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Usage of hydrogen peroxide and nitric acid to enhance the leaching of brass scrap

by sulfuric acid
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Abstract

This paper reports the study of the copper extraction from brass scrap by leaching the scrap in
sulfuric acid with hydrogen peroxide (H,0,) or nitric acid (HNO,) as oxidizing-agent catalyst. The study
was conducted in 2 parts: 1) study of the dissolution of pure copper in sulfuric acid with two different
oxidizing agents (H,0, or HNO,) to find the optimal volume percentage of the oxidizing agents and

optimal dissolution time and 2) study of the dissolution of brass scrap in sulfuric acid with two different

oxidizing agents (H,0, or HNO,) using optimal volume percentage and dissolution time obtained from
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part 1. The Cu-rich precipitates were precipitated from the brass-scrap solutions via cementation
process by dissolving zinc in place of copper ions. The results show that the optimal volume
percentage of H,0, to enhance the Cu dissolution in sulfuric acid is 12% vol and the optimal
percentage of HNO, is 8% vol. Copper in the brass scraps could dissolve well in the sulfuric solutions
containing H,0, or HNO,, while poorly dissolve in the sulfuric solution without any catalyst. The optimal
time for Cu dissolution at 60 °C is 2 hours. The Cu-rich precipitates from cementation process were
analyzed for their structural phases by X-Ray Diffraction (XRD) method. The Cu-rich precipitates
extracted from the HNO,-contained brass-scrap solution consist of the undesired compounds including
Cu,0 and CuAl,O,; the Cu,O poorly dissolves in the sulfuric acid (even with catalyst). On the contrary,
the Cu-rich precipitates extracted from the H,O,-contained brass-scrap solutions consist of the desired
compounds including Zn, ZnO, Cu and CuQO; these compounds can be readily dissolved in the sulfuric

solution and further extracted by electrochemical method for high-purity Cu or Zn.

Keywords: Brass scrap, Copper, Zinc, cementation, Hydrogen peroxide, nitric acid, sulfuric acid, oxidative leaching
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Table 1 Volume percentage of Oxidizing agent in Sulfuric acid

Vol% 1Buunsadanasn 1M (ml)  1Bun Oxidizing agent (H,0, ¥5a HNO,) (ml)*
0 100 0
4 96 4
6 94 6
8 92 8
10 90 10
12 88 12
14 86 14
16 84 16

1% conc. Nitric Acid Analytical grade ANNENTYW 70% wiw
*1% conc. Hydrogen peroxide Analytical grade AN NEIW 30% wiw
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Figure 1 The Cu-leaching degree as a function of the volume percentage of the oxidizing agents (Hydrogen peroxide and Nitric

acid) in a H,S80,. The Y-axis quantity shows the molar ratio of dissolved-Cu to H,SO, quantity.
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Figure 2 Cu-leaching degree as a function of leaching time for 2 types of leaching solvent: (i) 8 Vol% HNO, in H,SO, and (ii)12 Vol% H,0, in
1,50,
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Table 2 Weight percentage of the leached brass scrap for 3 types of leaching solvents

AN N1 Andndiniavans (Wt %) Lﬁémmﬁﬁmﬁmmﬂ(ﬁu)
12 Vol% H,0, : 88 Vol% 1M H,SO, 91.42% £ 0.02 5.493
8 Vol% HNO,;: 92 Vol% 1M H,SO, 92.85%% 0.00 5.579

1M H,S0, 87.58%% 0.14 5.259
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Table 3 Chemical compositions of the brass scrap residues after leaching in 3 types of leaching solvents: (1) H,SO,, (2) 12 Vol%-

H,0, + 88 Vol%-H,S0, and (3) 8 Vol%-HNO, + 92 Vol%-H,SO,

16) AnFIULAN AndrulATuaInEnaud M insadlauaIN1TaTans (%)
wasiienan | 1M H,S0, | 12%vol H,0,: 88%vol | 8%vol NHO, : 92%vol
NN9azANs 1M H,SO, 1M H,SO,
(%)

28NTLAY (O) 28.07 % 26.39 % 35.00 % 33.60 %
agRLiaN (Al) 2.16 % 16.85 % 27.28 % 2711 %
Fanau (Si) 3.95 % 5.41 % 2.68 % 1.80 %
NAgLLAN (Cu) 4.55 % 23.63 % 0.00 % 0.54 %
&anzd (Zn) 56.64 % 15.48 % 27.69 % 25.12 %
pzii (Pb) 0.46 % 1171 % 6.10 % 9.54 %
Inundides (K) 0.27 % 0.00 % 0.00 % 0.00 %
wAALTEN (Ca) 2.63 % 0.00 % 0.00 % 0.42 %
Wan (Fe) 1.28 % 0.54 % 1.27 % 1.88 %
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Figure 3 XRD crystal structure analyses on the brass-scrap precipitates. The precipitates were obtained from the
cementation of the brass scrap-dissolved solution with H,O, as an oxidizing agent. The XRD setup is as following: 20 step size =
0.02° waz count time = 0.5 3un# Andasyn 20 = 20° - 80°. JCPS's structure ID: Copper 01-085-1326, Copper Oxide 03-065-
3288, Zinc 03-065-3358, Zinc Oxide 01-077-0191.
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Figure 4 XRD crystal structure analyses on the brass-scrap precipitates. The precipitates were obtained from the
cementation of the brass scrap-dissolved solution with HNO, as an oxidizing agent. The XRD setup is as following: 20 step size
=0.02° uaz count time = 0.5 3u1# andaeyy 20 = 20° - 80°. JCPS's structure ID: Copper 01-085-1326, Cuprite 01-077-0199,
Copper Aluminum Oxide 00-033-0448, Zinc 03-065-3358.
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Figure 5 XRD crystal structure analyses on the unknown white powders obtained after cementation the brass-scrap
solution with H,0, as an oxidizing agent. The XRD setup is as following: 20 step size = 0.02° uA% count time = 0.5 AN angag
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Figure 6 XRD crystal structure analyses on the unknown white powders obtained after cementation the brass-scrap
solution with HNO, as an oxidizing agent. The XRD setup is as following: 20 step size = 0.02° WA count time = 0.5 AT angag

20 = 20°-80".
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