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This study investigates the recovery of bismuth from anodic sludge generated during industrial tin—bismuth (Sn-Bi) electroplating. The sludge, considered industrial
waste, contains valuable metals such as bismuth and tin. Chemical and phase analysis using ICP and XRD revealed that the sludge contains 74.34 wt.% bismuth, mainly in the
form of Bi,Os. Selective leaching using methanesulfonic acid (CH;SOsH) was applied to separate bismuth from other components. The effects of acid concentration,
temperature, leaching time, agitation speed, and solid-to-liquid ratio were investigated. The optimal conditions include temperature 20 °C, 160 min, stirring speed of 530 rpm,
400 g/L Methanesulfonic and a liquid-to-solid ratio of 4.8/1 , resulting in a leaching efficiency leaching of 63.70 %. The recovered bismuth showed suitable purity for reuse in
Sn-Bi Electroplating process. This approach demonstrates a promising method for recovering valuable metals from electroplating waste while reducing environmental impact
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and supporting resource sustainability.

Bi203 + 6CH3SO3H - 2BI(CH3SO3)3 + 3H20
This reaction facilitates the dissolution of bismuth from the solid sludge into
the solution, enabling its subsequent separation and recovery.
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Sn-Bi Electroplating
In tin-bismuth (Sn-Bi) electroplating, Sn2* and Bi3* ions are ° Selective Leaching Process
electrochemically reduced and deposited onto the cathode
surface, while insoluble reaction by-products gradually : . : Filtrate
’ : : : Selective leaching is a hydrometallurgical process used to : :
accumulate and fOfm anodic sludge during the plating process. selectively dissolve the target metal from solid materials \o\u\d (Bi(CH3S03)3 solution)
while minimizing the dissolution of other components. /
Anodicis e The efficiency of this process is influenced by parameters > |ﬂJ
s - such as acid concentration, temperature, leaching time,
Sn™* + 2e”— Sn(s) agitation speed, and solid-to-liquid ratio. So
% Bi** + 3e- — Bi(s) //
3 CHSO5H leaching Filtration Leaching residue
- Bi,O3 anode sluge Formation of Bismuth
Anodic Sludae F . e Inductively Coupled Plasma (ICP) Methanesulfonic solution
nodic Sludge Formation VL Experimental Conditions
Anodic sludge forms at the anode as a result of metal ion : s . .
oxidation and the accumulation of oxide residues and impurities }A‘r]n:gﬁefezhe chemical composition A pIEpEEL € kbt
during Sn—Bi electroplating. PLes. Leaching time (min) 5,10,20,40,80, 160,320,640, 1280
‘ Anodic Sludge Stirring speed (rpm) 0,530, 800
X ° Bi,0, + Sn compounds CH,SO,H concentration (g/L) 200, 400, 600 , 800, 1000 , 1277
P Sl SN) + Impurities ° X_Ray DiffraCtiOn liquid-to-solid ratio 3l , 341 ;4001 , 4.8:1 ,6,0:1
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e Hydrometa[[urgica[ leaching Examines the crystalline structure 2 R
and phase of compounds.
Methanesulfonic acid (MSA) is employed as a leaching agent to selectively °
dissolve bismuth oxide (Bi,O3) from anodic sludge. In this process, bismuth - Conc USIon ~
oxide reacts with methanesulfonic acid to form soluble bismuth
methanesulfonic according to the following reaction: L p

Anodic sludge generated from industrial Sn—Bi electroplating contains a high bismuth content

of 74.34 wt.%, primarily in the form of bismuth oxide (Bi,03).
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e ) Selective leaching using methanesulfonic acid (MSA) was applied to extract bismuth from the
- ~ | anodic sludge.
Objective
J The optimal leaching conditions were temperature 20 °C, 160 min, stirring speed of 530 rpm,
\ J were 400 g/L Methanesulfonic and a liquid-to-solid ratio of 4.8/1
To recovery of bismuth from anodic sludge produced during industrial Sn—Bi " . . . . .
electro Iat?/n and to imobrove the efficierfwgc pof bismuth recgver from industrial Under these conditions, a bismuth leaching efficiency of 63.70 % was achieved, demonstrating
P 8 P Y Y the potential for effective recovery of bismuth from industrial waste.
waste materials.
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