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Surface products of gold dissolution in cyanide solutions

YANG Yong-bin, CHEN Li-juan, JIANG Tao, LI Qian, LIU Xiao-liang

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The micro-morphology of gold surface products in cyanide solutions was studied by scanning electron
microscopy (SEM) and atomic force microscopy (AFM). It is found that, little corrosion occurs on the gold surface
except on the surface edges and horns. The element composition and binding feature of gold surface products in cyanide
solutions were studied by X-ray photoelectron spectroscopy (XPS). It is indicated that the composition of surface product
include AuCN, Au(OH), and Au,(OHCN). Gold dissolution process takes place by two steps, in which, AuCN first forms
into a long-chain structure AuCN that further reacts with CN to form the soluble complex Au(CN), in the second step.
The second step that can only take place on the end of AuCN chain essentially acts as the rate-controlling step. This
mechanism inevitably causes surface covering of accumulated AuCN, i.e., the surface passivated layer. On the other side
surface products on the edges and horns dissolve faster because of more breakpoints in the AuCN chain and remain in
separate particles which doesn’t form compact spread covering, i.e., surface activated area.
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Fig. 1 SEM images of gold surface before(a) and after(b)
cyanidation
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Fig. 2 AFM images of gold surface before cyanidation: (a) Two-dimensional image; (b) Three-dimensional image
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Fig. 3 AFM images of gold surface with morphology 1 after cyanidation: (a) Two-dimensional image; (b) Three-dimensional image
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Fig. 4 AFM images of gold surface with morphology 2 after cyanidation: (a) Two-dimensional image; (b) Three-dimensional image
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Fig. 5 XPS survey scan of gold surface products in cyanide

solutions
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Table 1 Chemical state and relative concentration of elements

on surface products

Chemical 2" gy Mole
Element . energy/ Area  fraction/
environment eV
eV %
C 1s(1) Cc—C 284.88 1.63  24713.97 17.22
C 1s(2) C=N 288.18 2.25 5789.57  4.04
N 1s C=N 400.00 1.59 6701.1 4.25
O1ls Ou(—OH) 531.98 2.44  21099.17 6.25
Au 4f 84.07 0.88 353524.61 68.10
1 — Initial surface 2
2 — Cyanided surface S

Binding energy/eV
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Fig. 6 Contrast of Au 4f XPS spectra of cyanided surface to

initial surface
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Fig. 7 Contrast of C 1s XPS spectra of cyanided surface to

initial surface
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Fig. 8 Fine XPS spectra of C Is of cyanided surface
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Fig. 9 Fine spectrum and fitting curve of N 1s of cyanided

surface
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