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ABSTRACT

In conventional flotation of Cu/S separation, it is general to collect
Cu and depress S while keeping pulp in a high pH value with lime as S
depressant. This method often brings along problems of high lime
expenditure, activated difficulties of highly depressed S, and depression
of noble metal such as Cu. Therefore, it is of great importance to prepare
an efficient selectivity collector for chalcopyrite under neuter and
alkalescent conditions.

Pure specimens of chalcopyrite and pyrite were studied to
investigate the effect of pulp pH (including adjusted pH with CaO), type
(including thiourea, CSU31, and dithizone) and dosage of collectors on
flotation behavior of the two minerals. Zeta potential, adsorption capacity
and infrared spectrum were used to study the mechanism of the collectors
on chalcopyrite and pyrite.

Pure specimens flotation results show that the collecting abilities of
thiourea, CSU31 and dithizone to chalcopyrite are stronger than pyrite at
pH=2.7~12. The order of collecting ability for chalcopyrite is dithizone >
CSU31>thiourea.

Using CSU31 or dithizone as collector, chalcopyrite can be well
collected at a low concentration of 4mg/L for CSU31 or 2.6x10°mol/L
for dithizone. The recovery of chalcopyrite is most different from that of
pyrite under the neutral and weak alkaline conditions.The comparation of
adjusting pH by CaO and NaOH shows that CaO has little influence on
the floatability of chalcopyrite, while it depresses pyrite strongly. The
influence of Cu?* ion on floatability of pyrite is presented. The recovery
of pyrite in the case of adding Imol/L Cu®" is slightly higher than that
without Cu®* under acid condition, and it is not obvious under alkaline
condition.

The analyses of zeta potential show that zeta potential of
chalcopyrite and pyrite surface can be affected by pH of pulp, type and
dosage of collectors, and Cu?** addition. Increase of pulp pH will cause
decrease of zeta potential. Adding CSU31 or dithizone will cause zeta
potential decrease of chalcopyrite and pyrite surface (zeta potential
decrease of chalcopyrite is bigger). Increase of collector dosage will
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cause zeta potentials decrease of mineral surface (zeta potential decrease
of chalcopyrite is faster).

The analyses of adsorption capacity demonstrate that the adsorption
capacity of thiourea, CSU31 and dithizone onto chalcopyrite surface is
more than surface of pyrite. A linear relationship holds between
adsorption capacity and the concentrations of collectors. Cu®* can
improve the adsorption capacity of collectors onto pyrite surface in acid
conditions.

The analyses of infrared spectrum prove that the adsorption of
CSU31 and dithizone onto chalcopyrite surface is chemical absorption
and physical adsorption onto pyrite surface. Adding Cu®* doesn’t affect
interaction between collectors and pyrite.

KEY WORDS chalcopyrite, pyrite, collector, flotation
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By EP Y RSN BRI B R, BN R REERE
SALBRERE, HREHK MR,

1.2.2 EEEA RYFIESE

WY BT RT MY, TREATERARKMRERS, £5
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By REALRRUT P EREEN—FT Y, EREENNGH—ERE
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1.3 RET BN RIER

BERBERFLS BO RGN, RAEE LRR TN WS E%T, M
BT, B, E AT KBRS Y RO R B R

. HRAMBRALET BRFmRL
A1-1 F R BRI RN

Table 1-1 Common flotation collectors of copper sulfide

2R dit &
iR HABME (84) ROCSSM' R=C~C;
BEE T R R (RE) (RO,PSSM’ R=Cy~Cs
THARRERRE R (R),NCSSM* R=C;~C;
—mAEEFRE GEED R,OC(=S)N(R,)* R=H, C,~Cs
BARH KR (BZ) (C¢HsNH),C(=S)
y B Sy (ROCS),S R=C»~Cs
HIRMAE ROCSSR’ R=C~Ce, REZFiEHF
PREE R CsHa(-N=)-S-)C-SH
BT AR i (R),PSSM’ R=C»~Cs
po2- 2. RSH R=C,~Cp,
CHRERY RSSR R=C~Cs
Pk =AM RSCSSM* R=C»~Cs

1.3.1 5. BAHEHEH

FERT B R R AR R R iR B
W, MBI, SflE, BEREBKRFMEAFE, RIRRER(ET
TRBHET KT, B, RERFERNE). RARRIFHLERLT YR
BRED LM BRI MR EET F. ATRESEETE—EN
HEHYE, WHARMEY K pH RIFFE 9~12 Z[), WHIFRKY HaEtt. ER
FREEE R PSR THOMK, HARMKERERR, EEFERK. BHTU
SR E RN A M. Bl Y-89 RIIFEKRE ME LB
TF 20 42 80 FABIHIKKBERNF L AR A RMBN, I H7E 90 £R 5k
WIEER I FERFF R BT, 1999 FH Y-89 KFEMALHEFLEAT M, 557
FTEBRX LAY BiF KBS, TRETE&REHRAT 1.39%, &R
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ZECYTECT YA AR & T HAEARAR, SRR -HABRE
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ERAEETRIBESYERES. BREBVKEEET Y, A-9X. &, BFRE
MTEM _HRAEEFRPFERLEY A, ERRA-TERRELTR
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OH WITEA — AT B

SO,(Ek Nay,SO;) il AE 1 B4R L NaCN 55, {BHFEH/D, HBSBHEMERK
SO; K 5 b 2 ; 3+ HLA SO, 3 NaySO; HI 3L fI5™ ) 5 4 CuSO, #54L, T A NaCN
FEIL R, WIELLIELL, BOTPAA SO»(EL NayS0:)fA & NaCN {EMiiF .
SO,(BK NapySO)X B H#vE. BiERMIER, M HRET RSy Z2EsE
BRI ERR.

ERLT BESED, BEHHEHRARRE—ANEERET W . HHWEHRS
THFIRAELL A A LS, RFE WHIREEEMS, BAAEH SRR
MEZMERERX R, AT VSRS BERAE T 8.

REMHFINEINEYERELR. L. SREEERE. =28
REPY, ZZREURSERPY. BE=RXBRY. Z Rl e pEm. 2k
B g™, gz g cTelg,

BU/R e RIS T MRS X BB TR A0 AIME R, MR R
FRE ERELRM, BTFREYV ROEEAYTM, FHEs ey WE A
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B PR B =E R . RS RRH, BN BY MmsER & s —
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—FHRAIMEIFIRCY, FRAENEFRT MERY ETHAEE TR
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LREHERLTUSEEY REERFRH T HRE, T4 FRA—5K
W EAN R, 5K TFHRRARES, ERT WREF KSR YR ik
1 FROVR, e B R R B R R, (T 2 B,

B AR A0 $6La pp A BN AT CTP B —FF BB FL/NS FHIHIFR], 3t
B BE BIFRMEIER. ERERERA, CTP XEEF EARAMHIER;
FE/ 2 pH TG A, CTP X EEH M4 F RFHMBHER.

BT RMBEET T A5 ARFHEE: —REBFIRY A, H—RKERRE
RV A BFHRREFT GHEST S ER, KED, XEFA—BRANGE
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ATREAEEM TR RBEESEWE, SRV IRy BESELZ
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LETEHR BRI RS B EEENATABAREARETE, ££.
PR BIHRR 6.71%H 13.14%; BHREWIRIR THBLLK, 76 2REM
BYRFAGY A, RAXARETE, BB BERSE L ZREFREINERA
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2.8%M 4.53%, T HmE/D TIE—LHEY BEY &, I8 TREFNSFRA;
RUSHT SRS T RBE R T L, FHET P RER R 10%. KP4
KA SRR TIE, FRRKERRR 2.37%, €. BHEKRSFIRE 4.47%
M6.92%, FHHAMTE SOXMBET B, REANNEEETRE.

ViF e 2P IR AR, SHARRELRAET HE, BEF X
pHIE, AT R EHAP-c0ASHEGN, BUMRET 4L, ROBMER,; F
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HRAART BETELIMA. 8. RHsE, TWiRRxHY, BEHRET
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WEE.

Ao, KPET RANAET SRR TRESE 2RSS, T
RARM, BHRRBAFESENRNERE, TWRRKBHRI, BRETHSR
B, EFEERAFTREE, TR RE T S0k A RS RN
R G RAE, KA LERRY, ETERTEE, RRBMIHFERHE
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H, EFER-EEFENENEMHEHEES. . SHt%. 8
B, BTHERARES LR A, 7&K, SRIKE, LEkREd
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HAWFET AR, BIRRY, ERENRT, BSEHTRET s,
LT RTTARY, SZASHNEHS LA LR FR T A 5,

H#T . REY TRERARES B LENHACENERHE. FRE.
PR IKIENTET . REY S LB I TR BORZ %17 T e
FIEFRRCSY, ABRWT BFESRBESTIF, Yoon M FBILA BRI
TTTHREE . AT THEAERED S, FRRYE, By RALBEMTLH
FRFEATH, TEKT URF. FHROEHERLNRLAT EHTE S
MG RERE, ERARKAEBRIN, TSI EFY R MR
BN E. BT, oS T A, R ERRAIEES B S
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BRXT HBY A HHER . AR TR Shannon FFFEHS), HEHFEY F—
MEREBTHEENZMET, TULMALY M XHEHRE, K&K EFHT
MREENER TR 8RR EEEREET LR T
pH=10 &, FHF MKY TRHBGNRE R 57 RBAMXER, F—EFHa
ALEX 18] P9 AT ABEAT SOSR0™ . SOBRH 20 28

BALH BFE S M 5T KR E K. B TRERROT KRB PREET
VIR T S B T TAL IR REHERER, BB 4EmN
16, REBHREIEANAERRN, (REFRABRNTKERMER, HER

KK NSV B A BT RS Wk, WE T HRV ERGH%
RETEARRNIERE, T RRT N TR MR AR AE RN F R R
RHSEERTRE BAANREENIMERER, b TRIRSSHEFBEERRMMA
FMERFLRYWI R BMARBEERE, BHY . By THENZESET
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R A2 A0 18 3C F—E XRGR

SHRERESE T EETIY ENAEHFE—ERE.

1.5 BT AN ZESEEENESER

1) HEH TR RLH RS

PR ARG KRR Y SRR YR &, AT KB KR A
FIRABY Y, BERETONIZ, T EERARREEFNREH. KR
FRBEWERNTE. RV APRALSRT WURSRT A £, RiiR%ky 1EF
Mtk A B B B AR I S B I RUR . BT R B EIERALT Y, EAEAN
WK BRRY. B, BWRERERBEFIFE. AN, HR Rt
BK. BMEER—F KRS, HEHBRARE, @5 ogmEtEhaRAE N, X
REARFEF L REY, KRESHAYIE, URBEREARAE. ¥
K MRS SUTEREEX: $— RAEE, Au. Cu. ColfREHKE T
BRI £, £8BE, \EEREREY WEEHAEERLT: $=, #5
FHIEWL, FRPRZEE FEARREY R, SRy mEtaRe, EH
Bisr B LA E], Bk, MR AN AR BRENERZ—.
2) EHT AR TR ER AR R

BFRAT PP HETELTRIKNS-24, B, Mis HRELTHRA
2RRES, BRENEOHRS TREABRO. +2. +4F+6ihE, HAUBRREZHN
FEMEEEW, X2 RNENERTA: X REACHIE. ERLT K
RiELBRY, BTFYLIRY . . BE. By . BEEIEHY, LB
[EERERE, ETH YIREA @R AN FREEN; BT EARR>
HRF KRR EEAR, BXSBRAT UREEARABEEL: BT
AT BRRRMZEA TSI AT E# .

TEEET Kb, BT AL A BB SR M E AL ATtk
REW. BT Y(HAMeSRmTEKE R P URE—RIVEAE R RN, #E
HIEALIE R R R -

MeS + O+ 2H" — Me?* + 8"+ H,0 (1-3)
MeS + 0, + HO — M(OH), + H,S03 (1-4)
MeS + 0, + H,0 — M(OH), + H,SO4 (1-5)
2MeS +20, +2H" — 2Me** + $,0;" +H,0 (1-6)

XLEE AR R R A& B AR PR R SRR, A &HT, X
P WEMNE IR R BB EER, 7R EMEPERA, Ha, SEMERRMN
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[ A7 E—E Xsid

PAYF BT . RRBFEAR, BTF P SENT WL, BmIZiH
FRMANF, FROBABAR, XREWTY WREEIER KR E K&
Y, WTUH YRR Et e REZE R
3) BENEIE BT KIS LR

TRy AR RGET A, RANEEE. FMERERETFHFET
2, SBEXIHEEH, REFLRERNEE. b TRETAERS T AT
FUHRUKER S, BETERIUNE, SRIUFEHERENMEN, TA
RENHIR KT FECE A, SUFFERRKR, B4R P AR T R
Bi. B, K RARIERTMELES BN EEDE.

4) B P ArE L it g o

EHRT AL FNRERD, BTRATYEKERLKT WOEL, H
BRpHEA KR4, BEBTFEEBE, TEHF. F'\ o, Zn®, Ca™,
SO %, REFXMWGWHIWEUER, REFHEKT EREFLER S5
BFHMER, U, W EREEERRA. LR, A THRTHES
THIREY KpH H, WHEKT, EEFWAXENEGK, BXERMAK,
XA B LA R VAR R . Mo, BSY RIRE, TR FAg. Au
SERA BRI .

5) BB Y T T AL SR R Bl g )

MY EREE, S2FUBRERE=H, TSR, SRt
Y, BERRY . RV MBERRY SR UL BRE54. 8.
HERAT WAL, RTYEERBRE. R RARY . RARE . B
WY BERRT AERET S PEEEESHRAENL, HPEERERE
MBS SHEEMA, BHEHS T, RECERSBMEN4 %L, HE
SR E AR AED B HT70%~80%. FiERBFEMRIRMEL:S.
WU VTR ERRFETEREFEESRNGERER, FHEEITED
e, B, RGN R SR WG, XEEEHRE
77 I B S5 IR M SRR R LU R ISR A SR I R
6) MY BIEA . 4. ZHALH )

BEERRBSZLCERBE R, AR, H. FZdE, NHFLOEMESM
FENT BHAEX, RGNS RES, §AYRAERAME LKA XREM
"4, BRBEREES BHEER, BEMK.

1.6 HRREHIHEREX

HFMGZIE T ERMAEN, HifrEREHEUREE, UK TR

12



| A7 8 F—E M5k

LN YE R R . SRR, FERESFHRT AW
AR, RAFEEEEBEGISHEERRANAEER, BRI EFETZHHE
B, ARREFRBEERNEN. kS, BTRREE—RREERKHA
R AR E & T BT, T AR RA RIREAA NSt E SRR
B PR EE, ARESERFEIRKUREUREY KRR R E. ik, Bl
KEED EPRALEY PGSR G R R R EY X P Jky E LA ZH5
BENAMRAMEENE.

FEBEEUFMR. CSU3L. B AR, N=F e mUBORx 855
HST MR RNTIRE R, BEXERET . REV NEWRTERRE ST,
RT =R IERBUGRINT B RV HRERRBNXR, BEEFE IR
AT 4 R R ORI Y BT R R S, TR ) B (R R R S R
BT &M . FFERER EIATHXMVIRRR, B B M YK Rkl
H R, SARMERR. s EAMRMNLIES T ERARTE, ERS
Hr T CSU3L. MBI 55 YiER KIS
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[ o I0A7 '8 F_F K. 4R, MBEWATE

BT W AR USEEMRAE

2.1 kst

R KAMRRET 7% 2 507 AL KRR LAT T R = EmMeky
I~ B RLTFERS. BIK. SHOE. BE, BELERBEY . TR,
#1173 0.038mm~0.074mm KKK BEF ¥, HWRHFAIA 31.3%, B4R N 90.5%:;
BEY RS RS B, 2ATFEERS, BLEREEY ., TRIFS,
178 0.038mm~0.074mm KR HI AT Y, WRFRMAALY 49.5%, HEH 92.9%.

22 KK ENEE
22.1 RBHH

REFRHBMFEEHAF TR 2-1 F.
£ 2-1 REHALEA

Table 2-1 Experiment reagents summary table

A aRR GFR aig R
ths HCI SHrak KEH R R
£ k=R NaOH AiIE: REH KR ERA
BiiR SC(NH),  4r#frdt REBRLERA
XU CisHpNS il ESEAEFANEANERAR
C2HaN;S4Zn
CSU31 NI Tk R KA TR
FKB R CuSOy4 e R R RACFEA
AR Ca0 Pagiirat J-RMK AL T
R Q') / T4 PR AL 2 TR ST

e KCl SATAL RATT AR FRF




-2 30

BT W A, SR

222 REMBFMEE

R EEMNRRENE 2-2.
222 KBMBA
Table 2-2 Experiment instruments
&2 &S AT K
ML XFGHIH N FIEN o KEFEG GRS
pHit PHS-3CH! L&
A BOE AR TXC-50W IWARGF TR A BT
LA 740-FTIR % [ENicoletA &
A W 503 B FE#UV-3000 HARGEAT
ZetaHL AL 2 AL Coulter Delsa 440sx XE N7 BE/RFEAT
HETHRM ZK-072%! LR AER
BT R JARF LR
VLB R HAaRRY LEBER
AR R TR 101-4%) B 3 R T 146 LEE_RE&
B GL-20G-TI L RERENE
R DL DF-101B WL RE TR

23 REMRAZE

231 R

BARTEFI SRR BT 205 B, RATRER LT MR EZEA.

HRNERZHSE, ENARMEEN, AERTURENELE, FREX
FBEHROCT R . ey #TMAE. SRR ERY . A%y dss
RS I6]4) H3EHE A Smin.

HMELETYNEASROT:

D% 2g FEEBN 100ml Be#F e, B BANER BRI TEZS, #EH
ﬂ;}fﬁ 5 min;

QRERTE, HHEBEE, S8R LER, BARBKEEMRBHT Y
HEBAZEEPHITEERR.

T B YR R B A7 SFG HAERENL LT, FHEE A 1600r/min.

15



Wi -2 A7 18 3C BE B AF. RBEHRIE

BHEB BTN YRR NFIEETS, £HHE Imin, RFA HC &
NaOH 455 % pH {4 1min, BIMARBBGY, $# 3min, BHINEEFBEEE 1min,
3% 3min. WHF RAER S0 BT REHHE R R, FRRELE 2-1.

By (2.0g)
IminX ik
IminX #97pH{E
3minX
1min X EHH

Fi%3min

v v

K= A

B 2-1 FixAEE

Fig 2-1 Flotation process
232 WRKEMNERSE

PRUE IR0 WP BOBRAR . CSU3L. XUBRR S = M2 MR L HI R A A
WEREHB, oHERKRAELI BT, LURE c MEANR, TELE A
APAER, SHFTHERL .

Habl& S5IE: % 2g 7 HMAZ] 35ml K, 5 pH H, %% %5
ANZF, WEAHBEH 25min, BODE, B EERBHTROCENE. REREHL
N RTREIER BRI E, A5 AR T8 S 25 FIEr YR E AR Y & .

233 BIBRENE

KR 36 B L 72 8 FE SR 4% /A B] HE 72 9 Coulter Delsa 440sx B Zeta FA7 4347 {0
EVYREMBEA. ZNERAMRREKEENRE, WL Lg%
(Electrophoritic Laser Scattering, ELS).

BRI STIER-Sum, BRI S0mg EF 100ml £4FH, in
100m1 Z1#7K, A HCI 5% NaOH 5 pH &, A (AN —EWEE KRB

16



e AR BT . AR, XBEMATE

SR, TERE S PRIESE EHERE Smin, WEW K pHE, A Coulter Delsa 440sx
SWBGETRANE. SMERUEZR, BIHFEHE.

234 L5ENE

75T YR RIS BIZLAGIELE Nicolet FTIR-740 B S R BAL AN E
SRR AL [ A B AT AN RRR, BT 4000em™ 2 400cm™ . Z57 5
P YHER R EES RN : ERFPMA—ET PS5 ERENHFIEE, B
# 15min, REELLSE, REAEYTERTEETRNEG. WEN, KEE
FETERISTSA P B4, M KBr ¥¥, SEHENFREANS. REHCLE
S INBE A & R AR EE, BUH RS RETBESBE AR SRR, W
BiRERKT 2em™.
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B2 18 3C BZE UG A ST RS ANER

FZE BUFIXERT . ESRTIEETANEN

FEIEEHAT LAHIK. CSU31 FSUERER HFBOR, AR AREHIN,
B3 pH (. SRR BX EME . BBy RN EE, URRENS L,
GBI RTINS, R T RA CSU31L MMB R
RS, 13T HRMAR BT AR R R .

3.1 ERfAERE
AT HEARSRTEERERAIMNE, OGRS, E8T M

REBEFRFR pH E TR ZIETANEWH. EEFAHESHEV RN
XANAE 3-1,

100

* -\.\.‘\’_‘:ﬁ:—\.
Bl .

60 -

40 |

Bl /%

sk [~ 2%H: 22mg/L
—e— 2%ih: 15mg/L

0 1 . 1 1 Il —

1
2 4 6 8 10 12
pH

S 2.6%10°mol/L
B 31 FRARAHAET, FATGUEE pHX A
Dithizone: 2.6x10™mol/L
Fig 3-1 The relationship between recovery of chalcopyrite and pulp pH under different amounts
of frother

B 3-1 MEREY, BEemEFINEEHER 2.6x10°molL i, HEF 7
BA pH27~12 WEEA, AIFEEREE, LREFHEY 2mgL i, BHETH
BRI 95.7%~88.5%, HEREHAHAEND 1SmgL, ERAFT MEKEE
85.6%~69%. HILRE 5L EIRFIHBE A 22me/L.

18



[ VA58 F=F BB ERY R FIET NN

32 FRM AR . BRTIFHETARNEE
3.2.1 pH EXEBT . HER AFEOE M

B ¥ pH EXT AR EZRLE 32, £RRH, BemdimniRmEg
3 4X10™mol/L i, 7E pH 4.9~9.5 {EH A, HEW EIMEZH, 7 pH A 6.9 B
HEWER KN 80.3%, ERMAN THEMWERRE. Ay EE4 pH EEH
WA HERE, Y pHEN 69K, FEWEREXER 31.7%, pHXT 95 /E, ®
B EA G ET M. R ELED K pH b 9.5 B, HHATRRRE B MRK.

100

—a— FKT

—iy—

] RN
/L\‘«

=W 2 /%

40 -

20

Hilk: 4x10”molL
B 3-2 sAkehIFICH LS pHAEM X &
Thiourea: 4x10“*mol/L
Fig3-2 The relationship between the collect capability of thiourea and pulp pH

322 HRAEXMHERET . EHT ALFEMNEME

HRAEXNT YEENEN LE 3-3. £RKRY, 7£pH % 9.5 8, BEER
fRFA B, WA WEM RS, ERMEERARBX. BHETHIE
W TE 74%~T9%2 i8], EHT HIEIRETE 6.7%~14.8%2[8]. ZEFARHEA 4X
10*mol/L B}, BT B MR BHERK, HEEN 68.6%, 51 3-3 A4,
BRXTEEY . BBV MRS, THERE.
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Bt A 183 EZE UGN R R ERIT AR

8 ./_,,.—-u—mu——-——'—'_—"——'

nr —a— AT
& - —o—THH
X st
¥
gg 40
8]

1 . i 1

2 4 6 8 10 12
HBx10™mol/L,
pH=9.5
B33 rofteakR 505 FHLE

Fig 3-3 The relationship between Thiourea dosage and flotation recovery of mineral

<

3.3 CSU31 MEER" . BHRIFETHNEM
33.1 pH B EEHE. SHn T RS0

B3k pHAEXH W BRI B 3-4. 4 2%, BEmsr csusl A
BN amg/L i, FIT A pH EGEA TR, 76 pH 24 4.9 BEIKE
BK, K929%. HEKY ¥ pH HEERTEEERZE, BXEIKRER 24.6%,
EpH KT 69 )5, ERKEREME. 7EpH b 9.5 Bt, HEIH MEEY HEE
FAZBRKA 86%. HIILHREEY K pH K 9.5 i, #AT CSU31 A EL R

20



B -5 1 30 F=F UG ERED R ERT AN

100
80}
| "
—a— W
i 1 —e— WHT
= !
B 4}
20 ’/\\\VA
o 1 1 A S Il ry 1 A i
2 4 6 8 10 12
pH
CSU31 4mg/L

A 34 CSU31Michees pHEM X A
Fig 3-4 The relationship between the collect capability of CSU31 and pulp pH

33.2CSU31 AEXMERT . HEA AEERIMm

CSU31 ABXNT YRR m LA 3-5. 2 RY, fEpH K 9.5 &, B
¥ CSU31 BIEKIEm, T YRR ERM. JRFKEERE 91. 5%~95.9%
208, BT REWRE 6.5%~34%2 17, 7E CSU31 AN 4mg/L B, HEH
MEST BB ER KN 84.9%, #H CSU3L X HHAT HHEIRE R, R
By ke, SR, EEEE, BRBE.
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HAEAiR X EZF BB ERT . ERET AR

100

M_F‘
80 |
—a— F
—o— HURY
£ 60
¥
&
B 4pf
20
L
0 1 1 1 1
0 5 10 15 20 25
CSU31fF & /mg/L
pH=9.5

B35 #gohfgEiths Csusl AENHXE
Fig 3-5 The relationship between CSU3 1dosage and flotation recovery of mineral

3.4 THERMEFN . BT IFETAHMEE
3.4.1 pH EX EIRR". FHA TR0

¥R pH EXT YRR LA 3-6. &RRW, B EmHBTIEEA
B4 2.6x10°mol/L i, FHRZE 8 pH 75 B Ao A AT RO RO ATV 4, LRI
FIE 95.7%~84.8% 7], FEKY AR pH EEBNAFHEE, HEWKERE
24%~4.6% 218, HpHAE>69 Y, HAFMHERI T, pH KT 9.5)5, EA%
LAEE. BT, ERA pH EEEAREY SEKT M EERK,
FERREEMBME AN TLRNENELEN B, HILREET K pH N 6.9 B,
HEAT B R B R B AR A AR .
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Wi 44038 3C F=F UGN R R FET AW

100
| .“H-o—————-o_\’\‘\’

80 | —
—o— FHH

60 |

“r \
1 1 1 L

pH

[l % /%
8

SHRAE 2.6X10°moL/L
B 3-6 MEIERMECHIEED pHIEMXZ
Dithizone: 2.6x10*mol/L
Fig 3-6 The relationship between the collect capability of Dithizone and pulp pH

342 WEmEERAEBXMEEN . BRV AZENRWE

SR RN TR LE 3-7. £RKRE, £ pH K 69 B, B
EXNFE A MM, §YERERZERM, ERNEERRLMK. HEHYE
W RTE 94.4%~96.4%2 7], BEEH EIMERTE 13.8%~20.4%2 [ ZEXHEHEHN
2.6x10%mol/L B, HHIF MALY EIWRMERK, HEMER 80.6%. I
BRI, (BX AT HRREE DR, NRRY IHEReEH S, EENLT.
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e VA7 F=F BN BT ST RS AR

100

—

80

—s—Hy
—— %Y

60 -

= /%

40 |

20 M—o-—‘o

2 4 6 8 10 12 14 16

MNFikEHE X10%mol/L

pH=6.9
B 3.7 FHFhEids xR EHX R
Fig 3-7 'The relationship between Dithizone dosage and flotation recovery of mineral

3.5 A pH EXEET . SR FRITANEM

R ESM R XMEFIRAR. CSU3L. BRI E AR, TIRERY
CSU31. MBLIRXT 40 PN s KRR . AW EATA
RERFWAICSU3L . SUBERTE R KVE AT K pHIE HE 7 AR A R AE 5 S k™
FIRAERT, AT By Rt REkaE .

EFRY B RARA AN TS BRS, ARKEERE . frRmr ik
W RORBE SR BAHIR, JUFERTE AR ik 2 B 4R R KA N Rk
AR RBE MBI, Fik, %RCSUSIMMBEZN HFY . By g
o, ERTARKIEAT . BHTHTENERXER.

5 oh, WFIERFFASE B AT A, A K BRALE ) 0 7T 4tk e L 5T 2,
AMUE pHAEHIE M, EF Ca WRENEW, FHit, RENMERT AR KB
¥ pH EXHEY AJEHMRW, EERTAKARTHIZHNEW, HiEk
1T A RIMGIR R BRI .

(1) AKX pH ER BHY . BEKF M ZE T

® AAKHE pH EN WY M aEH

FE R CSU3 LRI XURR R ¥R R, A 2K TR 15 pHAE X 3R 4™ o 3 1 1 S i A 00 45
RRE3-8, BE3-80 N, ERAKRIBET %+, EpH/hTF11R, HEF
AEEIARRET, BT ECEAESS% U, SR, AKIET KpH
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B - S AT 3C B=F MWBCHX EER  ERE EEIT A

BN ERAT TR ER AR ER K, THEET KpHEXTIE,
BAKARN, HRET ERERERE. dRAERKEEANEREXTET,
ST EET MR AR,

100

80 i~

B0 & /%

40F

—s— CSU31: 4mg/L
NF | MWHE: 2.6X10°mol/L

1 1 A 1 1 i
6 7 8 9 10 11 12 13
pH

B 3-8 % &if pH {3 K45 TiF e Hh
Fig 3-8 Effect of CaO as pH adjusting agent on the flotability of chalcopyrite

@ HAKIA pH ENRHT K F

7EA CSU31 FMIMBi LR, AKENH K pH EXNBRT TEHEZNE
IR LR LA 3-9, HE 3-9 TR, FERAAKAANMEY X+, B CSU3l A
MUEREIRIER, 53 pH X D AT R m AR ST A SRR BT
FEHME, BEEEAMAEMLT, ARARNEWER, HEYEKRE
FiE. &R, A CSU3 MNFRRFER, AR HKY MHERBRKN.
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e UA' BZF MECHIX R RS BRI ANE

100
—a— CSU31: 4mg/L
80 |- —o— IWEAE2. 6X10™mol /L |
60 |-
R
N
¥
= wf
B
!
20
P \
*—. T - a
0 L 1 1 hd 1
6 7 8 9 10 11 12 13

pH
B 3-9 % & pH 188 %4k ¥ MY
Fig 3-9 Effect of CaO as pH adjusting agent on the flotability of pyrite
Q) AXKAENRET . HET HEENER

OfKH B WG RN W

B 3-10 BRAXKABXNAET ATEENERRRER. £RER, ERAR
FUHETRWEAD, MERHROZGTEWEK. HE3-100T45, BRMEELGK
HBKSEAT RRET 8 R18, BA RN EHT TR NE W, ER6 i E K
RER TR

pH

7.5 10,4 110 11.3 11.45 11.65
100 T T T T T T T

B e

20 —s— (CSU31: 4mg/L
—o— XU 2.6X10mol/L

-30 (lJ s‘o elo s;o 1éo 1:30 1;;0
CaOFf] & /mg/L
B 3-10 & &M ExE05 TF ey Hmh
Fig 3-10 Effect of CaO dosage on the flotability of chalcopyrite
@ BXRAEXEGY TR

B 3-11 RAKAHEXNAHT TEENEMRARLER. SRER, ARMHE
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i VA3 F=F MBCIXEET  RGY EET AN

BB RE BN, ARMMA, BERZEE T R MR,
-7 7E- 7, S RL

pH
6.5 9.8 10.7 11.05 11.25 11.5
T 1

100 -~ T T | T
—s— CSU31: 4mg/L
—e— MHEE: 2.6X10°mol/L

80 |-
60 -

40 -

B \
m —~4- - —l

0 1 by i 4 h i 1 h
-30 0 30 60 90 120 150 180

CaOFH 2 /mg/L
B 3-11 BRAEF KRS THRGHH
Fig 3-11 Effect of CaO dosage on the flotability of pyrite

() BRI KT B HIE R PR #

BN B W AR RN, TR R B RBRRIMEIER . AR
B IOAEINLEE, AT LS BUF LA B

[t 2 /%

Oca™ BF KA
T AE R RER SN TR, ARRETFFILERRBT,
CaO+H,0 = Ca(OH), (3-1)
Ca(OH) it — SR & :
Ca(OH), = [CaOHJ +OH' (3-2)
[CaOH]" = Ca*+OH (3-3)

Ht , EAZRHTESEEN, BREKERF L Ca(OH),. [CaOH]",
Ca**, OH'IUF HRFFTE,

4k, Ca(OH), ZEZK -PIEMEIR/N, {8 Ca(OH), HEHLE: Ca(OH),—~Ca™ +
20H . B 3-12 & 1X10>~1 X 10 %mol/L)Ca® B FHIM X $ & . WA 3-12 7T A
ZEpH KF 10 LU, WHHEERSE Ca¥'s [CaOH]' K Ca(OH), B &EYR,
Hik, EEFE/EREERL Ca?. [CaOH]' K Ca(OH), K& Y RN YR H
R EKYE MR, WTTREMEER. B, Ca®. [CaOH] FEREY REBH,
AR T BB R E AR, BT MR SRR, BT R
ERUT REMBRMER, #—DRERT ZEY TR,
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i 207’ BE MG A R IR EAT A KR

-1gC

10 11 12 13 14
pH

B 3-12 1% 10°~1 x 10%mol/L)Ca®* & F ¢4 3k A 2+ ¢ B 7
Fig 3-12 Log graph of Ca®* ion concentration between 1 % 10™ and 1 x 10®(mol/L) ™

55h, BEMREBT), B REH TEERLHK CaS0,, TiH A
M TEL=4 Ca(OH), ¥ A KV KA T HREY 1 XPS REMT, TTUM
WY REBKXPS T RIEE3-13F, HEE HFESE LAY CaS0,.Ca(OH),
1 CaO, BT HMHINIEAKAS EEL CaSOs. Ca(OH), Fl CaO.

Ca0:320mg/L Ca0:1000mg/L 347.1
348. 1 aso,
Ca(0H),
347.1
Cas0, 346. 2
Ca0
346.2
Cal
-t /\ 1 L L | ! SR Y N —. 1 1 a1 n
342 344 346 348 350 352 354 356 338 340 342 344 346 348 350 352
BAAEev @B Ao /ev

B 3-13 RE 69 3% A E 8 RAR T _45 A& Cath XPS # Ag™
Fig 3-13 XPS extended spectrum of Ca on surface of pyrite in different dosages of CaO media

® 0, %k OHETFHMEH
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[ A8 B=F OGN R R EIRIT AR

TR RE BB RBMET o, BT RV REOEY ZEREANEIERA
OH{EFITI4E B Fe(OH), Ml Fe(OH);, HRM T REF/K, FHATEHZEM
%o odRTmTRR? ™,

R REHAM:

FeS, JFeS,+0,+H,0 — FeS,[FeSO,+H,S0, (3-4)
Hey REAENEBESRIEM:

FeS,|FeSO,+20H  — FeS,]Fe(OH),+50,* (3-5)
BT If) Fe(OH), IR i — S E AL AL Fe(OH)s: (3-6)
FeS,]Fe(OH),+0,+H,0 — FeS,]Fe(OH), 3-1

Sab, EER X SERAE ST, TRNBFRRY REH Fe(OH); A .

LR, WSS REUR CSU3L SEHMBENBERERERE, HHE
5 Fe(OH), (Ks=4.87X10"") Fl Fe(OH); (K, =2.79X10%) HHEERE
¥KI%, AT OH B FRHR L 5 REY RE CP" A&, R 5T ZEMH.

3.6 $AEFRIMAM EEKA ALEERIR

LT ANBERTES, FRILAFE-LERETOHRET.
%ETE), FYESETRSREBBIRR—LEET TR, ZEETH
HEEEZWTYNZERR. SBFETHMARESEWERE KA FHT,
B A SCE BB T B T IS BT AR R AR

BRI B L E3-14.

B5Y (2.09)

IminX ## (NCuSO4)
IminX AFpHIE
3minX Y

IminX &7

##i% 3min

v v
K= R

B3-14 FikiAfEA
Fig 3-14 Flotation process
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3.6.1 IMAEEFIG CSU31 M EST AF R0

MASEF 5 CSU3L X&YW E R & 3-15 FiR, ZEMA 1mol/L
PR, ZEREAHT, BET KBRS iR, Emrt&a
T, FERKEEAR .

100

—a— HIETF: 1X10"mol/1
ol —o— HiET: 0 mol/l

60 +

BT /%

40 r

20 F

CSU31 4mg/L

B 3-15 488 FANE CSU3L st&4k s Tt M eiHvh
Fig3-15 Effect of CSU31 n the flotability of pyrite after copper ions addition

ATH#—PEBRHEBEFMAG, CSU31 XD TMEMHEM, 7£ pH X
9.5 MERTHETHELHRAR, HERME 3-16 Fix. FEFHEMN 1X
10*mol/L H1NF 1.6 X 10°mol/L, B4H EIKEM 8% M 13%, ks [Eik
EMIMAK. B R4, FEFMAG, X CSU3l EERBT HEHAL,
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18
16 F
1l -
12} -/
R —
g}_ 0} /
X s} —
[
6 5
4 =
2}
0 IIIIIIII [} 4 =L A 1 i 1 A
0 2 4 6 8 10 12 14 16 18
AR FREX10"m0l/L

CSU31 4mg/L, pH=9.5
B 3-16 CSU31 #E4iichl, A& TRAIHFTHTHRGY A
Fig3 Effect of copper ions dosage on the flotability of mineral and CSU31 as collector

3.62 A E F i WEEEN S50 TR RN

NGB T 5 SR RT 8akm aT e g m & 3-17 Bizs, ZEA 1mol/L
SETFR, BEVHERRENNAR TR IEREHESK, EREEHT,
&R 1%AEL, EREEAGT, WHE2%EL: A —PERERRpHET
PR TFHIMAN B TR, A dmol/L HEF, HE3-17WR, &
MHEAGT, BRRRERK, BARKEER 42%, EEEEGT, Btk
ARETW. EREH, EREEAET, BREFRETFHMA, SEEREKTH
IR .
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100

90 —a— HEF: 0 mol/L
w0l —e— HETF: 1X10"mol/L
—~—— WEF: 4X10"mol/L

70
60 |-

50

B3 /%

40r
30+
20

10

SHAEE 2.6x10° mol/L
& 3-17 48 8 F N6 AT 5 7T 3% s Bl
Dithizone: 2.6x10°mol/L
Fig 3-17 Effect of Dithizone on the flotability of pyrite after copper ions addition
AT H—SERHFE T MNEIERIEA HBH AR W, 2 TE pH
A 6.9 HFETRERMRAR, HERWE 318 fiR. MEFRETHENM,
HH ECR A T e

18
16 |
14 -
12 F
z
[ |
—
6F .
\.\-
4 \.
2}
0 . 'l . 1 1 | _— J | ~L L
2 4 6 8 10 12 14 16 18 20 22
HETFHEX10"m0l/L

MAHE 2.6%10° mol/L, pH=6.9
B 3-18 ABARAR ExT 5 T Hed Bk
Dithizone: 2.6x10™mol/L, pH = 6.9
Fig 3-18 Effect of copper ions dosage on the flotability of mineral and Dithizone as collector
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BREAIIG G SESRETFRESE RN, EREKXNT, MAWETE
R SRy REBEE NS FRERNRES RN, 8T HRE K
.

HRMWT:

M . S :/C—-N:N-@_
—S+Cu""—— Cu| ¢ _N

FETHIMAS Ry REAERANE.

FeS,+7CuSO, +4H,0=7CuS+4FeS0, +4H,S0,

5FeS, +14CuS0, +12H,0=7Cu,S+5FeS0, +12H,S0,

LUMAFE TR, FET5R%Y KA Fe 8 S BIEAKE, REERDH
ETF WL HMAE (CuS) —B, RELEEE THEHFET (CuS), BUMAH
BFENESY RERFRURLRAT Wi Egrett.

WE TR NRAEAES pH EE X, EBRENRTHFE FRORLE
RERNAERGAE, MEPENBEEGT, AEFEEURESFHREE L
W ET YR E R ERMAITEER.
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BTLk, ZERAEASET, Cu® S¥ BT I OH R A M Cu(OH), i, Cu(OH),
BEER (Kp=22X102) MFUFHELSFLMBER, RIERERER,
EEBEN RS, OH FHRIBIRE W B FRIAES, W RSy MeZ
%,

Zbh, BEEWBTFHENEM, TREBEFH CoHRBE, ENFEA
BEREDHBEAE, DHEEESEBTH CEE, XRERERSBT R
TR Cu®RAERREERNONREREDST, NTEEEY RRMFAS
£, AEERREE, ARG Mok e, AT mE 3-19 B
A — AR

\c:s
/
'H Cu” (&)

@ Cu” (5-%)

FeS:

& 3-19 RS F R Cu’ HitE AR
Fig 3-19 Interaction model of Dithizone and Cu®* in pulp

3.7 XEIE

FEFEERTHR. CSU31 MMBR=FZAMA HH% . BT 2ET
AW, FERRTRAFAE. ¥R pHE. ARHAEXNY WEEITANE
W, ARFEGARIEYT ¥ pHE, CSU3L. XBREEN S5 . BBy 3%ET 810
FW, EHATHEETFRIMAN TSR ZETANERH, TRBHUTER:

1. EXGREAEN 2.6X10°mol/L &, EEFIFHEHR 2mg/L M EHFT K
Bl EE 95.7%~88.5%, HJEEFIHAEN 1Smg/L, HHFF KR E
85.6%~69%. HLYkEZIRFIAER 22me/L,

2. 7EpH K 2.7~12 TEE A, BilR. CSU31 MXUB % = F 2 FIRT &40 1
TSRS SR T X BB MR 70, IXT BT M BE R 4 . BRIR<
CSU31 < Hifz .

3. CSU3l FIMBIFERKAFHR TR EHT BRBARBKAES,
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CSU31 AIEN 4mg/L FINBEZAI &S 2.6 X 10°mol/L B, HAEFMIERPHE
BT HAT MERY BIREREER K.

4. FICSUIHIXUB B AE /IR, By £ ZpHETEERN, HFEAR
RIRRYE, [EIRRAZESS%EL L, BRI TN AT MERERNEEAF2%.
B, XREERE &G TEERBHERERCSUIINE—R, BlRERAE
595.7%.

5. HAKREN, EpH/T11k, CSUIHE X EEy el A
R, AT EREREESS%L L, SEASELRAR, KERERETRE,
fEpHAT11/E, AXARHTBHEAT B RBEMRE, T4 K3 ZEy 1T
EHEBR KGR, BSF EEXAE.

6. F CSU31 MG, e FRIMAX BT Wk RERW:
A 1moVL S F/E, Al CSU31 fEWte, EMMEHT, A%y fER
HAIAE TR, EREAGT, FERREEEL—F. WA 1mol/L H#H
FiE, FEREEREH, B% RN RERREL, SMA 4molL HFET
B, EREAGT, HHVERRRERKR, BAERERKEE 42%, TR
T, EMEBUAK. AETHRAERREH: H CSU3 Mlmn, =&y
Rl bR S TR R A I, EmEEARR: XU B,
B I [B] W 2R B 4 25 7 P B A 388 7 R
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EME HHSHTMERIERR

B YD i R I BA XA B - CSU31 ZE¥/ pH 76 Bl 3t & 40 B R
EHMMREE, WERBTEKEABRE, BETHESHELAET, By
MBEBRT MEREAZERK. FIMIEFRMAN K& TR ENERAKR. X
THABEN ST HREAERANE, RENTYEEEHNEREEEMTA
F, GRS ENR. FHBARER. MAMEES MRk, EEAHSER
b, BB HREERE.

4.1 BiER . EHTHNREEHNREENE

WHE MBERY ML EAR. RESHAREERESHRES BTy
B HAARRYNMRER, MAT RV UREEROER, TR
SBATHEBH TR, Bk, S EETRELT T W RAE N5 REEEOSR
W, AR TRBY WEEREIT A, IR REGZE) O NSAHEEE
BRHRIEN.

4.1.1 AW HREERIREEE

WP, ¥R A CuFeS;, & Cu3l.5%. Fe30.5%. S 31. 9%, ¥H Ag.
Au. Se FBAN. BRI RR, &EMEBNENEY &, EHEFY MRS
F, B-MRETHSATNEATANENMSRE FRMAEFAHEANEE
YRR, 8- MHEKENAGREFHEE, BTE AN &R 6 252 AR A
#, WE4-1, FFRIEE: Cu-S=2.32A, Fe-S=2.20A, MITHHV EEHENE
WAL, SRWETREFICHAENS. RREEERKNNE, BE 4-2,
T BB {112} {011} B A%, Hlt, HRERAV XTI ESHERE
FETHRRERET, WERT RERENELR N B EEN,
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B 4-1 %495 CuFeS, & itk #(C $b& )™
Fig 4-1 Crystal structure of chalcopyrite (c axis perpendicular) """

Cu Fe 8

Y 500

C,=10.32A

8=524A |

H 4-2 45 0 Bkttt RFesaast i EF & AT

Fig 4-2 The relative positions of atoms in crystal structure of chalcopyrite!’*””!

4.12 WHE BRI EMARE ST

BT, %R N FeS;, A Fe46.6%. S 51.5%, %% Co. Ni. Au. Ag.
As. Se ZiEA, HF Co. Ni LIKERRE Fe, BREMNHEAKY HER
S T Au. Ag 2R SARARRIHBBAYIFELE: As. Se WEIKER
8BS, BN As ABTIAE 2.7%. BHEV KKESEH 5 NaCl 84810, wmE
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4-3, UBKBETREBHET, UMHRETRBAET, URRIREFZHnS
BT rp 8\ 0 2 — B/ ST AR f 47 TR AR IR, R AT04 t th ARAR BT
#, BB EATHERIAE. LAT EAR-ERE, XA ZEH
M\, EXFARELEETAALMEAN=HRELN, REEEHER

B 4-3 ¥45 FeS, &4 ks 47N

Fig 4-3 Crystal structure of pyritem'm

FEEBY MR, W 4-4, Fe BT L5 AR RN ATSE$ O,
S JE T4 RURE AR IR BR[S2]Y s Beh DL T BB I DA R O o [S:) BT H
Mk 5L AR 1/8 AL AMN AL AR, BHEEFATE. 840
Fe [RFAAA S RFESEHANEARE, TN S BRFUMN A=A Fe BT
B%%. Fe-Fe A& /B, Fe-S A ABF4&, S-S B A3LMrEE. ZE{100}F1{110}
[ b5 1% Fe 1 S |7, ME{NELENAE—MEF Fe sl S, FE¥aH:
S S-S=2.10A, TIZEAREI[S,]* 1] S-S=3.09A, Fe-S=2.26A. EikH IR
{100} FI{1I1} R AATE. TR, HETHNEEREN S RTFHJLER Fe BT
K, BSEFHRTKA, BEERETREOLXKIANY S BT 5 THEEaEN.

np
'_\
>—k—
e

| 7
xewr O Os

B 44 %457 9 SR RF etz E 7 &R

Fig 4-4 The relative positions of atoms in crystal structure of pyrite!”®)
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4.2 BRI ERT . BT RE Zeta RALKIFIAE

AL MR AA X AR, FTVE R RN st R e Y
RERENEF RN

WENHEER, —fAN, XTETFEYY. By, s TR4A
BEYREHALET: HTELY. BRETOHEALETHRE HHM OH.
LFY—E RS SRR T RN, KHE P RIS E R
EELHY YRR, WY HERELTREFEMNI—RN “WEE” Ba.
ME, WBE EREARRN “FhEA”. BTARARSE, FHREFETR
HREEMEN, %4 pH>PZC K, FYREHE AL, FHTHETRZRRM
HHATIRM: % pH<PZC B, FYREMER, BB TFRHIT RS ENE
WL R R 3 AT T,

4.2.1 ZHIF E AT Zh R LA R MR

& 4-5 & CSU31 (F&: 4mg/L) ZEARF pH (& (pH EFEA NER. EH
WS AK) £ TAESAT Rz REs. hE 4-5 75, CSU3l 5HH
TR, BAT RE NS R RE, BRATHSESERRERL, 44 3,
ERMEANT, 27 CSU3L X EFAT Rz BAMERAAE. 2 pH KT 4.9
i, CSU3l 5&EMFERE, AMF KRB ORE TR, XY CSU31 Mg —
MAETFREN. Y5 PREBANIEMEN, CSU3 MIMAERBEMLLE, R
RSP YaEERENER: U WRE By AER, CSU3L RIAER
B4k iR, BRI CSU31 57 YaEEEREEM T,

FE 445 pH MR, AT REMMBAANA R, HRAERAAZE 1.
W RAEALE R, T RPSIATHERMN Ca¥, BRI REBARETR
K3, Y4 pH 79 20, HHETREINBAZUAK, 3 pH XT 9 Lla,
BRAT RAANBARABER, RPLLENERT RANTEETRALNZ
LR
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B2Ar R HEE S5 W LR 5T

wh —— R
—e— F A 5CSUS1ER
—a— RICaOif3¢, FHiF S5CSU31EH

< o
]

Zeta HHL/ (mV)

pH

CSU31: 4mg/L
B 4-5 X F) pH A TF CSU31 st %484 & ix 4%k
Fig 4-5 Zeta potential of chalcopyrite as function of pH value

B 4-6 ZXHER (HE: 2.6X10%mol/L) 7EARR pH 18 (pH M IHZEH N £k
M. SEAHEAER) £ETHERTOEIEMANEWN. G846 T8, WHL
58y ERE, BE5REMNIBAMRE, EEA5 NS s SERRE TN,
214 3. 5 4-5 XL M, MBS EAT RESRLEWEMEE, KXA
BEAL T FERISEDR, RGN %2 —FH B B T M5 YR E RN E
E, WEEAMAEL B, RELSTWREESENER: 49 %
AL b SUERT, XUBRRR A S FB AT gkt 61 %, 8B B B 51 ) ) i A e
HeFRN, MEZRNRENG. RET58BETRET MRS S RN, 4
BT &REEE.

Bk 4-6 AT, FEULESTE pH ER, B RERSBAANAR, LX
EEBATE 12, RBERAEKSEEE, FEPIATHELRMN Ca¥, By
REHBALRETRREN, REEEI ERT R0 R 28 8K
T o
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24 18 3T FNE HAETOERRIETA

—a— P
5f —e— HA SEEEA
L —a— FHCaO%R, HHN 5AERERER]

Zeta HfL/ (mV)

pH

SHAE: 2.6%10°mol/L
B 4-6 RF) pH A FRALGS KEF Fh it ¥h
Dithizone: 2.6x10°mol/L
Fig 4-6 Zeta potential of chalcopyrite as function of pH value

4.2.2 BRIFE SR B RALHI R

& 4-7 £ CSU31 (I&: 4mg/L) 7ZEAF pH & (pH HIREF AR, 4K
WA RK) £4 T HEY IR AKEM. BE4-7 775, CSU3l HHEK
FERRE, RSy REOSEMBABT, EHXBUEMEMRD, HH CSul &
B RER MR DB E EETRM .

FEALAE R pH ER, BT REMZRAAN AR, HAREASHER,
P RPN THERFMN C®, RALHNEET REANNEEERAENEW,
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15F —e— WY
—e— FEF 5CSU3IEA
or —— FICa0ifl %, H%H S5CSU314ES

Zeta HAZ/ (mV)

CSU31: 4mg/L

B 4-7 X F) pH 1A F CSU31 st& 45 5 4564 %
Fig 4-7 Zeta potential of pyrite as function of pH value

Bl 4-8 ZXHER (FIE: 2.6X10%mol/L) AR pH 14 (pH & EEH 5 ik
B AEAWHEER) FHTHEET W B . tiE4-8 T4, WHi
SRSV ERE, BBV RENSBABMEN. 58 4-6 7R, NHikEE
SRR R BT K T HAE BT R ROV, 6B XUBR B 7E 2 e R AT
D REREETRN . b 4-8 TT41, FIEMLEEE pH ER, B EHEND)
RIS, HAREWSRE, T RFSIATHERRN Ca®, R E
B RERI X BT B E W,

HERFERARER THE RS BEEm, Fit, XRRERTR
A pHE F#E FIMA B BT 255 CSU3 L R REE A B h B 3L i,
B 4-9 AR pH TR EFMA G EEY 5 CSU31 A B3I A 4k 2k .
ATXHATE 4-9 BEET pH MRS SR Emit%. AR pH & T
AFETEGT R L. D& CSU31 SEE& ERNE BN
AL
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# -15}F
®
© 20}
~N 2 —s— HEY
” —e— HBH 5XEIEER
-25 F e RS
-30 i " 1 1 1 — 1 h
2 4 6 8 10 12
pH
B 2.6%10°mol/L
B 4-8 B pH {& T Raibist £ 445 3 S48 Hoh
Dithizone: 2.6x10®mol/L
Fig 4-8 Zeta potential of pyrite as function of pH value
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5
~ 0 k b :i\\‘\\
E | N
~ T SR
E 3 .
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B Ry
8151 |—e— H%H SCSU3LEA
O | BB SXEEER
N2 | fmcu®
| |72 MO /E 5 CSU3LHER
—o— fICu®J& 5 Xk B EA]
-30 1 . i " L A i . 1 N 1
2 4 6 8 10 12
pH

CSU31: 4mg/L, SAEE: 2.6x10°mol/L
E%FRAE: 1x10*molL
B 4-9 ABFmABHBRFT HBMUER Bl BB K
CSU31; 4mg/L, Dithizone: 2.6x10°mol/L
Cu**: 1x10™mol/L
Fig 4-9 Zeta potential of pyrite as function of pH value after Cu?* addition

B 4-9 A4, WETMNG, BREYV RKEKZEMBAES. #£pH X
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2.7~95 2 (8], BHHKF REBAAFEME, 4pH KT 955, HRENBEL KR
H, FENTERBHEASTMAK C®'E OB RNAR T ey .

FE pH2.7~12 Z[8), WEFMNERET 255 CSU3L. MBEER, KX
T3 RLAL RIS 8 1 J5 508k B AR, (B H R 5 R e SR
HRMERNE, RAMAKFEEFAHE CSUL. MBREFENFRER, #*
R K AR

423 HFREXT Y BAAIR

CSU31 FI& KR pH 4 9.5 BHIRK, B 4-10 & CSU31 A EXT 93
RO, B 4-10 A4, CSU31 ARABAM TRRESTERY . %%
WREZ B, BRFF RERMLERT RESBRMANES. 4 CSU3L
HEXT 12mg/L J5, RV 5EH%Y RE) B EEENE /N, BB ERE
& HRAFIHE mgl) B, BT RESBUSEET KA EMLZHEE
K, REZERELAEHYE.

-0 —a—
—— WEHY
_15 -
z
,E 20 F
i
8 5t
Q
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\
-0
-35 . L . L 1 A
0 4 8 12 16 20
CSU31(mg/L)
pH=9.5

B 4-10 CSU31 A&7 #5) w4z td Hvh
Fig 4-10 Effect of CSU31 dosage on the Zeta potential of mineral

Wi b B RK R TE pH b 6.9 BHAM . B 4-11 RO EHENT W)
BARIEN. BE 4-11 7740, JHMEERHELAG TRARSTEAT EHE)
AL, TOXTRES RENBRAERED, LBUFHEEHEAT 5.2X10%mol/L /5,
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By RESEAREE D, EEMARAFFELET, AR R@HHEALL
By REFHRAANS . RENBEERRT RARMNES, BERHHA
B (26X10°mol/L) B, HEF REFBLASHKY R RALEERK, 5
AR A& .

0

—e— HHE
—o— HEHH

_20 -

Zeta HAZ/ (mV)

-30

_40 -

MERRE (X 10 mol/L)

pH=6.9
H 4-11 Az R F215 3 eliesBn
Fig 4-11 Effect of dithizone dosage on the Zeta potential of mineral

43 BFIERET . BV REHRMITA

AL BT YR TE KR 7 R B A YRR AL R B o SR
MR EERNETHNESTURAKERANTR. HERMRULFER
71, BEER, RHET: TORRMAS TR LB, RHEZTM
KM o B 35 M FUAER™ Y 2R T TR PR B 0 X DA R AL S S v B 23 A T LA b
BFAET VIR EHIR T Ko

4.3.1 BiBREER PR E AR Bt

HFIEY YR (IR MR R ER RN E . FRAEN 4X10%mol/L,
B 4-12 ABRRERGY . B REARMES pH XK. Bl 412 750, &
MRIEEAD RER M B EATHERGY REORM R, £ &4 TR
%ge

4-13 HRRERET AR REORMESRMBRENXRR, HE
4-13 T 40, BE pHEN 9.5 B, BEEBURAGKBEREM, 7 YRE 2K
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it B th A RIFE BE MU AR A BRARFE OB MUEUART R R M B SOk SR A
BXFR, BRAERTT ERRM Y R FERST RENRN, BEKNHETR
Ko
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Fig4-12 Relationship between pH and the adsorption of thiourea
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Fig 4-13 Relationship between reagent dosage and the adsorption of thiourea
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4.3.2 CSU31 7ER 3% o AY TR ff

& 4-14 b CSU31 ZEEFH" . By XKARMES pH BIXR. [EE CSU3L
FEX dmg/L, HE 4-14 T4, CSU31 ERMT RERMER THERKY R
IR H R, L pH KT 6.9 /5, BAKEEE K. 24 pH KT 9.5 i, CSU31
EEFTRENBMEBI TR % pH XTF 6.9 B, CSU31 EEBKY &I K
BB T .

& 4-15 % CSU31 ZEHEF MEFY KM R ESHABKRERRR, H
B 4-15 AT40, BE5E pH {E% 9.5, BEE CSU31 ¥IZAKERIRM, ¥ AREHIZR
W BB AFERE N, BERRATRARMESLE. CSU3l ERMT WIRE
IR B SEBOREREL R R, BRAEA: =0.9268c.

0.7

—a— WHY
—e— FHY

R E X10"'mg/g
o e ) o
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e
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0.1 L L i L L
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A 4-14 CSU31 A5 A RAM ¥4 pH X &
Fig 4-14 Relationship between pH and the adsorption of CSU31
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B 4-15 CSU31 A5 M A BRME L Lk RAE % %
Fig4-15 Relationship between reagent dosage and the adsorption of CSU31

4.3.3 METERTER Y0 3 AY AR bt

B 4-16 AXBRIZAER BT . U RERMNES pH XK. BEHEEE
Bh 26X 10°mol/L, Hhi/E 4-16 40, WX RAT RENRM BE T L%k
B REMRME, BHYpH XF 1095, FEMNEETLA,

52F
~e
2
—~ 51F
£
=
—t
X 50
W
=
4.9
=
—— %Y
Lsl o= ]
2 4 6 8 10 - 12

pH

SERAR: 2.6 % 10°mol/L
B 4-16 BHBRES ABREMEL pH 69 £ %
Dithizone: 2.6x10°mol/L
Fig4-16 Relationship between pH and the adsorption of dithizone
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4-17 KRB ER KN MEFAT REMRN RS EHRERXR, &
4-17 W[40, B pHEN 6.9, BEEXBIRHIHRERIMM, FYREHIZH
TR B B R R i, (EEREY RERMEES . WERER R REH
W ESEBIRERER KR, BHTEN: =0.9956c.

3.5
T
3.0F —o— AP
b
> 25
8
S 20
X
m}] 1.5 ¢
&
& o}
0.5
T T
SRR AIRE VR BE (X 10°mol/L)
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B 4-17 RHIEYT B ADBEM EL L RAN X R
Fig4-17 Relationship between reagent dosage and the adsorption of dithizone

434 FEFHMARARAEEGT TERMATN

B 4-18 FIMEARMEFE T, CSU3l EHBT RERMELS pH XK. H
4-18 4N, 7E pH2.7~6.9 Z[8], M4 FJG CSU3l EERHKY REBH & A
MR TRERST RENRKE, B2 EFES: HpH XT 69 /5, WET
RIIMAJLEARE W CSU31 ST REMHRH, HETEHEH.
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