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The flotation of lead and zinc oxidized and sulfide ores has a long history in Iran. Using
thiols such as potassium amyl xanthate in lead flotation is very common. However,
increasing the recovery of lead and silver in the current industry faces challenges. In this
research, an attempt is made to investigate the synergistic effect of some collectors with
potassium amyl xanthate to improve the recovery of lead and silver. First, 50 kg of medium-
grade lead and zinc oxide ore from Anghouran Mine was sampled. After crushing and
milling up to the optimum d80, the characteristics of the sample were determined with
optical and electron microscope studies, XRD, XRF, atomic absorption, and degrees of
liberation. The experiment design was carried out classically to investigate the effect of
parameters on the grade and recovery of lead and silver, such as particle size, solids
percentage, preparation time, amount of sodium sulfide, and most importantly, the type of
combined collector and their consumption. The results showed that the optimum flotation
conditions to achieve the highest recovery of lead and silver in d80 equal to 90 pm, solid
percentage %25, stirring speed 1000 rpm, 10 minutes sodium sulfide conditioning time, 6200
g/t Sodium sulfide and 600 g of potassium amyl xanthate along with 100 g/t of sodium
diethyldithiocarbamate occur. The reason for choosing this combination of collectors is to
increase the recovery of lead that is the production of lead concentrate in a larger weight
with a higher silver grade and more profitability. The combination of xanthate and carbamate
collectors can improve %8.7 of lead recovery and 273 g/t of silver grade compared to the
conditions of a typical industrial plant.
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Table 1- Parameters and levels studied in the flotation of Angouran oxidized lead and zinc ore.
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Figure 2. SEM images of different areas of the polished section

of the carbonate sample light (with permission from Springer
Nature[14]).
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Figure 1. a, b- scanning electron micrograph of carbonate (Ca)

and quartz tailing minerals with smithsonite (Sm), hemimorphite

(Hem), and cerussite (Cer) under XPL transmitted light. c, d-

alteration of galena (Gn) to cerussite (Cer) in carbonate ore
sample, e, f-inclusions of galena (Gn) in sphalerite (Sph) field
with a texture in sulfide ore sample, reflected light (with
permission from Springer Nature[14]).
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Figure 6. The effect of solid percentage on (a) grade and lead
recovery (b) grade and silver recovery.

Osemlislh 3 (y3em 590 53l Y-
@eotaloj] opalishh » (Fopen 198 ;b (a5l
YO+ Sl ol pely NagS o5 j0 0,5 Voo Lulys o
g/ton MIBC 4 aido ¥ SIS (g5lweslel floj ooy 50 0,5
o s ploeil 19,800 A0l dao g YO del> ao o ¢
ley @lae b ol a8 wl QB Gl 4 (e
olezel a5 wal ol LLs wls sed e bl a5 e
2 iree 6 (595 02 Gl b slml Gl e YL
OS5 2 )l (Sl Geemligl la sk )3 (gnlisls
lr oo 3 celie (Sealindgaee Lzee Sy Sbml Jsinse
LDAL el 5loyslits 5 o3 adas 8 a5 Sass,
(SR S 1095 o0 030l £ SD (0 &S gl 4 4z g
MPM G jad Cae g a5l i lasél LJo 4 VY- o rpm
opor 4 gollas ob3lk (S LS pae Jdo 4 -
Gl o) g oyl yem 599 Gl L (B)b jlaanala
Sbml Gidigy (s el Wlgiee pal cnl Jdo ol ansly
il ol y LM Sl o Bas SIS (69, 1 ,95SIS Lawgi ool
doe g oad S eslS 1 U ghe &5 Gl @
bl 4 Boe sl SIS 5 43,5 &)j50 (295 4 3l sl



3 eV (3o QL jan> o sini> Ol S

PH [¥F] s (6,5l SIS L T (28T5 51 b 065 s
VeIB Al ale g 0 b e bk 4 ol sl ate
w50 375 DL ol el el PH )0 0 (s
U6 s [¥V] sbn ials L5805 S ol
o (Ve O o Sadlgn Sl s slajed )3 0,8 (pud
Oz 5k K00 lajls o 0,8 5l (LS jpax Jds 4 wily
JW 1, o1 g i oo Cag ool 2 (295 4 HS 08,08
HoS 09 yioS az j2 9 S 058 i PH az 0 05 s
GYe) lwgie LB PH o Lo fren 4 el LI 4568
PH ;o 50 Badzs ol 10 .0 0 0s29 HS™ jlaie o s (V)
@l G o8 Sl VVOPH 5 oy Gl VIO L
£ 508 Sl Jlade JJo a5 wlgs oo a5 sl ol s &
SIS PH GlEl L oo Bk 51 asl lapH ol jo HS'
e jo g o oo Cawd 3l 1) 055 Cools g 0ad g0
3 le g &S (o0 Dgmy Sujg e gl 2SI Gl PH o

IVAL 598 o Sl a0 Jlas!

el Velen
1
AL efe wal
V# # . At
w YAY Y prr o
4 e M
o v R e Y. T e e s
S e fes T
e v
. Y.
Yi- AR
Na2S-0f- - grfton, Na2S-F¥:-gifon, Na2S-V---grfton, Na2S-VA-- griton,
pH-V-ID pH=V-f7 pH- VB PHAY-1AD
PH 5 (55 5 £55) o il 93
e e
oo
a.
.
S
g v
AL
T
>

Na2s-0¥--griton, Na2S-F¥:-gufton, Na2S-V:--griton, Na2S-¥A:- gifton,
pH-Y-D pH-V-F PHA VD pHAY D

PH 5 (05 53 #)5) i acils 599

= = (ppm) oy e =E=(1) )5 il
o3l 5 58 () oy (sl 5 e (D 2 NasS 390 i A JS
-6 85

Figure 9. The effect of Na,S addition on (a) grade and recovery of
lead (b) grade and recovery of silver.
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Figure 8. The effect of Na,S conditioning time on (a) grade and
lead recovery (b) grade and silver recovery.
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Figure 11. The effect of the amount of sodium diethyl
dithiocarbamate and potassium amyl xanthate combined
collectors on (a) grade and lead recovery (b) grade and silver
recovery.
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Figure 10. The effect of the amount of potassium amyl xanthate

collector on (a) grade and lead recovery (b) grade and silver
recovery.
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Table 2- Comparison of lead and silver flotation results from different lead and zinc ores.
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