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recognised by the World Economic Forum 
as a champion of the Circular Economy, 
and bestowed upon it the 2019 Circular 
Economy Prize. 
But M. Nyberg concluded that more effort 
was required in closer alignment of indus
trial strategy, coverage of more sectors, em
powerment of consumers, support of innov
ations, and to bring circular economy and 
carbonneutrality policies together.
Recycling as a Way of Developing New 
Business Models for the Minerals Sec
tor: Regulatory Bottlenecks and Op
portunities by Francesca Girardi (Industrial 
Affairs Advisor, IMAEurope/BE) underlined 
the significant demand for industrial min

The big picture on 
mineral recycling

The big picture on the raw material recycling 
sector from the European Commission’s 
(EC) viewpoint was ably presented in Com
petitive Manufacturing Industries in 
Europe: Circular Economy and Access 
to Raw Materials by Maria Nyberg (Policy 
Officer, European Commission/BE). M. Ny

berg explained the EU policy highlighting 
the Raw Materials Initiative (RMI), European 
Innovation Partnership Raw Materials (EIP 
Raw Materials), and H2020/Horizon Europe.
She reported on the main findings on the 
EC’s recent Report on Critical Raw Ma ter
ials and the Circular Economy concluding 
that “circularity” depends on recycling 
infra structure, market prices of materials, 
the possibility to disassemble products, and 
the amount of material becoming available 
from products reaching their endoflife.
“Only a small fraction of CRMs remains 
inside Europe’s socioeconomic system 
through functional recycling”, said M. Ny
berg. In Davos in January 2019, the EC was 

Poland

Mineral Recycling Forum 2019:
Squaring the Circular Economy with Industrial Minerals

M. O’Driscoll

The Mineral Recycling Forum 2019 took place in the lovely city of Kraków/PL, where international dele
gates from across the supply chain of industrial mineral recycling gathered to network and listen to an 
expert panel of speakers. In his opening introduction, Mike O’Driscoll, Director, IMFORMED/GB, placed 
re cyc ling into the context of the industrial mineral supply chain of the 21st century, and reminded that 
prevailing issues such as overreliance on imports from certain sources and the continuing squeeze on 
Chinese mineral supply was helping to boost mineral recycling awareness and activity.
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M. Tilley commented: “Some of the problems 
facing supply chains can be mitigated if new 
extraction technology can be commercial
ised. These solutions are quite R&D intensive, 
in that the feedstocks tend to require some 
customisation in their process. Close coop
eration between technology providers and 
mining/processing enterprises is probably 
the best and possibly the only path for tech
nology deployment on a large scale.“

Refractory recycling – briquetting

In the first of two talks on refractory recycling, 
Paul Glaubitz (General Manager Recycling, 
RHI Magnesita/NL) presented The Driving 
Force of Recycling in the Refractory 
Industry, covering refractory recycling today 
and tomorrow, examples from other indus
tries, and examining what we need “to get 
there”.
P. Glaubitz emphasised there needed to 
be a cultural change, a new mind set, and 
that recycling has to be considered from all 
stakeholders.
In particular, online analysing methods, 
sorting, separation needed to be improved. 

erals with Hydrometallurgical Pro
cessing of Waste, Mark Tilley (Vice 
President Business Development, Lixivia 
Inc./US) proposed a new technology that 
enables local and regional stakeholders to 
utilise waste or lowgrade minerals to pro
duce high quality commodities.
The method is by using Lixivia’s propri
etary waterbased Selex™ process which 
sep ar ates metals from minerals. M. Tilley 
demonstrated how steel slag could be “rap
idly stab ilised” for downstream applications 
and yield a range of calcium products for 
local markets, i.e. lime, calcium chloride, cal
cium carbonate, and calcium peroxide.
Lixivia has a pilot plant for the process, and 
has had its calcium carbonate tested posi
tively with a large US paint manufacturer. 
“We have full control over purity, crystal 
types, habits and dispersity”, said M. Tilley.
Another interesting example was the “tun
ing” of dolime, from an offspecification do
lomite, via calcination and the SELEX™ pro
cess to tune the Mg composition up to the 
customer’s grade dolime specification, at 
the same time yielding a magnesia product.

erals vital for a range of manufacturing in
dustries in Europe.
F. Girardi explained circular economy pack
age implications for the industrial minerals 
sector and that innovative projects from 
the industry have been developed to reach 
more sustainable business models. In many 
cases closing the loop at each stage of 
the chain is technically, economically and 
environmentally not possible, e.g. talc in 
autoplastics, kaolin in ceramics, borates in 
special glasses.
However, although the minerals may not be 
recyclable per se, many of them live second, 
third, fourth or even an infinite number of 
lives thanks to the recycling of the applica
tions they are used in.
“Despite the extensive recycling of multiple 
markets and its continuous improvements 
over time, there is still a need for more than 
50 % of primary industrial minerals to be 
produced to meet the growing market’s de
mand”, warned F. Girardi.
Several circular business models were de
scribed for the industrial minerals sector 
although F. Girardi also pointed out bottle
necks including a lack of harmonisation in 
the interpretation of EU legislation, and a 
lack of incentives to promote the transition 
to circular business models.
“Exchange between industry and policy 
makers is paramount”, said F. Girardi.

Strategy and development

Strategy for Companies Aiming to 
Participate in Mineral Recycling and 
the Circular Economy by Bart Mantels 
(Program Manager Sustainable Mater
ials Management, VITO NV/BE) compared 
classical and circular economy recycling 
processes using steel slag as a case study 
example. 
B. Mantels stressed that we need to find 
ways to: evaluate the economic and en vir
onmental sustainability of recycling primary 
raw materials; develop new metal recycling 
technologies with high efficiency and speci
ficity; and new technologies to valorise the 
remaining matrix materials.
“In a circular economy it can pay off to aim 
for higher quality recycled materials. Higher 
purity of metals can offset higher recycling 
costs, and high quality matrix materials al
low for higher value reuse”, said B. Mantels.
In Decoupling Geology from Geog
raphy: Connecting Market and Min

Tab. 1 Industrial minerals recycling rates through applications [%]

Mineral Average Application Recycling Rate Mineral Recycling Rate 

Bentonite 54 35

Calcium carbonate 58 49

Clay 50 45

Feldspar 58 50

Kaolin 60 45

Lime 75 63

Silica 58 43

Talc 65 58

Fig. 3 Converting waste to high quality commodities

Steel Slag Engineered Calcium Carbonate Residue Slag 
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CO2	

99%+ Pure lime 
99%+ Calcium chloride 
99%+ Calcium carbonate 
99%+ Calcium peroxide 

Lixivia’s SELEX™ process coverting waste to high quality commodities 
Rapidly stabilising slag for downstream applications and manufacturing  

calcium products for local markets 

Source: Mark Tilley, Lixivia 2019 
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presented by George Banvolgyi (Technical 
Director, BánVölgy Ltd Partnership/HU), 
coauthored with Ken Evans (Independent 
Consultant/GB), was a superb review of the 
state of play with regard to making use of 
the substantial volumes of red mud created 
through bauxite processing.
Over 165 Mt/a of bauxite residue is being 
produced, adding to the 3500 Mt already 
stockpiled to date: “An enormous deposit 
to mine as a future resource”, announced 
G. Banvolgyi. He in turn examined red mud 
generation, scale of the issue, current dis
posal methods, composition, uses, and chal
lenges to increased use.
“Although a rich source of elements, bauxite 
residues are extremely variable in compos
ition so one must be careful not to assume 
all bauxite residues can be used for a par
ticular application”, cautioned G. Banvolgyi.
Despite extensive and continuing research 
into red mud usage, only 4 % is recycled 
and used at present, perhaps around 5 Mt/a 
used in cement, steelmaking, roads and 
construction, ceramics, and mineral wool. 
“So far no process has been a commercial 
success, because of specific problems asso
ciated with the bauxite residue such as low 
iron content, high alkali content, fineness of 
particles, and moisture”, said G. Banvolgyi. 
Increased use is expected in steel, cement, 
acid mine drainage, heat storage media, and 
flame retardants, and especially in China.

Industrial and mining waste – slag

Recycling of Wastes from the Mining, 
Power and Metallurgy Industries by 
Prof. Krzysztof Galos (Director, Mineral and 
Energy Economy Research Institute, Polish 
Academy of Sciences/PL) was a comprehen
sive review of the main wastes of Poland 
and their level of recycling.
The country’s total industrial waste gen
eration was estimated at 113,8 Mt in 2017, 
mainly from the hard coal, metal ore, indus
trial mineral and rock, chemical, metallur
gical, power, and water and sewage sectors.
Potential waste mineral raw materials are 
being sought from minerals mining and 
processing, inorganic chemical industry, 
power plants and central heating plants, 
steelworks, nonferrous metals smelters, 
ferroalloy smelters, foundries, glassworks, 
and ceramic plants.
There is a range of waste mineral raw ma
terials being used in Poland, such as full 

approval for funding its 5RRefrACT (LIFE 
proposal) project. In the latter project, Span
ish magnesia producer Magnesitas Navarras 
is to develop new added value magnesia ba
sic products from recycled refractories.
Roller Press Briquetting and Granu
lation to Turn Fines into Valuable Ma
ter ials by Patrick Lecherf (Export Manager, 
Euragglo/FR) looked at the principles of bri
quetting and granulation using roller press 
technology. P. Lecherf illustrated the talk 
with examples of applications to reuse fines 
as secondary raw materials such as those 
sourced from byproducts from the steel 
industry, refractory bricks, refractory clay, 
coal, and lime production. He also showed 
the range of vertical and horizontal feed 
presses developed by Euragglo.

Bauxite residue – red mud

Opportunities and Challenges in the 
Use of Bauxite Residue (Red Mud) 

P. Glaubitz underlined how RHI Magnesita’s 
Roadmap 2019–2015 would encompass 
this new approach to recycling of “take all, 
use all” and overall enhance the recyclabil
ity of refractory products.
In From Best Practices to Excellence in 
Refractory Waste Management, David 
Maza (R&D – Process Manager, Sidenor/
ES) gave a very detailed and well illustrated 
examination of Sidenor’s integrated and 
systematic management of all the refractory 
waste at its Basauri plant, on which the com
pany has been working for the last six years.
D. Maza discussed the plant’s main refrac
tory waste generation zones and showed 
examples of “pursuing the excellence” by 
obtaining higher value added products from 
isostatic tubes and tundish mixes in the tilt
ing area.
On 12 January 2019, Sidenor had funding 
approved for its ECOLadle Brick European 
Research Project, which follows last year’s 

Fig. 5 Bauxite residue

Fig. 4 High value recycled raw materials
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ity of resource use. Increasing carbon prices 
are pushing up the value of granulated blast 
furnace slag.
While marketwise the US and Middle East 
(UAE, Qatar, Oman, Egypt) show strong 
construction growth, with infrastructure 
projects growing in China and India.  
D. Rogers explained that the slag markets 
for nonferrous products are derived sectors 
that have substantially different applica
tions from steel slags, due to their varied 
properties.
A number of nonferrous slags have devel
oped a high rate of resource reuse. Many 
initiatives are evident where smelter cap
acity is opening up across the globe.
Overall, there are healthy construction mar
kets driving ferrous and nonferrous slag 
demand as environmental and related regu
latory pressures are boosting use of ferrous 
(and a range of nonferrous) slags. 

processing to produce fused magnesia or 
magnesia.
WET followed the JORC Reporting path to 
obtain a Certified JORC 2012 Report on 
the tailings based on Estimated Resource, 
Probable Reserve. An Inferred JORC was ob
tained in 2014, and current work is aimed 
at upgrading to Estimated for a Bankable 
Feasibility Study.
There is strong local and federal government 
support for the project which is anticipated 
to provide direct and indirect employment 
for around 1000 when in full operation.
In Trends and Outlook for the Ferrous 
and NonFerrous Slag Markets, Daniel 
Rogers (Head of Market Reports and Con
sultancy, Smithers Apex/GB) presented the 
supply and demand picture for ferrous and 
nonferrous slags to 2029.
Key trends in ferrous slag included more 
emphasis being placed on the sustainabil

substitution of primary raw materials, eg. 
FGD gypsum, aggregates from metallur
gical slag, aggregates from waste dolomite 
of Zn–Pb ore processing.
There is also lower quality substitution of 
primary raw materials, eg. aggregates from 
hard coal mining wastes, kaolin from glass 
sand washing, finegrained granite wastes.
Juha Pinomaa (Chairman, Betolar Ltd/
FI) presented Opportunities in Turn
ing Waste into Geopolymer Based 
Construction Materials, describing 
how research started in 2013 to find new 
sustainable materials for the construction 
industry with the focus on geopolymer  
research. 
The initial aim was to help Finnish pulp and 
paper companies reach a zero waste goal, 
and so far there has been excellent results 
with slag, and promising results with certain 
tailings. Betolar is licensing its technology in 
key markets, with recipe management and 
application specific production technol ogy. 
Application examples include in mining us
ing crushed geopolymer in the stabilisation 
of tailing dams and heap leach pads, and in 
construction base layers for roads and light
weight concrete blocks.
Recovery of Magnesia and Chro
mia from Chemical Waste by Duane 
Runciman (Partner, Wastes Ecotech S.r.l. 
(WET)/RO) reviewed in detail a fascinating 
 multiphase reclamation project to recover 
commodities from a former state owned 
fine chemical production site which oper
ated from 1916–2006 (most recently pro
ducing dichromate) at Tarnaveni, Mures 
county,  Romania. The target waste mater ial 
amounts to 3,5 Mt of sodium dichromate 
waste tailings, containing magnesia, chro
mia, calcium chloride, and ammonia.
In Phase 1 (Years 1–9) “mining” of the tail
ings resource (all above ground) is to be 
a simple form of exploitation using long 
reach excavators, wheeled loaders and low 
ground pressure dump trucks.
A proposed WET process technology to 
reprocess the tailings eliminates current 
en vir onmental concerns (regarding pres
ent Cr6+) while extracting the minerals as 
chrome  oxide green, fused magnesia, cal
cium  chlor ide and liquid ammonia (as a by
product).
Phase 2 (Years 10–20) envisages to con
tinue processing locally sourced micronized 
dolomite into the existing plant, post re Fig. 6 Ferrous and nonferrous market applications

Tab. 2 Estimated shares of selected waste mineral raw materials in the domestic market 
of selected raw materials in Poland

Type of Material Raw Materials 
Group

Share 2007 
[%]

Share 
2015 [%]

Aggregates from dolomite waste from  
gravity separation of Zn–Pb ore

Crushed aggregates 5 1

Aggregates from wastes from 
hard coal mining

Crushed aggregates 6 4

Aggregates from iron and steel slags Crushed aggregates 15 2

Aggregates from nonferrous metals slags Crushed aggregates 1 2

Kaolin from glass sand washing Kaolin 74 70

Feldsparquartz raw material from granite 
processing wastes

Feldsparquartz raw 
materials

21 13

Synthetic gypsum from desulfurization Gypsum 47 73


