%521 BRI 55 A No.2

2022 4E 4 A

Conservation and Utilization of Mineral Resources

Apr. 2022

HEFT ZFEAFHRER
A IRED B k!

1o BRI TR IR TR, -/ B 6500935

2. BRI TR A8 WS B 2 (0 6 Jm YEUR Vs A T A R %, 0 M) 650093

FESHES:TDI23 *.1;TDI54 X#ktRiIREE:A XEHHS:1001 -0076(2022)02 -0014 - 11

DOI:10. 13779/j. enki. issn1001 -0076.2022. 02. 003

WE B RS B S E IO YR 28 S BT SRS B 0 S R AR R R
W, AR & 5 KA 0T YRR . SCER AT 1 VAT R e B ME AT, TR 24 R D DDA R A 4T R SRR W) A
FURIT R BUAR A LB 2550 205 RS PRBLHT , Z0WF O 14 2250 L5 5 AL, BB T RSk LS B I i 25 R i A g, B

TESTBL RSB RS AT RE T 4 AR A D IR BT 3
KB A TR GRS

CI—

BE—-MEEMEZ LGS SR, B TEES
R R R T S A, R IR T
BT3B AR AED A ALK ZE T WU AR
WL AL T4 Tl 458k LA B AR, D e RR 2 A
ST Y, RESTRET R, AR R
B PO 2 8 SR A B WO, A L AT
W5, FU W AL PR T B R B | TR 8, B AT
EL s U YR 10 T A R S R R 1 O R X
G270 HRER 2 R, R R IR I R ke ik
K, G e ) A TLP T SRFA L, S 4 E J 0 4 BT
KA IO TE S BE . T [ 06 R G 4 6
70. 4% AEICHRAY 9 48 A0 2R 6 A 0, JB T M 1 4
e,
WHEIKA T P RERRFE, B85S0 5 A — 55k E
W - BRI A B LR S - KA
B, T A - RERR R RO RS A S,
T SREFREL T W TR AT M AR R 2T, R
o LA 1 i 75 2 At S ) K S 400 o 790 4L O
REAS U B A TR BT bR o (HJE A0 5 S A ik £
) 1 5 TR 355 P B A AR L EL 2 T 2 R A M L A4, A5
RS E 5 54 KB A S B RS I S T 3R
A 5 S KO W A R B R T ARk vk

%5 B #9:2022 - 03 -22

W R ZNTAWHITEIRR , TR 255 DI A AR, il
RN T LA O B B A T B, A O 4R
ZHWIT BRI

1 BET GRS

5 HEE(CaWo, ) el A i1 &850 4) 3= 255 J7 i
11(CaCO,) FH A7 (CaF,) 55, & 550 W) ) 1 fifk 1k 45
U IR AET AR ZR i B A B2 ), AR 5 4 A
BT ZRIMERXRE R, R8T A8y 5 &5 ka
Sy ESRIME. A A TR S T W A AT T YDA
KT Y SRS R 1 T W A Ak 2RV DL
P2 T AR I S e 1 22 S

TR PR AR WO, T CO7 T AL
W3 10 A W R, B T 7 AR A2 SO, S B0 ) 2 T
o R A E AL, NI E A8 1 2 1 ) M o & A AR 4k
JUFR & 850 Y0 AL T 5 i B 25 3R B0 e AL Y 3R
T AL S PR R ] P . O HGJLR T P4k T W) —
R, S 2 EAET AR R iy P a)AH B4k, 8
X VAT AR A B A T S AT
e s R (1) L (2) R

CaF, (s) + WO, =CaWO0, (s) +2F" (1)
CaCO,(s) + WO;  =CaWO,(s) +CO3" (2)

FLES ™ A R A B AT 2377 . Ca ™ L

B B 7 o 85 B 1 5 I B 4l WOR A B R 1 245 5 fiE

i X
=

T

TEE B AN (1999 =), B, ZHLI A B-EBFFE A DRG0 19 0BRSS5 T2, E - mail  jealousy0722@ 163. com,
SEREAEE (1984 — ), %o, DU VT, Wit FSCEE, S TR IIE 55 T 2 7 TS S HFIE TAE , E - mail :shyingesu@ 163, com,



H2H

ZR/NHE A R 24 50 S ot <15

I3, IFHE IUHE AR o Ve HABL B B 7t 2
5[5 F M A A AR B AE T P 2 T AR S R 5
W T e
VA=A I Ca 5 K RN A A AU S T TE R
AR T R HA B B Tl 2 5K R AR OB, e ANk
R AR 557K Sy A R — AR A B AL SR . SRR AL
TR B3 pH IR
Ca’* +2H,0<Ca(OH), +2H" (3)
CO;” +H,0&C0, +20H" (4)
M iAE G FoRAE , T Y R T T A
e R, XL E RS 5T & TS ON B 1k
A R 5 A A £ i A T b pl T A — A S
S LA BTN B B Sl R AR AE T AR AS
TR, E PR S O g A e T B 5 AR Y R T
07 P TR R A e, B DA VR R M
AT A J7 A B0 s A P AR Y GBS T 2 0 5 B
SR R MCVE ) BEL RS R AR 2 % 40 4 2% T 1) Wit
B, L2 A B TR i T A AT A, 2K R Bk
1, BT LB AT TP PE AR AR 30 B ) 2 1 55 B
YT I R T 9602 -, 0T AT R B0 0 3 A1 UL g
A BT P i R
FI RS 55 07 A i A e DAPE 36 2 g ) Dt PR 32
FHEE T (1) XL YA W] — i SR AR R by 2 i
SRR E AL DR I B T ) 2 T A ) ) D 4
JE AT B VS S S KA Y R TR
(2) AR TH IV Ak 1 B 23 X I P 055 36 ol — 5 1Y
SR AL BUE T I pH H, IX S8 B T RIS 5 2551
KA B, S HF . (3) 57 W3R WA A A W)
PRI M BT L b AR S R AR AR, BRfel & AT A v 1B AT S AR
L, MELLAT B o AHIX B h™ 1) i DL 2% 8 1 b 5 A6 v AR Y
5 IO A R B A ) R RN ) A5 F AN ] 28] 5 X
Ly (00 S5 S P I W R T s 2 A [, G2 4
AT 64 ) 88 1 BRI AEAE 22 57, B A TV T /K B M o 7
JEATA) i 2K LSS AN TR], 33 T X S )k
T PP AR TR B A 25 5 o I AR ik AT Y A [
NF IR 2 ) B M R A T B SR AR, B K IE ]
BRI 25 S IT R OE O AR, Bt T 2R Rl 2y

[12]
1Ll

2

AR AT SO R 2 A B8 1 W L BH il i
7R TS AR AR A Al A G B A
I A f ) 2 AR o B — SR e P RE R 22
AT R AR WSO 14 B B AT BE A7, 5 H P o
AR LA _E RGN AT AL A R

2.1 HEFHEYH
F A0 9 BH B 4 W) 2 B A I D R 6 A R

J& TR 28 AN 2 A SR A O, H b g 7 R 2 0 ] I
r—[13714]o

2.1.1 BEPAEREH WA

6 F R KA S 0] B A 325 40 106 B ELX 19 59 4 i B
JIRAER L A TR S R B PR R
T, 24 b T 300 B P BRI B 7 R LB TR
T, B T BRAR 555 1) 2 THT (945 IR 25 45 &5 26 UG I R 45
BRI RS LTS KA Ly ST WL
B 7 B A A T R A 731 (AL B 5 ) FT L) ZLL
TA g 22 B RO i 7 R S Al e 3 452

TERE (NaOL) 1 2 1185 5 07 3% vp Ji o 1 il
F) 378 3 T TR R R, 94 T i £ )
I AR A 30 2K 2% 1165 0 ) PR 58 08 4R 20 11 5 0 ) 32
WKL BE RS, IR, ZTAMIGI B 4% S 26, il
FRANTE 1155 F2 T %% AR AL I, HOR IR 5 T
F1R 2 T 14 P B S AR R T 4 R R R
TR 9 7 B B 5 e R AL 2% B 45
U TR 2HS AT AR Y, T o Al M) e
WCRE T o BFSE % BLIM R AN 5 R (R S 107 R S 4 5 (8
JHAT LATE — 7 FL 3 b 06 5 1 b kg 2% 19 8% 3 T i /K
P, VEPHFEE R M ER Gh 5 A R SR A 1 ik
FUE Ve 0™ 7 41 R AT, 25 3R W], A 0 i ]
VENE S L 7 47 R AT 5, 76 pH S fF N 8.3
WO, [l H 89. 5% , 414 {3 IS 7 R 40 057 HL
B el P S M7 8 A 7 4R 8 T SRR O B IR
LA T 25700 FiT it , IR AIR 2 7 AR, 2 — 3 2 5 1Y
T S .

731 AT ) R A R R B P A
Flz—, e EAE N 5 Tk AR e RE
BRI R AR R T R R ik
SRR E RS P R, 1 731 45 A U
WIRTE LB T WO, il 63.93% | 1] I % K
89. 6% 1 FTENE 0, A OB S0 T A H 1 ik, 731
XS A 0 A R D AR (TR PR R 2, T A
xR 731 5 B A0 1 P R R4 A B T
AN T 58 | VS 25 A R, A A T B ek
SERRIERRI A . 731 R AR TE B RS T PR 25 25 7
F— o [ e s, DGV A 2 BTS2 10 3 U R
K AEAR PR T, 731 1607 3 th A REAR I o 0 ik, &
BT 2R, T LR R P T TS AR
Bt — [, PE AL BE S B BF & T 731 4l i
IR FLAL B MR FLALIY 731 B, (4™ (RS
WO, fhih 16% , A Ky 86. 59% ; T 75 fi i
9 10°C IR IFLAL IS (9 731, AL 731 F I8V, 1145
B HLRE B 5L 37 34 20. 03% | Al R A5 A5 fk . 731 3L
e G e T AR IR EREE T Ik > HORLRE , [R5 2 vk i
TR RAF R PR L E S R AR 4 ZE 1



<16 - BRI S H A

2022 4

WU 257 SR TR A iR 4804k 40 B 1 (OPS) 5 3
H R A LEE(OP - 10) J T A 890 5 07 iR 17 19 4%
B, PRI 4 R, Bl ] OPS 4 50 mg/L
i, WO, [EICRAL N 57.59% ; 7E{# A OPS 5 OP - 10
TRA G B, S 30 mg/L B AT SE8E WO, (1]
W 94.75% ., F2 i 1K 1 M A1 XPS 43 47 25 5 32 1,
OP - 10 [k T OPS (14 lf 5 e o e J& , 35tk 7 HL o o
5 OP — 10 FEL5@ 1 55 OPS 7 1 #3587 3 i i ok &
PRV RIVE T, 0T LATA 38 45 4 05700 ) 05 B L 2 Ay %
B, HETTSESR T 8B 26 1R A0 B A PE A AT PR . X
TR AR S L9 ik B R REAG , T L& T
pH 2504, BA T Rl (4 157 AT 5%

KT NG R B E 2 AED S PR A B 2
23 R R S B BER T AT BN M e P R
VLRI LA ok 32 g 107 R 7 A B s A PR R L B 1k
A e ] SR o G L 0o B I 4 B U R R
PRCPERR IR Y 2 o T AR Sl — B 0 P G 7 R S A
e 245 390 76 1K B v DA R A 7 AT R, A
MR EA ZLTA 270 N A B AT ol £
ZL R — R KRR IR R IR & W, F G
P FEVEAR TCHIS R PERERAE A RUEURL 5 15 HL
WrReE S A, e — R ki ). ZL iR Al 2
W BT 1A 7 A S T, ) B BT A 2,
AR R BRAS L b ZL Al 3 A 7 S M A e, J1 AT
ARG R8> ZL AR 385 71 7 A0 (GRTICRE 70 bk
H 245 ] ZL AUGR] 5 731 SR e T 10 ik,
TRIGY LW, ZL A0 E A 731 A AR K A
FESRE D™ WO, A R [ECR 7 I 3R 25 3. 87 7 43 5, 11
8.93 T4y RS R T R A IR TA 5
TR 731 FEAT X HEAR B, 5 BEAE RS 0 5 50 A 24 1 195
OUF , VRS B SR 5E & T 8. 41 | L 25N H
BT /3 RBLH T R TA B R A A
ZLTA (8945 18 R A SR g P N 0 R A 1y O 2 4t 17
FEBR IR S0 26 2 AR AT B I g D R 2 R R
R IR S

BT RR S ) 5 A R B RE AT, 3 T A
NG AR N7/ T JTHERES €S S sl
TV 12 BIRLF R G I BRI G e 1 25, 76
BT A RN AR A B Ve T TR R I R
S P01 40 700 B T 5 At A o ) £ L 4 38 X 1
BB T LA G 007 5 21 47 M50 A T 4k ARG o 37
VRS0, AR E PR 2% R TR AR 2% .

2.1.2 TERREHULH

HOOL Y T I 2K A R A T e i R R B
(SDBS) Al + — bg HEBR R 4 (SDS) o it 9 28 4iff WAL 119
PEFAPLE R R AR 5 3 B0 T 19 <6 s 415 2 11 TR
JSCHE VA IO E W W R E B R b T R R

BKPE T TR R A M) 15 M T IR 2 A iR
FY 4 A S5 AL ) L E M i, B R 2 A ) — e AL %
B} i 2 A R G

F A R R I T YRS T
ST R BB A3 1 P IH AR U RE 7 00 T B0 8 P e 7R
Sl b AR R A, I LK M R AR T O R A
XS TIERE R . b TR R A A 3
ke T IR A ) 3 O A A R T Ik R A
W BE 3 A 483 B 14 BRI S R 4 5 SDBS A7 7
FIEAEF, AR T CMC {5, 53 2 414 25500 T 3 Ak 7
P EERA

GAO 2503 i 4% MES (fIg 5 B2 WP g i R ) 5
733 (AL I R ) TR A LA B 733 ISR 1 e R
RG], 2 733 5 MES B R L A 4 1 1, IR A
Wt R TE BB 5 i A TR A B 1 T B A e
Bk, A5 3] WO, Sk 65.76% A% Hy 66. 04%
RS E

BEFRZEACR] B A 3478 T Ca™ il Mg™™ o Hi7E 1
B THT )R R S AR R, e — TR Al /K e MR 11
SR , 38 3 15 7 R S A MR A P, T LA A 24
FR P A A0 P AR, ELA AR DR B b 7 i

2.1.3 BABRIEH WA

IR IR — B T B0 58 A M E kT,
AE BT 30E 31) 1od 7 o S R T BRI A5 T o IR AR
RE-5 1 2 THT H) <62 JA 0 A BBV £, B /K B X R
MR S 7 00 25 T BT 28 BT ACCR,

Rl e 45 R R A BT TP 2R 50 4 A (S 7
BEREIBRIR ) W e SO AR RS S S A,
RAIREE K> 9 LP -6 (R = CH,, ) \LP -8(R =
CiH,;;) \LP - 10(R = C, Hy ) o LP ZFI SR X # 41
WA R A RE 7, BEE pH A9 O3S 2 X 1 4
W7 A —E W CRE ), (ER A AR A S A A Wi R
Jy, e LP - 8 R B BAF gk FE . L AL B R
1, LP - 8 FE8{ 1 20 R A T A= Mt 7 3 0 K i
AT — 5 W BRI, X A 18 A A I BTV E T

PR IR SRR PR A AR i R R B T LBy
BEFENE R, R O 25t A Km0k L —
AN Tlb S e 25, i ELAH UL RE 0 AN B I 1 286 4l e
FA JT LA R [ i 5 R IS ART AL BB o

2.1.4 BEEHKEN

BEARAION E2ZA CY CRI5R MG IR ) &
5 \CF (LAY ZE A RZ MG 2828 ) R B4, — i 5 g 07 R %
HOR ISR A AL, al LS AE A0 FI% A A TR A8
MFEER o TR ORI R B i P2 e vh R B R
Uy A PR (B S SRR TR

GY ZFIH MR th ) N A (05 Jm wF 5 Be B 2 0F



H2H

ZR/NHE A R 24 50 S ot - 17

W Z BN, BEZ & B GY Ry T2, R
O 7K 3 3 5 K BB TR A VR S I R A R B A s
EFIFN GY ZEA R, LSBT % 2 88 (19 1R
AUV, T ELACH ML 2R AR s T ks . A
FHNRHERRIGIR S A £EH Ca® &4 0,0
RUBEGTE W LT A EE AW, [a) B LA AR 1 3 2 DA &
TR X8 B S 1) 4% TR B2 b X R T -
T B P, 4500 T HE R R R B I e £ A
BRI AE ORI R Y L CY BRI T BHLKG
WS e D B TR T A T
(TR E FAR T RERE A A 77 BAS . GY ZR il i3 )
RIBEBEZ T =AW B (1) KRR + Z /KM
A S WO, 0.62% 55 ) & R T 50% 1y
By, 78 pH =7.5 ~8.5 G AL FIAEER AT 3 il 551 7K 3
B+ GRBRER FUCRIPE G R + Z R & R
—HL+ =8+ SHEE TSR, WS WO, &
9 26.04% [a|ie2R N 82. 36% [ L7 L (2)
SRHEITER + 731 44 MR R IGIRS 731 WA
A REAT 50t [l i SR A 0 RN A5 0, 2 i 25 A Il
BB ER R + R ITRRA S, S R A
GYB 5 ZL & 25 AL PR WO, 0. 81% W84 1, il
T R IEUHL 3 T AR A5 A WO, 30. 07% | 8] i K
88.79% HIMLKE D™ , T 24 TGS YEF A5 10 1A 0K
% WO, 68.24% [A[Yit % Hy 60.02% ' R A SeiEHi
+ F LG + A IEDRS B Y S VR e S I
FHAUSCR) FW 731 Gl R 44 A1 GYR E47 X b, 45 IR 3%
B HUGR  GYR B A5 9 F RS A7 9 38 A AR G B
mwe,

CF Z AW B 0 16 Bk 4 42 A BR A w) £ Xt
BEEIR A TRV R M A G . TSR R
BT 25 T 6T L T 1 [T, CF 28 3 4 IR ] A
AR pH X T LM B ABMIRATEE. H IR
U A TR BT HEAT T CF R SRR B % B i
55, 25 5L, CF J AR Bb & 0 100 9ol WA 7] 328 486 1 4y H.
TR TL , 55 24 st A 77 2] 57 PR PR B 0 A L, 6 7 37 W%
A, ECR B R T L EH

GAO %' L HXMA - 8 (S£ILF 512 ) S5 meh e
SR AU, 7S U B TR MV A o1 7] o3 2 VS RN
fitefa IR IREE R R, A AmBE R A TE 7 A b i e Bk
W B, 2 DR A i Ay 9 1T %) 65 195 P R B R L S T
KA ER S G, 1 T H,PO, " /HPO,” 5 0 Ff ; 1iif
HXMA -8 rf1fj - CONHOH J: [ s 5 WO,>" % ik
PR W2 BRT 5 e 122 b D) 308 2ok e 2 I B A (] B 348 53 1 7 A
BRI BRI, o 3 3K oI 24 7 2, 7 O W TR A
BRI T HXMA - 8 £E 75 fif 41 iV AT, o T
IR T IR 22 SR, BEIE A RO B T, X
P2 & 25 L3 AE T U0A% 8 B, 2 A0 3 5 07 ff 1
AR VAT T TR AR T T o

B IO RENS 5 2 S o E 37 S T B
FE G W #E AT 7 A0 25 5 A KA AT AR G Y e
P, 68 585 & A5 Ik RE A Rt 1 B, HLX AL
(58 B P B A fE P, AT DA 2R
B [N I L2 B8 AT AR B A A o 0, — Ml
i 2 HABA G B

2.2 BT

S 1) 35 18T HE 075 A 6 k4 T A L O
A, JIF LA BH 125 TS0 1 1 B AR R e ™ L 7 ik
PR T 14 5 P S R — B P 2 ) o L
A T e e AR S O 7 VR
FLE I — i 5 (A R 4R B R AR AR,
TE AL 2

FE VA T A AL 1R L L
W DA A 5 e e T 9 2 40 14 1 AL g AR 5
F50 W1 B B T % AR A 2 AR R kv iE
DDA (-t ) J&— i UL 1 BH s T4 ), 4 (148 9
FUAT — 5 W4 B RE R, (ELJ2 et 11 5 0 94 i o 0
XA . FEZE AN A T e SRR O R
F 9 R A TR 5 S TR RN T e U RE 1 2 M BB L ik 3
ZERFEH], DDA 5 NaOL it bl 2 ¢ 1 B, 0 (145"
(T RE 5, AR T P, T LR i T 1
BB ERICRE S

Yang ™~ 75 F1ES B (9 RS 28 P A T 2 e
SCH DDAC (L -f 56— B G b A ) 40 85 11 4 5
JrfRA R R, ZE O A S B S
SR I R AT RE F1 3, WO, FAR e T 145
3 a5, T A S AT, AR SO I B 1 8%
B 14 T PR 22— S R e RO 1 B G 3 T K I T
TR 4P , 101 V7 5 900 T ot 2 T RN

Ni 25104 j T — o B 1R HDDA (1E T % -
1,6 — — b g UL o 1R S TR
F9 960 T T B IR 50 o, K % 25 590 S AN BE 7E B8 FE 1 pH
JERN (6 ~ 11) ff F, Tl EL o 11 48 0 (1 [ i 2% K F
91% (F AL N 95% ) , %ot Ji il 41 [l g /N T 40% ( %
MBS 14% ) o TES5 IR B0 XT LR B, pH 444 K
T (1R RS WO, & 17 85 3k 65% , B A8 F il iR
41t 40% , HDDA £ 1455 507 i £ 1 7R 1 43 B h 35
P T AR A pH 3 M | AR O 0 s e R X
2250145 10 e M R USGR) (35F R R AL T 37 1
HEWs AL 1RSI TR SRR TR R

B 5 TSR] SR TE R B0 P 2 30 X 3 ik A B
U R P FJE X BRI E R 1 Ve B8 M 0 22, T L
A5 VA R AR A8 L R ZE Tl 2 7 e iy b

2.3 PR

PIPERISORN 32 B2 5 2 S BR 2R 2550, TN Oy HERE A



<18 BRI S H A

2022 4

B 7B REF DCH B S B RE A A w2 T
WFAE RAERE: (1) A7 K4 5 7K ¥ 1 A0 470 I ot 4 5
(2) Z2 80P PG AN 52 B8 7K T 7K 85 i) 352 ) 4
/N5 (3) RESTEA 1) 22 7 A A v WO R AR A 2 R ]
AT 00 4 I S T R AR RSB R R

BRI RN B - 3 S 5 2 S
PR A1 T MACRE 750, X A AT UACRE T 50583 , 2k
il pH<4 WA ] REH B — 3 Bk £ 5L IR 40 10
A RT3 10 B — ko B B R (LN10 - 2) 1 B — Jik
Hbg W R (LN — 1) P of B 28 A WA 3
A OB A —E RHTIRCICR B - S e
TR X A1 A B O A ACRE T, FERR T pH YL Y, AN
it AN R AT AT RE 2> B H A 5 VAR5 i E Pk pH
I FE N, T T 500 A AT RE 20 S O A BT 2T
P PR WSCRTE  BSAS o ,  BROME BE K, 5 A SR A i i
FXTED

PPEARTGR BAT R 45 B e B PE A 2% pH {15 N7
P, B2 R B SCAS [ L H AR R 155 B 1 52 38 2 F 5 By
B, A i Tz R 2550 B 0™ ) B R4 i e e
T ) AR e 0, AR LA )™ ol 4 1 FH I 5%

2.4 FERRMER WO

PR AR AR 2 A S el I A M DR A R
2 FRAL KA P AR P B K P B 3 T 4 R [
&I VAN NOE 58k e D NGRS <M« STIE 3 <)
SCHb 2L 568 FERR A F ) 0 A A B ), A AL
FEAF S HEWTARCA (0280 , 1 RS R AR 245 70 i 66 L ke
HEIFREIEAR

) A NP o 0 B A ) ok A R 4
1B BV 26 P04 1o P e AR R, 2 B T
FT R AT I 58 A (ST BRI 44 Wi 561
F 5 2 R0, ke TR R R Bl T ELAS ]
e S KA T 9 PR B A 2 BB o AR h TR
BN MM, 90 T2 AR T IR
B2 AR

3 BN

VA oAt 35 55 K £ 4 080 5 A A ) 1) 2 T TG
PEEG B, X BT AR T AR AR AL, Al
MELUE VPR U . Dy e, 38 A i A 9 8 5 R ek s
EATH AN, R B TS S koA RO E I H
o B ICE B pH P8 HE R A0 i 50 A0 AR =4
A BEARA G LR P R A TR RE R

3.1 pHiFEHR

TE AT 32— R A HOK A T B 5 —
4 NaCO; ,NaCO; AT A2 pH ] B 551, o al 4524 7
HIP RG], [R5 AT UTCREAT 3 b 0 3 18 7 A A R

i) 1) 4 I B 1, O HL5 VS0 & AR A NS AT T
L N TR Y A S R E A R B = Y % (|
Na,CO, A% pH J8 % 9 ~10.5; 4 pH iR 357E 11
B s 20 SR AR AN R B ER AR, B Lk A S
S BEA TR Y A e A, X T AT i
R R R 2 W RER A AR, I Z TR
SEALA 6T pH R B0 R o g O P
FRANAE N pH I8 % 590 R 77 16 e O AR AL O 5 5, iR
5 F Y, Bt B PR 0 P o O 88 0, S RS B 6 38 ¥ 34
iRl R 32 5 R ARG, AR 31 2 000 g/t B R0SR e 1
JERIBEPE 4 e R RO R B R s R
B, Y4 PR ERENE N pH JA%E57] \pH (i 8 ~ 11 B Fl
FEAH 5 7 g A 5 B i 4 & A A E 8 pH A
AN pH=11 A F HET 5584105

3.2 Ml

TR 3 BRI 1 P R AT R i 5 B KA
Yy, T2 i 2 B FE A o 5 DL 14 13 485 400 i 550 T 1L 23
SR T i 35 R AL 550

FEALAM 5

E B KA L JCATL R A R R R 2 A
PRERZS . 7K B B8 X0 5 45 ik A 0 400 A AR A 1 o 8 00 ol
P LR T R N )z R ER R
0 L R —RAA N, K RS A A A P 2 R S K
¥) HSi0,* [H,Si0, ~ Fil/K Bk 385 L W% Bt #6749y 2 1 i
B R H ™, A Hofl 2 2Ny, 75 AK
YRS % 5 A R A i A B 4 o0 & oK I W R Y Si
(OH), , M XF & A7 . (VS & 4 6 /E H B9 2222 Si
(OH), ~ "= plesas A il i Zeta H A7 K I F1 XPS
RETE AT &5 UERH T REFRANE LIS R nl RE & 4= T
VBRI, 7R S A A A R 1 R AE T SR E A ke
W2 B, JE TV IE T FeE IR 0 B 408 35k 135 Pk 990 ) 2 A 7
AL RB A 55 A T A B R RUR . KB
REER K 38 38 0 TR EE S8, V0T T 3k v R oK 38
SRR —RAE 1.5 ~3.5 2 [, LA /ey
TR a5 K B 3 A S 4l ), el AR K 3%
T B BB L, i T K BB ARk 2.5 B[]
ORI B 7, BERH RS 7 1 WO, dh R 4.31% , [
KRR T73.70% .

Wl 4 R4 S B T K KA, A E VNI
PR o= T W 11 I 51 B = N S S 7 o OB =
ZHAO %" @A AP & A3 5] Al - Na,SiO, B4
W, R IABEE T Y Na,SiO, , % 7 it A YE B PE 11
SR, Zeta HLALMHR & B Na,SiO, 1 Al - Na,SiO,
Byl o R ey, M DA 3 e R A O B A A O H T
W3R8, JUHJE Al - Na,Si0, . X ot F g% o
FHI, Al - Na,Si0, 16 [ 4% 5 3 1 1 W% Bt &/ T

3.2.1



H2H

ZR/NHE A R 24 50 S ot <19

Na, SiO; [ 1, 76 7 fife A1 2% T8 A W R 2 D0 A s, 3%
PR T Rt . A &R B R T 1S PR
O3 T B HEATECAL, Sy AR Sk Y 2R TS PR A T 4R
Hrz%,

WRERRER AN 70 i) ZACTRIE /S Im B ER 4, 7 1
B FRAN L B A Na, PO 55504 koA 7 4 4 T ) 45
B FIE AT S S T LI E T . (R 5 R
B AR IR O X UL R N AR R 4 A P dE AR 4
TR B AR A KA 0T Y AR I, WA BT R, AR
TR P e o ) R 25 5 DR AR . T A N RIS ALY
FHA 251 T 75 IR B R 40 6 1 59 0™ 9 AT PR PRS2 i )N
{HAERTRN ) pH (B 254 T 7S I B R % 1 425 9 /) 1T 77
PERZ A ., pH > 11 J5 0] DU 0 7= AR ], i 56
S5RAEWT Y pH =10 B, 73 25 (4507 R H At &5 55 57 1)
FOREAE o F A RIS N R
XT RS AT A A0 A I BE A 2% pH (B Y 358 KT ek 55, TA
RHAEJE RS A B AR RA AL ST
M pH =11 B} 75 IR FR AN 1A 0 JEAAS R I VE
B pH{E4kZ: E T, pH > 11 J5 J5 fif 47 3R 18 19 55 25 1
PR BRI VE R fEAT B B PR BT
HET SR AL T 75 R B R A0 S0 A il Ve F .

PR ] — T 0 o R0 B A o 8RS 5 B
R W P BR RSN 5 K B B AL A 25 . BRa kT &t
P TR 35 5 Ve AR VRS B B 731 T AR
TR B i, 30 3 TR N AR 7K B 3 A o o ) 5 A A 3
XA A AR e AR U R B LT, R
W2 R 46. 5% $i 55 #) 76. 53% , K5 0 5 A R
38. 1% 2755 68.61% . Jung 25" KB 7E S0
i A IR A ()0 HP 8 P R Ik ( SF2) Ak R A 41
B A R0 L o fe A A R I RO AT, g
FH NaOL 1 il i), 2E /K 3 55 5 SF2 (i Lk 8 -
2 BRI A VR R FE A, 4k 22 1 i SF2 ] 4 3 80k
2053 TE BT UE 52 e 400 ) ) A 2E B FTIR 43 B 45
SF2 BH1E T NaOL 7E 5 fiff A7 Al 1 2 1 b (0 W B, $2 55
T AT IR R

3.2.2 FHMHIH

A BILA A 500 AT A AR X 3 i RN S R
LI LB N 1 B PN i 1 B K 0 A
B (CMC JEFERREN R NI IR 25 , ol 1T Ml 40 9 7
f AT AR T A A5 /N R R A A R AT R
e FLER RIS W TR A A

TCHLA K, 532 pH B9 BR, 1hi HL 7% 2% 70
7R o AL AR AN & A 5 Bt A ok
URFE Tz RBT AU AF L. CMC (R Y L 47 4k
) o F L R A LR T IR Z —,
EREW -5 A5 KA 7 A I R AT o855 0 oA SO
T B A5 KA ). WA WO, 0. 41% i)

TRALH A B a2, SR R R AN E A 1 4
F, CMC FK 3RS A 3041 550 , A R AV S 3 4k 7], ZL
1 GYB VR AL AU, 152 T WO, dh i R9.27% |
[Ny 75. 12% B9 A RDRS -7  ska 4 A7
R A B, R F R I BR B A S R 731 AE
TSGR, 76 F 2% pH 2500 T RN ER BT 3 R i
PO Sy s A A > A > FET, HETTY
[l g 25 B S 3 A R A B [T 150 B SR T M
i M 2 2 R T A A R 75

CMC M AR, BL7E R A5 1R T e Bk i 2%
R AIG ;s RN RN 5 5K h B MES 8 7 (AL (Pb™
Fe'* Mg’ %5) B VE Pk, 51 40 1 58 B A A Ut
T TG 70 i X B Bl s, BB AT & PR
A — B RIR ) ZHER AW, T Lo T-45 0 OR%E
L) , 1R FLER AR ) A A e . JTAO™ 5
I R, FE pH N T ~9 TSR, Ry ff
B B RAE T EX AT AR R AN K TE
pH 254 7.5 1, LSRR by 30441 700 L ol 2 4 A i
WK, 75 A Y Il B I 2 4. 56% , T FAS T Y ]k
FNT1.01% , Zeta N7 FTIR XPS 43 Hr4G 520, 53
JE 53 F-5% b R W] LS 5 A 2R T 45 B iR T4k
2B IR R AE 7 A R SRR ) A kR e i
B TCYEAEJT A R H HE— 25 TR B, DT BEAIS T 7 A
BT IEE  SEER T PR W A A 4 o

SH A GG IR E TR (CA) TSR A (R
FLRFRIE ) B i /b 8 VB 5 05 0 A 1R 43 15 R o LA
X7 AT A EHW A . DONG 2517 38 5 4k 25 T i
3 CA XF 5 fiff A (R 30 V8 FH ANk PR 1, 204063 i1
1 BB A Fe T 5 CA 75 5 it 2 1 Ak
S RO R R TR LR, R T S AT R R
RSS2 I A AT A R K R B . M A 21T, TR I T B0
AR B2 A W B 2K o 3R PP 9 TR A o8 G B
i CA, 7 fif A1 M SCRBEAIK T 3 40 1 43 0, URHH T8k
- AL A YITE T R A A i B R b 4
J& B 1 T T AL A ] S ko SRt T L

HCPE AT DA 6 koA T A e B S R BE T .
AR, X AT LA 00 B O R A S v e R4y A
BRI o SRR B 5 A5 A HLI 50 2 —
BT —RERAIY, Hrh & 1R RS ETE B
Oy T HA SR T HR IR 5K 4y T 855 T L 25 7K
HPTEK P BRI AR ™ . SRR A K
TERY YT UIME B HE EAR DL B AR F SR AL 158 T
DA TR A — P 5 T A D A9 A 0 TR 3 A ok, 1 S
IR A TIR A BT T AR . BB Tk
AV o 30 3 W o 1 A T HL v 2 K, ELYE LA
W B 3 A R A1 L BT RART T TR e i, I 3k
RIS - WA - A NIRERY WO, f
fiR 32.6% , RIS R T1. 65 % 5 ¥ TN 55 5 By Tk A (7] 11



©20- BRI S H A

2022 4

EEAMUE AR R kA T WP, S GETE T iR
7 BT b A SR B A AL W B T L R P R
Bk T AR VS — 5 A 43 B T AR B R T
PEEE - O N TR A0 R B PR WO, ik
49.2% , a1 %y 84.5% .

WA — SR A R DA BT R . BR
KRR (PASP) J&—Fh B AT FCRIE R TC 87 | T A= 4 B i
MLk a2 ), CHEN 257 4% PASP 5/ 45 ity 41 77 7k
BEIHEATA LB, R BUAE PASP JIFEAE R, 07 Ml £1 %
AT B L 1A K Y f %, 2 W1 T PASP 76 7 il £ 22 T
A R 1 W I I AT R 4 5 7 A A 14 % T L 7 A
RS i f 2 JR N A R L 1 T I R SR T T A
LT (WL AT SE 3 T 05 04T 5 RS 0 43 B

R A 43 A 77 BT (88 1 0 300 1 700 26 22 7K B 3, R
AL SR A T LSRR o A WL 200 B A o
D AEEA PR R A HOR IR R 2 B
TRFFE A, , T 4 R TG 35 TG V5 e 1 B 455 A 47 751
A HLMHIR C 2 R BRI Tz —.

3.3 EMRH

S BR A 2 RS L BTG AL 70 2 — o BiF 98 e W,
INAGEAEFR] Ph(NO, ), 2 B G 230 O i 3 114
W (1) A, NSRS RS BR B , USRI FE S ™ 2 T (Y
SR AN B[] P ) R BT (A5 AR A 8 T I AN AR S
S, VTR R A B O R T A W W R R TR,
W2 A R ACR) AE B ) 2% 1T WS A T 9 67 A, DA
o R AT ERE T o AL (SO,) , LR L A
B AR, ALl S UUIE T AT A BRI, A

BRI WGR IS , 5 ISR o0 B L T SO Vs 58, T

B 7 17 47 2 T DA A Bt A TS, 6 4 40 ke 288 B A
WG B T RR AR B RE TS AL £, 7E R e
B A RN A, — PR S R A I LA it
AR PR . OB FI A Ph(NO,) , fE R
TEIE R A PR & 57 CMC L 414 3 57 Na,Sio, + Al,
(SO,); A H GYB + GYR f 7% 1 VL 74 Bt (1 83
WL TR WO, dh Ak 61. 89% Fil [\] Ui 2K Ay
63.83% MR RIG AR AT K 2B 00N 16 1Lt 2
I FHAE R VR B R | ST TR A TR, S e
LAESU R ZP IS AL F]  GY iR X 2R | A AT
RATEGE ISR ZP 1S 1L I X2 e R
TEARAE T, 38 2 1 0 P 2 mT ARG i g fb iR, e
ZP JH& K 500 ~ 700 g/t B, 45 H0RE 0 Y (] iR ik
88% ~89% AT IX Fh Tk T LB N “ GY Ih 7Rk 2
I T2,

ERETETYHLUKEESRE THEXAFE,
W RFFE B ) 2 T (5 A5 A ) 2 T K AL )2 25 0 R A AR
b, AT SZ MR B e B o A, K 4R B Tl o
RES SHGI R AVER, B —E BL &9, 1 5% SE e

WA FIAE G MG AL TR PE BIE T B s . B 4R
B TR S T2 I, ) e P 4R
T H% Pb — BHA 4 T2 4 W AE g — Tl 250 4 i) 17
PTG A B 2 1 R 073 R o, A X IR B, & R
BT 2 RS 02 , kIR 265300 Fl R Pb - BHA 428
PC A WIAE P RSB T e v F B0 T SR R U R g LA %
PePEtE X & Pb - BHA BLA WA RO BIR 7K &
B T ALY KA 2 G54 e — B 3 T R B S R
FHWCGRAET P2 WL B 2508, 7F pH =8 By &4 T [nl
Wi 5 A JEL S IR N 25 1) 75. 2% $2 7V % 78. 28% , % L
SOAEMIATBE BT Tl AR, A 45 A [ i R e 4R
BT 8 TS, THATIRYIE) S5 A H O bR
BB T GY Bl pe— B 0 WL e— 0 &
WA B B L2, R Pb - BHA jE— 48 6 T A
rn L, RS B IR A R AT T SR A AR AR TR
£, CHEN 4™ % 3, 75 Pb - BHA 48 i &4 W 1E
AR, Ph 1 AR 52, 5 v I 85 1 4 s
T4 11 FE BHA, M T R AR 7 e 20K 3@ 4 FeCl,
BHA 418 T #5415 Fe — BHA 76 551 7% 2
Hgef T Al - BHA .Pb — BHA, Fe — BHA 7£ (438"
Y Freundlich W FfiEEIR £k 00 T Fe — BHA Z5 41
W btk O - AL

G B B TS VR 2 BT SR T B ) T RETE Ik
EIERRNEER, &8 - AL & 1E 8 —20]
DA SHE 1 155 5 1 AR A 7 0 7 IR R 25 0, R ok 6
FHCEE R FIRN 2R BT 508 2484 2 e 4 W 2550 /4 T 2% i
NHEEE R T

4 %iE

(1) Bl fe ] — o 2 32 245 70 [l AC S80S o A 8 B
R AB I AR R T 257 19 e PR, L RE Dk > 2579
A AT I AR A= 77 RSG5 a5l 1 ik R0 K Al s 37 7R
731 R PR B PR M K BT o EL AN ] 24 51
A WP RIVE HIAT B 2 53, T 60T 6 B v 2 B 42
Dr A A 2Y T il s Bt — IR AR

(2) K2 BB R 28 R B IS A WA 7 52 6 = L3
B AR fH R T3 s B R REAE A LB R BT,
BIF A 5 A )R i AT el AR R 5 P ) - A1 A 245
AR B A BN S BB R

(3) (s FH S & Al ORI I, 2 8 8 1 5 R AR & W)
TER 1 2 10 g 245500 WS R4 36 7 385 1R 02, T L 42 s 5
T SATIOR) RO A ISR <6 B A HILBC A IR TR G 8
BB 5 R K A T2 5 A P T4 A 7 A ) 2 T ) I
BEA A B e o DRI R A RBOR AR Y <6 i 8 5 Al
A S A B Tl RE 2 U AR RBIF T YA

(4) g T A 400 440 500 0358 A6 0 T e e o 17 19 %
5 S B kA B 0 ) i RO OB 0 8 R 2R 1 A A R
e B MER, 538 B 1S R B R T , A R AR



H2H

RN A RS TE e 24 7R

« 21 -

TR T = AL, SR BT
FERARAE T BB 5 10l .

(5) HRTH 2 25 5046 8 5005 Y B, T 2 U
¥ RR L ARG TCHE IO HE MR I & IR EK
i 3 AR L G 25500 1 4 F LB A N 25 RE AR 2
25 e

eI RN S

SE

(1] pEfEZ, Toat, R R . 5 U8 IR IR 43 M B I & % ems (],
wlk,2016,25(S1) .9 - 12.

TANG P Z, WANG J, ZHOU Y Y. Analysis of the current situation of
global tungsten resources and suggestions[ J]. China Mining, 2016, 25
(S1):9-12.

R h E BRI ]. P EE,2009,24(6) 19 - 13.

LI J M. On the characteristics and utilization of China”s tungsten re-
sources| J]. China Tungsten Industry, 2009, 24(6): 9 - 13.

JBEARAR . I B IR IR 5 BORBO [ T]. 8k, 2009, 18 (11) 11
-3.

—
[\S}
—

[3

—

YIN L J. The status of tungsten resources and policy effects in China
[J]. China Mining Magazine, 2009, 18(11): 1 —
[4

s

HENCKENS T. Scarce mineral resources: extraction, consumption and
limits of sustainability [ J ].
2021, 169 105511.
A TR BT IR R S B
2016,31(5) :35 -39.

Resources Conservation and Recycling,

—
W
[

JELI]. i,

GAO Y D. Tungsten resource characteristics of China and research ad-
vances of tungsten processing technologies[ J]. China tungsten industry,
2016, 31(5): 35 -39.

KRG, BT R ST R IR —— R PRk Uhos 2 25 R AF 24
H[I]. P EE,2012,27(5) 4 -8.

LIU L X. China$ tungsten resources and mining status[ J]. China Tung-
sten Industry, 2012, 27(5) . 4 -8.

AR IE , AR, FRIE RS BEIRI I B0 A [0 1. o ] [l B U2 3
2011,24(10) .24 -27 +55.

QI S L, HOU C H. Analysis on the situation of utilization of tungsten re-

—
(=)}
—

[7

[

sources in China[ J|]. Natural Resource Economics of China, 2011, 24
(10): 24 =27 +55.

o R 3 R A
2016,31(5) :35 -39.

—
o0
—

Bkt LAt (T]. o e,
GAO Y. Tungsten resource characteristics of China and research ad-
vances of tungsten processing technologies[ J]. China Tungsten Industry,
2016, 31(5): 35 -39.
[9] sk, BT 5 & FS A0 IF 1 43 e 40 10 B9 1 B 5 4 R BB
F[D]. Kb ke ,2012.
ZHANG Y. Research on the performance and mechanisms of depressants
for separating scheelite from calcareous gangue minerals by flotation[ D ].
Changsha ; Central South University, 2012.
[10] ™R, E4 I, 018, 45, A5 & 35 IRk A W i 25 0 B 2570 1 5
HERI]. 481 11,2016(5) :99 - 105.
YAN Q, WANG J Q, FENG B, et al. Research orogress on flotation for
separation between scheelite and calcium gangue mineral at room tem-
perature[ J ]. Metal Mine, 2016(5) : 99 - 105.

[11] T, IMESE, F Mt BT 5 5 550 ) ] i PERT R R S AR A4y
Mrld]. Al K724 ,2013(2) 278 - 283 +313.
YU Y, SUN CY, LU S S. Study of floatability and crystal chemistry a-
nalysis of scheelite and calcium[ J]. Journal of China University of Min-

ing and Technology, 2013(2) ; 278 - 283 +313.

[12] oMb, A il 55 B0 77 Al R s
(1):24 -41.
SUN W, WEI Z, HAN H S, et al. Flotation chemistry of tungsten ore
and its practice[ J]. Metal mine, 2021(1) : 24 -41.

[13] CHEN C, ZHU H, SUN W, et al. Synergetic effect of the mixed anion-

B[J]. &5 1L ,2021

ic/non — Tonic collectors in low temperature flotation of scheelite[ J].
Minerals, 2017, 7(6) : 87.

[14] Zcia. A Rk O [T ]. A 4R ,2019(14)
245 -247.
LI W H. Research progress of scheelite flotation reagents[J]. World
Nonferrous Metals, 2019(14) ; 245 —247.

[15] A oMb ek 56 e ik T2 RS9 0T]. &R0 W,
2021(6) .60 -72.
WEIL Z, SUN W, HAN H S, et al. New technology and practice of
tungsten ore flotation[ J]. Metal Mine, 2021(6) : 60 -72.

[16] SRECME , XU , o245, 55, MR RS S i WACR) o 45 4 L fE
AW5ELI]. A aamRleA 5 T, 2013,4(5) -85 - 90.
ZHANG Q P, LIU R Q, CAO X F, et al. Relationship between struc-
ture and property of collecting agent for fatty acids scheelite[ J]. Non-
ferrous Metals science and Engineering, 2013, 4(5) : 85 -90.

[17] SR AT SR, 55 R AR S IR B IR 2R 5 e T IR R R A 077
FEIEFL R IR L], )840 ,2019(8) :63 -70.
HUANG W S, XU T, HAN H S, et al. Fatty acid flotation versus BHA
flotation of tungsten minerals and their performance in flotation practice
[J]. Metal Mine, 2019(8) : 63 —70.

(18] A, = B0k, TJefk, 55 R 5 T i L B 25 07 A 4 I L2
[ ARAE R4 (A RBLA R ,2018,39(4) 1599 ~603.
MENG Q Y, YUANZT, MA L Q, et al. Interaction mechanism of so-
dium oleate with fine wolframite[ J]. Journal of Northeastern University
(Natural Science Edition) , 2018, 39(4) : 599 - 603.

[19] YOO K. Effects of ferrous sulfate addition on the selective flotation of

scheelite over calcite and fluorite[ J]. Minerals, 2020, 10(10) : 864.

VLY, BUTR. IR DR ITRRAE 80 S8 ik 2 B e a9 E T

[T 53R T/2,2012,32(2) ;42 —44 +48.

JIANG Q M, DAL Z L. Performance of mixed fatty Acids in separating

[20

[t}

scheelite from fluorite and calcite [ J]. Mining and Metallurgical Engi-
neering, 2012, 32(2) ; 42 —-44 +48.

[21] LIU C, FENG Q M, ZHANG G F, et al. Effect of depressants in the

[

selective flotation of scheelite and calcite using oxidized paraffin soap as
collector[ J]. International Journal of Mineral Processing, 2016, 157
210 -215.

BeAELL. Z AR e KR R (] 0 g s R,
2013(2) :36 -39.

[22

—

RAO W H. Experimental research on mineral processing technology for
Huaxi scheelite in Yuanyang Yunnan[J]. Mineral Comprehensive Utili-
zation, 2013(2) : 36 —39.

T3 BB, /N R v L R T e IR S L) .
A E A0l ,2020,35(1) 129 -35.

WAN H M, CAO H, LI X F. Processing technology of a refractory cop-

[23

[

per — bearing high — sulfur scheelite [ ] ]. China Tungsten Industry,
2020, 35(1): 29 -35.

(241 J7 47 8 i W1 25 5 40 0R) B8 s 49 240 8 37 2 [ i o4 Y 3 6 F
[J]. s, 2007,22(4) :26 - 28.
FANG X H, ZHONG C M. Improving tungsten recovery rate by apply-
ing combination collectors in tungsten — slime flotation[ J]. China Tung-
sten Industry, 2007, 22(4) ; 26 - 28.

[25] Fhsel]. A m PRt 731 SR IRIE FL KRBT 2 [ T]. @1,
2002,31(7) :26 —29.



- 22 .

BRI S H A

2022 4

GUO L M. Experimental research of the low temperature emulsification
of 731 collector for scheelite flotation[ J]. Metal mine, 2002, 31(7) :
26 -29.

[26] WU Q W, ZHU Y M, SUN W H, et al. Adsorption mechanism of effi-
cient flotation separation of scheelite from calcite by a novel mixed col-
lector[ J]. Molecular Liquids, 2022, 345 116994.

[27] KA. JUMGHT BRI BRI GRSl 25500 A 20 [T ] SR RFSE 2007,
15(2):34 -37.

ZHANG Y. Introduction of new floatation collectors modified with fatty
acid[ J]. Salt lake research, 2007, 15(2) : 34 -37.

[28] KUPKA N, RUDOLPH M. Froth flotation of scheelite—a review|[ J].
International Journal of Mining Science and Technology, 2017, 28(3) :
373 -384.

[29] fRBETC, A , RAME, 4. ZL SHBGRIE L0 88 VS0 5 & B ka0
YIBEFE[I]. 0R TAE,2014,34(5) :62 - 65 +69.

NI Z Y, GU G H, CHEN X, et al. Separation of scheelite from calcar-
eous minerals with ZL collector[ J]. Mining and Metallurgy Engineer-

ing, 2014, 34(5): 62 —65 +69.

[30] FAwEME , XS HNLL. Hr 50 S A Al i) TA 76 ) e 28 45 B 1 258 T 2 i
ML 57727347, 2008(6) :22 - 24.
ZHOU X T, DENG L H. Application of the new — type composite col-
lector TA in flotation technology of a scheelite ore in Hunan[ J]. Multi-
purpose Utilization of Mineral Resources, 2008(6) : 22 —24.

[31] BPRZE bk H 2, 5k e, ZL AT IOR 72 3% A B AR 52 AR [T ]

FORBFIC T, 2007(3) 1231 - 233,

ZENG Q J, LIN R X, ZHANG X H. Researches and applications of
scheelite flotation with ZL collector[ J]. Material research and applica-
tion, 2007(3) . 231 -233.

[32] PR, R#EF. ABIF MBS BAR [T, s E AL, 2013 (1) < 19 -
24.

ZHOU Y, WU Y L. The current research situation and countermeasures
of scheelite flotation[ J]. China Tungsten Industry, 2013(1) : 19 —24.

[33] ELlp, ENJT 8 SRFHE, 45 TR 115 T e AR B IR B SR P 0

B PR AR RIS T]. A SR (R #4) ,2018 (1)
106 - 110.
WANG J Z, YIN W Z, ZHANG Y X, et al. Mechanism and effect of
mixed sodium oleate sodium dodecyl benzene sulfonate on the scheelite
flotation[ J ]. Nonferrous Metals ( Mineral Processing Section), 2018
(1): 106 -110.

[34] BUY J, LIUR Q, SUN W, et al. Synergistic mechanism between SD-
BS and oleic acid in anionic flotation of rhodochrosite[ J]. International
Journal of Minerals Metallurgy and Materials, 2015, 22 (5). 447 -
452.

[35] GAOZ Y, BAI D, SUN W, et al. Selective flotation of scheelite from
calcite and fluorite using a collector mixture[ J]. Minerals Engineering,

2015, 72 23 - 26.

[36] FhZede, bRoik, EREME. W7 S A0 M A7 03 16 20 8 058 2 245 50 —Lp
AR [T]. A GH76,1993(1) :20 -25.
LUY Y, LIN Q, WANG D Z. New reagent for flotation separation of
fluorite scheelite garnet — LP series collector[ J ]. Nonferrous metallur-
gy, 1993(1) . 20 -25.

[37] sRABBL, 5k, 5, 4. MATIR 2 886 GY LI A3 L 28T

FLI] BRI, 1999(4) 22 - 25.
ZHANG Z H, ZHANG X H, YE Z P, et al. The study on new tech-
nique for flotation of wolfram from Shizhuyuan polymetallic ores using
GY method[ J]. Mining and Metallurgy Engineering, 1999 (4) .22 —
25.

[38] E Rt , BAEW], EyEdh. MBS 08976 LI 5E

[J]. 976 T ,2001(3) :39 - 42.
QIU X Y, CHEN D M, WANG D Z. Reaction mechanism between
benzoylhydroxamic acid and scheelite[ J]. Mining and metallurgy engi-

neering, 2001(3) : 39 -42.

[39] v 48, ANV I o O A IR & BT [0 ] A7 ) (it

B HR84Y) ,2000(6) 141 —43.
GAO Y D. Combined use of high efficient flotation agents in flotation of
wolframite slime [ J ]. Nonferrous Metals ( mineral processing part ) ,
2000(6) : 41 -43.
(40 J7 &7 %, i WA 25 4l AR 402 i 423 A0 D08 79 32 1o Wi 3R A 3 3R T 5
[J]. PE,2007,22(4) 26 - 28.
FANG X H, ZHONG C M. Improving tungsten recovery rate by apply-
ing combination collectors in tungsten — slime flotation[ J]. China Tung-
sten Industry, 2007, 22(4) : 26 - 28.
FRIRTT A A R, A 2 A AT USOR) [T B Y 1 g F 5
[J]. 5 T4 ,2009,29(1) :50 - 54.
HANZ Y, GUANZ G, LU Y P, et al. Experimental study on recove-

[41

[

ring a certain tungsten ore using combination [ J]. Mining engineering,
2009, 29(1): 50 —54.

[(42] £ [EA AFNA, HIETC. WX B8 i e mr e ()], 977 2%
AFH,2008(3) :9 - 12.

WANG G S, GUAN Z G, HAN Z Y. Experimental research on mineral
processing technologies for recovering scheelite in Hunan[ J]. Mineral
comprehensive utilization, 2008(3) : 9 - 12.

(431 ¥ DRI, 2R IR, FREARDE. Ml 24 B CF 377 1648 3 T4 i ik
W LWL 516 ,1996(3) :26 - 32.

XIAO Q S, LI C G, KANG G Y. Study on technological flowsheets for
flotation process of Shizhuyuan polymetallic ore with CF method [ ] ].
Metallurgy, 1996(3) : 26 —32.

[44] DONG LY, QIN W Q, JIAO F, et al. Flotation separation of scheelite
and calcite using mixed cationic — anionic collectors[ J]. Mining and
Metallurgical Engineering, 2018, 38(4) .61 - 64.

[45] WEAR, EREAE. beMex] s Yotk RER AL AT 5 [T .
R IR BEAAE, 1990(1) <31 - 38.

HU Y H, WANG D Z. Solution chemistry study of alkyl amine collec-
ting salt — type minerals[ J]. Journal of Central South University of Min-
ing and Metallurgy, 1990(1) : 31 -38.

[46] WANG JJ, GAOZY, GAO Y S, et al. Flotation separation of scheel-

[}

ite from calcite using mixed cationic/anionic collectors [ J]. Minerals
Engineering, 2016, 98 261 —263.
[47] W Z= B SORITE B B 7 v 9 T B AR T PLERT 52 [ D .
Kb« g, 2013,
YANG F. Application of quaternary ammonium salts as collector in flo-
tation of scheelite and research of the reaction mechanism [ D]. Chang-
sha: Central South University, 2013.
[48] YANG F, SUN W, HU Y H, et al. Cationic flotation of scheelite from
calcite using quaternary ammonium salts as collector: Adsorption behav-
ior and mechanism[ J]. Minerals Engineering, 2015, 81 18 —28.
[49] NI C Q, LIU C, FANG X Z, et al. A novel collector with wide pH a-
daptability and high selectivity towards flotation separation of scheelite
from calcite[ J]. Minerals Engineering, 2020, 158 106606.
FAF], 1 DG, SR, 45 PITEIFREORN & s R (T ]
A 48 ,2012,28(1) ;13 - 16 +60.
TIAN J L, XIAO G G, HUANG G Y, et al. Research advance on syn-

—
w
S

[t}

thesis of amphoteric flotation collectors[ J]. Hunan Nonferrous Metals,
2012, 28(1): 13 =16 +60.

[S1] #lmAe, EyEd. B O i v 2 VT A A ST R RIS
[ A EEEGET#RY) ,1989(4) 10 — 13 +4.



H2H

ZR/NHE A R 24 50 S ot

- 23 .

HU Y H, WANG D Z. Study on flotation of fluorite, barite and scheel-
ite with new amphoteric collector[ J]. Nonferrous Metal ( mineral pro-
cessing part) , 1989(4): 10 - 13 +4.
[52] LI H, LIU M X, LIU Q. The effect of non — polar oil on fine hematite
flocculation and flotation using sodium oleate or hydroxamic acids as a
collector[ J]. Minerals Engineering, 2018, 119; 105 - 115.
X2z AERAE I B RO SR AL DTS D . KR K
JFH TR ,2015.

LIU A. Synergistic mechanism of non — polar oil assisted dodecylamine

(53

—

miscible collector [ D]. Taiyuan: Taiyuan University of Technology,
2015.

[54] Fubiy i F4E TR BRI S W B0 A F g 1], 3R
11,2018,34(6) ;112 = 115 + 119.

WANG H L, GAO Y D. Experiment on flotation of a scheelite contai-
ning copper in Huidong, Guangdong Province [ J]. Modern Mining,
2018, 34(6): 112 - 115 +119.

[55] AR, B %, 4. A D s T 2T )], ol
T.#,2016,14(5) ;25 -28.

Z0U Q, HU X H, YANG C A, et al. Study of beneficiation technology
for a scheelite mine in Hunan province[ J]. Mining Engineering, 2016,
14(5): 25 -28.

[56] FKi, 5. L REAR A AL 8 PR BT 52 (1], 7= 25
JH,2018(2) :20 —24.

ZHANG H, LAN Z Y. Experimental research on flotation of a low —
grade scheelite ore in Anhui province[ J]. Comprehensive Utilization of
Minerals, 2018(2) : 20 —24.

[57] FWRIY 2538, AP 4L, 4. [ AT 5 3 45 o 1 255 20 8 1 B 5
[J]. HEHE,2014,23(2) 107 = 111 +115.

ZHOU X T, LI Y X, DENG L H, et al. Flotation separation of scheel-
ite from calcium gangue minerals[ J]. China Mining, 2014, 23(2).
107 =111 +115.

[58] tpmeide, XU %, 5K . RERRENTE B RT L A o A 30 LA
FELI]. 56 ,2017,26(3) :9 - 12 +18.

Yang X F, Liu Q J, Zhang H W. Study on inhibition mechanism of so-
dium silicate by scheelite cleaning flotation[ J]. Metallurgy, 2017, 26
(3):9-12+18.

[59] R—R. BEABKILARLT]. A G 10,1999(2) :31 -34.
ZHU Y M. Some Issues about scheelite flotation[ J ]. Nonferrous mines
1999(2) : 31 -34.

[60] ™, B8N7, PRIGETT . /KBRS TE 185 1 1 v 93 FH PR B0 58 R HL B
ST ] P E L ,2014(4) 120 - 25.

YAN W P, XIONG L, CHEN X Q. Application environment and mech-
anism of water glass in scheelite flotation[ J]. China Tungsten Industry,
2014(4) ; 20 -25.

[61] SILVA J, BALTAR C, GONZAGA R, et al. Identification of sodium

[

silicate species used as flotation depressants[ J]. Mining, Metallurgy&
Exploration, 2012, 29(4) :207 -210.

[62] ks, HIEAE, FaAe, 55 FERREI & ¥50 1 2247 2 (¥ 5 i e A
FAWLERLJ]. WP A 64 8 2441 ,2014,24(9) 12366 - 2372.
ZHANG Y, HU Y H, WANG Y H, et al. Effects of sodium silicate on
flotation behavior of calcium — bearing minerals and its mechanism[ J].
Journal of Nonferrous Metals of China, 2014, 24(9) . 2366 —2372.

[63] 30k, )3, BRI YUV A IR il e W o [ ] 4L,
2016,31(6) :3 -8.
Al G H, YIZ, WU H B. Experimental flotation on a scheelite ore of
Jiangxi[ J]. China tungsten industry, 2016, 31(6): 3 -8.

[64] WELZ, HU Y H, HAN H S, et al. Selective flotation of scheelite from

calcite using Al — Na, SiO; polymer as depressant and Pb — BHA com-

plexes as collector[ J]. Minerals Engineering, 2018, 120, 29 —34.

[65] ELLBL, ENJT G, P EAE. T fift A1 FI7S i B IR SR 0) 1 E57 PF 2L Y P13 )
BT AL T ). R E A (4 I8 2417, 2018 ,28(8) 11645 - 1652.
WANG J Z, YIN W Z, SUN Z M. Effect and mechanism of co — de-
pressant of calcite and sodium hexametaphosphate on scheelite flotation
[J]. Journal of Nonferrous Metals of China, 2018, 28 (8): 1645 -
1652.

[66] KUANG J Z, Z0U Z L, HUANG Z Y, et al. Surface dissolution of
scheelite under different regulators and its effect on flotation behavior

[J]. Minerals Engineering, 2021, 164 106811.

[67] B =g T 731 HiRFE T LR T]. fE,2013,
28(2) :31 -34.

CHEN J M. Flotation test at room temperature of a scheelite ore[ J].
China Tungsten Industry, 2013, 28(2): 31 -34.
[68] MOON YOUNG JUNG, JAY HYUN PARK, KYOUNGKEUN YOO.
Effects of ferrous sulfate addition on the selective flotation of scheelite o-
ver calcite and fluorite[ J ]. Minerals, 2020(10) ; 864.
[69] #MF, HIER, FISCI, %6 B IR 2 RIAT S b e [T . 07 7 4 5
FFH,2000(3) .42 - 46.
SUN W, HU Y H, TAN W Q, et al. The status quo about research of
flotation reagent for wolfram — mineral — recovery[ J]. Conservation and
Utilization of Mineral Resources, 2000(3) : 42 —46.
ORI, AR B, 45 IR AL T R A T R A R R
WFELI]. P EE,2017,32(3) 136 - 41.
WUHB, LIJF, YUAN Z Q, et al. Beneficiation of scheelite recovery
from a sulfide ore tailings[ J]. China Tungsten Industry, 2017, 32(3) .
36 -41.
[71] sk3e, EfE, WHER, 5. DB 550 Jr it a s a5 —rk
JRHEBE5E[T]. A 4:)8 ,2014,38(6) : 1106 - 1113,
ZHANG Y, WANG Y H, HU Y H, etc. First — Principle theory calcu-

[70

—

lation of electronic structures of scheelite, Fluorite and Calcite [ J].
Rare metals, 2014, 38(6): 1106 —1113.

[72] JTAO F, DONG L Y, QIN W Q, et al. Flotation separation of scheelite
from calcite using pectin as depressant [ J ]. Minerals Engineering,
2019, 136 120 - 128.

[73] DONG LY, WEL Q, QIN W Q, et al. Effect of iron ions as assistant
depressant of citric acid on the flotation separation of scheelite from cal-
cite[ J]. Chemical Engineering Science, 2021, 241 116720.

[74] FOUCAUD Y, FILIPPOVA 1V, FILIPPOV LO. Investigation of the de-

[

pressants involved in the selective flotation of scheelite from apatite, flu-
orite, and calcium silicates: Focus on the sodium silicate/sodium car-
bonate system[ J]. Powder Technology, 2019, 352; 501 —-512.
AR AT, R, AE R VE R A R B A REL T ] BR T
#£,2001(4) :29 -32.

LIH P, JIANG Y R, CAO X F, et al. Synthesization of modified starch
and its performance[ J]. Mining engineering, 2001 (4) . 29 —32.
R R AR I 53 8 U R XA A 7R B A0 ] AL BT
FELD]. M AT PY T K2, 2018,

WANG Q Q. Study on the flotation separation of starch inhibitors and

(75

[}

[76

[}

inhibition mechanism of scheelite, fluorite and calcite[ D]. Ganzhou:
Jiangxi University of Science and Technology, 2018.

[77] CHEN C, SUN W, ZHU HL, et al. A novel green depressant for flota-
tion separation of scheelite from calcite[ J]. Transactions of Nonferrous
Metals Society of China, 2021, 31(8) : 2493 -2500.

(78] FMASEH, 5K, BKOKME , 5. BRIRER AR A 1 AL 70) B0 7 1 1K 8 K L Ak
BLEBRR[J]. 5 42,2017,38(11) :58 - 60.

SUN D Y, ZHANG L, ZHANG T X, et al. Flotation test and activation

mechanism of aluminum sulfate as activator[ J|. Gold, 2017, 38(11):



©24 - B PR d S A 2022 4

58 —60. ramite and scheelite using GY chelating collector[ J]. The comprehen-
[79] DONG L, JIAO F, QIN W, et al. Activation effect of lead ions on sive utilization of mineral resources, 2000(2) . 1 —4.
scheelite flotation; adsorption mechanism, AFM imaging and adsorption [82] HANH S, HU Y H, SUN W, et al. Novel catalysis mechanisms of
model[ J]. Separation and Purification Technology, 2018, 209 955 — benzohydroxamic acid adsorption by lead ions and changes in the surface
963. of scheelite particles[ J]. Minerals Engineering, 2018, 119, 11 -22.
[80] Btk AR gAC, B, 45, VL PG FE AR A O 1 485 B 2 7 3 3 BT 5 [83] #EZ R, A #hilg A, 55 THIR UL TIC S W oo n) 2 B R &
[J]. AE4)mTH,2017,7(1) :44 -48 +81. B LA IR &R 9710 ,2021(6) 173 - 79.
AT G H, XUXY, WU H B, et al. Experimental research on beneficia- LI A M, WEI Z, HAN H S, et al. Production practice of a new mixed
tion of a low — grade scheelite in Jiangxi [ J]. Nonferrous metal engi- flotation process for wolframite and scheelite based on complex collector
neering, 2017, 7(1) . 44 —48 +81. in Xingluokeng tungsten mine[ J]. Metal mine, 2021(6) : 73 —79.
[81] AW phH . GY BiF ik RO LA )] 07255 F [84] CHEN Z, SUN C, YIN W, et al. An investigation of the mechanism of
F1,2000(2) :1 —4. using iron chelate as a collector during scheelite flotation[ J]. Minerals
ZHOU X T, LIN R X. New technological research on flotation of wolf- Engineering, 2019, 131. 146 —153.

Research Progress of Scheelite Flotation Reagents

LI Xiaokang' , ZHANG Ying'*, GUAN Zhenhao', YANG Hu'

1. Faculty of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;
2. State Key Laboratory of Clean Utilization of Complex Non — Ferrous Metal Resources, Kunming University of Science and Technology, Kunming
650093, Yunnan, China

Abstract ; The difficulty of scheelite flotation is mainly the separation of calcium — containing gangue minerals. To achieve
the separation of scheelite and calcium — containing gangue minerals, it is necessary to selectively collect scheelite and se-
lectively inhibit calcium — containing gangue minerals. This paper analyzes the difficulties of scheelite flotation, introduces
the development status, mechanism of action, reagent combination and practical application of relevant collectors and reg-
ulators with flotation reagents as the breakthrough point, and objectively evaluates the advantages and disadvantages of va-
rious reagents. The development of scheelite flotation reagents in the future is envisioned, aiming at achieving efficient flo-
tation enrichment of scheelite, reduce production costs and reduce environmental pollution.
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