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Research on Rubidium and Cesium Resources, Extraction Technology,
Development, and Utilization in China
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Abstract: Rubidium and cesium have excellent physicochemical properties and are widely used in traditional
applications, including electronic devices, catalysts, and special glass, and emerging high-tech applications.
Cesium and rubidium resources in China are relatively abundant and of various types, including solid and liquid
minerals. This study focused on domestic rubidium and cesium resources, extraction technology and characteristics,
and the current situation of resource development and utilization. Domestic rubidium-cesium resources are
primarily solid ores, with reserves of rubidium and cesium in the forms of Rb2O and Cs2O amounting to 1.16
million and 140 000 tons, respectively. The extraction of rubidium-cesium from solid ores using the acid method
has been industrialized, and the extraction and ion-exchange methods hold promise for liquid ore application.
Recently, the rubidium mine, in Tiantangshan, Guangdong Province, a development project has attracted
increasing attention. Rubidium and cesium resources in salt lakes and underground brines have more development
potential, indicating the need to strengthen domestic rubidium-cesium resource investigation, surveys,
comprehensive extraction technology research and development for low-grade solid and liquid ore resources, and
broadening the rubidium-cesium products regarding new performance and application areas.

Key words: rubidium and cesium; resource; extraction technology; development and utilization; suggestion

ASCH I TR B E RS IUE b [ AR L R P B IR A T A T 2RI (S5 2012-ZD-10-7) SRR ER I KR RE
URER . ANSELRATE SIRBE MR ROFSE” (A5 2016-XZ-111),  “HrIE 3T 45 E0 0 460 OC B8 SR e M0 7 W st Ml v o it R
JREMEATIE” (5 KQ30HHRE ).

Wk H 39 2024-05-24; olal HH: 2024-07-16; M%% 15 & H: 2024-07-26. STHESmIE: FISLIH.

FEEEA: Ead, B,1976 F4, WL, R, EEMNEERBI KT HELZES R AP, E-mail: wys0907@aliyun.com,

SEGER: AAE, %, 1983 R4, 181, RIBFSE 0L, BRS04 S oK BEIT & 5 256 R DEST .

E-mail: wuqian0516@163.com,



824 i BR O

EY e o T

G, e K LAY A W B LR S 0 o v B AN (LA
BTl BEESPR%  HEAR B I e 255
18 50 W P U P A BRI R e, T LT RE A B
IR | BRSNSk, iR T
SRENIE AT ST . PRGETE, A ERENAE 32 B 9 [
R EE L HAHI R, N U SR A L
AT S A e R AU . BEE BT REVR . B AR
B — AR 8BRS S B 24 7l 4 PR WS,
e ER U YR, T R Y, gk H
MRS EOREMR, CPER. HA, gL
G SR 7 B AR AT I B (B R SCAE, 2019a;
MyRERRESEF, 2022), FRIEEANE Tolk b . BAG At
PR ST, SCHEm ™ e SR PR G o B TR,
2025 AR E RS T ST DI IR B 2020 A
2 FE(EEERAE, 2023), A Pk FE A 4 SR s R
PRI N R B RE 7, ] PN A o TN 5 ) i A 5
B BRI G (B S 305, 2019a; TR A SR,
2022), ASCGE AR, UL T P AL U
PRICH A K g G TT &R FHBEAR, M % 5 36
AL BORBE . 0 0 S A A R

1 23R BITHBED

SRS E A AR AR AT AR )z, R
B EWA S REERT YILEA, 2REASK
RIS IR . R E AN R R T
TERA AR AE I e Y L R AR p 7K B AR A
W IR ORERF-55, 1995, BICZLSE, 2008; PSS,
2019), & THNH T YA RSB A KA
PRELAE T RAI Y, R T )K S T
e, B ZH0R BN (RN AR, 2023),

R A 5 1) b 55 9 2 Jm) S B s B, 2023 4R 4
BREM . AT BEIRAE REYOR B 20 JT i, FEAEPTE
b1y I 1 == NN 7 N 2 1 e el E R (B RS SR
[ B4 B (USGS, 2024), HI&E K Tanco X J&
G BRA AR AT R, A A R
Cs20 R 23.3% W58 B, BEA b 7 3w 4
o AR TT  9E IR A0, RO LA R (B
NI A PEAE R B AR IR (USGS, 2024),

2 EH AT R E 2021 AERATIAERN . 4
fith B ST B A 5 b [, (R R A i R S
HI & AT BAE RE A b, S —3—ul i As ke, 5
] P AH S AL 2N A 1 B0H A7 PR R 25 5 (Rl A
4 2023),

2 REW. BHERE

Fel AT (R B B2 R R A R R e B B
B OREAETY . WAARTURRE, ORI WA P =

Hadh AT . HAEEAE(X T, 2013; FBESE, 2024), G
TR DABEE 5 RO R 05 R, 287 IR Rb,O i3t
ARHEBAEF 0.1%~0.2%2Z [8] . 2= B FIENG B I AR VLY
FVI P LA B e A 22, KA BRI 08 05 2 2L 4y
AT TEHTHR ALV Oy (PMVHE SR, 2019); ek A 22255
AGTEHTEE . DU TRG L VTP A RS SR 1 (A
4 2023),

P 2022 A ED IR AE RS TR (A R R
#B, 2023), I ENMER 116 71 t(Rb0), FEEHTE
PG4, R AR A A (B D). gL
A 2/3 S ATEILV, Hram. AL NS IR AT
MDA . EAR, EHR . B TRES
X & B — A6 < B g™, i) AR Rl Rb,O
TS 17.56 T t, PR 0.11% . H Il
F1ll Rb,O WP E L 28.1 J7 t, FH AN
0.13%(% B &4, 2021), DL AH 8 G e il 4 s
AENIH Rb.O W EIE 31 7 t, LA H
0.15%(F A% %, 2021), {H 4K 2B AE7E KA1
o, SRR BORE AR 2 (B OCEE, 2019b),

#2022 FERET REM RS TR, RELH
fifi i 14 J7 t(Cs20), FEALPAEILIEA, WA it
(H AR BT IER, 2023), TR AL i< 4 A R4 9% 5 3
BPAAEVIVG . TR WA . WU TLIR . JUARAE
Mo X LA VLV B B A, R e A —,
di A ER 70%LA 1 F Ak, W AE T PR A AR
RUR" R H R 4RF-45, 1995; #XOC %, 2008), i,
TE S8 TR R 2 b 58 WA 26 )2 & B R A R AR
(L5, 2023), PO B A Cs:0 P& &k
34% 1) A1 (50 LA, 2023)0

TR A T DR A S BRI | b i K
PR A, FE A ALEVU LA ER . PR . RROK
B EEIRIFERT . RVE B EW . — EEEERE
H/NGE HAEERW . MR K DA DU SETE 0L,
VAL VT B 25 Hb XA R b K (R AR S, 2022
AR TEEE, 2023; JHHEE, 2024), &K HEmAS L7 1
W 1, HEE I 85 NP Rb.O Ml Cs,0 HY¥E

W, 0.28%_ WA, 0.30%

1 REWSREGEE DB REIRE, 2023)
Fig.1 Distribution of rubidium resources in China
(Ministry of Natural Resources, 2023)



5 1

Fr B P EE TR SBCEOR 5 IT R A A 825

x1 EAESW. #BAEBRMTEEK
Table 1 Salt lakes and underground brines rich in
rubidium and cesium in China

Hi X Rb/(mg/L) Cs/(mg/L) Kol
T EE IR T ] 1 7K 14 X4, 2022
Pa i 6 22 X177, 2013
WALITEE 60 232  EHEES, 2018
71| 30 32.55 3.4 FR, 2011
i Ene S 7.6 11.4  FRIES, 2023
1 56 30k JR 11.7 105  FRIESE, 2023
PUBCFLATHRER M 32.8~34.2 12.2~15.2 FRFHFLLAE, 2008
9/ S 35.09 18.55  Jiif4F, 2024

T TR B KR R R PR R 1935+ 434, Rb0 W
JEEAE 475 7t RKIEN R IBLE) 23.73 £
Cs:0 WP EIL 2.85 J7 t, N KA KM Ay
14.27 5 (JH B4, 2024).

AR, REHRTC AR, 4R LR
R E, BREATIR, TR RED. BN
AR Kt N K R ALE A R . ATEIR, (A
PRR TR TAEARZ, AU i b 57 Y PG SRR K 4
PrARAE . FLATHR S LA RIS T e . W RE A
D TE, T e R A B A R A W R & R
Tanco FIVEE A ¥ Bikita #7110, (AIEIHRZE R M.

3 MFEREBIAR

FE IR TR], S 3R R AT 23 [ R 8™ F
PRI o BT H & B A B A 25 AR, %
OROANERRIE . BRIE . RFEILEGRF B, 20215 XIE
8, 2022), TAGWFRME 2 Frs. i KT ik

B RE AR AT AT [ A

R 26
3 e AL A
i M/ [/

R — s

e | W 5 ks

5 .

" B it —— H
v EiA

| B ‘lx

5 i

# 1L/ B %

pas

. v . — v

Li.CO, yie Na,CO,

v

YURR G

REI/

RbCl CsCl

2 BT iR T ZREARNFF, 2022 1220
Fig.2 Rubidium-cesium extraction process from solid
minerals (modified from LIU et al., 2022)

WA rh, 00 A O R T AR 4 T W5 T4y
5 BR (5 P 5%, 2017),
3.1 EMEF ¥ R Bk
3.1 EREE

i e R FH R R B XA 2R A T TR e,
WA S AE, T 5 ) S R A R A s DA I e A Sy T
VR, MKy R, R R AR R S
WIRIRIE AT 5328 A KA R el « BRERER RS FeTk |
AR PR S N5, 2022; T B4, 2024),

fE 20 t2d 80 AR, FREMVLIEE | B f
4 & Tl 2> w8 SR A KA e 28 1 i A T A 77 A
B, Mg, A KA SRS B L BIR A
HMPEJGTE 900 °CAATHATIBE, KPRk B 40 i
B, B ERA G 2 L 45 e, 753 LIOH 77 i, 1T
BRREVR 2R AR IR O L AR (I ERSE, 2022) A1
JRABEAE D e IR S K . BEFE R . AR T v
Ko BRERERKE Bevk # R AIGRIR AN . B R H1 R IR 45
PRI S A R AR S BN, B TR R
I As B, S EUE S BIR R L AR S = AT,
] B AEAE RS et th 2R e i, OIE A S B R AR 1k
HOCT N e RIS R 2 (38R T4, 2015), &
Ak ba i BT T @Ak 0 o e ss . Abkah . &k
PAELE ST, T AnARRE, & Huisem s B
WMRIKZ M T, EAFERI G A P48 HAR
A R, A SSCR A, AH L AR Y R AR M
AEBRAY RN F75, 2022) FEICIERE B, O T ATRE
FEFEWHE, WemReVb . A EBIRETBZS Tl
ZRT . o B R B ARV T2, dnA4
FEHURITHIN 96.0%F1 95.1%(Zhang et al., 2019),
PRERE 5 GHAR, RHm . BIBRCR
P F 20— R U R, o A R R R e
92.58%. 85.37%(RZELE, 2022),
3.1.2 B

MR 1k 2 AL G SR TR T AN AR R VA P RN, Horp AR R
B, I HIRBULBRE 4, AR, H
IO A A R 1 B A, BRI 2 BT Tolk b A
B2, IREUE . B B a2 B e
FEAN G, I BRI A R AR SR R R AT i
WrgE e, (EER . R A VA R DT A B A
P EREW, Satalifh . g5 . A RSE T L LBR
Fe 0T, P 2 B A 4 m A IROTS ) 0 v
Hifb I &S, 2022), BRERTE T EMFEE 24, 4%
PEARG S KB R, HERE=Yia, Pk
VRS F) R B R T R A, DAk N JURE, B ER
B, BRI, B E B RR AV R, 2 vk h
Ak I TSRO R R R A 55 77 i, 2 w) A Eh b
Y0 AR R T T M, 4 BR YRR A T Y A 7 R



826 H BR 4R

S0+ I

AL 7
3.2 pE/KHIREHNE
32,1 BAFERGZE

AWOEEA OV R SRR SERAE
M o B EEZSH] . ek . e SO AR R
3 G Py S in . Ay B B A BobERe, 3L
Hh I 2 ) 5 B R A IR SR B Tl A, Sed ik
Z e 4 @ /A H i sE, 8 e b &
WA AR AR D W .

Pt Py a0 N e 2 2 4-1 T 2 -2-(a-H R
5K B (BAMBP) Al 4- 80 T ik -2-(a- N 56 ) 7K W
(t-BAMBP), ‘i HIRHF R A e Al . 3R b
] P 7 MG B b A B A R -BAMBP ZEHUE ML
PEAL 5 B o B R4, DUAS [R] TCHLIR B A ML
HEATIRZE, HlfS 2R . #G Y. REHTI/RER
WA S Ak K, F -BAMBP-RE LA R, &
it 5 YN AREL, Rb Al Cs™ 1Y He &AL BUR 43 il 1k 5]
95.04%7#1 99.80%(Liu et al., 2015), $7 H58 L 15 i 7K
1) t-BAMBP-fiffi Ak B 26 B0 2 B S 3, > 3
RGO R =G, s i A BCR I, e
29.5%F1 94.5%(HEEFF, 2020), XI5 HHL T 1€ 7K
K t-BAMBP-fi#ifL 44 3H/D80 1A R EFTAEHL, PUZk
UG AR AT 35 95% 4545 (T, 2011),

322 BFR#HE

B LA SR T A AR R R TR
[ v S W S 5 W s 1 2 B R E N 2
PEL PRSI . SRR, ELERAET” BRI HAZ,
PRI AF 52 1 o A5 TO ML B - S 4, 32 A0 45 R AR
WY AL SR ALY O A,
2023),

LA . SRR BE o8 R
HEE ey . AR, YDk, IR . H
oK dn gt W B 5T AT DAGE L, (EBF 9T & BR AR
W W o 5 et AN ey, TCVR SEELAN . A A2 Uk
B (E A, 2002; MHFEER, 2009), J5 2 DLkt
B B AR IR R F B4R 7 5%, 2023).

W IR B . WS IR i S S 4 W o SR 2 e ML R 2%
W 500 A B BT AR, TR ER BRI . mOE R .
T8 K T 1 7K Rz R B £ 1T (2R 55, 2019), BFSY
SEARFTH OGN . 4 B R, ELARPE BE AITK
JIEVERRR 25, AR T R ERAE . DABEIRES F1
BERRECH IR Z M & @R MR AR, XN . Haf ks
s, R, WS AT A S A, HRRE
TR e J3 X6 L A8 o 75 FeE AT B RS T, % R e R
53 B SR B 25 (P RAE, 2017) 0 4 @ AR AL )
RS2 A MR W BRI 9 |, 22 B0 1 X e R Ak
Cs W ImTae, DA e b a9 R 80 i K R F 58 X 42 11

TAERZ,

BT 5 2, W b i n e 2 B A Tl B 3RE
e fh ) FEFORE, (RBOL R AR, A,
REFER . BRERVLIE Tol 1R &) Z N . 48
AEFRTT o B TS G AR BOE E AR ThHR
g, AT AR, ZEIOE DA BN S A
T, BTLHENZRAWA . REBREE%, K2
E I = MR B, MRS Ttk $geit,
fE 2013—2021 4E[A], FREFEE 4G PERE 0 4 A
T oRIG TN, s g B U & R SRR, TE B
JEE L (5 R4S, 2023)

A, AL A B 28 30 I b K SR RS
PEUE BRI R B LA TR . — SRl RN 4R
T4 . 8 T TR AT A R I MR K R, REEGE
FIES 284 1 1) K S B8 A A sl EL e . 477l
MK, M T NRK R T 2R RS
BRI R ESR, X" HERR ST 5 BA
RIS

4 PNEFEWIT R AIR

T A 20 fH40 50 AR5 Wk T e 2F 4 T Hn 4 11
BIEIETE, 60 4EARIIEEALETS, M4kTF & T [ B
9 VLVY SR XA A BE R, BLRBASAE 7 T A A
e, Tl ER R A S R ) Tl
o D PRI B U R ] R B AR R AR G A, AR
e BHEE SN o EE AR, SRR HARSE
KOs R 25 BRIk e A AF, 20215 S VL,
2023),

F ] 1 A 4 0 DA R AR PR U R AR, R R
A B R R IR A, A IR AR
BR84S, FEEPRLEILI . W, IR . W
ST ARG HIX . SR BT T, 2023 AEFEI R H
B EAR IR B — TN A 2 & BT R, R
4 IR R BGIE

A e R T, BT R I R TR TR R
H VTP B Al s BB AT PR H B4R 2 B 0 e ]
AIFEIE A A A RV R T A A . TEVE R R
W BRI e, HAE 414 BTN SR AR
0.22%, TiNE KA JE 7 — B K oh S Ak dn iy
TR 1.0%. 5 ESMIy A, R E S 5L
I, FEOTF LA FMERE K, PR 0 7 A BE
JEE AT TR, BRSO 2R O R WO D (A
&, 2019), ATAESR, HNWIF A& AT AR R LR A
WIFEcNIEH, 28 £ 48" Rb,O ¥ i &
ik 17.56 Ji t, FRR R E QAR AR EL,
— IR SR R R 99 7 ta, R IR AL
W&, AR ROk 0 S BRSSO SR 1



5 1

Fr B P EE TR SBCEOR 5 IT R A A 827

5 div e AU BT O T AR R B A 0 45 AT W] BT
T R E YL, o, B e A e
XA AR & Cs20 18%~25%7 A7, s
& B WEST i R P i A G R VA A e 1 2 A T AR
Ay mii gt ER AR PR (X 7, 2013) 0 [N AR A R
RN, Bl IRSS AR R, ARTATHE 3 507, M
FPEHLTE R, AR W e W ST e IR R, H
[ E AR KGR aae o i AT M I

WAR 7T, 3w A BRI ek, Seik
ARgEH . i WAL AR GO R K RN, 4
IEEARK, (HiTraKhef . g4, #ELASTRm
o, fEHATE ARG TR, WAE T3 &
T B 7K R T R G R R AT T AR TR . FE
RARBERCR MR, HH AR o R v ke R
AR EE, LKA TR, R T &Mk
B i v LSO ) T R N R I R A, 4R
13 TYREEH 400 mg/L B & HOEHE (= P14, 20225
TR, 2023), HTH F R K IR A B AR,
FETF R K HBR . BRGE IR Y [R B, EnAf R IR 2R A
FIFIT % N
5 ZwHEN
5.1 i

R4 T SCORT ] P A0 e e 5 L PR IBCEE R Bk
R BERIRIT R A PR SE BT, AT LA R DR S

F E RbyO Fil Cs,0 B AHX £ 5, CA
O8N . A BT IR DL S O 32, O REAE T IR, ATEE
MR . B, AR A AR VIV | BT
VAL NGE L W AT R AL

R . 0 R A3 B PR AR B T, R
Py KEberk O A Tl AR R FH o AR AR BU RN 8 758
30 75 DA 10 7K S AR R B B 4 1 R S Tl Ak,
{HS2 50 28 B BE A BIF 5 1 e TV, it el 7K 4 1)
Y R N T R Sk P A A £}
A%

AR RS, MR E AR EIAE SOT &, A
] P s [ A B U5 AR LR A A, TG
AR IF R SR S T kK R, A BT R
TEA AT & TAEARZ, U6 i 57 ) P PR K 46
PR FLARHEBSE LA SR IR T T R, R R
JE B R BRI AR I T e T - SR R M TF & T 4R
52 EiL

JOF I 38R g 7 A L [ A B s A, R S
FR BT (P ET) . LRN(Li-Rb-Nb)25 37 25 80 (14 i e ¢
T o

AR AT o XSV N T U 1 0 S TR B R
WA RFIMABER I EE, 585 R SRV 55, 4

WEAR 414 47 FCFPUSLET S R AR RN . R
AR, AR

Fh W BT B K R B L R R AT B ST
TN, ARSI K N B R R TR AR AR
TP KR BB A TR, X B 95 I 255 A
I

FUBGF 80 4657 i A9 TH 9% 32 2R A T AL e 40
SR, e R A R IE ) A TR 5G B L
TREA LUROH B REIR S BRI B AT AL 4 2
LHEAGMRZS S, RO, e )m A S Y
BIVERERIWT A, FhTTHN . A A N U

B Rty BRAFRE KR ATAL
THRAREGEEREL, RFELFTHERR
) EFF AR,

Acknowledgements:

This study was supported by Major Consulting
Project of Chinese Academy of Engineering (Nos.
2012-ZD-10-7,2016-XZ-111 and KQ2301).

253

TR, BRARTR, FBLL, 4%, 2017. 0. 4G4 s SR By Uk R LB
LRI W AAET, 46(7): 1377-1382

FPHT, BRAR, BEHEE, 4, 2022, BURTTERIIHNYE IR A H—
MIERE BB AR QB [7]. FhBIBF5T, 30(3): 1-11, 41.

EE BRI, ARG, 25 2023 EN E IR R BB
HiER2£ 40, 44(2): 279-285

K, W, AR, AR, 2023, LRI T g o s BoR B
FEBUR M R[], ML T, 52(2): 639-645.

BT, A, SCNER, &, 2015, 82 BERTFR R B R B dn 4t
BIBFFE[I]. A 48 GRERFSY), (12): 31-33.

ST, IRV, XIE )7, 4, 2008, P 1 4 Ve IR K
TR ARTR]. 54T, 37(3): 8-13.

WM, XU/NBE, /M, 45, 2023, B IHRURER @A R A N
WA TER]. FERE: #ERRLY:, 53(12): 2868-2895.
fRiMe, JESCHE, RTPRE, 4 2024, SALRERE-K R N E N
BEGTRPEE Li, Rb[J]. W EAE (R4, 53(2): 69-78.
AR, BRI, DM, 4, 2022, SEAARZHIK K Li, Rb
RS SR AT PR OT R A AT RAAE I AENLTI[I]. P E R G Bk

Bl2E), 52(3): 474-485.

ZERTE, FHETE, SN, 25, 2023 PEEER MR —FiE
TEREN . A BTIR[T]. T 2=, 97(10): 3410-3420

AEE, MRk, FEWCE, S5, 2019, WRADER B S A RREAT B A 1 K
PERERIBEFE[I]. JCHLER Tk, 51(6): 34-37.

XN, SRR, FRE, 4, 2022, H6FH ZARECT RSk
JE]. A EEREFES TR, 13(5): 8-15.

X177, 2013, s EENH I BORBR ], B A 48, 36(S1):
158-165.

FREL, 2011, V-9 3DUR i 1 R R 2 B K R a3 B Ak R R
F¥[D]. AR AR TR

TR, B, BEST, 4, 20192, L E——E PRSI S



828 H BR 4R

S0+ I

B[], B RHIT, 38(4): 689-698.

TR, a”ﬁj_, W, 4F, 2019b. 21 {228 LI b [ S b 4
J& A AR B A S OF S AT R [J]. BT R MR, 38(5):
935-969.

Mg, E2EET, BHOR, 45, 2022. W P SEEIR MR IR 2T
s, 31(11): 1-8.

I, WA, TR, 4, 2023 SRR HER WIS L, dn,
e R AR T U 101 wlﬁi&}ﬁ, 50(6): 1925-1927.

PEBRE, 2020. %ﬁ%%&%ﬁ?ﬁﬁrﬁmqﬂ’ﬁw\ HEZE B B T 2R 55 [D).
T ERE EEINTE R

M, FERLL, iﬁii’ﬁ, 4;,2019. T = I B B BT RS
FH M. M 2AR, 93(6): 1231-1244.

FAB, PV, TEE, 4 2023, SLURTFER WG g 5o A b dn
HOUR T MM, S a0 WAk, 42(5): 701-710.

FHEE, &, EI—, %, 2018, VLBV E ST X K H b
TR K S 9T (7], sB2F3R, 92(8): 1630-1646.

TR, BRI, E R, A, 2021, HTEE R A s AL R
WEFEHEE[T]. M T2 4, 95(10): 3085-3098.

FEH, Sittdn, FEE, £, 2002. HRREK A M TER D
HOKHIF BRI KT, RbY, CsTRIWFSE[I]. ERMIBESE, 10(3):
31-37.

RE By, M, 5, 2021, HhilE s KA A R
AT IR B = E R SRR B J]. a4, 3709):
2604-2628.

SEHETT, 2023, [E NN S B SR A HOR (BT ST HE R (D). B A (o
48, 46(4): 23-24.

WA, B, TREEE, %, 2023, JGHL AR B SR B N 4t
HIBFFE IR [T]. #A 42J8, 47(7): 1020-1042.

ﬂf*‘f“ 2009. ’%&ﬂ:%”ﬂim*ﬁlﬂ B 14 50 M 5 1 B 4 1 9 52 [ D).

o P E R B T R AT ST

9&&%%, TR, 7]<Hft 45,2022, P ESCHEDTIE R VT
LRI BT SR, 42(5): 138-168.

KRR, R, XENS, 4, 2021, LERET VT IR PR K HLE
SRR [I]. 7R SR, 41(5): 7-11.

kA, FHERE, HAER, %, 2021 Jlumﬁﬂ{téﬁ*ztﬁﬁxémﬂ
M )L K 3 D1 A [I]. g K2 (A SRR 2
52(9): 3093-3102.

BILE, WAL, HSLE, 45, 2008. PRI AR ZE PR BT R
T W2 50 A U R K M B L [T]. A A eE R, 243):
519-530.

LR, ERE, 275, &, 1995, KPR 5 24 B — 76 5 4o 1t
WR[M]. dbaT: 5 A

JRR, BT, BR3CTE, 2024, iﬁ%‘)ﬁﬂ?ﬁ%ﬁn%ﬁ*ﬁf%m#ﬁ\ =1

SRR SERIE R [J]. HIBRIETE, 70(2): 705-716.
RTE, M Mg, 25 2022, B Z R A EN R KR SR B

B4 T, WA TR, 42(2): 80-84.
E?ﬁ?}v?‘iﬁ 2023. 2022 AE A FHT TR IAE R AIIER]. JLE
ARG 1-24.

References:

BAO Amin, QIAN Zhiqiang, ZHENG Hong, et al., 2017. Progress
of separation and extraction methods for rare alkali metals

rubidium and cesium[J]. Applied Chemical Industry, 46(7):

1377-1382(in Chinese with English abstract).

GAO Dandan, LI Dongdong, FAN Yanfei, et al., 2022. Economi-
cally utilization of the rubidium resources in Qarhan Salt Lake:
From fundamental study to technology innovation[J]. Journal
of Salt Lake Research, 30(3): 1-11, 41(in Chinese with Eng-
lish abstract).

GAO Xinrui, JIA Hongxiang, LI Tianjiao, et al., 2023. Perspective
of Rubidium and Caesium Resource Demand in China[J]. Ac-
ta Geoscientica Sinica, 44(2): 279-285(in Chinese with Eng-
lish abstract).

GE Fei, LI Leiming, JIANG Yingying, et al., 2023. Analysis and
comments on separation for rubidium and cesium from per-
spective of patents[J]. Applied Chemical Industry, 52(2):
639-645(in Chinese with English abstract).

GUO Chunping, ZHOU lJian, WEN Xiaoqiang, et al., 2015. Ex-
traction of Lithium, Rubidium and Cesium from Lepidolite by
Sulfate Process[J]. Nonferrous Metals (Extractive Metallurgy),
(12): 31-33(in Chinese with English abstract).

GUO Xiuhong, ZHENG Mianping, LIU Xifang, et al., 2008. Saline
Cesium Resource and Prospect of its Exploitation and Utili-
zation in Tibet[J]. Journal of Salt and Chemical Industry,
37(3): 8-13(in Chinese with English abstract).

HU Fangyang, LIU Xiaochi, HE Shaoxiong, et al., 2023. Ce-
sium-rubidium mineralization in Himalayan leucogranites[J].
Science China Earth Sciences, 66(12): 2827-2852(in Chinese
with English abstract).

JIAN Peng, ZHOU Yipeng, KE Pingchao, et al., 2024. Extraction
of lithium and rubidium from rubidium-rich lithium mica ore
by chlorination roasting-water leaching process[J]. China
Nonferrous Metallurgy, 53(2): 69-78(in Chinese with English
abstract).

LI Jianshen, LI Tingwei, MA Yunlin, et al., 2022. Distribution and
origin of brine-type Li-Rb mineralization in the Qaidam Basin,
NW China[J]. Science China Earth Sciences, 65(3):
477-489(in Chinese with English abstract).

LI Qingkuan, WANG Jianping, FAN Qishun, et al., 2023. Rubidi-
um and cesium enrichment in lacustrine sediments from Ti-
betan salt lakes: A potential resource[J]. Acta Geologica Sini-
ca, 97(10): 3410-3420(in Chinese with English abstract).

LI Ying, CHEN Xia, MIAO Shulan, et al., 2019. Study on adsorp-
tion properties of ammonium phosphate tungsten composites
on rubidium and cesium[J]. Inorganic Chemicals Industry,
51(6): 34-37(in Chinese with English abstract).

LIU Lei, MA Baozhong, WANG Chengyan, et al., 2022. Research
progress in the application and extraction process of Rubidi-
um[J]. Nonferrous Metals Science and Engineering, 13(5):
8-15(in Chinese with English abstract).

LIU Li, 2013. Development and consideration of rubidium and
cesium[J]. Xinjiang Nonferrous Metals, 36(S1): 158-165(in
Chinese).

LIU Shiming, LIU Hehui, HUANG Yunjing, et al., 2015. Solvent
extraction of rubidium and cesium from salt lake brine with
t-BAMBP-kerosene solution[J]. Transactions of Nonferrous
Metals Society of China, 25(1): 329-334.



5 1

Fr B P EE TR SBCEOR 5 IT R A A 829

LU Zhi, 2011. Separation and Extraction of rubidium from deep
brine of structure marine of Ping Luo Ba[D]. Chengdu:
Chengdu University of Technology(in Chinese with English
abstract).

MAO Jingwen, YANG Zhongxi, XIE Giuqing, et al., 2019a. Criti-
cal minerals: International trends and thinking[J]. Mineral
Deposits, 38(4): 689-698(in Chinese with English abstract).

MAO lJingwen, YUAN Shunda, XIE Giuqing, et al., 2019b. New
advances on metallogenic studies and exploration on critical
minerals of China in 21st century[J]. Mineral Deposits, 38(5):
935-969(in Chinese with English abstract).

MEI Yanxiong, PEI Rongfu, WEI Ran, et al., 2022. Critical miner-
als and energy resources security[J]. China Mining Magazine,
31(11): 1-8(in Chinese with English abstract).

Ministry of Natural Resources, 2023. National Mineral Reserves
Statistical Table 2022[R]. Beijing: Ministry of Natural Re-
sources: 1-24(in Chinese).

PAN Tong, CHEN lJianzhou, DING Chengwang, et al., 2023. Su-
pernormal enrichment of lithium, rubidium and cesium and its
development potential in the clay of Salt Lake of Qaidam Ba-
sin[J]. Geology in China, 50(6): 1925-1927(in Chinese with
English abstract).

PANG Dengke, 2020. Extraction and separation technology of
rubidium and cesium in the Brine of La Guocuo Salt Lake
brine[D]. Xining: Qinghai Institute of Salt Lake Chinese
Academy of Sciences(in Chinese with English abstract).

SUN Yan, WANG Denghong, WANG Chenghui, et al., 2019.
Metallogenic regularity, new prospecting and guide direction
of rubidium deposits in China[J]. Acta Geologica Sinica,
93(6): 1231-1244(in Chinese with English abstract).

USGS, 2024. Mineral Commodity Summaries January[R]. Reston
VA: U. S. Geological Survey.

WANG Chao, SUN Xiaohong, DING Xiaojiang, et al., 2023. Re-
search on the enrichment regularity of rubidium and cesium in
Qarhan[J]. Acta Petrologica et Mineralogica, 42(5):
701-710(in Chinese with English abstract).

WANG Chunlian, HUANG Hua, WANG Jiuyi, et al., 2018. Geo-
logical features and metallogenic model of K- and Li-rich
brine ore field in the Jiangling Depression[J]. Acta Geologica
Sinica, 92(8): 1630-1646(in Chinese with English abstract).

WANG He, XU Yigan, YAN Qinghe, et al., 2021. Research pro-
gress On Bailongshan pegmatite type lithium deposit, Xin-
jiang[J]. Acta Geologica Sinica, 95(10): 3085-3098(in Chi-
nese with English abstract).

WANG Xuejing, GAO Shiyang, ZHOU Jianguo, et al., 2002. Study
on the extraction and separation of K*, Rb*, Cs™ with natural
clinoptilolite from geothermal water in Tibet[J]. Journal of Salt
Lake Research, 10(3): 31-37(in Chinese with English abstract).

WU Changzhi, JIA Li, LEI Ruxiong, et al., 2021. Advances and
general characteristics of the amazonite granite and related

rubidium deposits in Central Asian orogenic belt[J]. Acta

Petrologica Sinica, 37(9): 2604-2628(in Chinese with English
abstract).

WU lianjiang, 2023. Research progress of rubidium cesium sepa-
ration and purification technology in China[J]. Xinjiang Non-
ferrous Metals, 46(4): 23-24(in Chinese).

XIE Shaolei, SHI Dong, ZHANG Yuze, et al., 2023. Research
Status of Separation and Extraction of Rubidium and Cesium
by Inorganic Adsorbents[J]. Chinese Journal of Rare Metals,
47(7): 1020-1042(in Chinese with English abstract).

YE Xiushen, 2009. Analysis and Adsorption Separation of Ru-
bidi-um and Cesium in Chloride Type Brine[D]. Xining:
Qinghai Institute of Salt Lake Chinese Academy of Scienc-
es(in Chinese with English abstract).

ZHANG Shenghui, WANG Zhentao, LI Yongsheng, et al., 2022.
List, application and global pattern of critical minerals of
China[J]. Conservation and Utilization of Mineral Resources,
42(5): 138-168(in Chinese with English abstract).

ZHANG Xiaowei, XIN Tianyu, LIU Jiaxing, et al., 2021. Analysis
on the current situation of global cesium resources and its
comprehensive utilization technology[J]. Conservation and
Utilization of Mineral Resources, 41(5): 7-11(in Chinese with
English abstract).

ZHANG Xiufeng, TAN Xiumin, LI Chun, et al., 2019. Energy-
efficient and simultaneous extraction of lithium, rubidium and
cesium from lepidolite concentrate via sulfuric acid baking
and water cheek tor leaching[J]. Hydrometallurgy, 185:
244-249.

ZHANG Xiufeng, YI Yuejun, TAN Xiumin, et al., 2021. Mecha-
nism and kinetics characteristics of sulfuric acid baking pro-
cess for extracting lithium, rubidium and cesium from lepido-
lite[J]. Journal of Central South University (Science and
Technology), 52(9): 3093-3102(in Chinese with English ab-
stract).

ZHAO Yuanyi, HAN Jingyi, GUO Lihe, et al., 2008. Characteris-
tics and geological significance of mineralogy and fabrics for
the hot spring cesium deposit occurring within the Targejia
district, Tibet[J]. Acta Petrologica Sinica, 24(3): 519-530(in
Chinese with English abstract).

ZHENG Mianping, WANG Qiuxia, DUO Ji, et al., 1995. A New
Type of Hydrothermal Deposit: Cesium-bearing Geyserite in
Tibet[M]. Beijing: Geologica Publishing House(in Chinese).

ZHOU Xiao, ZHAO Yuanyi, CHEN Wenxi, 2024. Rubidium and
cesium resources current status, enrichment pattern and ex-
traction technology in salt lakes of Qinghai-Xizang(Tibet)
Plateau, China[J]. Geological Review, 70(2): 705-716(in
Chinese with English abstract).

ZHU Jun, XU Yitong, GUO Mei, et al., 2022. Extraction of Lith-
ium, Rubidium and Cesium from Lepidolite Using Composite
Salt Roasting and Aqueous Leach Process[J]. Mining and
metallurgical engineering, 42(2): 80-84(in Chinese with Eng-
lish abstract).



