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The content of zinc in copper smelter slags obtained from pyrometallurgical copper
production is comparable to the content of this metal in zinc ores. Therefore, these slags are
considered a valuable secondary resource for zinc recovery. At the same time, the features of
the mineralogical composition of the slag make the extraction of zinc from it very problematic.
Most of the zinc is concentrated in the refractory zinc ferrite (ZnFe,0,). To avoid the formation
of a viscous pulp when leaching copper smelter slag with an aqueous solution of sulfuric acid, in
this work, the slag was leached with sulfuric acid also in isopropanol and n-pentanol, under the
following conditions: 0.5 M H,SO,, pulp density 50 g/L, magnetic stirrer rotation speed 600 rpm.
The influence of the duration and temperature of leaching milled (€100 um) copper smelter slag
of the Balkhash copper smelter on the extraction of zinc into solution was investigated. It was
found that the maximum zinc recovery into an aqueous solution was 75 + 2% at 363 K and 210
min. Replacing water with isopropanol or n-pentanol led to an increase in zinc recovery to 82 *
2% at 210 min and a lower temperature (353 K) than in an aqueous environment. An increase in
temperature to 383 K during leaching in n-pentanol made it possible to extract 92 + 2% of zinc. A
shrinking core model was used to describe the kinetics of the zinc leaching process. It was found
that the limiting stage of the process under all investigated conditions is the chemical leaching
reaction. Some kinetic characteristics of the leaching process were calculated, in particular, the
apparent reaction rate constants, as well as the activation energy.

Keywords: copper smelter slag; leaching; zinc recovery; isopropanol; n-pentanol.
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MpomeTannyprusanbik MbIC OHZIPICIHIH, YHIHAI MbIC LWNAKTAapbIHAAFBI  MbIPbILTbIH,
KYPambl MbIpbIl KeHAepiHAeri ocbl MeTanAblH KypambiMeH canbicTbipblnagbl. COHAbIKTaH 6yn
LWAAKTap MbIPbILW any YLWiH KYHAbl pecypc peTiHae KapacTbipbliagbl. COHbIMEH KaTap, WAAKTbIH,
MWHEPaNOrUANBIK KYPaMblHbIH, epeKwenikTepi ofaH MbipbiWw anyabl eTe npobnemansl etepi.
MblpbIWwTbiH, Herisri 6eniri mbipbiw deppuTiHae (ZnFe,0,) wWofbipnanfFaH. YRIHAI MbIC WaarbiH
KYKIPT KbILWKbINbIHbIH, CyNbl epiTiHAICIMeH wWwaimanay KesiHAe TYTKbIp KOMbIPTNaKTbIH nanaa
60/1ybIH 60NABIPMAY YLLIH OCbI }KYMbICTa KO bl KYKIPT KbILKbIIbIMEH, COHAA-aK U30MponaHon
JKOHEe H-MEeHTaHO/N OopTacbliHA4A Walmanay XKyprisingi, mbiHagaw skafgannapga: 0,5M H,SO,,
KOMbIPTNAKTbIH, ThIFbI3AbIFbl 50 /1, MarHMTTi apanacTbipFbllWTbIH aiiHaNy KblnaamablFbl 600 aitH/
MWH. MbIpbIWThbl epiTiHAire eTkisyae bankaw mbic 6anKbITy 3aybITbIHbIH, ycaKTanfaH (100 MKm)
YWiHA] MbIC WANarblH Waimanay y3aKTblifbl MEH TEMMEPaTypaHblH, acepi 3epTTengi. 363 K xaHe
210 MMH KesiHae cynbl epiTiHAiILEe MbIPbIWTbIH, Makcumangbl anbiHybl 75+2% kypaabl. Cyabl
M30NPONaHONIMeH HeMece H-NEHTAHO/IMEH aybICTbIPY aPKbl/bl MbIPbIWTLIH, anblHyblH 210 MUH
iwiHae 82+2% -fa AeWiH OFapnaTTbl XKaHe Cynbl OopTafa KapafaHAa TOMeEH TemnepaTtypasa
(353 K) anyra mymKiHAiKk 6epai. H-neHTaHoNAa Wwaimanay KesiHge TemnepatypaHbid, 383 K geitiH
KeTepinyi epiTiHaire 92+2% Mblpbll anyfa MyMKiHAIK 6epai. MblpbilWTbl Waimanay npoLeciHiH,
KMHEeTMKaCcblH cMNaTTay YWiH KblCKapaTblH chepa moaeni KonaaHoinapl. bapnbik 3epTTenreH
Kafpannapaa NPoLECTiH, LWEKTEYNT Ke3eHi XMMUANDBIK WakManay peakumacbl 60nbin Tabbinagbl.
LWarimanay npoueciHiH Kelbip KWHETUKanblK cunatTamanapbl, atan aWTKaHAa peakuua
KbINAAMAbIFbIHbIH, KOHCTAHTaNapbl, COHAAN-aK aKTUBTEHAIPY SHEPTUACHI eCenTenreH.

TyiiiH ce3gep: YMiHA MbIC Warbl; Wakmanay; MbipbIl any; U30MPOMNaHo; H-NEHTaHO.
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CopeprkaHue LMHKa B 0TBA/IbHbIX MeHbIX LNAaKaX MMPOMETaNypruyeckoro nponsBoaCcTsa
Mean COnoCTaBMMO C COAEepXKaHWeM 3TOro mMeTanna B LMHKOBbLIX pyaax. [03Tomy 3Tu Wwnaku
paccMaTpuBaloTCA Kak LLeHHbI BTOPUYHBIA pecypc ANA M3BNEYEHUA LUHKa. B To e Bpemsa
0CO6EHHOCTU MUHEPAIOTMYECKOro COCTaBa LWIaKa AeNnatoT UsBeyeHne LMHKa U3 Hero BecbMa
npobnematnyHbIM. OCHOBHAA YaCTb LiHKaA COCPeA0TOYeHa B yNOpHOM dpeppuTe uuHKka (ZnFe,0,).
Bo usbekaHne obpasoBaHuA BA3KOW NynbMbl NPU BblLLENAYUBAHWUM OTBAZIbHOFO MEAHOTO WAaKa
BOAHbIM PACTBOPOM CEPHOW KUCAOTbI, B HacToswel paboTe NpoBefeHO BbllenaynBaHue
laKa CEepPHOW KMCNOTOMN TaKKe M B Cpefe M30NPONaHo/ia U H-MEeHTaHOoNa, NPU CaeAyloLWwnx
ycnoeuax: 0,5 M H,SO,, nnoTHOCTb Nyabnbl 50 /A, CKOPOCTb BPALLEHUA MArHUTHOM MellaKu
600 06/MWH. WccnepnosaHo BAUAHME MPOLO/IKUTENBHOCTU UM TEMMEPaTypbl BbllenadnsaHms
n3menbyeHHoro (<100 MKM) OTBasbHOrO MeAHOro wWwnaka banxalickoro meAennaBuIbHOrO
3aBOAa Ha M3B/JeYeHMe UMHKA B pacTBop. HailaeHo, 4To B BOAHOM pacTBOpe MaKCMMasibHoe
n3BneYeHne UUHKa cocTaBuno 75+2% npu 363 K 1 210 muH. 3ameHa BOAbl Ha M30MponaHon
WUAWN H-MEHTaHO/ NPUBENA K MOBbLIWEHUIO U3BeYEHNA UMHKa A0 82+2% npu 210 muH u bonee
HU3KoW Temnepatype (353 K), Hexxenu B BogHOM cpege. MosbiweHne TemnepaTtypbl go 383 K npu
BbILLE/NIAYNBAHUN B H-NEHTAHO/IEe NO3BOIUNO U3BAeYb 92+2% unHKa. 1A ONUCAHUA KMHETUKKU
npouecca BbllWeNaynBaHMA LMHKA Oblia MCNoONb3oBaHa MoOAeNb COKpalatoweica chepbl.
HaiaeHo, 4To AMMUTUpPYIOLWEl CTagmnel npoLecca Npu BCex UCCNeoBaHHbIX YCI0BUAX ABNAETCA
XMMUYeCcKan peaKkLua BbllenaunBaHmaA. PaccuntaHbl HEKOTOPbIE KWHETUYECKUE XapaKTePUCTUKM
npouecca BblWeNaYNBaHMA, B HaCTHOCTH, KaXKyLLMECA KOHCTaHTbl CKOPOCTU peaKkLuu, a TaKkxe
SHepruu akTMBaLUMN.

KnioueBble cnoBa: OTBa/ibHbIi MeAHbIM LWAaK; BbllenadynBaHue; M3BEYEHME LMHK3;
M30MNPONaHO; H-MEeHTAHO.
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1. Introduction

Non-ferrous  metallurgical  slags  produced by
pyrometallurgical processing of copper concentrates are
potential secondary raw materials because they contain a
considerable concentration of valuable metals[1-3]. For
instance, the content of zincin copper smelter slagis comparable
to that of zinc ores, which makes this slag an attractive resource
for zinc recovery[4]. However, the peculiarities of the
mineralogical composition of the copper smelter slag make its
processing very problematic. Slag is a glassy matrix with a
predominance of fayalite (Fe,SiO,), in which the target
components, in particular, zinc, are impregnated. Typically, the
zinc in the slag is in the form of zinc ferrite (ZnFe,O,), which is a
highly stable chemical compound [5,6].

There are several ways to recover zinc from the copper
slag. Most of them involve heat treatment of the material by
roasting together with ammonium chloride [7], calcium chloride
[8], sulfuric acid [9], pyrite [10], as well as ferric sulfate [11]. In
some cases, high-temperature reduction of zinc ferrite was
used with the release of the target metal in the form of an oxide
[12-16]. However, the roasting stages are quite energy-intensive;
besides, the risk of air pollution with gaseous products increases.

The most attractive is the hydrometallurgical processing
of copper smelter slag with sulfuric acid solutions. The choice of
sulfuric acid is due to its production in sufficiently large
guantities at non-ferrous metallurgy enterprises, in particular,
at copper smelters. The interaction of sulfuric acid with zinc
ferrite is described by the following equation [17]:

ZnFe,0,+4H,S0,=ZnS0O, +Fe,(SO,),+4H,0 (1)

Despite the negative value of the Gibbs free energy of the
above reaction (about 6.7 kJ/mol at 298 K), its proceeding is

very difficult at room temperature due to kinetic limitations;
these limitations can be largely eliminated by heating the pulp.
There is one more problem that significantly impedes the
hydrometallurgical processing of copper smelter slag. The
silicon that has passed into the solution during leaching
undergoes polymerization, which makes it very difficult to filter
the viscous slurry. This problem can be solved by using non-
aqueous solvents. This approach, called solvometallurgical (in
contrast to the hydrometallurgical approach, non-aqueous
solvents are used here), has been successfully used for leaching
non-ferrous, rare and noble metals [18-20]. We have previously
described hydrochloric acid leaching of copper smelter slag in
isopropyl alcohol for copper recovery [21]. To the best of our
knowledge, this article remains the only one in peer-reviewed
journals dedicated to the solvometallurgical processing of
waste copper slag. In this work, we investigated the process of
extracting zinc from copper smelter slag by sulfuric acid leaching
in isopropanol, as well as in n-pentanol. The aim of the work
was a comparative study of the leaching processes in aqueous
and alcoholic environments, as well as the determination of
some kinetic parameters of the leaching reaction. Possible
reasons for the difference in zinc recoveries, as well as in the
values of kinetic parameters, are also discussed in the article.

2. Experiment

2.1 Materials

Copper smelter slag samples were collected from Balkhash
copper smelter (Kazakhstan). The slag was milled and sieved;
more than 90% of slag particles used in leaching experiments
were smaller or equal to 100 um.

Sulfuric acid (96%), isopropanol (> 98%), and n-pentanol (>
98%) purchased from Sigma-Aldrich were used without further
purification.

© 2021 Authors
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1 - FeSiOs ; 2- Fe:Si04; 3 — CuFeSz; 4- ZnFez04.
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Figure 1 — XRD pattern of the initial slag

2.2 Leaching experiments

The batch leaching tests of milled slag with 0.5 M sulfuric
acid solution were performed in a 250-mL round-bottom glass
thermostated reactor equipped with a magnetic stirrer. Distilled
water, isopropanol and n-pentanol were used separately as a
solvent. Every 30 min of leaching, for 210 min, a sample of the
solution was taken to determine the zinc content. All the zinc
determinations were performed 3 times; mean values of three
measurements are presented in Figures. Inthe Tables, calculated
values of standard deviation are also given along with a mean.

2.3 Characterization

The elemental composition of the slag sample was
determined by inducted coupled plasma atomic emission
spectroscopy (ICP-AES, Perkin Elmer, Optima 8000) with
preliminary microwave sample decomposition. The content of
zinc in liquid samples was also determined by ICP-AES. The XRD
pattern was recorded by using a D8 Advance diffractometer
(Bruker) with a-Cu irradiation (40 kV, 40 mA).

3. Results and Discussion

3.1 Characterization of used slag

The elemental composition of the copper smelter slag
sample determined by atomic emission spectroscopy was as
follows, wt %: Fe 28.7,Si17.9, Ca 1.8,Zn 4.2, Cu 0.7.

In the slag, fayalite (Fe,SiO,) and ferrosilite (FeSiO,) were
determined by XRD analysis as major components; zinc ferrite
(ZnFe,SO,) and chalcopyrite (CuFeS,) were also presented in the
sample (Figure 1).

3.2 Leaching in an aqueous environment

Figure 2 demonstrates the dependences of the zinc
recovery from copper smelter slag into an aqueous solution of
sulfuric acid (0.5 M) on the temperature and leaching duration.

The data presented in Figure 2 indicate that an increase in
temperature led to an increase in zinc recovery into solution.
For all three studied temperatures, an increase in the leaching
duration from 30 to 120 min also led to an increase in the zinc
recovery into solution, and this effect slowed down with the
course of leaching: in the first 30 min, zinc recovery into
solution was 2, 16, and 32% (hereinafter, the mean values of

three measurements are given) for 303, 333 and 363K,
respectively, while after 210 min the recoveries were 5%1,
4511, and 75%2%, respectively. Such a significant effect of
temperature on Zn recovery is because zinc ferrite is very
resistant to the action of inorganic acids, in particular, sulfuric
acid. Although reaction (1) can be expected even at room
temperature on thermodynamic considerations, an acceptable
degree of dissolution of zinc ferrite is observed only at
elevated temperatures.

The shrinking core model (SCM) that adequately describes
the dissolution process of minerals as long as the conversion
increases with time was applied in this work for obtaining
kinetic characteristics of zinc releasing from copper slag. As a
rule, the rate of agitational leaching processes is limited by the
chemical reaction of the leaching agent with the mineral
surface. We hypothesized that in our case the limiting stage is
also a chemical reaction of zinc ferrite with sulfuric acid.

For surface reaction controlled processes the SRM of a
mineral leaching can be presented as the following equation
(Equation 2):

1-(1-X)"2=kt 2)

where X is the fraction of the target component (Zn, in this
case) recovered into the solution at the leaching time t, k is the
apparent rate constant of the chemical reaction.
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Figure 2 — Effect of leaching duration and temperature on zinc
recovery from copper smelter slag into an aqueous solution
(0.5 M H,SO,, pulp density 50 g/L, 600 rpm)
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The 1-(1-X)Y® plots vs time for three operating
temperatures are presented in Figure 3; equations of straight
lines are also shown.
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Figure 3 — Plot of 1 — (1 —X)1/3 plots vs time for zinc recovery
from copper smelter slag into an aqueous solution (0.5 M
H,SO,, pulp density 50 g/L, 600 rpm)

Since after 120 min of leaching, the zinc recoveries reached
a plateau for all temperatures investigated, the recovery values
at times over 120 min were not included in Figure 3.

Straight-line dependencies indicate the applicability of
SCM for surface reaction controlled processes in describing
the process of sulfuric acid leaching of zinc from copper
smelter slag. The apparent rate constants for the Zn releasing
from copper smelter slag under the conditions of sulfuric acid
leaching were 0.0001, 0.0014, and 0.0028 min* at 303, 333,
and 363 K, respectively (see equations of straight lines in
Figure 3).

3.3 Leaching in an alcohol environment

The dependences of the zinc recovery from copper
smelter slag into an isopropanol solution of sulfuric acid (0.5 M)
on the temperature and leaching duration are shown in Figure
4. Due to the low boiling point of isopropanol (about 355 K),
leaching was carried out at 303, 333 and 353 K.
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Figure 4 — Effect of leaching duration and temperature on zinc

recovery from copper smelter slag into isopropanol solution
(0.5 M H,SO,, pulp density 50 g/L, 600 rpm)
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As it was observed for agueous solutions, with increasing
leaching duration, Zn recovery demsonstrated an upward trend
up to 120-150 min for all investigated temperatures; at the
same time, Zn recovery in the case of an isopropanol solution
was higher than in aqueous solution, at 303 and 333 K. The Zn
recoveries at 353 K in an isopropanol solution and 363 K in an
aqueous solution were approximately at the same level, which
indicates a favourable role of isopropyl alcohol in the leaching
of Zn from slag.

The 1 — (1 — X)**plots vs time for Zn sulfuric acid leaching
in isopropanol solution are presented in Figure 5.
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Figure 5— Plot of 1 — (1 — X)”3vs time for zinc recovery from
copper smelter slag into isopropanol solution (0.5 M H,SO,,
pulp dzensity 50 g/L, 600 rpm)

Linear dependences 1 — (1 — X)**vs time also testify in
favour of kinetic control of the Zn leaching process, as in the
case of leaching in an aqueous solution. However, the apparent
rate of constants at 333 and 363 K in an alcoholic medium is
1.2-2.0 times higher than in an aqueous one; moreover,
apparent rate constant at 353 K in isopropanol environment is
about 1.1 times higher than that obtained in aqueous solution.

To study the effect of the alcohol chain length on Zn
releasing from copper slag, leaching tests using n-pentanol
were performed. Despite the high boiling point of n-pentanol
(about 411 K), the upper limit for leaching was set at 353 K, to
correctly compare the results of leaching in isopropanol and
n-pentanol. Zn recoveries, as well as apparent rate constants at
three investigated temperatures, are presented in Table 1.

Comparison of the data in Table 1 with those in Figures 4
and 5 reveals that replacing isopropanol with n-pentanol did
not lead to any noticeable changes in zinc recovery, taking into
account the experimental error; the values of apparent rate
constants of leaching reaction also remained at the same level.

Since n-pentanol has a much higher boiling point than
isopropanol (411 K vs 355 K), it seemed informative to perform
leaching in n-pentanol at elevated temperatures. Table 2 shows
the effect of leaching duration and temperature on zinc
recovery from copper smelter slag into n-pentanol solution
(0.5MH_SO,, pulp density 50 g/L, 600 rpm) at the temperatures
of 363, 383 and 403 K.

Chemical Bulletin of Kazakh National University 2021, Issue 4
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Table 1 — Effect of leaching duration and temperature on zinc recovery from copper smelter slag into n-pentanol solution (0.5 M
H,SO,, pulp density 50 g/L, 600 rpm) and apparent rate constants of leaching reaction

Temperature, Zn recovery (%) at leaching duration, min Apparent rate constant of Zn
K 30 60 90 120 150 180 210 leaching reaction, min*
303 6+1 8+1 10+1 11+1 12+1 12+1 12+1 0.0002
333 23+1 35+1 43+1 49+1 50+1 51+1 52+1 0.0017
353 34+1 51+1 70+2 78+2 81+2 81+1 82+2 0.0031

Table 2 — Effect of leaching duration and temperature on zinc recovery from copper smelter slag into n-pentanol solution (0.5 M

H,SO,, pulp density 50 g/L, 600 rpm) at elevated temperatures

Zn recovery (%) at leaching duration, min

Temperature,
K 30 60 90 120 150 180 210
363 35+1 54+1 73+2 84+2 87+2 87+2 87+2
383 41+1 63+1 792 89+2 91+1 91+2 91+2
403 42+1 6412 80+2 89+2 91+2 9242 92+2

It can be seen that raising the leaching temperature
generally increased the zinc recovery into solution. The
maximum extraction of zinc at 383 K was 91% vs 82% at 353 K.
Noteworthy is the fact that an increase in temperature from
383 to 403 K practically did not change the Zn recovery. This led
to the fact that the rate constants of the leaching reaction at
both temperatures mentioned were the same (0.0031 min? vs
0.0029 min* at 363 K). For the subsequent construction of the
dependence 1/T —In k (not shown) to determine the activation
energy (E,) of the zinc leaching reaction, the slag was leached at
373 K. The reaction rate constant was 0.0030 min™.

Table 3 shows the calculated activation energies for the
zinc leaching reaction under various conditions described in
this work.

Comparison of the activation energies of zinc leaching
shows that the use of isopropanol and n-pentanol reduced the
activation energy of the main reaction of zinc leaching from the
slag (reaction 1). Elgersma et al [22] demonstrated that the
activation energy of sulfuric acid leaching (aqueous solution,
0.5M H_SO,) of synthetic zinc ferrite is 74+2 kJ/mol, in the
temperature range of 75-95°C. The lower value of the activation
energy in our case (51+1 kJ/mol) can be explained as follows. In
the copper smelter slag, zinc is not only in the form of zinc
ferrite but also in the form of more reactive compounds

(sulfides and oxides). Due to their low content, these
compounds were not detected by XRD analysis. Sulfuric acid
leaching reactions of these compounds have lower activation
energies than zinc ferrite leaching; it is this circumstance that
reduces the energy activation of the whole process of zinc
recovery.

A favourable effect on the leaching of minerals in alcoholic
solvents in comparison with an aqueous environment was
observed in several works [23-26]. In particular, the positive
effect of ethanol on hydrochloric leaching of scheelite was
explained by the better solvating ability of this alcohol
concerning chloride ions[25]. Jana et al showed that in
hydrochloric acid solutions of some alcohols, in particular, in
methanol and ethanol, the activity of chloride ions increases;
this circumstance led to an increase in the leaching efficiency of
sea nodules [26].

We assume that as the proton is hydrogen-bonded to
alcohols (i.e. C;H,0H,"and C,H, OH,"in our case) alcohol can be
considered to be a good cationic collector. Therefore, solvated
protons are more active than hydrated ones (in aqueous
solution), which increases the efficiency of leaching in an alcohol
environment. The Gibbs free energy of protons solvation in
alcohol is lower than that of proton hydration in aqueous
solutions [27]. This indicates a higher concentration of

Table 3 — Activation energies of Zn leaching reaction under different conditions

Leaching conditions

Aqueous solution
(303-363 K)

Isopropanol solution
(303-353 K)

N-pentanol solution
(363-383 K)

N-pentanol solution
(303-353 K)

Activation energy (E ),

kJ/mol 4211

511

42+1 61
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hydronium ions in alcoholic environment than in aqueous one
at the same acid concentration. Since the protonation of the
surface of zinc ferrite with hydronium ions is an obligatory stage
of its leaching [22], replacing water with alcohol as a solvent has
a favorable effect on the leaching process. This argument is in
good agreement with that described by Jana et al [26].

The sharp decrease in the activation energy during
leaching in n-pentanol in the temperature range of 363-383 K is
explained by a change in the mechanism of slag leaching at
elevated temperatures. In this case, a change in temperature
within the above limits has practically no effect on the degree of
zinc recovery and the rate of the process.

3.4 Economic feasibility of using alcohols in copper smelter
slag leaching

Despite the higher cost of alcohols in comparison with the
cost of water, the possible use of alcohols, in particular
isopropanol or n-pentanol, for leaching copper slag seems to be
justified. First, the use of a non-aqueous environment avoids
the formation of a hard-to-filter slurry due to the polymerization
of silicic acid in an aqueous solution. This aspect is very
important and determines the advantages of solvometallurgy
over hydrometallurgy. Secondly, the use of alcohol as a solvent
makes it possible to increase the extraction of zinc into solution.
After processing the solution, the alcohol can be reused for
leaching. Thus, the prospects for using alcohol as a solvent in
copper slag leaching appear to be favorable.

References (GOST)

4. Conclusions

Isopropanol and n-pentanol are demonstrated to be
feasible solvents for sulfuric acid leaching of zinc from copper
smelter slag. The dissolution rate of zinc-containing minerals,
predominantly zinc ferrite (ZnFe,0,), was increased with
increasing leaching duration and temperature in all three
investigated solvents, including water, isopropanol and
n-pentanol. The zinc recovery into solution during leaching with
0.5 M H,SO, in alcohol environment was 82+2% at 210 min and
353 K, while in an aqueous solution it was possible to extract
only 75+2% at 363K and the same leaching duration. An
increase in temperature to 383 K during leaching in n-pentanol
increased zinc recovery to 92+2%. According to XRD analysis,
the main zinc-containing compound in the slag was zinc ferrite;
at the same time, the relatively low value of the activation
energy during leaching in an aqueous solution indicates the
presence of other, more reactive zinc minerals in the slag. The
results obtained indicate that the use of aliphatic alcohols, in
particular, isopropanol and n-pentanol, is promising for the
sulfuric acid leaching of zinc from copper smelter slag.
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