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Abstract: Thorium is a kind of radioactive element of multiple industrial uses. Due to China’s “dual carbon” goals, it attracts lots of
attention in recent years because of its cleaner and more effective performance than uranium in nuclear power reactors. However, the
distribution of thorium ore resources is uneven, as well as that of thorium (including concentrates, metal, and compounds) production
and consumption. As a result, it is necessary to analyzes the state of thorium in detail globally based on the resource-economy-
environment system. The method of material flow analysis is applied in this paper in order to unveil the characteristics of Thorium flow
in the resource-economy-environment system. The distribution, genetic types, and exploration status of thorium deposits in the world
and China are summarized respectively based on the analysis of statistics of thorium deposits exploration, industrial production, and
international trade. The conclusions of this paper indicate that the abundant thorium resources, with placer type as the main genetic
type, are centralized distributed in India, Brazil, the US, etc. However, carbonite type, alkaline type, and veins type are the main genetic

types of thorium in China with an uncertain quantity. In the resource-economy-environment system, global thorium outputs decreased
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during 2010—2017 followed by a significant increase after 2018, of which the main source is the byproduct of monazite mining and

concentrating. Thorium and its compounds are used in the field of energy, material, metallurgy, and medicine, while thorium emission

is only associated with the mine and concentration of ores. Based on the analysis of thorium applications, it is supposed that the thorium

output may continue increasing in the coming decade as a result of the growing uses of thorium in nuclear power reactors. It is

necessary to carry out enough exploration on thorium in order to figure out the thorium resources in China because of the difference in

genetic types between China and abroad. In order to achieve the aim of carbon peak and carbon neutralization, the government should

carry out a series of policies to encourage the innovation and popularization of new techniques to improve thorium utilization and

protect the environment.

Key words: thorium; monazite; mineral resources; green energy; dual carbon goals

Th JCE HA RN, ALK, 81z
HUBFH TR 1R &S8R, I Frh RS R T
FEAETRU, BN E PR A Y TR A
FARE R AL = AT, Th TR TH5EF
SN =N L o o G N RRIA o )% M = A
TAEGEAZIRBH JE A, PR R [ BR 5 A% e 1 F
KRR R A A T R R 3 SR HE () T e R (T
RIEEE, 2012; Ji 244855, 2019) o (HJE, 55 Ry FH40de;

T R WX O A, B BT IR DA AR ST 5T — ELAL
FAEARCIRES, JEHOE R BREIR A | LT R A2
b Wy sh A, ST SE S P, R TR L
BATRBET, LSS e R IR -2 5 - R 5
AR . WP S AR, A TR -2 5 —
HBE R G T S AE RS Al K EU O 4 BB, Bl
BRI R OB, A= IR Be . BB BE . i [T
BrBe(IE 1), 73 BlIR L R BT 2855 MR T w1k

, _ PSP USSP _
| BRAL ) i B ARG !
H ¥ . I
: § g EROH ) i
| ; i ¢ & NP
L RIERNE | Pl TR R B ROEE B |

. ] .
; ) : (B — ;
! I ! g HE (7]
| O T | | | g :
i ! ! i dRal ;
| P | ! il :
! 7R i ! i ;
! : : A E R 5 -
. ; . S A > IR r
| mpesmrk | R “ SEg |
! ? i : !
i r i i — 5 !
ok L [ — s r

- I z YN == ) . .
; ) i a8 frh : J
| mrnrk | A g 5 E
| - ; ! LR ] : ;
T (e : N
i ; i. e :'.'L'I'_".'I'.'L'.' . __=_ Bl ___. ....... ,!
¥ ¥ .
i i
i WL R4 i
b e '
B oumit B camEar P HEa i RGNS
— A BERE = R S I R R A

Bl 1 WRE-ZF-EE R Th TR IHELE

Fig. 1

Framework of thorium flow in the system of resource-economy-environment
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Fig. 2 The distribution of different thorium deposit types in the world
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Table 1 Global typical thorium deposits and their genetic types
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Fig. 4 The amount and distribution of thorium mineralized spots / prospect areas / exploration areas in the world (a) and their

exploration status (b)



108 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2024 4

(PR, 1987); UTFR—ZE i RLEL 0 IR 227 R R%
B RIGHBRE AR T ool TIOR3
FAAL LT . R A TR AR R
B TS s AL b A Ry BT

b [ LA B R A AR EE R AR, TR
EETREAL, L0 IR — EA A TAEM 2 H
o, 30 AR Al s R B AR TR UR, B AR L
A AU AR T T, AR T R R X
L R G A FRA RN TR, HETC PR
AHSEHLTE TAE, CHUS T —E A R . 4 2016—
2018 4T, H [ Ml o 38 A Ja) R i o ) A v s 45K
Jitl B AV L AR 7 BRI R A S B A s v I
H, 7EACZR 08 By 7 BEAE 5 £ i o Bl 6 2 1
Wrad B, TR A PU BRI B, Pk B L ELAE
WX e T A 3 X e ARl

i R SRR T & ROk A s A b, AR AR A
PR A LE M AR A PR AR A i R
TR R i DR PR ok . sk B = SR
W His BRI R 88 2290 10%, Wigt SR L-F %A
FIFH(FRJE%E, 2005), A% TR H R IRR S . It
A, HE R R AT A 4 VR I R A ek

MR AT 7 0 ELASR IR 3 0 S itk b T
FATRFEADE™ , BIRE RAD = A R, 500 A Rk A
KA FEEAARAE) VG T AR 3 AN (O
1EXR,2014) . HEME A B EEREEHRD, A
AT ] E T B AR (] SE 11 A B S i, v AR PR
A 4 R 7R Y B B2 E (Gambogi et
al., 2020) .

2 EEBTIRHIE

BT BT IR [ A A7 i — A A — R R
Mo g s A U AE T E N AT 3, 5k
55y A R AR S dh2e b o BRI
SV IR IR -2 VIR R G b BRI A ™
IR B HIBTEL .

HEFE IR B, SRR P M A7 R TR
R i, T A7 2 O O e o R R A R
ni, 2 ATEST A I B (FRIE TR, 2014) o £ESATH Y
MGFAET, B B LU EFIE 4K Th ST H 1Y
BT A =% 8. bR Lk ikAesh, Hoptr TR
B P Th TR — A HCA H BB ok,

RAE R 2% BB B2 IR, B8R B T 7 i . B A
Y.

N B, 21 00 i A T A DR TR,
*2Th i T EARURE, AT VR AR 4% F i
B QAEREIR K, £ T B & AL YRk R
PR, AT THEARSR . B % 6 BRI 48
I (Gambogi et al., 2020) ,

FEREVR SR, H A4 Bk IEAE s 1T B A AR} 52
B P /R i 0 o A R SR A M | FE KR AR
HFHE 3 RS, B P AR U R Z 7 Th 1E8
WEFERARE, 2 Th @ i Wb 3556 47U, #Rf°U
I3 B R 2 M A AR B A SOW G . PP Th-"PU i
BERA F AL AR T U->Pu(1AEA,
2006) .

TEARRE TR G, BLTEMEALA] . B . O K=
PG REART M HE. R, ThO,
R S S Ak R A R 20 41, S A P S R RN
WRAR o ELAE B I AT AR 7 i 2P KA 1 o I P
%o TSR, BB TR L A IR E
ISR ATRL, B ThO, BY F AR AU B R & 1 2L 1
o FEREEZE, 22 Th o] T 77242 Po A TR
J7. HEEETE T, S esR(FEHBZ —)
JZ W TR S FUIEL oo, Ak,
Th TR IEHHIEBE ARG & 0E S, H T A5
G T, BB YA R B BRI A
TETAE P R TP R B A TR ™ v h, Ay il
H AT BEAAE Th JTE [ FREE AHERL, (0 H RT3A AH G
SCHERHRIA

5 HAbA 7= BEURAH L, ERELHT IR AR T
KA P B0 B o Tl gh o 302 i ARG H]
TR (BN S B AR ) EERIE
ERRRLL VRN, TR B . ASTE REAE R SL L 1Y,
A A B R AT 5 2 A P25 2K (Gambogi, 2019) .

LU RS, HETBA AR b DR
BEAAE DCHRIE, Tll Az 7 b A VR A e A R 4
(A, LI SOR FH 2RI TR AR T2, g 47
TR (a4 % B ool5E) 1Y Th oo
25, DD Bt it ) R 1A TSR TR 15 v, BR— B
3Bt it (TSR T A1, Ao B I 7 i 14 5 e HE
[EZ e
21 EXRESRBEFGHBEREFKRDW

SEERER Y 322 TP R UE A b E A v R, FLAh R
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BRE D 18 H A TOEOE T A, AR PR R A
AE P78 (Bray, 2012; Gambogi, 2013, 20164, b,
2018,2019; Gambogi et al., 2015, 2020; Madan,
2022),2010—2020 4 [a], kMmO S
R 2SR S TR (KL 5), 2010 428kl & A
KW =20 15785 t, Ja ek BLEAE TR %, T
2013 [ 2678 t, FFTE 2018—2019 A5 B
WEH S 2019 FERERME AR st 34400 ¢,
FER ATV, EPEE, Sk mirn, EkvE., JEH
AN, 21 S R AE RS, Ho, Sk mmighn e
24 21000 t PYAFE 2 IZAE 2R E AR = Y
2 61.1%, FUCHENRE, 29 5000 (215 14.6%), ZJ5
WA ZEE(9.3%) . B (6.4%) . 2 (4.9%) . L7
(3.4%) FlJE HAFIIE(0.2%) o 2016 4FE LI, ELPEFILD
S P I 7 [ A 0 A e 1 2 A [ AR B ) T B
BTN | Sk iy RN mE A A p R AR K
Bt 2018 45 ik b i AH & e 40K 0 A= 7= dis
BN, AR ) 200% AT, 2019 4F 7 fE
AR PR BT 2 28% MK .

10 Ak, o R A e R R T DA i
Jns EREE ., ZEE . B AEE, W1 AR B R
Wesh, T 2017 FLIORIZEA H I RIG K, Brh T+
I3 i 0 A5 ) AR DGR R g A Be 11 4b, o AT g
S TiTRIG A, 5 2 EB BB A% fe AR 11 S it
Wk S H AR m AR BT R, SE M R Akl
JEARE B =&, A, #5222 00 Kvanefjeld, FIE
I Steenkrampskraal 458 KRG 1Ll 1 A= 7= 31,
W2 X R BE IR B A 77 1 Y I (Gambogi et al.,
2020; Madan, 2022) .

22 HEHBRREERTFRSH

rh [ PR AZ R TR R R R LA, {H A B R
HIAEXTA B, &L UM £ 5, o kR Th TTHR
RETH T AR TR, 32 4t BT A FHRCR, B2 i b E
WIBE IR %2 1) — XA %% 72 (Anantharaman et al.,
2008; Van Gosen et al., 2016) .

HpE B B R A AR A S A,
[F] -, 2 4 BR A Rl S Ay g 1 [, R
e A ELVE . Sk, 28 R R A ST A
2017 4R EHE AR A (AT FOR 0 A) St
6004 t, A Lt 2016 4FEE 18 N FEZ) 16%, Hdh E20
PECT A T PE (2900 t) . Z2[E (2560 t) | RS (359 t)
LS P (130 t) (Gambogi et al., 2020) . Ak,
[ A AR & F WK 0 A e v] BB A AL,
{H X SR BEUR H AT I AR 2EAT B A X 4 (THS Markit
Inc, 2018) .

FRAE B i) A B, E 2015—2017 4 3 4F[H]
BB IR IE R USRS R (FR 3), 3 AR
FTE 230900 4640 t, 7120 t 1 6004 t, B PG FIZEE N
W AR A 2 A SR O AR R Y
1000 t), LAEL PG R4, 2015—2017 4F fyiZ B 1 R4
WA 50 7 H ELEGE TR Y 27% . 52% FT 48%.

HF LA A A Y D BCE T LA
Hh B SR 0 R DG 2R 7 A 2 MR 1 1 BRI
H [ D A AL R R AR S, R e A
R A AR O, TR AR | TR LR kR 5 A
IR, JR AR

H e B 4 9% 5 Y 2L AR T 2 g, (0
BB 5 A BRI, 7T 43 Sk BE IR RN A RE R

35000 _— =
a b omm Bl

< I = 359, 04% 127 o

30000 P — 4.9%
ﬂﬂiﬂ 9.3% —
~ 25000 |
i
= 20000 -
= kA
N 15000 F —'Jliﬂﬂéﬁﬂ[]
Bo 61.1%
10000 -
by
45000 -

0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 4
E5 2010—2019 4E2ERMEAREH 7= 5 (a) & 2019 4F F A = E K FT & HA (b)

Fig. 5 Outputs of monazite concentrate during 2010—2019 (a) and the major producers of

monazite concentrate and their shares in 2019 (b)
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Table 3 China’s imports and sources of thorium ores and concentrates
[E 8 1 B/t
AR &Hit
i) #H fiee) LR PH EZE0) HAbFEK
2014 NA 3570 NA 313 NA NA NA
2015 1230 1890 NA 609 495 416 4640
2016 3730 2670 402 321 NA 0 7120
2017 2900 2560 359 130 NA 55 6004

T B 55 1) 4 S R SR (AR 2, 2007; OECD/NEA-IAEA, 2015; Xu, 2017; RIS, 2018); NAFRIR LG0T 4

o 254 E R RE IR A& ALK, H ETAN A Sk Y
FEVE R Pl A b T R R AT, A B YR AT 0 4
VR PR B A b B AN I H BRI 2R 7 R A1 o

FERZ HL N R, BRI 2040 AF 22 A AL B
JE B I 2 L 2 SRR T A R e .
W TE 1970 AF e BEEL JLIE Eh HEAE 0 & e R A% g Y
A S (IR, 2007), i <728 TR H#AL T EI)
RS, (HFR T4 iR . Tl g3k K
e, I AR R K RO HE (TRIEARAE, 2018) 5 2011
AE, PIE S 8l ARSI AL A e— A IS Eh HE A
AER G (TMSR) " FBH LI (V43 1H 55, 2012; Martin,
2015; Xu, 2017), T £ FE MY . HAl, B 7
JEERME A R 50 5 OGS E R R T TS — RS &
BIRUR, CA A 8 TMSR i A E . 2 MW
AR TMSR SZI0HE, 1113 2025 4F 4247 B AL
BREE— > 2 Dy g /N AR Ab B J I h HE B 98 Rt 5
2 2030 4F AT 2T SL I EYE TMSR AR 2 54,
AR, FFJRIEERHE D ACHE T ] 2040 45447 =R
TR ET ML I 2 R R T A PR e R A
SRRy oy B AR A R R A, SEAS S
WRORMIAER (JE 2428455, 2019) .

PR, 351 D A i R VR A LR, [
FERB IR U £ L TR IE S SR AT K . E H AT
2 SR AR 0 A B IR A A ROR T AR T, 40
TR SR A Y Th SR RBUAH T 2 R0
PR, B A% LT 2 SR AN, v B B 5 T 0
S HEIR . T I & A A R B AR T
B B AR IR (0, = SR IEE 2005 4F £ 4R
W ECR AL 9.5x10* ¢, Hk AR 7x10* ¢, $iE
ik 2.5x10% t, BANRR R (1065E, 2005), B2 H Y
BEIRTR PR ANAR Y PR BT RRAE

3 Xt NI A M IR

R A B A T R R AR RO I PR
%, — 7 T AT LAY M R A= 5 4%, 55— T Al 3d 2ok
Pl REE ™ Ml e B HE OIS P18 52 1)
3.1 FIRASEEER LU D Ak &5

Th TR bR EA S EFS, S Y ik
BEPEA Y T4, 86 B E AR, i AGIURE 25
5 DU RE A0 HE Y, R 10 S B0 R 5 i (R 8 A 5
2007) . ELAERE LW ECE W, (H B TMEAR, H
BUAERT L35 S R rh 25 6 R R BAIR, AR K
RSN 5N i A ST ==Y 1) R s LN 95 2 87 5 U
T E =R X 3 Th SF(E 12.79 mg/ke,
i T AR A 2446 (7.5 mg/kg Fi1 9.88 mg/kg)
(B, 2014), EEEAER AT Z R BRI =
FMATEIX, /N P O SR R A P A A%
R o am il s XA 10 ~ 35 £% (5K 0 5%,
2011), BRI FAARIAR N LB RS AN SE R B KT 1,
FEAR S AR (T SCEREE, 2017) o AR BEURTTR
BRI, AR BB TA B 2B R, 32 L R
(AR 6, U0 AN X4 18 5 2 3 AN 2k, DU RE A KR
P A SR BE X RS A B, BRARIA R fE 5
32 Rk E S RFIE ENZEER

BEAEAZ I HE A F e R v T b R A
FRRIRENAT 200 245 (TR I65E, 2005) . Th TTERAE
BB I N R AR AL NP, SR PRI AR 4 B AR Y
B9, A AR T R B A ARk, AR A R L
G DA AR, HI, Ui Th o sg ik el
HAooE, g 1A SEIEFTYIR =g, R ERsE
H g EE R D o A% H R TR ) Th TGRS A TR BT
R RN B o e A, B 3 A2 s 1y HE T 35k Rk,
1t £ PP B BEAH 24 T 250%10% t & (GE TR
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&, 2007 FHOCEHRITR), W A4 CO,, o
WKV, PR AT A AL PR, HBRL B M S E
FAIG . ARG ERHE A ], SR B GRAR I Eh A A% Ak
BHRIAR S HIF, GBS H R T (B o) . il
GE TZREZE AR, HARTE KA E (T 8Tk 9%
TEAS R HBIX) , AALA] S T R EoK i X P2 i g, 38
AT v U o) S R W — A i ) Y B4 (TAEA, 20065
PEBRAE, 2006; BRI, 2011) . UL, 2L HEURAY
A BRI FH AT K R AT AR HE A, S B €67l A, Uik
B LA R TSR BEAE AL BE SR Befl ), A7 5K
GEfR R CO, SRS R HE T 18 1) P 1o L T A<
fBEAR R AE IR BT M) R, PRBE A0 25 10 3 -

ERBE RS, A IERE P AN SR
W BRI RL T [ PREE R G B A HERL, X
W L B 25 R R T gt A K i et %
TR FHRBCE A HECE: . A R 4, WEUR
RGAEW R BE L R b A B R HERON BE R
R TR Tk e, A FE AR 9722 Th R
FIH B TS, vl KOER . A )55
HE, ey XERRZ RS e (3mSR
,2014) . BrHIESN, BEEE R AR EETP AT
B R, B AERNNENMESRE L 20
2252 B30 (Obed et al., 2005; Mahur et al., 2008) .
= SR DXL ER v 45 300 ki T AR A R i
54 (R4 M5, 1998, 2001), 16 X J80 v gk #%
Fr T aEE 6 £, 22 2 A n) i 25 52 m (2=
AR 2014)  HEZ ARG, S
W Fin BRI RN (TR, 2021) . M)
PR A% 2R I & SRR 5 Tk (IR RS, 2021), BRYT.
AN L X 22 Fh L SR R N A A% ]
WA S X IR 10 ~ 35 £ (IR A58 4%, 2011)
33 HERMHITRELZEELEERE

H AT, Hr— 1A% 5 R HE 27 PR 5] ok i
Z R A 0 5T, B FE A% 5 HE (A 5T 5 Rl
FEE T AR WIE B AR, LA P, Nk,
A E | £E 754 E 5 306 (Anantharaman et al., 2008) .
TEAZ RE S, L DR VR R A0 A R 2 1 A% AR
A, HAR E T A S e W DI R ERRIE 3R, (2
FHERAE A, 2 R H

AR IR B IR R 525 ok B A, EE .
TR FEE L EPEE A E X R AT T e
JERYFEREAFZE . b A S N HE SR ER (R 4) . il

S8 TN HEFNAT RS 56 B v 3 H TP R H e
R JEAZ SO e H (& 6), 152 2 4Bkt R et 5
W N HET H I 2 1 E K .

b % FE PRI AW AR b, BEFEAZ MR B F 22
I T B2 WA, W AR R R R i HE HEA T S
(F DT, KRR R 52200 B 4 b B
T 20 22 60—80 4EAR, ZJ5 T 80—90 4R 4™
AR TR L A TR, R 2B FAL BRI A
FEH LI HZAZAE, ERT 10 44 BHRE 55 (15 6) .
SEBRIE Y (B8 B T A g v A 6 TFIT S
R R HET H 1247 2 21 tHhad, HAmX L fEiEt i
S 5% R s o HE A B R UG, 4 ik B R
() KAPS&KGS&RAPS, FBTR, KAMINI, DHRUVA
FUMER A NRUSNRX, A ITHLIIHRZ)Sh 220 MWe,
RIFRLH 140 MWt 15 H7K S HE D5 T, N R
JFF-BE/\ F] (Atomic Energy Canada Limited ) 7E4H#%
BRI ST A I 50 AEIYIR R, AT IEAE AT 24
25 WAt FEAZRRL A SEBF ST IR, ¥ K 3 ST
FIHERN 1A Az 8 RV HE (B R FK RO HE) o El
JEE AT 7 F /K R g HE R AE S fi ] ThO, HELS . 7ER
- RN HE T, R TR R R S, T
2016 4E7E T BN-800 AU b7 52 i e b i F 17
Pu/Th #Ak}, H AT H 2R 820 MWe, i1Hli217 &
2056 4E(World Nuclear Association, 2021)

DL A AR R I HE 45% ~ 50% YL Bk
RAGE, BT BRIE IS AT B IR S50 5/ 0 HE .
HIPRZN 1110 MWe, DA Wigeland et al.(2014 )4
R AEE A HE T 1.88 ~ 3.42 t/GWe RYEETHFE AL
L, TEAHRORL R W HE H 35K T, Hok e kgr
AR L N Tl R O

FERBUR AN v, H TR 22 B R T R
EEAZ R AR A AT B S R ME St . B P
TR HE T 2022 4 1 RSB RT L Ak Rk 7E
2018 AFARALAE 15 Ml 32 B S HE IR 05 AR AL
AR B R T 2030 4ERDALIE 5 2 A
ERHE(Xu, 2017); MZEAEREURATK, T Th X H &
PR TS e o s B R R AR, R DG R 8 38 ¥
Do BAREYC TR PR AR Y ThO, JE
BRI e B E A IR B R | S B TR i EE
A4, TR U4 & & 0 DIRE, N H T M2 i
T4 A H AT E BB NS 1R R ER RBARE FE R
VEFRRRIE 2% DL FTE G2 A U2 P A s, Bt b
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T4 BE 2020 FeBkSEEETAR R N HE

Table 4 Thorium fission fuel reactors in the world until 2020

i ER Tt H 44 5% 7 HEZE A HLRE JEFTI ]
1 ESH Indian Point ROKITE RN HE , K RNHE 7.5 MWe 1962—19804F
2 K Shippingport ROKITH R RIHE . TR K RUBHE 100 MWe 1977—19824F
3 FH Elk River 7K SR Hi: 24 MWe 1963—19684F
4 TIE Lingen Y N 60 MWe 1973445
5 e KAPSI, 2; KGS1, 2; RAPS2. 3. 4 JinHE T K Ry 20MWe  ARHA—HTEBAT
6 FH Peach Bottom TR S BN 40 MWe 1966—19724F
7 ESE Fort St Vrain TS BN HE 330 MWe 1976—1989%4F
8 fHL ] AVR TRV BN HE 15 MWe 1967—19884F
9 = THTR-300 R e B 300 MWe 1985—19894F
10 FEE. E IR I Dragon PRI VS SN 20 MWt 1966—19734F
11 ESH MSRE ORNL SR TGRSy 7.5 MWt 1964—19694F:
12 E[EE FBTR TR A Ja Herh - S 40MWt 19854 F— M fEiE T
13 fiif 2% SUSPOP/KSTR KEMA TR R N HE 1 MWt 1974—19774F
14 JIE=YN NRU&NRX ARSI 50 M NA B
15 ENEE KAMINI ARSI 50 S oy M 30 kWt 19964F— M FEiEfT
16 21); 5 CIRUS IARLSE 6 SN i 40 MWt 1960—20104F
17 R DHRUVA ARSI 50 M 100 MWt 1985%F—7EE1T
18 el BNS00 b5 e 820 MWe  20164F— 4 TEIZTT

T far 22 B Traffic et al. (1962 ); &2 Hi%dEIEWorld Nuclear Association(2021); HAfth#EHEVan Gosen et al.(2016) FiMartin(2012); NAFR
T

L R R TR E AR E]

S = N W A~ N
— T T T
7
— N W Bk N3 X
— T T T

[ 7 [ [

0
TIE P G sk EE EE SEESIUE AERER R RO 1960 1970 1980 1990 2000 2010 2020 4F

[kl st fromiie [T mnif v om0 2 1 7 = 7 I 7 4 S e SR HE [ e R M
B Wh K R B HE (D o s e e (SRS BE . 17KV IS B2 7K 35 5 oo I I M

B 6 45 EER A RN HEZA (a, b) B 1960 4F- LIRS sl 342 518 HE 3 H AR 1K (c)

Fig. 6 Types of thorium based nuclear reactors in different countries (a, b) and the initiating of

thorium based nuclear reactor projects since 1960 (c)

T ECREACA R (ULS. Geological Survey, 2017, 3.4 HEFAFAEEESRFAHEM
2018,2019,2020,2021) . P, BEAREL7EERE IR 4T rhEEE SRR BRI R E N TSN, A
B R PR R S A R T AR, R PTREAR TREAIR,  AHRAL 11, {EL [ PR W UROR IR, A7 7E e TR 9%
EE 25 B A IR AT R AL, AL AR RETRATRAY  FIRAE ISR I (7 75 225, 2011) 6

TR S AW K A 5T IR A O R R T, v A U T I
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34N S R )& D F MR IT Rt £ B I
TAE, 2 E > 2R 50508 B, AT i 53 BE R &
AP 2 3 Ao A I B P AR T B SR i B s @
R IR ZE A KR T, EA K44 5 IR b
W B AR, AR 2 2B OBLZ AR
B S, BEWFR T —2e e T2, Ak FE %
AELRIE T, RAeA R R, BN, Rdm s
JEAIHROR, hE T AR R — IR E A0, (Bl
A AR R R SN, R E AN T A R i
P )T e BN RS K AU R, AR H
HIELJF A T CaO-NaCl B 58/ S5 R it 2 A i T
20, BEMS S BN JE A B A A IOR SR (B AIE R, (HH
T H R A A P A VA X T R A
PETC R I, AU FPOHE RO, 1 A s 5% 5 7R 2
F4) ) st ks YT ] ] B 5 1 214 b Je 8 A fkt B s AN
FlsZm (R K AE, 2015) o BREDE B & A7 LAR,
FE A AT KRR P AR A R, s SR e 4 e
I8 (ThO,) fifi it AT g & tH A58 — (29 22x10% ) (40
%, 2005), HIEH 1MV RH “ 590G —iE k" Ik &
(SRR AR + 0 T 25 TR, ARG ik 8 1 4 [l
WK, (HET IR 258 B 29 10.5% B FbR 5 Fl
2.74% By AT CRBIR 45, 2017), F34% Th 76N B K&
AMITE T T B FEE Pk .

AR PN 5 T8, B EORS A AR R AT A
Bk A Tl AR & i gL, HREE e ) A 0EA
B ()5 80%) . JEi# (13.5%) . BRI (25 4.5%) il
F T (L0 2%) H (FEEE L AR, 2007) o XERAr A
BRI AL G R AR B HAR S AT
PR . (A HRR A R E = A A%
) B DA T35 35 B A YR 2 O o IV A 1) PR S
A S T A E B SR e IC 4k Rk
FIF o RO, s MUY B SRR S T 54
A, LA SR R AL B G UR, 33X AN AT 3 2 [ P Ah il
Yyia R, W R S R L R R A R S g
1.
FEAL R R, BLAR AR A V5 408 A% LA el G
il o Ge i EEAS J0, (EAE TP AR SR A R R TR )
o, RORAR AR T B R S R N i, 7
IR AL IE 1T IS, AN RET B B R,
W REA SR LA BEVR, 1/D o, HEL, Bh
Hh R I AN R A B AR R

R, BRI -2 05 - A SR BE A B, P 4

GEURIT S 1) P o 0 R SR, 535 B O IR SUIE, i
BEBTIRZR G ARG, e ISR A T2, K b R
KT R AT R s B B IR AR R O 5, DLSE R
14 BT DR B B RE RO A w8 8 A, X ANUHRAT
R AN T30, IR R SRR ELR, M TR .

4 5%

(DIEFIR-Z TR G, EEoRA T
W R E AT A R EFNA R, O£l &Iz,
(LR e AR RE DR AT P A W AN B B, R
B RE 2 2 TAZ A REIR AU . L IFR AL
FHAR 206 85 22 G b BCHET, AR L2 B A SRk i
T8 I HECE N 5 R E

) NFRERE, £REFIRFEE, B4
P, R E D, EEOEENRE | LY, G )
KA, P EASEE R B BT, HL
BRI BRI A RN 3, B ARy, wbe B e 5%
AP E A Z

(3) [ R o TR AN P o TR B 7 PR A
R, B H AT XHZIT PR A S A 5 0 R A
SET o MEME PR = ML | REIRZE 42 R R TH 2
SRAPERTE, BT TR AR s A i B | i Y
IR P o R A PR A R0 e AR, 3 ok B IR K
o AE PR B A T & J7 T, 5 05 5 B Ah
BB BT IR E 2 1) A B DR A S A, 51 E AL T
Jr I Bk B A1

(4) [ S pE 7 BRI A ) T 1 57 At ]
HK, TEGTIRTF R B B 1) T A N ik 1R e B A 1
H RV A, (%R B IR o A A S
AIHL, WAEAE ™ 0 TR BER i A £ A2 1
A A AR R IR AL, BRI AR BRI 9%, ikl [H 5K
TEBUR AN B b 9 38, SO L GRS A AL BE
TR I, s 255 M AR 2 CHIET, $E0
BEGTIRA AR, A B A A BEAZ B HOR, i BE
TPV BRHERL, AT 4

(5) Bt BB AR PR 7= B UL, R S e o
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