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Introduction

Large quantities of ferrous swarf and other non-ferrous byproducts 
are produced during the machining of steel items. Although it is 
uncertain how much steel swarf is produced annually, it has been 
estimated to be between 2.3-5.8 million tonnes. Cutting fluids are 
frequently used during operations like milling, turning, and grinding to 
lubricate and cool the metalworking machinery and produce swarf that 
is covered in oil, 1996a). Steel manufacturers are hesitant to handle this 
swarf as waste because flammable lubricants can cause explosions and 
flames that harm processing machinery. Additionally, phosphorus and 
sulphur are sometimes found in cutting fluids, which can negatively 
impact the steel that is produced. Due to the low economic viability of 
recycling metals from oil-covered swarf, swarf).

Swarf produced during grinding operations has a particularly 
complex makeup since it includes grinding wheel binder material in 
addition to cutting fluids and abrasives. Iron, which makes up between 
50 and 80 percent of this swarf, is its primary component .Along 
with iron, it may also include different steel alloying components 
like Cr, Mn, and Mo, as well as 4–20 percent of ceramic abrasives 
like alumina or silicon carbide. Cutting fluids can have a variety of 
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Aldrich, ACS reagent), heptane (99 percent, Sigma-Aldrich, Reagent 
Plus and ethanol in successive phases, the amount of cutting fluid 
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levels between 2 and 2.5, depending on the S:L ratio. When increasing 
the S:L ratio, the ratio of metals to acid increases which can limit 
reaction kinetics. This behavior was also observed when comparing 
pH levels in the preliminary tests inand explains the relatively low 
efficiencies for Fe at pH 4 and 20 °C after 3 h.

Leaching rates and efficiencies for Fe could be improved by 
operating at a higher temperature. Contour plots show that predicted 
efficiencies at pH 4 were generally 50% higher when operating at 60 °C 
compared to 20 °C. Likewise, at pH 2 only 80% of Fe could be leached 
at 20  °C while efficiencies were 100% at temperatures above 40  °C. 
According to the preliminary test in a, the Fe concentration reached 
a steady level after 3 h at pH 2 and 25 °C. This implies that only 80% 
of Fe was leachable when operating at 20 °C. Remaining Fe was likely 
trapped in the solid residue with Cr. Chromium oxides act as stabilizers 
in steel and are impervious to dilute HCl solutions.

Leaching of Ni was highly temperature dependent which is clear 
from the steep efficiency gradient The leaching process was optimized 
using the response surface approach. Leaching efficiencies at various 
temperatures and pH levels were calculated using the regression 
models in, while maintaining a constant S:L ratio at the low (x3 = 
1), intermediate (x3 = 0), and high (x3 = 1) levels. Figure 3 provides 
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