PGM LOSS REDUCTION

yard as scrap rather than sampling tubes
to determine if any PGMs are present. We
have come across numerous examples of
this happening; exchangers that likely contained as much as 500-1,500 troy oz of
PGM were sold as scrap or nitric acid storage tanks were cleaned and all of the
sludge was washed down the plant drains.
Another example of unaccounted losses is
opening heat exchangers for repairs and
letting all of the PGM bearing dust fall to
the ground. We also receive many exchangers for destructive cleaning that are
shipped on flat bed trailers without any protective covering over the ends of the
exchangers. And one of the easiest items
to fix, having a system in place to account
for the PGM that enters the plant site. We
work with various customers all over the
world and are continually surprised by the
number of sites who don’t even have a
tracking system in place to account for the
PGM that enters and leaves the plant as
gauze. While all of these examples may
seem simplistic and certainly don’t apply to
all customers, many of these examples are
actually the norm rather than the exception.
So how do you combat and improve on
unaccounted losses? The first step is to
start accounting for all of the metal that
comes into and goes out of the plant. This
can be accomplished by setting up a simple
spreadsheet. Also, PGMR offers a metal
tracking program that is available for free via
the internet, and we assist our customers in
setting up the tracking/accountability program. Once this step is accomplished, then
all transactions that generate metal returns
to the facility have to also be accounted for
and documented. For example, if a nondestructive cleaning job is undertaken, then
the metal recovery from the job along with
the refining losses have to be documented
and factored into the total metal accountability. I have seen many facilities who can
account for only 50-60% of the total metal
input into their sites and the 40-50% of the
metal that is “missing” can equate to as
much as 20,000-30,000 troy oz (roughly
600-900 kg), which is an eye opener
because in many cases those losses have
accumulated over 30-40 years of operation.
There is no way to know where all of the
missing metal went over such a long time
period. In these cases, many customers find
the task of accounting for metal to be a
daunting task to say the least, but as in
many applications where you are trying to
improve, you have to start somewhere and
there is no better time to start tracking metal
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than now. Prices for Pt continue to stay high
and are likely to move higher as the worldwide economy improves, which puts an even
greater emphasis on making sure you
account for every ounce of material that
enters the facility – it’s imperative to the long
term viability of the facility that you operate.
Metal tracking and accountability
involves many aspects and the plant operator has to be knowledgeable on all of
these. PGMR/3D provide many services to
customers to improve metal accountability
and are willing to assist customers with
building databases, spreadsheets and/or
any other programs that assist customers
with keeping track of PGM in their facilities.
PGM accountability should be a part of any
nitric acid plant operator’s strategy for successfully operating his or her facility.

Umicore Platinum Engineered
Materials
The Umicore concept of working in closed
loops with complementary competencies
provides tailor-made engineered solutions
of high economic and technological value
to our customers.
The main concerns of the chemical catalysis industries are the highly volatile PGM
prices and tremendous costs of energy that
challenge these industries to keep their manufacturing processes at an economical scale.
Additionally, the end user markets dictate a
permanent increase in the quality standards
of products. Ecological drivers are considerable additional challenges for this industry.
Several years ago we realised how
these demands translate into our strategy
and started to adapt our portfolio of products and services to the needs of the supply chain. It takes far more than excellent
PGM components made of sophisticated
materials to increase the functionality of
any PGM component. It has also become
our duty to support our customers to better understand how the catalyst and its
periphery interact. Only by per fectly synchronising the boundary conditions and the
PGM catalyst can a status be reached that
yields maximum efficiency, stability and
security - what we call process excellence!
The cost-structure of nitric acid production is threefold: raw materials (ammonia/natural gas), capital and personnel and,
finally, the catalyst gauzes, which are made
from precious metals (specifically PGMs). If
you look only at the PGM gauzes, again their
cost structure has different components.

First, and perhaps most obvious, the PGM
placed inside the ammonia burners are fixed
in the process and cannot be utilised elsewhere. Consequently, their financial value
(which can easily add up to a few million
Euros) is captive to the production process,
unavailable for other use or investment. The
cost of financing this fixed capital is, however, only a fraction of the total cost of PGM
involved in the production process.
Of more long-term significance is the
loss of PGM from the catalyst pack during
the oxidation process. There are chemical
and mechanical losses: Chemically, primarily platinum (Pt) is lost through oxidation,
forming gaseous Pt-Oxide (PtO2). Mechanically, Rhodium (Rh) losses are caused
when tiny fractions are carried downstream
by the gas flow (e.g. through vibrations
which loosen re-crystallised Rh-oxide at the
wire sur face). Although some portion of
lost PGM can be recovered every few years
by cleaning the plant, a significant portion
of the metal is simply lost for good.
Even though the market prices of PGMs
have plummeted over the last several
months the long term trend will likely be
toward higher prices. It is thus reasonable
to predict that it will become increasingly
costly – perhaps cost-prohibitive – to continue to lose PGM in such industrial
processes as the production of nitric acid.
Reflecting this trend of climbing prices
for raw materials, the suppliers of gauze
catalyst have, over the years, increased
their efforts to bring down the rate of irrevocable PGM losses.
Umicore has always used long-lasting,
extremely stable alloys in the manufacture
of its gauzes. Another hallmark of Umicore’s
approach to catalyst gauze, single piece production, carries a decided advantage, making it possible to configure a specific
catalyst pack by adjusting and fine-tuning
each single gauze inside the pack.
Aware that precious metals are a crucial
cost driver, Umicore has made significant
R&D investments in an effort to bring down
PGM losses over the years. Additionally it
releases two new product innovations which
aim at decreasing losses even further.

MKS precise3D - lowest PGM losses
For several years now the industry has
increasingly established so called 3-element catalyst gauzes. These gauzes consist of Pt, Rh and Pd, with the addition of
palladium replacing some of the traditional
rhodium. Generally the rhodium is replaced
evenly over the entire gauze pack. This may,
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however, be detrimental to the per formance of the overall pack. The specific characteristics (e.g. conversion rate, N2O
emission) of the single gauze must be
used according to its particular role: High
conversion rate for the top layers, stability
and endurance for the lower layers. Umicore’s new product MKS precise3D can do
exactly that since every single layer may be
composed differently.
Moreover, performance requirements of
gauzes are primarily driven by the parameters of the nitric acid reactor in correlation
with the particular position in the gauze
pack. Like no other product solution, MKS
precise3D, with its adjustability layer by
layer, is capable of taking care of these singular needs of different installations. It can
precisely adapt to the given parameters
which result in lowest ammonia consumption, lowest PGM losses and long campaign durations and therefore generates
the highest possible economic benefit.

Fig 7: Woven gauze

Woven gauze in conventional catchment sytem

Space between the meshes quickly accrue and
clog in HP plants

Fig 8: Top view of Reconit
(dense)

Fig 9: Side view of Reconit
(open structure)

MKS precise3D makes use of the individual quality of its alloy elements:
● platinum assures high selectivity;
● rhodium increases stability, and in consequence the durability;
● palladium brings down PGM losses.

Fig 10: Umicore Reconit in high pressure plant

Reconit – recovery for HP applications
High-pressure plants are particularly subject to very high PGM losses. This is partly
due to the lack of an adequate catchment
system, as well as to the process itself. HP
installations are therefore becoming
increasingly difficult to operate profitably.
A seeming contradiction is the fact that
HP reactors, despite their high primary
losses very rarely use recovery gauzes.
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The challenge in designing 3-element catalyst gauzes is to increase the Pd content
without adversely affecting either the efficiency or durability of the gauze. Extensive
research has been undertaken to categorise and qualify the behaviour of specific
Pt/Rh and Pt/Rh/Pd alloys with respect to
the aforementioned qualities of the ammonia oxidation process.
To reach these insights, multiple alloy
samples were placed in different layers of
industrial applications. Afterwards the wire
morphology and development was investigated; finally used and unused samples of
selected alloys were tested again to prove
their efficiency. It is therefore ensured that
the beneficial characteristics of each metal
are matched ideally to the entire gauze pack.
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This is true because of the fact that conventional catchment systems can only be
used a short time in installations with high
primary losses. Since they consist of dense
woven gauzes the spaces in-between the
meshes quickly accrue and become
clogged (Fig. 7). Additionally the pressure
drop rises disproportionately which leads to
increased stops and downtimes of the reactor. On the other hand, when using a more
wide-meshed gauze type, the recovery rate
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goes down and the process will no longer
be economically viable.
By using the flat bed knitting technology
Umicore is in the position to produce catchment gauzes, which are dense from the top
view (Fig. 8) but open-structured from the
side view (Fig. 9).
Umicore’s new product Reconit assures
that a major part of the PtO2-molecules will
get close enough to a Pd-wire to be caught
in the alloy. Due to the very high porosity of
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Reconit the likelihood of clogging up is
close to zero even when a lot of PGM is
already bound to its sur face. Regular
catchment gauzes have a porosity of 7080%. By contrast Reconit, with its threedimensional structure, possesses a
porosity of over 90%. This is why it can be
used over even the longest production
period (Fig. 10).
Depending on operation parameters,
desired recovery rate and installed precious
metal, even several Reconit gauzes may be
used to increase the recovery rate but without increasing the pressure drop significantly. It is thus possible to win back a
major part of the primary losses without
interfering negatively with the process itself.

Refining
As always in life, every coin has two sides.
One may use the most economic PGM
catching catalyst system possible, but without a sophisticated and accurate refining
process at the end these benefits would be
lost. As Umicore is one of the biggest precious metals recycler in the world it always
strives to fulfill the entire product loop from
production to recycling.
The cost of financing the precious metals is however only a tiny fraction of the total
cost of PGM. Although it is possible to calculate realistic PGM losses during the oxidation process, gauze manufacturers tend
to widen the range of expected PGM losses
in their commercial offers. The objective is
to cover all likely operating conditions which
impact PGM losses and, of course, thereby
minimise the risk on the suppliers’ side
when it comes to guarantees. The real PGM
loss however can only be determined after
sampling and analysis of the spent catalytic
gauzes. Knowing these two factors, it is
advisable to either have a very trustworthy
refiner and gauzes supplier at hand, or to
always use the services of a so called
inspector, who will be present during sam-

pling of the spent gauzes. An inspector will
take samples of the homogenised fraction
of the gauzes and will analyse those by comparing his analysis results with those determined by the refiner.
Using the services of an approved
inspector will minimise the risk of loosing
PGM after refining and will further eliminate
the possibility of a mixed calculation which
influences the pricing of new gauzes.
One has to keep in mind that the price
battle for gauzes neglects the fact that the
real costs for production of new gauzes are
subsidised by physical PGM gains during
refining.

Sabin Metal Corporation
The Sabin Metal Corporation (SMC) of East
Hampton, NY was established in 1945 and
is now North America’s largest independently owned refiner of precious metals. Its
output includes gold, silver, platinum, palladium, rhodium, ruthenium and rhenium
from its facilities in Scottville (New York),
Williston (North Dakota) and Cobalt
(Ontario, Canada).

Low pressure drop getter systems
In the early 2000s, in response to the market, SMC began recovering the platinum
group metals (PGMs) from the heat train,
process gas filters, absorbers and storage
tanks of nitric acid plants culminating, in
2005, in the production of the ‘SRS’ (Sabin
Recovery System) series of palladium getter gauze designs (getters), these being
principally aimed at the high-pressure/high
gas velocity plants which typify the North
American market. Excessive pressure drop
had long been a major problem with getters
in such plants, many of which were never
able to use the technology, and the SRS
series was developed to correct this.
Initial trials were carried out on the 320
t/d high-pressure Chemico unit at Terra

Industries, Canada, (Table 1) which had a
nitrogen loading of approximately 70
tN/m2/d. The plant was of particular interest as it has a continuously reading differential pressure gauge across the
catalyst/getter pack, thereby enabling specific pressure drop data to be obtained
throughout the run.
Getters were already in use, but were
causing a pressure drop at the end of
the 90 day run of approximately 2.5 psi
(0.17 bar).
Trials of SRS getters with a nominal
54% Pt recovery rate reduced the end-run
pressure drop to 0.85 psi (0.059 bar). The
typical run length, dictated by a combination of conversion efficiency and pressure
drop considerations, increased by approximately 15%.
The getter pack also exhibited a remarkable resistance to unscheduled shutdowns
with eight being experienced during one run
with no deleterious effect upon conversion
efficiency, pressure drop or recovery rate.
Similar trials are now concluding at a
61% recovery rate.
Trials were then carried out on a Weatherly plant with a nitrogen loading of 100
tN/m2/d (this loading dictates an extremely
high gas velocity), which had never been able
to use getters successfully because of massive pressure drop. The plant now regularly
uses SRS getters with no observable pressure drop problems, as shown in Fig. 11.
As can be seen, there has been a problem with pressure drop from the process
gas filter but this is being addressed.
During trials at one particular high-pressure plant there was some indication that,
when using SMC getters, not only was
pressure drop reduced but nitrous oxide
(N2O) emissions were decreased. A specific, instrumented run showed that nitrous
oxide emissions were reduced by approximately 25%. This result was confirmed during subsequent runs.

Table 1: Terra Courtright – SMC getter performance analysis
Getter
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Run, days
112
Catalyst gross Pt loss, oz/tonne
0.0091
Catalyst gross Rh loss, oz/tonne
0.0004
Catalyst gross Pd loss, oz/tonne
0.0003
Getter Pt recovery, %
57
Getter Rh recovery as % of Pt recovery (nominal 54.0) 2.74
Getter Pd loss vs Pt gain, % (nominal 2.0)
33
End of run DP, psi (nominal 50.0)
0.85
Bar
0.059

113
0.0083
0.0004
0.0004
54
2.75
43
0.85
0.059

113
0.0081
0.0003
0.0003
54
2.55
43
0.85
0.059

110
0.0090
0.0004
0.0004
50
2.51
48
0.84
0.059

66
0.0086
0.0003
0.0004
58
2.48
44
0.75
0.052

109
0.0085
0.0003
0.0003
51
2.53
40
0.84
0.058

Average

0.0086
0.00034
0.00035
54.19
2.60
41.49
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