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Abstract
The build up of scale inside autoclaves during high-pressure acid leaching of nickel laterite ore
currently represents a significant industrial problem in processing plants. In this study, the crystallographic microstructure of natrojarosite scale developed on stirring rods inside a high-pressure acid leach
autoclave are investigated using electron backscatter diffraction (EBSD). Backscatter electron imaging
shows compositional layering of natrojarosite with dispersed minor iron oxide crystals and regularly
spaced, parallel layer micro-porosity. Analysis of the scale by EBSD reveals that natrojarosite forms
elongate grains with strong (0001) crystallographic preferred orientation with c axes aligned within
the plane of the agitator substrate, consistent with unitaxial precipitation from a fluid. The natrojarosite
grains contain a complex internal substructure of low-angle (<15°) boundaries that define elongate
subgrains and accommodate up to 40° of systematic misorientation across single grains. Low-angle
subgrain boundaries do not have simple twin relationships or low-index misorientation axes and are
interpreted to have formed as a result of the propagation of crystal defects during growth rather than
by syn-growth deformation due to shear stresses between viscous leachate slurry and the agitator
inside the autoclave. The presence of extended defects in the scale microstructure has implications
for the solubility and reactive stability of mineral processing waste as well as for the development of
scale growth inhibitors.
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Introduction
High-pressure acid leaching of nickel laterites
Nickel laterites represent around 70% total global nickel ore
reserves (Elias 2002), and high-pressure acid leaching (HiPAL)
is commonly applied in commercial extraction of nickel from
the processing of laterite ores. This process primarily involves
circulation of slurried ore through large autoclaves at elevated
temperatures (~250 °C) and pressures (~4.5 MPa) in the presence
of sulfuric acid (Fig. 1). The resultant supersaturated leachate
brings about the build up of mineral scale inside autoclaves.
The build up of scale on the autoclave walls and stirring rods
(agitators) decreases the processing efficiency of the autoclaves,
and removal of scale (descaling) is a laborious hydraulic process
that involves temporary plant closure and loss of production, and
as such is very costly. Scale represents a significant industrial
problem for HiPAL plants (Whittington and Muir 2000). For
example, a five- to seven-day monthly shutdown for descaling
purposes was required at the Moa Bay operation, Cuba (Queneau
et al. 1984). Previous investigations of HiPAL scale have focused
on the effects of pressure, temperature, pH, and additives on the
mineral chemistry, phase stability, and deposition rate of HiPAL
scale (Johnson et al. 2005; Papangelakis et al. 1994; Scarlett et
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al. 2008; Whittington 2000; Whittington et al. 2003a, 2003b).
These studies indicate that the scale consists of relatively resistant
“growth” scale, formed predominantly by the precipitation of
minerals on autoclave walls and agitator substrates, rather than
“settling” scale, which is more porous and easier to remove.
Consequently, it is important to understand processes of scale
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Figure 1. Schematic diagram of an autoclave used in the highpressure acid leaching of nickel laterite ore. Slurried ore consists of
3+
nontronite [Na0.3Fe3+
2 Si3AlO10(OH)2·4(H2O)], goethite [Fe O(OH)] and
serpentine [(Mg,Fe,Ni,Al,Zn,Mn)2–3(Si,Al,Fe)2O5(OH)4]. Leachate and
leach residue contains alunite/jarosite {(K,Na,Pb,NH,Ca)(Al,Fe)3[(S,P,
As)O4]2(OH)6}, hematite (Fe3+
2 O3), and silica (SiO2). Scale builds up on
the walls and the agitators of the autoclave.
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