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Abstract
The study was carried out to optimize the filtration of the hydrolysis cake
obtained during the refining stage of platinu-rich liquor. The platinum refining
stage cake was first filtered in the glove box and secondly in the filter press to
optimize the recovery of platinum value. The results obtained indicated that
the filter press operation gave the highest and lowest platinum recovery
efficiencies of about 99.95 and 97.69% as against 99.39 and 97.21%,
respectively, for the glove box. In addition, the trend lines obtained showed
that the filter press operation results following almost a linear trendline as
being more stable than the glove box with a steeper trendline. Furthermore,
the filter press processing of the hydrolysis cake took only about five hours in
comparison to about 14 hours for the glove box. The filter press has thus
proven to be a more efficient method to optimize platinum recovery from

hydrolysis cake.
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Introduction

The extraction of platinum group metals and other precious metals from the converter
matte involves smelting where the original matte is broken down to yield metallic nickel and
copper anodes, an electrorefining step in which the anodes are electrolytically dissolved to
produce nickel and copper and lastly chemical operations for the separation and refining of
the individual PGMs [1-3]. In the first stage of the chemical operation to extract platinum
from its liquor, the liquor is dissolved and hydrolysed to produce a cake [4, 5]. The hydrolysis
cake produced is then taken to a vacuum filtration process that uses a glove box to form
platinum richer liquor leaving a dry residue. However, the inefficiency of the glove box
makes the hydrolysis cake residue formed in this process to contain high moisture with
platinum entrainment necessitating a seven stage re-processing. In view of the current scarcity
of high quality ore feed and the high cost of mining and mineral processing, the old and slow
glove box filtration technology is no longer efficient to keep up with the modern operational
requirement. Figure 1 shows the platinum extraction process based on the glove box
technology and starting with platinum rich liquor [6, 7].
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Figure 1. Flow chart of platinum extraction process
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The glove box is normally dressed with a needle-felt cloth and filter papers that are
replaced after every single filtration process of a batch at a high cost. The entrained platinum
in the hydrolysis cake and filter paper is normally transferred for drying in gas powered
calcining ovens at temperatures of 1000°C. The dried residues are batched up and re-
introduced again into the plant for further processing on the circuit that handles the impure
liquor for up to 3 days. The platinum recovered from this process is then sent to the platinum
ignition ovens for roasting at a temperature above 800°C. The roasted platinum-rich residue is
batched up again to be fed to the platinum circuit where about 2.8% of the platinum in the
batch will report to the hydrolysis residue again [8]. The platinum bearing samples are
typically analysed for platinum, palladium, rhodium and iridium by Inductively Coupled
Plasma Mass Spectrometer and atomic emission spectroscopy [9-11]. The laboratory methods
to determine moisture and soluble salts content in soil and rock by mass has been elaborated
in ASTM D2216-10 [12]. The tests were carried out in the plant based on ASTM D2216-10
[12] and the project student only provided the specific details he was permitted to give.

Cost-effective solid-liquid separation technology is essential for the process of de-
watering base metal and precious metal concentrates. The selected technology is expected to
achieve the target process parameters (such as final moisture content and solids throughput
rate), to operate reliably in harsh environments and to provide low installation, operating, and
maintenance costs [13]. Filtering units have evolved over the years with the introduction of
better and more efficient filtering units. One of the widely used modern filtering technologies
in the platinum processing industry includes pressure filtering. Most pressure filters are
designed with actuated filter plates and whether the filter plates are arranged vertically or
horizontally, the filter plates are mechanically linked to open and close in sequence usually by
a hydraulic cylinder. Once closed, chambers are formed between the filter plates. Slurry is
pumped into the chambers and solids are retained on the filter cloth inside the chamber and
form a filter cake [14-18]. The solids are consolidated either under pump pressure and/or by a
rubber membrane, which is inflated with compressed air or pressurized water. After
consolidation, the solids can be further dried by forcing compressed air to flow through the
filter cakes. The majority of the pressure filters installed for de-watering platinum group metal
(PGM) concentrates utilize membrane technology to consolidate and de-water the filter cake.
The pneuma filter press was developed by Rio Tinto South Africa as result of problems

experienced with liquids/solids separation over the years. The introduction of the pneuma
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filter press, a remarkably simple filtration system greatly improved solids and filtrate
production, while significantly reducing the cost of operation. The installations of finer
grinding facilities in the platinum processing plants and the greater difficulties associated with
the drying of finer ores makes the replacement of the less efficient glove box technology more
urgent [19, 20].

The aim of this study was to investigate the filtration process of the platinum liquor
hydrolysis and to optimize it in order to reduce cycle times and platinum entrained in the

hydrolysis cake residue.

Materials and Methods

The stream of platinum rich liquor was split into two reactors of 200 litres each to

accommodate high volumes of reagents to be added for the hydrolysis process.

The hydrolysis process

The flow diagram of the hydrolysis process in the glove box is presented in Figure 2.
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Figure 2. Flow diagram of the hydrolysis process in the glove box

The density and pH of the liquor were adjusted and precious metal impurities such as
Pd were removed by adding oxidizing and reducing agents. The liquor was cooled down to
determine the concentration of the impurities. When the desired levels of impurity residues

were achieved, the liquor was cooled down again in preparation for filtration. After filtration,
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the cake was removed and re-processed further in another plant to recover the Pt entrained in
the hydrolysis cake. If the sample contained other precious metals concentration of >10 ppm,
it was treated further using the hydrolysis process to precipitate the impurities. The solution
containing hydrolysis cake and a platinum rich liquid was the input material fed to the glove

box and filter press for the de-watering processes.

Glove box drying

The hydrolysis cake containing about 1.8 kg of impurities was dropped into the glove
box (GBA) and filtered by vacuum for solid/liquid separation. The cake was filtered through
four filter papers and a needle felt cloth. The vacuum system was left open overnight for 8
hours to ensure optimum cake drying. The filter paper and the cake weighing about 3.8 kg
were removed in the morning and processed further in the materials department. The glove
box filtration took about 14 hours. Before the residue cake was prepared for sampling, it was
roasted in a muffle oven for about 7 hours and crushed in a hammer mill to 500 pum. The
roasted sample was placed on a 10 way rotary sample divider and sub-split into another 10
samples. Accuracy was determined by random analysis of two cup samples. The boil down
reduction losses (BORL) tests was conducted to quantify the moisture and soluble salts in the
cake. The procedure described was repeated with 14 other batches.

Filter press drying

The hydrolysis process product with its impurities was filtered through the filter press
(FPA) having cloths lined with a filtering aid, with the reactor’s contents at room temperature
to prevent thermal shock on filter plates. The facility was operated at high pressure with the
washing and drying steps using compressed air. The feed was allowed to pass through the
filter press and the filtrate was recycled to the feed tank in order to determine if the filtrate
was free of solids. The return valve was closed when the filtrate had no more solids and it was
pumped forward to the next process. The filter press filtration took about 5 hours. The solid
residue obtained was pre-squeezed and washed with process water. The cake residue was
further air dried for 5 hours. The cake roasting and sample preparation was treated the same
way as that of the glove box. The efficiency of the filtration was determined with the

following formula:
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E(%)=—-x100
%) Pt°
where, E is the efficiency of the process in %, Pt® and Pt! are platinum content (g/t) in the

cake before filtration and the content of the filtrate recovered after filtration, respectively.

Results and discussion

The results obtained for the platinum contents of the cake residue of the filter press
(FPA) and glove box (GBA) filtrations are presented in Figure 3. The obtained results showed
that in general, the Pt contents of the cakes obtained in both cases vary for all the samples but
with notable peaks at 1, 6, 17, 30 and 1, 5, 27, 29 for glove box and filter press cakes,
respectively. The highest and lowest Pt contents of 1.8 and 0.324 g/t were obtained at the 1%
and 22" samples for the glove box, while at 0.696 and 0.043 at 29" and 10" samples for the
filter press. More over, for all the samples, the glove box cakes have higher contents of Pt
with its lowest value of 0.043 far lower than the 0.324 for the glove box. The results obtained
thus indicated that the filter press performed more efficiently than the glove box by retaining
lesser contents of Pt in its cake.
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Figure 3. The Pt (g/t) retained in the filter press (FPA) and glove box (GBA) after the

filtrationof the hydrolysis cake
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Figure 4 shows the Pt retained in the filter press cakes (FPAP) and glove box cakes
(GBAP) as percents of the Pt content of the corresponding input batch. The results showed
that the glove box cakes generally have higher percentages of Pt retained than the filter press
at all corresponding input batches with its highest percent of 0.31 occurring at sample 26 and
that for filter press being 0.30 at 27" sample. In general, the percents of the batch Pt retained
in both filters have no clear pattern of relationship with the Pt content of the input batch, but
the most notable peaks in both cases appear between samples 18 and 27. This observation
suggests that the filtering process of the samples in this range was less efficient and needs to

be investigated.
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Figure 4. Pt contents of the filter press and glove box cakes in % (x10) of batch

inputs

Figures 5(a) and 5(b) show the Pt contents in g/t of the batch input for filter press
(FPA) and glove box (GBA). The Pt contents of the batch inputs vary randomly with the
highest of 85.91 g/t for the 10" sample and the lowest of 25.66 g/t for the 26" sample. At the
lowest grade of batch input, the Pt retained were 0.20 and 0.80 g/t for the filter press and
glove box; while at the highest grade it was0.043 and 0.86 g/t, respectively. The results
showed that the highest grade batch input yieled lower Pt retained in the filter press in
comparison to the lowest grade, but the effect on the glove box appears negative. The highest
values of the Pt entrained in the filter press and glove box of 0.51 and 1.8 g/t occurred at the

samples 29" and 1%, respectively. The two points for the highest retained in the two filters
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occurred at 58.84 and 64.68 g/t of Pt in batch inputs. Thus, there is no clear pattern of
relationship between batch inputs and Pt retained in both filtrations. The results obtained
further suggest that the value of the Pt retained in cakes in both cases has no clear relationship

with the Pt contents of the batch input.
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Figure 5(a). Pt contents of the batch, filter press cake (x10) and glove box cake (x10)
(BIA=batch inputs, FPA =filter press, GBA= glove box)
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Figure 5(b). Pt contents of the batch, filter press cake (x10) and glove box cake (x10)
(BIA=batch inputs, FPA =filter press, GBA= glove box)

Figure 6 shows the Pt recovery efficiency percents for the filter press (FPE) and the
glove box (GBE) and the trend lines. The results showed that the filter press was more

efficient in the recovery of Pt from the hydrolysis cake for all the samples. The percents in
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both cases very randomly and the trend lines showed the filter press results with almost a
linear trendline as being more stable than the glove box with a steeper trendline. The results
obtained further indicated that the filter press operation gave the highest and lowest
efficiencies of about 99.95 and 97.69% as against 99.39 and 97.21% for the glove box.The
results obtained thus suggest the filter press operation produced less variance in the data
obtained and thus more stable than that of glove box.
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Figure 6. Efficiency of the filter press (FPE) and glove box (GBE) in treatment of hydrolysis
batch inputs (BIA) with trend line

Figures 7(a), 7(b) and 7(c) show the Pt contents of the batch cake inputs (BIA) and the
outputs of filter press (BOFP) and glove box outputs (BOGB) and their corresponding
standard errors. The Pt contents in the three cases generally vary randomly with alternating
increase and decrease. This fluctuations in the Pt contents may be due to batch splits as a
results of high volumes generated during the hydrolysis proces.The standard errors obtained
in the three cases for each data are generally similar suggesting that the platinum content

determinations were of good precision.
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Figure 7. (a) The Pt (g/t) contents of hydrolysis batch cakes inputs (BIA) and standard errors
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Figure 7. (b) The Pt (g/t) contents of filter press outputs (BOFP) and standard errors
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Figure 7. (c) The Pt contents of glove box outputs (BOGB) and standard errors

Conclusions

The filter press filtration carried out at high pressure with washing and drying done
under compressed air has proved to be a more efficient de-watering system than the glove
box. The filter hydrolysis cakes contained lower entrained platinum for all the samples and
gave higher process efficiency than the glove box. In addition, the filter press was found to be
more stable producing low variance in its data. It was also observed during the test work that
the frequency of opening the filter press unit was much less compared to that of the glove box
thus reducing the exposure of employees to the irritating airborne platinum salts. The
filtration cycle time was also found to reduce from over 14 hours for glove box to less than 5

hours for the filter press.
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