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Names of main parts

Typical elements

He, Ne, Ar, KT, etc.

K', Na'", Ca>", Mg”", A, Si*", etc.

Cr', M, Fe™™, Co™", Ni™", etc.

Cu™, Zn™, Au’, Ag’, Hg', Pb™", As”™ etc.
Fe, Co, Ni, Cu, Zn, Au, Ag, Hg, Pb, As, etc.
C*,N", 0", F,ClI, Br, 7, etc.

Noble gases®

Hard cations”
Intermediate cations®
Soft cations*
Element forms*

.
Anions

* Noble gases with no ionization.

® “Hard” or “type A” cations with all electrons removed from outer shell.

¢ Intermediate cations with some electrons remaining in the outer shell.

4 «Soft” or “type B” cations with many electrons remaining in the outer
shell.

¢ Elemental forms with zero valence.

" Anions that commonly coordinate with H".
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High z/r

Very strong cation—oxygen bonds
Repulsion between those highly charged cations
Complex anion compound dissolves easily in aqueous solution
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Low z/r Intermediate z/r

Weak cation—oxygen bonds

Simple cations dissolve easily in aqueous solution

Strong cation—oxygen bonds
Insoluble oxides

1. 8 T A GON BERH B T HEAT AR 5 o

R2 BRI WAL 00 LR [ 5 U5 32

Ionic potential Examples of typical minerals

Extraction methods

Low z/r
AlSi;04-CaAlSi,0f)
Intermediate z/r
(Zr0O,)
High z/r
(CawO,)

Lepidolite (KLi, ;Al 5(AlS1;0,4)(F,OH),) [20] and feldspar ((K,Na)

Bromellite (BeO), corundum (Al,O,), rutile (TiO,), and baddeleyite

Chromite ((Fe,Mg)Cr,0,), wolframite ((Fe,Mn)WO,), and scheelite

Released in the form of simple cation (Li", K', Na’,
etc.) [21-25]

Transformed into halides (BeF, [26], Na;AlF,, TiCl,
[27], and ZrCl,)

Released in the form of complex anions (Cr,0;,
WO;", MoO;") [28,29]
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co, CaO [ e |
Cco mmmm Si0, c i
Blast furnace H, 1 ALO, I si |
ironmaking N, | MgO 3 Mn |
Hydrocarbons }\ MnO; S |
S0, | Fe,05 | P
s Ti |
CaO [
€O, mm S0, Fe EERRRESY
Converter CO T MgO - c
steelmaking H, 8 Mno 1 s
N, N FeO Mn
0,1 Fe mm
Cu,S 11
co, | FeO [ Cu,S |
N, ! Fe;0, [ FeS i
Norar}da so, mm sio, {m Fe,0; !
smelting O, 1l Zno 1 Sio, !
HO Cao | Pb |
AbO; 1 Zni
cu f Cu I
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Copper-converting S0, Sio, . S |
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H,0 1§ ! |
As;05 | Au 130 gt
PbO | Ag 400 gt
Volume —————7—T1 ) Mass ————7—71 Mass ——T— 1 — 71— Mass —1—T1— 71—
fracon0  0.25 050 0.75 1.00 fracton0 025 050 0.75 1.00 fracton0 025 050 0.75 1.00 fracton 0 0.25 0.50 0.75 1.00
Metallurgy Atmosphere Slag Matte Metal
Geology Atmophile Lithophile Chalcophile Siderophile
Element affinity
o o NP Curs Ag Au ARG P Cu Fe

distribution

B4, M5 = Aa 5 TR RANE . SRR (43451 B R [46-48], T IRIGH[49]. Fe R [49]

Oxygen lance

Iron ore
Slag emulsion
Molten sla
Molten slag 9
Molten iron
Molten iron

Steelmaking converter

Blast furnace
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Furnace gas
Molten slag

Copper matte
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AGW/\A/

detritus

Fe oxyhydroxide Aeolian

detritus

Fe oxyhydroxide
Humic-OH

7. PRAEEHE 7t Mo ¥ P AL 72 [56]

Me?* —— Mo removal
— — reagent

| s
S~
1 Agitator
WOZ MoOz-
woz l
[——I W-containing
woz MoOXS(%;x) solution

- Mo removal
residue

Mo/W separation

B 8. i T et AU EH IR A W i Th 2B Mo

SR e = AR, BRI E A (= 2R FeO-
Si0,-Ca0). FHE4SM (NiSHICu,S) F4 &4 (Ni-
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7~14, 3~5. 1~3. 6~91%[60]. XA FAREFHIAARI 1K
HEAR e IR P ERA E T R SR, W Au, Aghil
PGE ()55 A M7 R S Bk V> Sl e > S5 A 1k

Molten slag

Ni—-Cu matte
Ni—Cu alloy

—— Air blowing

E9. Au. Ag K PGEZENI-Cufi Wi F v i) w5 SR AT 4
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WIRHSEAEI [CuCl,- 3Cu(OH), | FAHRE™ (AgCD. A,
BRAL I AL YD R A L (64145 — E L FE LB, &8
FH & 7 5 R B IR SR A R R . W 10FR, oF
AMPHE T (Li's Na's K'AiMg?) 5F . Cl', Br. I
[ 285 G BE 7B T BRI, DR bk G &% i A 420 1) V5 il FEE AN
Wr FTF, SRR T (Hg™. Ag'. Cu'. TI'fiib™)
&R IR AR 5 2 M (AgFRRIM) [65].
BAER, (HSAB) JRFE[66,67 MR 1 1R 2 SZpr i) Hbak
G, B, FARZE &) 56 FH B 1 45 & JF [ AL 72
i, T BICT B Br FIT A77E T H SR Kk
[68]. Filbin, SERBCEMICERES S5ClL RIS ik
Bl &4 (AnAuCl, « [AuS] fl[CuCL] ), M H¥FZ TR
AR TIE R A . M2Y2A 4 32 BEE ST I A2 K I
) 4 J& BH &5 AT S 1 B 1, ALk HS AB Jit 2 AT 460/ 41
SEFPE S AR B SE M. LR LM AT BUA R
FRREIX AR ALYE o

B (Ta). % (Nb) HEZ IR HEERE NS AR,
XAEA B EATE R 4 R ANY) (Ta,05. Nb,Os) #”
W, ARMEIE — M IR B U7 s . BRIk, @
FFHHF R IR E AR, IR B R & &)
(H,TaF,. H,NbF,), X/ &t T 25 A PH &t on i
Bl S3—Mol7e, ETREFE MR, B, 7fEih
St R 4 H IR AR I Cu” Sk Ve Ak H TR A I CL [69].
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FIBE A AEH R R AUCT E473ERE [0 (3) 1. HEilF]
Fe’ 2R JR I, Au’ b FoN A FHr [ () 1.

2Au + 8Cl" + %Oz +6H" — 2AuCl, + 3H,0 (3)

AuCl, + 3Fe?" + 6H,0 — Au +4Cl™ + 3FeOOH + 9H" (4)

52 B2, WikE e SR At B E X A
AR, BIVEMR S HTH[70,71]. GEAE S CUVETR hiE A
CLAl K Aul Wi [ 5. R 6], RFRBR
H& @b RKiEATIEIR, Nttt Au [0 (7). 20 (&) ].
HARAL 5 S NN R BT 7R o

Au +%Clz +ClI" — AuCl,~ (5)
3 ~ _
Au—i—iClz +ClI" — AuCl, (6)

2AuCl, + Fe/Zn — 2Au + Fe?* /Zn** + 4Cl~ @b

Gold reprecipitated

Migration of gold in nature

El11. Au50,. Cl'\ Fe™ [ B S B AIAT Hiad e o
2AuCl, +3Fe/Zn — 2Au + 3Fe*"/Zn** +8Cl~  (8)

REHERL A B AR R SR &M TS T
PN E 2R, AR IR Au (3L #% S48 1R AR AL IE B
TP A R AL AL

6. BEMLEEIL

by Jo J1 S o0 3R A IR B SR S VF 2
FUEEAE DG, FrRb e R BRI R SR ST IE R R
R, RITsRAE A W AT 85 B R e TR
ASEAMPEEARAAL, AR AT 25407

(1) 5 7 AARE 7558 7 (SR HGE  w] DR
WA NTTE, PSSR TR T EEE S KRR
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