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EFFECT OF SODIUM CHLORIDE DOSAGE 
ON THE ROASTING AND HYDROCHLORIC 
ACID LEACHING OF LEAD CAKE FROM ZINC 
PRODUCTION

Haqberdiyev Dilshod Qodir ugli
Karshi State Technical University 

Assistant, Department of Geology and Mining Engineering
E-mail: dilshodhaqberdiyev5@gmail.com 

Eshonkulov Uchkun Khudaynazar ugli
Karshi State Technical University

Head of the Department of Geology and Mining Engineering
E-mail: uchqun.eshonqulov91@mail.ru 

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 tadqiqotda O‘zbekistonning Olmaliq 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 qayta 
ishlash jarayoni o‘rganilgan. Tadqiqotning maqsadi natriy xlorid miqdorining qo‘rg‘oshin saqlovchi metallurgiya chiqind-
ilarini qayta ishlash va qimmatli 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 qolgan qoldiqlar va quritilgan cho‘kmalar massasi o‘zgarishini ko‘rsatdi. Quritilgan 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 qayd etildi. 
Olingan natijalar natriy xlorid miqdori qo‘rg‘oshinli kekni qayta ishlash jarayonida hosil bo‘ladigan mahsulotlarning taqsim-
lanishiga ta’sir ko‘rsatishini tasdiqlaydi. Biroq alohida metallarning ajratib olish samaradorligi va olingan mahsulotlarning 
tozaligini aniqlash uchun qo‘shimcha kimyoviy hamda mineralogik tahlillar o‘tkazish zarur. Tadqiqot qo‘rg‘oshin saqlovchi 
sanoat chiqindilarini qayta ishlash texnologiyalarini ishlab chiqish 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 chiqindilari.

Аннотация: В данном исследовании рассматривается переработка свинцового кека, образующегося на 
цинковом заводе Алмалыкского горно-металлургического комбината (АГМК), Узбекистан, с использованием 
обжига с хлоридом натрия с последующим выщелачиванием соляной кислотой. Цель исследования заключается 
в оценке влияния расхода хлорида натрия на переработку свинецсодержащих металлургических отходов и 
потенциальное извлечение ценных компонентов. Лабораторные эксперименты проводились при массовых 
соотношениях свинцового кека и NaCl 1:0,5, 1:1, 1:2 и 1:3. Образцы обжигали при температуре 550 °C в течение 
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1,5 часа, после чего проводили выщелачивание раствором соляной кислоты и осаждение с использованием 
карбоната натрия. Экспериментальные результаты показали, что массы обожжённых продуктов, остатков 
выщелачивания и высушенных осадков изменялись в зависимости от соотношения реагентов. Наибольшая 
масса высушенного осадка, составившая 130 г, была получена при соотношении 1:3, тогда как наименьшая масса 
— 43 г — наблюдалась при соотношении 1:1. Полученные результаты свидетельствуют о влиянии количества 
хлорида натрия на распределение продуктов в процессе переработки свинцового кека. Вместе с тем для 
определения эффективности извлечения отдельных металлов и чистоты получаемых продуктов необходимы 
дополнительные химические и минералогические исследования. Работа представляет предварительные 
экспериментальные результаты, которые могут быть использованы при разработке и оптимизации технологий 
переработки свинецсодержащих промышленных отходов и повышении эффективности использования вторичных 
металлургических ресурсов.

Ключевые слова: свинцовый кек, обжиг с хлоридом натрия, выщелачивание соляной кислотой, гидрометаллургия, 
извлечение металлов, осаждение карбонатом натрия, металлургические отходы.

I N T R O D U C T I O N
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].

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
Biserka Lucheva, Peter Iliev, 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 Altundoğan, and Fikret Tümen 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.

R E S E A R C H  M E T H O D O L O G Y
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 (HCl) 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 (Na₂CO₃) 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.

A N A LY S I S  A N D  R E S U LT S
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).

Figure 1. Effect of the lead cake-to-NaCl mass ratio on the mass of the roasted product1

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 Ratios2

Lead cake:NaCl ratio Initial lead cake (g) Roasted material (g) Leaching residue 
(g) 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 (HCl) 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 ratios3

The leach solutions were subsequently treated with sodium carbonate (Na₂CO₃) 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.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
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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