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EFFECT OF SODIUM CHLORIDE DOSAGE
ON THE ROASTING AND HYDROCHLORIC
ACID LEACHING OF LEAD CAKE FROM ZINC
PRODUCTION
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Abstract: This study investigates the processing of lead cake generated at the Zinc Plant of the Almalyk Mining and
Metallurgical Complex (AMMC), Uzbekistan, using sodium chloride roasting followed by hydrochloric acid leaching. The
research aims to evaluate the influence of sodium chloride dosage on the processing of lead-bearing metallurgical res-
idues and the potential recovery of valuable components. Laboratory experiments were conducted using lead cake-to-
NaCl mass ratios of 1:0.5, 1:1, 1:2, and 1:3. The samples were roasted at 550°C for 1.5 hours, followed by leaching with
hydrochloric acid solution and precipitation using sodium carbonate. Experimental results demonstrated variations in the
masses of roasted products, leaching residues, and dried precipitates depending on the reagent ratio. The highest dried
precipitate mass of 130 g was obtained at a ratio of 1:3, while the lowest mass of 43 g was recorded at 1:1. These findings
indicate that sodium chloride dosage influences the distribution of products during lead cake processing. However, further
chemical and mineralogical analyses are necessary to determine individual metal recovery efficiencies and product purity.
The study provides preliminary experimental evidence supporting the development and optimization of technologies for
processing lead-bearing industrial residues and improving the utilization of secondary metallurgical resources.

Keywords: lead cake, sodium chloride roasting, hydrochloric acid leaching, hydrometallurgy, metal recovery, sodium
carbonate precipitation, metallurgical waste.

Annotatsiya: Ushbu tadgigotda O‘zbekistonning Olmalig kon-metallurgiya kombinati (OKMK) Rux zavodida hosil bo‘ladi-
gan qo‘rg‘oshinli kekni natriy xlorid yordamida kuydirish va undan keyin xlorid kislota bilan tanlab eritish usuli orqali gayta
ishlash jarayoni o‘rganilgan. Tadgigotning maqgsadi natriy xlorid migdorining qo‘rg‘oshin saglovchi metallurgiya chiqind-
ilarini qayta ishlash va gimmatli komponentlarni ajratib olish imkoniyatlariga ta’sirini baholashdan iborat. Laboratoriya
tajribalari qo‘rg‘oshinli kek va NaCl ning 1:0,5, 1:1, 1:2 hamda 1:3 massa nisbatlarida amalga oshirildi. Namunalar 550
°C haroratda 1,5 soat davomida kuydirildi. Shundan so‘ng xlorid kislota eritmasi bilan tanlab eritish va natriy karbonat
yordamida cho'ktirish jarayonlari bajarildi. Tajriba natijalari reagentlar nisbatiga qarab kuydirilgan mahsulotlar, tanlab
eritishdan golgan qoldiglar va quritiigan cho‘kmalar massasi o‘zgarishini ko‘rsatdi. Quritiigan cho‘kmaning eng yuqori
massasi 130 g bo'lib, reagentlar nisbati 1:3 bo‘lganda olindi. Eng past massa — 43 g — esa 1:1 nisbatda gayd etildi.
Olingan natijalar natriy xlorid migdori qo‘rg‘oshinli kekni qayta ishlash jarayonida hosil bo‘ladigan mahsulotlarning tagsim-
lanishiga ta’sir ko‘rsatishini tasdiglaydi. Birog alohida metallarning ajratib olish samaradorligi va olingan mahsulotlarning
tozaligini aniglash uchun go‘shimcha kimyoviy hamda mineralogik tahlillar o‘tkazish zarur. Tadgiqot qo‘rg‘oshin saglovchi
sanoat chiqindilarini gayta ishlash texnologiyalarini ishlab chigish va takomillashtirish, shuningdek, ikkilamchi metallurgiya
resurslaridan samarali foydalanishni oshirish uchun dastlabki eksperimental asos yaratadi.

Kalit so‘zlar: qo'rg‘oshinli kek, natriy xlorid bilan kuydirish, xlorid kislota bilan tanlab eritish, gidrometallurgiya, metallarni
ajratib olish, natriy karbonat yordamida cho'ktirish, metallurgiya chigindilari.

AHHOTaumsa: B pOaHHOM uccnefoBaHUM paccmaTpyBaeTcs nepepaboTka CBUHLOBOrO Keka, obpasylolierocs Ha
LIMHKOBOM 3aBofe ArnMarblKCKOro ropHo-MeTannypruydeckoro kombuHata (AFMK), Y3bekuctaH, ¢ MCMONb30BaHMEM
obxura c XxnopmaoM HaTpus C MocneayoLyM BblLlenayvMBaHnem ConsHom kucnoTon. Lienb nccnegosaHus sakntoyaercs
B OLEHKe BMUSHUS pacxoda Xrnopuaa HaTpusi Ha nepepaboTKy CBMHeLcoAepXalinux MeTannypruyeckux OTXOdoB U
noTeHuManbHoe W3BMeYEHNe LIeHHbIX KOMMOHEHTOB. JlabopaTopHble 3KCMEPUMEHTbI MPOBOAUIMCE MPWU MaCCOBbIX
CoOoTHoLLEHMsAX cBrHUoBoro keka n NaCl 1:0,5, 1:1, 1:2 n 1:3. O6pasupbl obxuranu npu Temnepatype 550 °C B TeueHue
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1,5 yaca, nocne 4ero NPOBOAUNN BbiLLENaYnMBaHNE PacTBOPOM COJSIAHOW KUCIOTbl M OCaXKAEHME C UCMONb30BaHNEM
Kap60HaTa HaTpUA. JKCnepUMeEHTarnbHble pes3ynbTaTbl MOKa3asnn, 4ToO MaccChbl 0B OMOKEHHBIX npoayKToB, OCTAaTKOB
BbilLlenavynBaHnA U BbICYLUEHHbIX OCaAKOB MU3MEHANMNCb B 3aBUCUMOCTU OT COOTHOLUEHUA peareHToB. HaunbGonblias
Macca BbICyLLEHHOro ocaaka, coctaBmBLUasA 130, 6bina nony4yeHa npu COOTHOLWIEHNN 1:3, TOrga Kak HaMMeHbLlasa Macca
— 43 r — Habnoganacb npu cooTtHoweHun 1:1. I'IonyquHble pe3ynbTatbl CBUOETENBbCTBYIOT O BJIMAHUN KONMU4YecTBa
Xxnopuga Hatpua Ha pacnpeneneHnme npoaykrtoB B npouecce nepepa60TKM CBMHLIOBOro Keka. Bmecte ¢ tem gns
onpenenexHns apdPEKTUBHOCTN N3BMEYEHUSA OTAENbHbLIX METaNoB U YUCTOThI nony4yaembiX NPoOAYyKTOB HeobxoanMbl
AonosiHuTelnbHble XUMWUYEeCKne W MUHepanorn4yeckme wuccnegoBaHuA. Pa6oTta npeancrtaBndaeT npeaBapuTeribHble
JKCnepumMeHTarnbHble pe3ynbTaTbl, KOTOPble MOryT ObITb MCMONb30BaHbI npu pa3pa60TKe 1 ONTMMM3ALUN TEXHOMOIUIN
rlepepa60TKM CBUMHELICOAEPXKALLNX MPOMBbILLMEHHbLIX OTXOLOB U NOBbILLEHNN 3PHEKTUBHOCTM UCMOMB30BAHNS BTOPUYHbIX
MeTannyprmi4eckmx pecypcos.

KntoyeBble cnoBa: CBMHLIOBbLIN KEK, 06)KVIFCXHOpVI,Cl0M HaTpuS, BblLLieNnavYmMBaHNe COSIAHON KUCNOTON, rmgpomMeTannyprud,
n3Brie4eHne MeTarsioB, ocaxxgeHune Kap60HaTOM HaTpud, MmeTannyprmvyeckmne oTxoabl.

INTRODUCTION

The processing of metallurgical waste is an important aspect of sustainable resource management and
the efficient recovery of valuable metals. The lead cake generated at the Zinc Plant of Almalyk Mining and
Metallurgical Complex (AMMC), Uzbekistan, represents a potential secondary raw material for recovering
lead and other valuable components. Improving the processing of this residue can contribute to more efficient
utilization of industrial resources and reduce the environmental burden associated with metallurgical waste.

However, the recovery of valuable metals from lead cake is influenced by its chemical and mineralogical
composition, which can limit the effectiveness of conventional processing methods [2]. Therefore, developing
and optimizing suitable pretreatment and leaching techniques is essential for improving metal recovery and the
overall efficiency of the process.

Sodium chloride-assisted roasting followed by hydrochloric acid leaching represents a potential approach
to processing lead-bearing residues. Investigating the influence of the sodium chloride dosage on the process
may help establish suitable conditions for subsequent metal separation and recovery [6]. Accordingly, this study
aims to evaluate the processing of lead cake from the AMMC Zinc Plant using sodium chloride roasting and
hydrochloric acid leaching, with particular emphasis on the effect of different reagent ratios on the resulting
products and the potential recovery of valuable components [11].

REVIEW OF LITERATURE ON THE SUBJECT

Biserka Lucheva, Peter lliev, and Nadezhda Kazakova investigated the recovery of lead and silver from
lead cake using sodium chloride roasting followed by acid leaching. Their research demonstrated the potential
of this method for recovering valuable metals from metallurgical residues.

Deniz Turan, H. Soner Altundogan, and Fikret Tiumen studied the recovery of zinc and lead from zinc plant
residues using roasting and leaching techniques. Their findings highlighted the importance of selecting suitable
processing conditions to improve metal recovery.

R. Raghavan, P. K. Mohanan, and S. C. Patnaik examined the recovery of lead and silver from zinc leaching
residues. Their study emphasized the potential of hydrometallurgical techniques for recovering valuable metals
from industrial waste.

These studies provide a scientific basis for investigating sodium chloride roasting and hydrochloric acid
leaching to improve the recovery of valuable components from lead cake generated at the AMMC Zinc Plant.

RESEARCH METHODOLOGY

The study investigated the processing of lead cake generated at the Zinc Plant of the Almalyk Mining and
Metallurgical Complex (AMMC). Laboratory experiments were conducted using different lead cake-to-sodium
chloride (NaCl) mass ratios of 1:0.5, 1:1, 1:2, and 1:3. The samples were roasted in a muffle furnace at 550°C
for 1.5 hours. After roasting, the materials were ground and sieved through a 0.400 mm sieve.

The roasted samples were leached with hydrochloric acid (HCI) solution at a concentration of 20 g/L. A
liquid-to-solid ratio of approximately 3:1 was used, and the mixtures were stirred for 1.5 hours at temperatures
of 70-85°C, depending on the experimental conditions [2]. After leaching, the solid residues were separated by
decantation and filtration. The resulting solutions were treated with sodium carbonate (Na,CO03) to precipitate
dissolved components. The pH was adjusted to approximately 7—8, depending on the experiment, followed by
stirring, settling, filtration, and drying of the precipitates [10].

The experimental results were evaluated by comparing the masses of the roasted materials, leaching
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residues, and dried precipitates obtained under different NaCl ratios [5]. This approach was used to assess
the influence of sodium chloride dosage on the processing of lead cake and the potential recovery of valuable
components.

ANALYSIS AND RESULTS

The laboratory experiments investigated the effect of different sodium chloride (NaCl) dosages on
the roasting and subsequent leaching of lead cake generated at the Zinc Plant of the Almalyk Mining and
Metallurgical Complex (AMMC). Four lead cake-to-NaCl mass ratios were examined: 1:0.5, 1:1, 1:2, and 1:3.
All samples were roasted at 550°C for 1.5 hours (Figure 1).
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Figure 1. Effect of the lead cake-to-NaCl mass ratio on the mass of the roasted product!

The experimental results showed that the mass of the roasted material increased with increasing NaCl
dosage. For the 1:0.5 ratio, 300 g of lead cake produced approximately 431-432 g of roasted material. At a ratio
of 1:1, 200 g of lead cake yielded 360 g. For the 1:2 and 1:3 ratios, 300 g of lead cake produced 822 g and 988
g of roasted material, respectively. These results reflect the increasing contribution of added sodium chloride to
the total mass of the roasted mixture (Table 1).

Table 1. Comparative Results of Lead Cake Processing at Different NaCl Ratios?

Lead cake:NaCl ratio | Initial lead cake (g) | Roasted material (g) :_ge)achlng residue Dried precipitate (g)
1:.0.5 300 431-432 163 95

1:1 200 360 147 43

1:2 300 822 228 64

1:3 300 988 147 130

Following roasting, the samples were leached with hydrochloric acid (HCI) solution. The solid residues
obtained after leaching weighed 163 g, 147 g, 228 g, and 147 g for the 1:0.5, 1:1, 1:2, and 1:3 ratios,
respectively. The variation in residue mass indicates differences in the quantities of insoluble components
remaining after leaching. However, chemical analysis is required to determine the extent of metal dissolution
and the composition of these residues (Figure 2).

1 Source: Author’s elaboration
2 Source: Author’s elaboration
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Figure 2. Comparison of leaching residue and dried precipitate masses at different lead cake-to-NaCl ratios?

The leach solutions were subsequently treated with sodium carbonate (Na,COs) to precipitate dissolved
components. The dried precipitates weighed 95 g, 43 g, 64 g, and 130 g for the respective NaCl ratios. The
highest precipitate mass was obtained at a ratio of 1:3, while the lowest was recorded at 1:1. Nevertheless,
precipitate mass alone cannot establish the recovery efficiency of lead or other valuable metals because the
precipitates may contain several chemical compounds and impurities.

Overall, the results demonstrate that the NaCl dosage influenced the mass of the roasted material, the
quantity of leaching residue, and the mass of the final precipitate. Among the tested conditions, the 1:3 ratio
produced the largest precipitate mass. Further chemical analysis of the initial lead cake, leaching residues, and
precipitates is necessary to determine metal recovery rates and identify the most effective processing conditions.
Differences in leaching temperature and final pH between the experiments should also be considered when
comparing the results.

CONCLUSIONS AND SUGGESTIONS

The results of this study demonstrate that sodium chloride (NaCl) dosage influences the processing of lead
cake generated at the Zinc Plant of the Almalyk Mining and Metallurgical Complex (AMMC). Roasting at 550°C
for 1.5 hours, followed by hydrochloric acid leaching and sodium carbonate precipitation, produced different
quantities of roasted material, leaching residues, and dried precipitates at the investigated lead cake-to-NaCl
ratios. Among the tested conditions, the 1:3 ratio yielded the highest dried precipitate mass of 130 g, whereas
the 1:1 ratio produced the lowest mass of 43 g. These findings indicate that the NaCl ratio affects the mass
distribution of the products obtained during processing.

However, the mass of the final precipitate alone is insufficient to determine the recovery efficiency of
lead, silver, or other valuable metals. Further chemical and mineralogical analyses of the initial feed, leaching
residues, and precipitates are required to establish metal recovery rates and product purity. In addition,
optimizing the roasting and leaching conditions may help improve process efficiency and resource utilization.
The findings provide a preliminary experimental basis for further development of a suitable technology for
recovering valuable components from lead cake generated at the AMMC Zinc Plant.
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