- S e A
U EEEMA
* 86 Multipurpose Utilization of Mineral Resources 2023 4

T B AL B 1 s T e A AT R ARSI T
FL&, AR, R, R, keT, TE, BEZ

(1. AEEaaTYNRF.0, A MM 50000; 2. ARAMAE MEkRIFS5TE
Fhe, BRFE FR 710000; 3. EHIFRARE (RN MKBFEFR, #it KX
430074; 4. EXFEMBHELHEEHERE TELKNE, #dk EKIX 430000)

E: Wiff &EcRMAAPRETI TR A R0 5. P TANG & 1 205 3 L e It
MBS AN o A SCUAT g AL B 13 o BRI 4O DETE 5, S R 0T XS ERRTHT . b2
BB BB NN E, MO TR R TR AR IEAT TR, SRR e, fHE
DI e R - e i Al Ao, AR B BUR QOB IRAE a4 b s B 32 S ST 2
FEA G RAELE . Wy Yo et n . FHARER . A A FIGAT A . AT IR AR . AR R

2%, SEUCRH L. SRELE . RRRSEIESIEN T Z et .
KA W s WPIRES Rt et )
doi:10.3969/j.issn.1000-6532.2023.05.016

hESHES: TDIS3 EMFER: A

Mo A3 4 T BRI LR A AR SR S =D
G A i 1A LA B AR AT 5 R A Y A G 11 <
J&. WA elm R, . . . R,
B dRL EERE, TR I B A
e, FEMUVENIR. TR fRREBOR. Frigd.
] 97 Ml AR A0 R )z N . PR, Wi <)
172 2 4 o 2 B AL P e ™7 B

WSS B AT < E T B R A
ERZ—, #. B e, Sy AE RIS LA
P JE AT BRI A BB A7 iR N AL
EAEHCE EEOK, (BAR 207 RO S R
R ) 2 He B B, PR RE 1 6F A A B T e
95% o A5 e UM A BB A A S T o
I AH DL, H 2 MOBE U L AR, 30 IR AE
DR R HEE vy, o] SR (R JH R i
RAES, AT AL T i TE R v i
171 HE LR B A I

JLE I IRAP RS TR 2 I AR & T E
VRE LA, o2 3 v AR K OB . Aok,

WFSHER: 2021-01-04

NEHRS: 1000-6532 (2023) 05-0086—-07

M AT 70 2 A Bt < s PR ARSI 9T 2 e [ P9 4k

RAEPN, R GUE T 8 i kA b, R
P OUARE ATl L5 S RETE SR BEAT T X 1l
A3 #r s A AMICS 52 B34, 0T pg 2 AE
A mA SR (. H. 8. 8D RPRSE
BATEAEWI. WA SRy AR <
T E TR IR PR S LA A 10 47 1 3 S L Ak BEOR)
HER AR o

1B & B AT R 7 %

1.1 #REE

AN FIRVEHLX o EUHOCIRFE S, A0
YeoE s PRI R AT, T4 4 AT
BRI T, Ky K FE S HEAT A 22 0 BT . XT3 o
Brs FR T

1.2 #HSRSHUR 7Gx
1.2.1 Ao Hr
I HEF 2. X Series 11 H B HE A 25 B8 4K i 1L

HEEWE: B 3HESM AR 78S = IR E4m H (KLRM-KF201908)
fEZR: Fd (1992-) , 4, BhE RN, MR WNET SE. L2V W#.


https://doi.org/

%5
2023 £ 10 J Bl

SE s T IR AR A AR A A A R K S AR .87

1 (ICP-MS) o {U# TAEZ A % 1300 W,
AR (Ar) WE13.5 Lmin, #i < (Ar) &
0.8 L/min, #/<Wi# (Ar) #ife 0.85 L/min,
KAETT A Bk, L 50, BN E R 20 s.
THZ-82 /Kt HiL R % 4% . TDL-5 & & .0Hl. fh
JEAH: 20 Lo WRBAE: AT ©32 mm.
122 X AT 1

XSRS 3% D/max-2500 PC. X 8% T4 4%
0 TAEHE 40 kV, H 100 mA, Cu#l,
Ko 385, 1 mm/8 mm/2.5°/Ni J&% F, PRk R4
DS (KBB4 1°0, e Pkgt 050, pK
0.154 nm, &% 0.02°, 5 2°/min.
123 H RS A X B ReiE AT

P B A8 8 5 . MERLIN COMPACT #h
YRR T B (EE A o IR
TAESAE: i) 20 kV, $RECHIE 49kV, K
ST 10 pA, TAEBEE 8.5 mm, JBUKAEEL 50~
200000 i, fF 58 AT HUN L. ZIRHBT
Bk, BOLBIHIA 5 pA, WEDOEF: 60 pm, mE
TR

RERE #8705 . XFLASH 6160 41 & v X 5§ 4&
RETE AN . (U3 TAESM: XUk HIE 20 kV,
HERFIA] 25%~30%, KAEMITR] 25s (M) , 255
(A 1208 (A , KH P/B-ZAF &
PRFEE B AL, THECRYE 10~100 keps.

2 H BB R

KPS AT BEAT FEA A0 58« X-AT
SEAr M EAS T, MADGE W P
SN F BN AT T A AR A
(R 53 — AR Tl
2.1 WAKFEHERK

A AR AT A T, TR
RN A T R E I TR A (189 g/t)
e (106 g/t) Flk (698 g/t) , HAh o RKLIEAF]
CEA IR e, P DAAS IR A 240 de . BRI
B # IRAEIRE AT
22 W ATYIHERK

J5A™ XRD 73 Hrafi R OLE 1. AR A e
VI R e B, B
A AN A, TETVFIAAE. K
Ay SIEARE By, AT YA KA, TR

fis KA sl MNAL B4, Be
5NV EIN P EINIE 2 R AN 747 (RN £ 7R AN
WY REERET L BURT MR

B1 BEE XL50H

Fig.1 X-ray diffraction curves of raw ore

3 9B HARA R E

3.1 wABREE

A AAR ISR R HOME A A I A A s Rt R
el .
32 WARZ%H

(1) BTERDIRE5 ) —8 7 <A Ped el
W B daha R ATERDIR, AN AR
Ve

(2) F BTERDIR 250 —8 70 B M A . SR AT
A HHET . BA . WA R AERR, A
SN B (TR ER IV S A

(3) "ETERDIR 450 —38 70 B A« B4
Fis BEFEAS B A A RETBRR, AN
AR A

(4) KRR WML BRI A . ZRAE
A BN Ba . WA BEKCA R R R
8, A AEN .

(5) G ER—RHA P 405 A
WA AT, A AatE e A,

(6) fls Fh &M — KB o0 BEME AT BEARAS A
WA G OROREOR, S AT A A
33 HAME

(1) T iz Btk i it — 20 A . BRAES A
SAA . A BA. MRASTMEE S
ALER A

(2D RIRAE) 3 —5 53 SR AT AT S BT 2L IR 20 A7



.880

s o3l

2023 4F

4 REEFHHLBENRARS

FetH I A7 T o A 20 UR = Ak K DAge
CER TR R R SISV TR 7 (oD = WP DR T R SR VA
WRE; BB BT R TR FEER K TE
4.1 SREBSRA-1BIREE

PG -4HEE AR (Fe, Mn) (Nb, Ta)
0 4153 Fe 15 Mn. Nb 5 Ta 435l & 4 56428
Bl %, W 4l & AR AR KM R Fe.
Mn. Nb. Ta J5 73 H AR 70 5 PUAS R 48k
B PethAT. BB, AR . AN e

e, I N EER T MR AR, 25 00 I
X1, AR, HE T WMEZTH®, BA
Na. Al\ Ca %50 . HAWOGRMEE T RIEL-H
t, ROGEME N REKEARMTIRE, B ABECE
HIEFADIR, RER L. &g, Wi
Wi . Rt mR A, FEEPLAE
0.4~0.05mm 2 i (£2), ZHKAH, A%, A
o BEEENKA ) R IR AE S, AN E B KL
WHHED - HREm Emmr RO ET A
BE BHCH S A iEkan b (82, |
KLEEAN, AN e AN A A M ER ).

=1 EREN-RIBEN BEE LR/ %

Table 1 SEM energy spectrum analysis of Col-Tan

7] Nb Ta Fe Mn 0 Na Al Ca Nb/Ta Fe/Mn
AR 44.73 23.44 5.67 10.52 15.64 1.91 0.54
e 38.58 22.2 6.95 7.89 24.39 1.74 0.88
PR 47.01 12.69 7.20 8.18 24.41 0.29 0.22 3.70 0.88
HPeERD 37.82 21.30 5.84 8.47 25.71 0.06 0.81 1.78 0.69
AR 49.24 23.79 17.65 9.32 2.07 0.00
AR 39.82 35.41 15.71 9.05 1.12 0.00
PR 4931 20.57 2.37 14.81 12.94 2.40 0.16
R 48.11 19.70 2.50 15.66 14.04 2.44 0.16
ey 28.99 34.91 14 22.1 0.83 0.00
e ERn 28.32 35.56 13.58 22.54 0.80 0.00
HedERn 26.08 37.97 13.70 21.21 1.04 0.69 0.00
e 19.75 57.89 14.36 8 0.34 0.00
HetHELn™ 13.51 65.63 13.77 7.09 021 0.00
REGR 16.71 59.75 2.11 12.16 9.27 0.28 0.17
HetHELn 14.89 63.92 14.03 7.16 0.23 0.00
P ey 31.58 44.48 6.03 9.95 7.97 0.71 0.61

T 33.40 36.20 2.42 12.78 15.05 0.02 0.08 0.05
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Table 2 Statistical results of primary grain size of main

minerals
BAZVEH/mm  PHERHT  ARA BA BHESEA

-12.8+6.4 0 0 0 437
-6.4+3.2 0 0 0 4.05
-3.2+1.6 0 0 0 6.45
-1.6+0.8 1.92 0 0 23.89
-0.8+0.4 9.53 0 23.87 21.87
-0.4+0.2 27.22 0 6.63 27.67
-0.2+0.1 30.99 3.38 20.89 8.91
-0.1+0.05 17.82 15.54 19.69 2.79

-0.05+0.01 12.52 81.08 28.85 0
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Fig.2 Microscopic photographs showing the dissemination characteristics of niobium-tantalum minerals

3 Nb-LA. Ta-LA E#I#4
Fig.3 Nb-LA and Ta-LA surface scanning
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Fig.4 Dissemination characteristics of niobium-tantalum minerals
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Table 3 SEM energy spectrum analysis of microlite

75 Ta 0 U Nb Na Ca F Si

1 53.66 20.07 14.67 731 202 1.77 0.49

51.55 1842 17.84 635 249 243 092
47.83 2081 18.15 7.10 2.18 3.94
48.23 21.00 21.15 7.33 2.29

51.76 1947 19.13 533 196 245
46.09 21.63 2125 8.69 234
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52.83 1828 19.75 4.83 191 240
¥ 5028 19.95 1885 671 120 226 020 0.56

43 %A

Bifi Sn0,, FHTERAR, EHE, AETn
O AT AN B i OIR BOER AR o B OB K ) &
R, B A ANYA], RiARNE S AT LE 0.01~
0.8 mm 2 [i] (£2) , Nb**. Ta*n] DL 25 [F)
SRR AP Sn* e XFILEEAT T RENE AT, B
VEL IR S R = R E I (7 M SO 7 SN I
Y. AR, BE, ZERILE 4,

5 HMg mwsRas

HAbH PIRARE E 5. AA S EE, 2
IR, gk, ABSREN M, AT A5,
R RLR] . BEERER A S A TRRDIR, RV
FEERE 1.6~02mm 208 (£2), Ha5%,

RHATIE, R 1 SRR AR T Xk, DA
R £ WA, R SR AR, &5 i UKL AL
R, Hase, RHCOEYIUE, KE T RRE
Mo SRATE A S REUG, EEIRAA T A%, fK
AURLIAL, AP & U AR B AR ) A 2 A
[[IREEL
x4 DRAEIESIER%
Table 4 SEM energy spectrum analysis of cassiterite

P Sn O Nb Ta Fe Mn Na Al Si
1 7683 2245 0.72

65.12 2399 442 344 120 0.79 0.59 0.46
72.71 22.07 1.66 2.59 0.97

2
3
4 70.88 2232 274 245 0.78 0.58 0.14 0.12
5 7191 21.02 135 3.80 0.82 0.56 0.54
6

74.83 22.90 0.76 0.29 0.23 0.99
P4 72.05 2246 1.70 229 0.63 023 026 023 0.16

A SN R R 37%, RARTE
N BB KR SRR S R Ao . B R
YRR 23%, S5BRE K. AR
YRR 1%, 22k, aab—K&5 K
Wb e, KA E DA, BRA SRR,
KPR B A o A A AT, 8B Rl 10 <8
o WA 25 BN, 5 R A 550 )
.

6 Wikg%#k

6.1 g

e i1 25 R B o B A 4 JB AT R 2 B
I FE NP TR, H 2 ETH ARG, kR
PRI, 58 5 T R R R e 5 T AR ST 5 ) e
B AR e 8 = Z DRI P e R



%5
2023 4 10 H

s T I R AR B R RAL A A B IR AR AR

0910

() BB, WA (Tur) 2 ATBEAR, W40, RESM, A TA 58 (Q) Kilal;
(d) BREBER A, MIESHA Brl) 5 A sE Mus) FUIE4; (o) B
(O WG, Tedfhis 2 ARRE .

Q) IHAE; (o) BMERA, A (Spd) miEsSk, ki K,

BT, BEKA (Ap) HiA 9% (Q) [

(b) BB, BRI A (Amb) ZRCR 54

B 5 HEAhE YIR9ERTHHE

Fig.5 Dissemination characteristics of other minerals
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Study on Occurrence States of Rare Metal Elements in a Granite
Pegmatite Pattern Niobium-Tantalum Ore in Henan

Zhou Jing'?, Zhou Jiaohua', Xu Chang’, Niu Rui', Zhang Jinkuang', Wang Zhen', Gui Boyi*
(1.Henan Province Rock & Minerals Testing Center, Zhengzhou, Henan, China; 2.School of Earth Sciences
and Engineering Xi’an Shiyou University, Xi’an, Shaanxi, China; 3.School of Earth Science, China
University of Geoscience (Wuhan), Wuhan, Hubei, China; 4.Key Laboratory of Rare Mineral,
Ministry of Land and Resources, Wuhan, Hubei, China)

Abstract: Study on occurrence states of rare metal elements provides basic date and theoretical basis for
prospecting, processing and selecting metallurgical process of the rare metal ore. In this paper, niobium-
tantalum ore from a granite-pegmatite in Henan Province was analyzed by means of chemical analysis, X-ray
diffraction analysis, polarization optical microscope, scanning electron microscopy and energy dispersive
spectroscopy, the occurrence states of rare metal elements was discussed. The results showed that niobium
and tantalum occur in niobium-tantalum minerals and microlite, mainly exist as independent minerals. In
addition, a small quantity of niobium and tantalum occurs in cassiterite and exists as isomorphism. Beryllium
occurs in beryl and exists as independent mineral. The recoverable minerals are niobium-tantalum minerals,
microlite and beryl. In this deposit, niobium and tantalum are of low grade and complex occurrence state, so
it is suggested to recycle niobium and tantalum by gravity separation, strong magnetic separation and

shaking table.
Keywords: Rare metal elements; Occurrence states; Granite pegmatite; Niobium-tantalum minerals
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