1

sz‘
+C.HeOH -i Precipitation

(__,,___

f Y
PPT-3 RE_SOL

Fig. 9 Flowsheet of single selective
precipitation process

N N agn;t:{;f;aments in each product in Fig.9 (wt%)
Elements .
PPT-1 l SOL-1 PPT-2 SOL-2 PPT-3 RE SOL
Fe . . — 3. 88 96. 98 9.23 0. 37
Ca 47. 44 0.08 99. 86 4.13 2.38 2.35 0.23
Ce 6. 39 12. 60 0.04 54. 87 0.29 48. 48 62. 46
La 4,53 8.71 0.10 37.12 0. 36 43.61 36. 93

WD TR, 1 B HOMBETEBUEN%, Gfhu#kho RE OHER2Z G HN, 20
DM TR EICERST%, RE O HHRII% & 05 RUFERAE SN, MK, RE OB E bde%
SN T EHSH- F.

oM ITHOEE) L, Ba ld Ca ElkE7sBEA KL, Ti, Mn (& Fe &[alBo )2 L7,
F o OREDSIRE L 75 5 Ra AL R E O LM A S Ba 2 Ca & [alekfa 8584k L1
PLED T &M, AREHC DO THERRIER & nhlitigit 2 HlAaahbe 5 ik, RE &%
B TXA L&D, F o REAZSUERAKIE, ZREBSIELTEICLD,
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IR & LTt U, RERAFICBOTHMAL CO MR L EEkERTE 5. [
BRBBROMHERDY, TVANVETHBEN—FKF 54 FDLHDIRERKICKESZETHD, Do
FEBEIS E DRI SEEL 155 .

HCL Leaching
L0
A1
NaOH Precipitation { pH=8
]
¥ L
PRT-1 -1

HCl —=~ Dissolution
]
(NH-I)ZCEOJ —» Precipitation ph=2.5

]
J L

BEL-2 Q=2

HCl —={ Dissolution

Y
NaOH Precipitation | pH=8
1
Y
Q-3

HCL —={ Dissolution !
- ]
]
RE_SOL

Fig. 10 Flowsheet of double selective precipitation process

Table 5 Result of double selective precipitation process

Content of elements in each product (wt%)
Elements —

SOL-0|PPT-1|{SOL~-1 ({PPT-2|SOL-2|PPT-3,SOL—-3|S0L—-4|RE SOL
Fe 39.14 73. 51 0.01 6. 00 97.12 5.89 1.72 44, 05 0.35
Ca 44. 59 4,44 90. 50 1. 50 0.92 0. 98 51.72 2. 57 N.D.*
Ce 6. 06 12. 59 0.02 54. 80 0. 25 53. 79 25. 86 15. 95 61. 20
La 4.26 8.79 N.D. | 37.61 0. 67 39.18 18. 97 36. 89 38. 44
Mg 5.94 | 0.68 9.46 | 0.09 | 1.04 0.15 1.72 l 0.54 | N.D.

* Not detected.
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58 iz, wADOe7 )7 — a3 VHEICE S (o] 3 @ 1/2ledls + 3/2 + Cly = FeCla(s.}) + 3/200
s - - = . @® 1/37e205 ¢+ C ¢ Cly = 2/3FeCla{g) + CO
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® 1/3Dy20s + € ¢ Cle = 2/3DyCly + CO
__ @ 1/3Buz0s{cubic) + € + Cly = 2/3EuCls + CO
5_ ﬁ ',%' - 80t @ 1/3Eu:0s (wonociinic) + €+ Clz = 2/3EuCl.
@ 1/3Gd20,{cubic) + C + Clz = 2/3GdCl, + CO
@ 1/3Gd20,(monoclinic) + C + Clz = 2/3GdCLy + €0
_90 1 1/35m20, + € + Clz = 2/35mCis ¢ €O

R ‘hei A [ @ 1/3Nd20, + C + Cle = 2/3KdCL; + CO
77 /“/ Vale dO Rlbelra EO) = RE @ 1/3Pr20y + C + Cla = 2/3PrCly ¢ CO
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(1) Vale do Ribeira FE ankerite {3
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ankerite, dolomite, calcite % F4K Fig. 11 AG°-T diagram of chlorination of
L4 BRI G T H b, synchisite (RE),0, and coexisting elements.
FICREZEBU CMELTH 5.

(2) Kﬁﬂm&m%®U&ﬂJ%®Th%§ﬁb,M%ﬂﬁﬁttf%ﬁm%@ﬁﬁé.

(3) éﬁtéRamB@m%ﬁw@ﬁ%ﬁéﬂ,%ﬁiﬁf@Ram%%@Wﬁm@&aa
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higic kb, REANHEHT ST o0t ZHE[RETH 5.
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15) Kubaschewski, O.; Alcock, C.B.: Metallurgical Thermochemistry, 5th Edition, (1979), 358,
Pergamon Press.



