
Declining ore grades – Impact on operation 
and design of gas cleaning and acid plants
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Declining Ore Grades

Metal 1880-1900 1950-1960 today

Gold 22-23 g/t 5 g/t 1.94 g/t

Silver 1.175 g/t 154 g/t 98.4 g/t

Copper 7.60 % 1.35 % 0.95 %

Lead 14.42 % 10.41 % 3.50 %

Zinc 15.68 % 10.42 % 7.77 %
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“Peak Silver and Mining by a Falling EROI”, Commodities / Gold & Silver, Steve St Angelo, Nov 04, 2009, http://www.marketoracle.co.uk/Article14756.html 

• Different publications state decreasing valuable metal
content in ore body



© Outotec – All rights reserved

Declining Ore Grades - Australia
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General Trend

“The Sustainability of Mining in Australia - Key Production Trends and Their Environmental Implications for the Future”, Dr Gavin M Mudd, Department of Civil Engineering, 
Monash University and the Mineral Policy Institute, Released October 2007, Revised April 2009, http://users.monash.edu.au/~gmudd/sustymining.html
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Consequences for Impurity Load in the Off-
Gas of the Metallurgical Plant
Decreasing valuable ore metal contents lead to...

increasing amounts of “nasty” impurities like…

• Arsenic

• Hydrogen Chloride

• Hydrogen Fluoride

• Mercury

• Selenium

...which affect the gas cleaning plant design and 
operation  
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Sulphuric Acid Quality has to meet the 
standards
• Only pure sulphuric acid is a valuable product on the market

• Typical requirements:
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Impurity Impurity
Appearance Water Clear NH4

+

(Ammonium)
< 1 ppm

Colour 40 Hazen NO3
- (Nitrate) < 5 ppm

Hg (Mercury) < 0.5 ppm As (Arsenic) < 0.2 ppm

Fe (Iron) < 25 ppm Cu (Copper) < 0.2 ppm

Ni (Nickel) < 1 ppm Cd (Cadmium) < 0.02 ppm

Cr (Chromium) < 1.5 ppm Pb (Lead) < 0.3 ppm

Mn (Manganese) < 0.3 ppm Zn (Zinc) < 0.1 ppm

SO2 (Sulph. Diox.) < 30 ppm Sb (Antimony) < 0.02 ppm

Cl- (Chloride) < 2 ppm Bi (Bismuth) < 0.02 ppm

F- (Fluoride) < 5 ppm Se (Selenium) < 0.1 ppm
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Impact of impurities on Sulphuric Acid Plant 
Operation
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• Arsenic (As2O3)
• Below 600°C saturation of catalyst and reduced catalyst activity
• Above 600°C volatile compound V2O3*As2O5 can be formed and some 

long term loss of activity because of vanadium losses

• Selenium
• Reduces catalyst activity
• Harmful effect only at temperatures below 400°C; initial activity is restored 

after heating

• Dust 
• Accumulates in the catalyst bed and on candle filters
• Accumulations on catalyst increase pressure drop and reduce throughput
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Impact of impurities on Sulphuric Acid Plant 
Operation
• Heavy Metals (Pb, Hg)

• Deposits result in significant catalyst activity loss

• Fluorides (F-)
• React with the catalyst silica support, forming volatile SiF4, and deposition 

of silica gel on the catalyst surface has been observed.
• Mixture of HF and H2SO4 is strongly oxidizing agent

• Chlorides (Cl-) 
• Form at high concentrations VOCl3 leading to Vanadium loss
• Attack steel equipment of the sulphuric acid plant
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Examples for Impurity Impact on Sulphuric 
Acid Plant

SO2-Blower
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Gas-Gas-Heat 
Exchanger

• Improper design and operation of gas cleaning plant means higher 
maintenance costs also in the acid plant!!
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Examples for Impurity Impact on Sulphuric 
Acid Plant

Gas Duct
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Candle Filters
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Consequences for Gas Cleaning Plant

• Higher sophisticated gas cleaning plant concepts required 
• More process steps
• Higher energy consumption required for 

- Removal of dust and condensed fumes 

• Attention has to be paid to gas cleaning plant operation and 
maintenance
• Scrubbing at high pressure drop for optimized particle removal
• Close control of Wet ESP operation for optimized particle removal 
• Close control of impurity concentrations in the weak acid streams

- Reduce vapor pressure of chloride and fluoride in weak acid

- Avoid precipitation of Arsenic and dust in the piping system of the gas cleaning plant

• Regular maintenance 
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Removal Steps for different Impurities
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Arsenic
Removal

Closer look on Arsenic and Fluorides 
removal
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HES 
Scrubber

Gas 
Cooling

Arsenic is a 
common impurity
in metal ores

Halide 
Removal
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Wet Arsenic Removal

• Gas is cooled by water evaporation
• In the quench retention time is provided for arsenic oxide to form 

particles and to agglomerate 
• In a following High Efficiency Scrubber and Wet ESPs the arsenic 

oxide particles are removed and bled with the bleed to the effluent
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Wet Arsenic Removal
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Quench + 
Retention Time

Gas 
Cooling

As2O3-Particle 
Formation/Growth 
and Pre-dedusting

Removal of 90% 
of the particles > 

1µm

Removal of 
remaining small 

particles

Final Cleaning

Liquid 
Bleed

Wet
Scrubbing



© Outotec – All rights reserved

Wet Scrubbing for Dust and Arsenic -
Energy Consumption
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Particles > 1 µm

Wet
Scrubbing
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Maintaining pressure drop and efficiency 
under changing gas volume flows
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Gas Volume

Variable Size Scrubbing Zone
Pressure 

drop

Low Removal 
Efficiency
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Adapting Efficiency by Variable Scrubbing 
Zone
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Gas Volume

Variable Size Scrubbing Zone
Pressure 

drop

Low Removal 
Efficiency

(Adaption at higher
impurity entry load)
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Wet Scrubbing - High Efficiency Scrubber
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Quench 
Section

Scrubbing 
Section

Features:
• High Efficiency Scrubber with adjustable pressure 

drop, subject to required efficiency
• Adjustable scrubbing zone for varying volume flow 

rates
Constant high scrubbing efficiency at 
all varying process conditions

• High volume flow rates of 200.000 Nm3/h possible
• Combination of scrubbing and quench zone 

possible Small foot print
• Variety of materials of construction, e.g. Stainless 

steel, FRP

Overflow 
weir
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Arsenic
Removal

Halide 
Removal

Closer look on Arsenic and Fluorides 
removal
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HES 
Scrubber

Gas 
Cooling

Fluorides (F-) 
have severe
impact on catalyst
and equipment
even at low
concentrations
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Hydrogen Fluoride Removal Concepts
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Principle Efficiency Final gas 
concentration

Consumption costs

Scrubber/
Quencher • Absorption in water • Make-up water 

for dilution

Packed Gas Cooling 
Tower

• Absorption in cold 
water

• Make-up water 
for dilution

Addition of Sodium 
Silicate in Packed Gas 
Cooling Tower

• Absorption in cold 
water & chemical 
reaction with sodium 
silicate

• Sodium silicate

“Fluorine Tower”

• Absorption in cold 
water & chemical 
reaction with Si-
containing packing 
material

Excellent
• Packing Material 

(OPEX)
• Additional Dp

Excellent

Low Approx. 
20 mg/Nm³

< 0.5 mg/Nm³



© Outotec – All rights reserved

Hydrogen Fluoride Removal - Sodium 
Silicate in Packed Gas Cooling Tower
• Reaction

• Na2SiO3 + 3 H2F2 Na2SiF6 + 3 H2O

• Advantage
• Low investment cost 

• Very efficient removal

• Disadvantage
• Risk of build-ups at overdosing

• Consumption of chemicals

• Process control necessary
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Gas
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Hydrogen Fluoride Removal – Case AGMK 
Almalyk
• High & varying fluoride concentrations required large amounts of sodium silicate 

Danger of overdosing and 
blockings in the piping system

• Large bleed amount to effluent treatment High investment and operating 
costs for effluent treatment

• Aim: Reduction of bleed
• Solution: Dosing of sodium silicate controlled by online HF- measurement in 

the gas

11/1/16 External  | Declining ore grades22

Wet Gas 
Cleaning Plant 

HF 
analyzer

HF 
analyzer

Sodium silicate

Off-gas from 
copper smelting 

plant 
Off-gas to sulphuric acid plant 

FIC
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How to cope with declining ore grades
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Impurity flow to gas cleaning and
sulphuric acid plant 

Acid 
quality

PROCESS CONCEPT 
DESIGN

PROCESS OPERATION

?
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How to cope with declining ore grades
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Impurity flow to gas cleaning and
sulphuric acid plant 

Acid 
quality

PROCESS CONCEPT 
DESIGN

PROCESS OPERATION

ADAPTION
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THANK YOU FOR YOUR ATTENTION!
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