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EDITORIAL

Ulrike Mehl
Editor AT MINERAL PROCESING

Innovative concepts

Dear readers

The discussions about the future energy supply are accompanied, e.g., by the ques-
tion of the future availability of the raw material gypsum, which is used both as a
natural raw material and in the form of synthetically produced raw material — gyp-
sum from flue gas desulfurization plants (FGD gypsum) as a byproduct of coal-fired
power generation — in many areas of everyday life.

Starting on p. 29, Dr. Joachim Harder gives an overview of how the global demand for gypsum will change in the coming years and
what role the production of natural or synthetic gypsum, the processing of phosphogypsum and also gypsum recycling will play in
meeting this demand.

thyssenkrupp reports on the optimization of the CK+ circular motion vibrating screens, which are also equipped with the innovative
drive concept of the newly developed goovi® multiple vibrating screen — starting on p. 38.With a more compact design, a significant
reduction in the number of rotating parts, and lower installation and maintenance requirements, the new CK+ screening machines
simultaneously enable very high throughput rates with excellent separation sharpness.

Innovative screening technology is also the focus of a technical article from Binder+Co concerning the new BIVITEC e+ type series,
from p. 42.The advantages and fields of application of the new type series are explained on the basis of several case studies against the

background of comparative screening tests, including the presentation of the test results.

A technical article by Martin Engineering, starting on p. 52, deals with so-called conveyor rules of thumb, which should be observed,
e.g., for the manufacture of a safe and productive conveyor system.

In addition, you will find other interesting articles as well as a report concerning the newly developed PYC 130-A pycnometer from
Siebtechnik GmbH (pp. 24) and announcements about events in the sections FOLLOW UPS (p. 7) and FOCUS INDUSTRY (from p. 8).

Wishing you enjoyable reading

Ulnle Myt

italvibras

BE THE ORIGINAL ORA

[L 1]

QUALITY - FEQIFLE « INHO M - MADE [N ITALY www.ltalvibras.com
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Mills and Crushers

from the Black Forest since 1919

(Volume 63)

H

Merz Aufbereitungstechnik GmbH is your reliable partner for excellent quality from the Black Forest.

With an experience of over 100 years we provide the technology for processing bulk materials from single
machines up to complete multi-stage turnkey plants. The realistic lifespan is over 30 years.

After tests in our Technology-Center our engineers adjust the proven mills, crushers, screens, feeders,
throughs etc. to your product and process and standards like FDA, GMP, ATEX etc. Sales, engineering,
Technology-Center and production are at a single location. Our sub-suppliers are mostly from the region.

Our machines offer a throughput capacity up to 150 t/h, with a feed grain size up to 350 mm and a final
grain size as little as 0.1 mm. We arrange deliveries and service worldwide.

merz provides lifetime spare parts service as well as service contracts.

www.merz-aufbereitungstechnik.de
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NEWS

COMPANY NEWS

Optimized lifetime of wear parts

Mining customers will benefit from the closer cooperation of thys-
senkrupp Mining Technologies and Magotteaux by optimized and
cost-efficient wear parts for mining and aggregates equipment.The
long-standing partnership will now be extended into the devel-
opment of innovative wear parts with Metal Matrix Composite
(MMC) technology. The cooperation agreement strengthens future
joint research and development efforts, through shorter develop-
ment times and a customer- and market-focused research & devel-
opment effort — enabling even faster introduction of high-quality
wear parts with higher profitability for mining customers.

Magotteaux has extensive expertise in MMC Technology for
wear-resistant castings offering a longer service life and a better
cost/benefit ratio. This technological lead is based on numerous
patents held by the company in this area. The alliance of thyssenk-
rupp’s process expertise and Magotteaux’s manufacturing expertise
will offer customers worldwide cost effective wear parts of equip-
ment by combining their respective knowhow and IP to offer
valuable and unprecedented solutions. It clearly pays off and has
already achieved visible results for various customers. For example,
in the development of concaves for gyratory crushers, which were
developed and introduced in 2021, currently showing proof that
the wear behavior is much better compared with standard wear

Weir Minerals and AVEVA sign agreement

‘Weir Minerals and AVEVA have signed a digital business frame-
work for strategic cooperation. The objectives of the agreement
include:

* Digitally enabling the mining industry by simplifying data
access and data sharing with easy and secure on-premises or
cloud integration between Weir Minerals and its customers.

* Establishing the data foundation for technologies, such as ar-
tificial intelligence, to optimise equipment and processes and
thereby maximising sustainable performance.

Synertrex® Monitoring Centre in South Africa
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thyssenkrupp and Magotteaux extend strategic partnership

parts, even under the toughest conditions. thyssenkrupp Mining
Technologies has also secured further competencies in MMC tech-
nology with an exclusive license agreement with Innerco Sp.z o.0..
www.thyssenkrupp-industrial-solutions.com
www.magotteaux.com

www.innerco.pl

* Pioneering new and innovative digital solutions supporting
customers digital transformation and adoption of intelligent
solutions.

Weir Minerals will utilise the AVEVA PI System™ to collect,
contextualise and analyse data streams, which will become the
data foundation of its Synertrex® digital ecosystem. This — along
with AVEVA Data Hub, a cloud-native hub for aggregating
and contextualising on-premises and remote data — will offer
the mining industry a unique solution for securely connecting
mining operators with Weir Minerals as an OEM.

The business model will provide a variety of flexible integra-
tion solutions that will make it easier for miners to integrate
with the Weir Minerals’ Synertrex® digital ecosystem. It uses a
secure and simplified approach to access and share real-time and
historical operations data.

These shared ecosystems will provide miners and Weir Miner-
als with full data transparency and an easy-to-access, real-time
360-degree view of all Synertrex®-enabled equipment and pro-
cesses. They will also be the basis of the further development
of digital twins and predictive algorithms, which will provide
decision-makers with recommended actions and real-time de-
cision support.

www.global.weir
www.aveva.com
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NEWS

FLSmidth order for Josemaria copper mine in Argentina

FLSmidth has been chosen to supply the SAG mills, ball mills
and cyclones to Josemaria Resources’ copper-gold project in
the San Juan Province of Argentina. FLSmidth will deliver the
three gearless SAG mills, three gearless ball mills and cyclones
to the 150000t/d site by late-2023. FLSmidth was chosen to
deliver the equipment due to the high reliability and efficient
performance of our SAG and ball mill technologies.

The Josemaria open-pit mine is a high-grade copper-gold por-
phyry project. It is located in Argentina some 450km from San
Juan, capital city of the province, in an important and emerg-

. PRODUCT NEWS

Eirich Group acquires stake in start-up

Eirich is setting a new milestone. A joint venture with the name
“Prosio Vision” offers intelligent control technology for the bulk
material industry and will serve as the Al center of the Eirich
Group. Under the Qualimaster name, Eirich has been offering in-
line process monitoring for supplied systems and operations across
many industries and processes for decades already. Working togeth-
er with Nuremberg start-up Prosio Engineering, Eirich has now
developed a new camera-based system, the “Qualimaster VC1”,
for the optical quality assessment of granules. The new measuring
system combines cutting-edge camera technology with Al-based
intelligent analysis software. This allows key variables of granular
materials, such as particle size distribution, grain shape and grain
surface, to be measured. The data obtained open up many different
possibilities in the control of complex production systems for the
optimization of product quality and line efficiency.
www.eirich.de

© Eirich

ing copper mining district. It has an anticipated mine life of
19 years. “The order of SAG mills, ball mills and cyclones to
the Josemaria Resources copper-gold project in Argentina
is very positive news for FLSmidth. It illustrates great confi-
dence in FLSmidth and emphasises the proven performance
and productivity of our high-end solutions. The efficiency of
the equipment will meet our customer promise to deliver sus-
tainable productivity to the copper and gold mining industry,”
comments Mikko Keto, Group CEO and Mining President at
FLSmidth.

www.flsmidth.com

Qualimaster VC1

APPEARS FREE
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Always up to date:
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conferences and fairs!

Detailed information

www.at-minerals.com/newsletter

about trends and equipment!



NEWS

Metso Outotec expands the Nordtrack range

Metso Outotec adds a new impact crusher to its Nordtrack
mobile crushing and screening range, targeting especially
smaller-sized applications and jobsites in the construction and
demolition waste recycling segment. The Nordtrack™ 11011
mobile impactor has compact dimensions and a powerful, high-
performance crusher, ideally suited for contractors and rental
work. Equipped with a large hanging screen, it combines high
crushing capacity with calibrated end product accuracy.

The versatile Nordtrack 11011 crusher is suitable for working
in different jobsites from rock crushing to concrete and demoli-
tion waste recycling. It is transported on a standard trailer, mak-

Nordtrack™ 11011 mobile impactor

ing it cost-effective and quick to move between sites. Thanks
to its agility, moving the equipment in tight places inside the
jobsites is easy. With Metso Outotec’s service support and global
inventory of parts like different blow bar options, Nordtrack
11011 is a dependable choice for contractors and as a rental
machine.“The I1011 has a more powerful crusher and engine,
resulting in a capacity as high as 300 t/h. As a mobile crusher it
also is well suited for the recycling of demolition and concrete
waste, or reclaimed asphalt,” says Vesa Tuloisela, who heads the
Nordtrack product offering at Metso Outotec.

WWw.mogroup.com

Universal transmitter makes sensors “wireless-network-compatible”

Wireless network integration opens up new application fields
for switches and sensors — for example optimisation of in-house
material flow using eKanban systems. A prerequisite is that all
components are suitable for radio transmission. However, this
does not necessarily mean an integrated radio module: a sepa-
rate external universal transmitter does the job just as well.
The new products of steute Technologies include an I/O unit
permitting existing mechanical switches and e.g. non-contact
sensors to be integrated in an sWave.NET wireless system.The
new RF I/O-NET wireless universal transmitter facilitates the
wireless transmission of signals from switches and sensors which
are actually cabled. For users of wireless networks, the range of
network-compatible products has therefore widened. This has
advantages not only when planning new wireless systems, but
also when retrofitting existing plants with wireless networks.The
“little” RF 96 ST-NET wireless universal transmitter for one
switch or sensor will remain in our product range. Like all nexy
components, the devices can be programmed remotely and conveni-
ently via the user interface of the wireless system.

www.steute.com
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New date

18% Conference Belt Conveyors and their Elements postponed to 08 to 09 June 2022

he 18 Conference Belt Conveyors and their Elements at

Haus der Technik, Essen/Germany has been postponed to
08 to 09 June, 2022. The annually belt conveyor forum offers
14 new lectures live: the Key-note Supply Chains for Bat-
tery Minerals and 13 more lectures by renowned experts from
RWE Technology international, Siemens AG, Voith SE & Co,
Beumer Maschinenfabrik, TAKRAF GmbH, LHB mining so-
lutions, REMA TIP TOP AG und REMA TIP TOP Middle
East, Schade Lagertechnik, ContiTech Transportsysteme, Hosch
Fordertechnik und DMT.

Topics of day 1: CO,-reduction for international mining pro-
jects, Simulation as key for fast and safe installation, iron ore
terminal, ship loader, and inspection and maintenance work
for ship loaders and unloaders, CEMA drive drum strength re-
quirements and steep incline conveying. Topics of day 2: putting
a scraper-extractor into operation, the most common damage
cases and processing of claims for belt conveyors, improving
reliability and monitoring of belt conveyor projects, digital
services for belt conveyors, special services for conveyor belt
cleaning systems, explosive dusts from different sources used
in alternative fuels.

The conference is scheduled as a Live-Event — the option to
participate online is given — combined with an exhibition of
belt conveyor products and services, an evening event on day

one and a technical excursion to Mining Museum Bochum.

www.hdt.de/gurtfoerderer2022
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FOCUS INDUSTRY

The new Trio® TC84XR live-shaft cone crusher

High performance in crushed ore and quarry rock application

eir Minerals has upgraded its range of
Trio® TC live-shaft cone crushers. The
Trio® TC84XR features all the robust design
elements that have made live-shaft crushers a
fixture of the mining and sand and aggregate
industries for generations, while also incor-
porating the latest technology to ensure it
remains integral to flowsheets long into the
future. Engineered to perform in the most
extreme applications, the Trio® TC84XR
crusher is robust and easy to maintain and op-
erate. It reliably delivers high crushing force
and high performance in primary, crushed ore
and quarry rock applications.

“The Trio TC cone crushers’ live-shaft design
has been proven to perform in heavy-duty
secondary and tertiary crushing applications.
We wanted to build on this strong foundation.
While the TC84XR may seem familiar on the
outside, we’ve upgraded its design and control
functionality. The motor is larger and it has a
much higher crushing capacity compared to
equivalent sized crushers,” Mark Utecht, Weir
Minerals’ Director of Comminution Engineer-
ing says. “We now have an incredibly robust,
powerful and technologically advanced crusher that is easy to
operate, has a low wear rate and uses less energy, which ulti-
mately lowers operating costs,” he continues.

‘While many OEMs have made the decision to discontinue their
live-shaft cone crushers, Weir Minerals has resisted this trend,
believing that — because every mining and sand and aggregate
operation is different — there can’t be a one-size-fits all ap-
proach. There are some applications and situations where ped-
estal (fixed-shaft) style crushers may be the more appropriate
solution, which is why Weir Minerals continues to manufacture
both the TC live shaft and TP fixed shaft style machines.

“The combination of the Trio TP and TC fixed and live-shaft
cone crushers ensures that Weir Minerals continue to offer their
customers the right technology, regardless of their site struc-
ture, operating conditions or application,” Mark Utecht, Weir
Minerals’ Director of Comminution Engineering said. Trio®
live- and fixed-shaft cone crushers are made for modern mines
and quarries with advanced hydraulics, wear resistant material
and the latest technology.

Replacing existing live-shaft style machines on site with the
Trio® TC84XR crusher is now a straightforward process be-
cause it has very similar dimensions and is a comparable weight
to its live-shaft predecessors. And because it produces the same
product, downstream changes aren’t required, which isn’t the
case when replacing a live-shaft style machine with a fixed-shaft

AT MINERAL PROCESSING 02/2022
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The new Trio® TC84XR live-shaft cone crusher

style machine. In other words, there is no need to re-design
existing circuits.

The ability of the TC84XR crusher to handle variable feed
and crush pebbles is also partly a result of its large motor;
it’s been designed with higher power capability than com-
parable cone crushers. Ultimately, this translates to a higher
potential crushing force and therefore increase in production.
Another feature that allows it to handle variable feed, as well
as deal with tramp material safely, is the fully-automated
tramp-release and setting recovery system. The tramp re-
lease hydraulics can also be used to safely clear the crushing
chamber should a sudden disruption in plant power cause a
shut-down of the cone crusher.

The socket assembly has been redesigned to improve sealing,
which has optimised functionality and manufacturability by
reducing the machining setups of the socket and seal rings.
The Weir Minerals comminution team has also redesigned the
countershaft assembly to remove welding and machining, while
simultaneously improving venting and the dust seal.

The Trio® TC84XR crusher, like the range of TP series cone
crushers, can be fitted with ESCO® wear parts, designed with
superior ESCO® alloys, they can be custom designed based on
customer specific requirements.

www.global.weir/trio

(Volume 63)
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© SAMSON

Examples of Rail Mounted Eco Hoppers designed and delivered by SAMSON Materials Handling

Small environmental impact

Ship unloading with the SAMSON Eco Hopper

AMSON Materials Handling got an order for an Eco Hop-

per from Bataan/Philippines. The unit is designed to re-
ceive coal which is unloaded at the quay area via crane grabs
with a discharge direct to ongoing conveyors. Under standard
conditions the discharge will achieve a peak rate of 1500 t/h,
based on a material density of 0.85 t/m’. Over all this project
shows once more the succes of a tight collaboration within
the AUMUND Group of companies, here especially with
AUMUND Asia (H.K.) Ltd (China) responsible for this sales
area and future support of the equipment whilst in operation.

Technical Specification and operation of the SAMSON
Eco Hopper

The rail mounded Hopper has been designed by SAMSON Ma-
terials Handling and is based on the maximum grab dimensions
and volumetric capacity of 45 m>. The hopper is positioned be-
tween loading points by means of a basic tow travel design which
includes non-driven rail wheel blocks, equipped with rubber im-
pact buffers. Access platforms, walkways and handrails are included
at all levels for secured maintenance and inspection purposes.

The Eco Hopper has a size of 7.5 x 7.5 m, a hight of 21.9 m
above the quay and runs on crane rails. The hopper has sectional
reinforcements which are integrated into the design to offer op-
timal strength and weight to the unit. The inner hopper shield
is designed to isolate the dust filter elements from the main
material flow and to optimise the filter operations.

The SAMSON Flex-Flap design and other filter systems

The inlet system of the Eco Hopper is based on the SAMSON
Flex-Flap design which reduces the volume of air necessary

(Volume 63) 9

to control dust both from the opening grab and displaced air
from material falling into the inner hopper below. This design
significantly contributes to the reduction of airflow, reducing
filter and power consumption of the equipment. Additionally,
the Eco Hopper includes a turbulence reduction system posi-
tioned above the Inlet Shroud. This system allows to reduce the
wind turbulence above and inside the shroud which is com-
monly caused by cross winds. As a result, this system reduces
the filtration airflow requirements.

The dust filters are located on three sides of the Eco Hopper.
This keeps one side clear to allow for the grabs to pass over
thus minimising the potential of material falling onto the filter
system. The benefits of the Eco Hopper are that it captures all
airborne dust generated when unloading coal from the vessel. It
then efficiently transfers the coal to the quayside belt conveyors
for onward transport to the storage/power plant.
www.aumund.com

New And Used Quarry Equipment

In Stock
Over 100 MAGNETIC SYSTEMS:
eparators, ic Rolls, ic Drums,

separa ,

Over 50 CRUSHERS: Scrap Magqets etc. From 0.5 up to 20 KW Magnetic

. ¥ Power. (Steinert, Wagner, KHD Humboldt, Krupp, Demag
JAW, IMPACT, CONE, SMOOTH- and TWO-ROLL, HAMMER >
MILLS ete, (Hazemog, Metso/Nordberg/Lokoma, Goudsmit, Bakker, AME, KN, F & G, Sket, VEB, HNS, Unac,
Kleemann, i KHD/Wedag, i etc)
Weserhuette, Brown Lenox, Ibag, Krupp, Ammann etc.)
From 1 up to 112 Tons weight.

Over 100 FEEDERS:

From 500 up to 8,000 mm long. From 300 up to

3,000 mm width. (AEG, Jost, UHDE, Schenck, Friedrich,
IFE, Honert, FMW, BMD, Cyrus etc.)

Over 100 VIBRATING SCREENS:

From 400 x 1.000 mm. up to 2.400 x 7.000 mm.
(Siebtechnik, Hein Lehmann, Binder, Haver & Boecker,
Schenck, Cyrus, Metso/Allis/Svedala, Aviteq/AEG, GFT, Hundreds of ELECTRICAL MOTORS:

Krupp, Mogensen, GFA, Locker, SKET, Rhewum, Hoppe, With/without gears. Up to 355KW. (German made)

Derrick, Hoppe etc.)
CONVEYORS, CONVEYOR-BELTS & CONVEYOR

A few hundred GEAR BOXES: PARTS.
lFIIp t?' t;ir7)5KW and 1:300 ratio. (WGW/TGW, Hansen, "
lender.

g

NL-6027 NT Soerendonk
Tel: +31-495-592388
Fax: +31-495-592315
www.hensen.com
E-mail: info@hensen.com
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Process reliability in salt storage
Trouble-free hall loading with Tecdos drive technology from RUD

Process reliability in the salt warehouse: the optimized belt stacker in
the warehouse in Borth

10 AT MINERAL PROCESSING 02/2022
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he Borth rock salt mine and salt works are located in

Rheinberg, about 60 km from Diisseldorf. Between
7000 and 8000 tons of salt are mined and processed there every
day. The plant is operated by K+S, Europe’s largest salt producer.
The salt extracted from the mine is first stored temporarily
before being used, among other things, as road salt. Borth has a
storage capacity of more than 250 000 tons of salt: 180 000 tons
in underground bunkers and around 70 000 tons in a storage
hall. It is precisely here, in the storage hall, that a drive solution
from RUD ensures trouble-free hall charging with salt.

A movable belt stacker was optimized, which now runs with-
out failures and with low maintenance thanks to the robust
RUD Tecdos round link steel chain and the innovative drive
system RUD Tecdos Omega Drive. The chain and drive were
integrated into the existing steel structure. The specialists of
the RUD Group, RUD System GmbH, Herfurth & Engelke
Forderanlagen GmbH and RUD Ketten Rieger & Dietz
GmbH and Co. KG, worked closely together on the conver-
sion solution.

RUD Tecdos: the optimal solution for trouble-free drive
in the salt storage system

“The round link chain in combination with the Tecdos drive
is the optimal solution for us,” Alexander Gils concludes. He
has been working for K+S at the Borth site since 2013 and,
as an operating engineer in the surface area, is responsible for
maintenance and conversion work on the conveyor systems.
“Previously, our mobile belt stacker ran by direct drive of the
wheels via a gear motor and roller chain. But with the salt and
humidity in the unheated warehouse, the wheels kept slipping
or blocking on the tracks. At least once a week, the system failed
and an employee had to pull the belt stacker by chain hoist. A
rebuild of the system was unavoidable,” says Alexander Gils,
describing the problem.

The hall in Borth can temporarily store around 70 000 tons of
salt. The conveyor system is located at a height of 20.7 m and
has an approx. 70 m long travel path.With a conveying capacity
of 500 t/h, it handles around 1 million tons of salt within a year,
which corresponds to around 37 000 truckloads. High plant
availability is therefore essential. To optimize process reliability,
the new belt spreader drive system had to be robust against salt
and moisture. Alexander Gils found what he was looking for
with RUD and its Tecdos products.

Salt and moisture: no problem for the Tecdos drive system

The principle of the Tecdos drive system from RUD, which
is in use at the conveyor system in Borth, is as simple as it
is revolutionary: The Tecdos Omega Drive is attached to the
SEW motor of the system and pulls itself along the horizon-
tally tensioned Tecdos round link chain over the entire travel
distance of around 70 m and it moves the belt stacker along
the entire length of the conveyor. In this way, it moves the

(Volume 63)



The drive system consists of the Tecdos Omega Drive and the Tecdos round link chain

belt stacker back and forth. The RUD divisions worked closely
together for the construction and design of the components:
The RUD System GmbH team took over the coordination and
lead management of the project, prepared the manufacturing
and assembly documents and took over the purchasing of the
components. The specialists from RUD Ketten, in turn, were
responsible for the design and manufacture of the chain com-
ponents. Herfurth & Engelke Forderanlagen GmbH took over
the manufacturing and assembly of the new system.

“Compared to other drive types, such as rack and pinion, spin-
dle drives or roller chains, our Tecdos system is robust against

The drive system is particularly robust against aggressive media and
weather conditions

(Volume 63)
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aggressive media and harsh weather conditions. It is also pre-
destined for use in salt storage facilities in particular. Damp
fine salt is slippery, and wheels tend to lose their grip and slip.
However, the Tecdos Omega Drive in combination with the
round link chain keeps running,” explains Managing Director
René Heimlich, who is responsible for project coordination,
design and component purchasing at RUD System GmbH.

Driving at a dizzy height

One challenge in the construction of the conversion was the
limited space available and the statics at a height of 20.7 m.*“The
motto was: as big as necessary, as small as possible,” emphasizes

The optimized belt stacker operates at heights of
over 20 m

AT MINERAL PROCESSING 02/2022 11
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The Tecdos Omega Drive is directly attached to the SEW motor

Alexander Gils. For the drive, RUD chose its second smallest
drive in the Tecdos Omega Drive series, the Omega Tec 12 with
12 kN tensile force. It scores with its compact dimensions of
280 mm x 102 mm x 250 mm (L x W x H) with a net weight
of 22 kg.

The chain on the belt stacker is a RUD Tecdos round link
chain Premium made of case-hardened steel. “We deliberately
did not choose a stainless round link chain. For one thing, our
case-hardened round link chain is more durable and also works
despite corrosion. For another, we would not have been able
to maintain the compact dimensioning otherwise,” explains
Heribert Herzog, application engineer at RUD Ketten and
responsible for the design of the chain drive.

© K+S

Works despite corrosion: The RUD Tecdos round link chain made of
case-hardened steel

12 AT MINERAL PROCESSING 02/2022
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Everything from a single source: from components to
steel construction

The height at which the system is installed in the warehouse was
also a challenge for the professionals from Herfurth & Engelke.
“We had three fitters in harnesses up there at a good 20 m
height. That’s a bit more demanding in terms of occupational
safety, and it also costs more time during installation. But eve-
rything worked out excellently,” explains Olaf Uminski, Man-
aging Director of Herfurth & Engelke Forderanlagen GmbH,
which is also part of the RUD Group. In addition to the instal-
lation of the new drive system, the specialists for the conversion
of existing plants also took over the manufacture of brackets,
operating platforms and steel construction components.

The conversion and commissioning of the optimized belt stack-
er took place in the course of an annual turnaround at the K+S

plant in Borth.The conversion was installed and commissioned
within one week.

www.rud.com
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The drive is pulled along the horizontally tensioned Tecdos round link chain over the entire travel distance of around 70 m
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Pulvis: The energy-optimised dry grinding system

Get detailed
information here:

Ultrafine range of d,, < 1 ym possible
Perfect for abrasive materials
Low-wear grinding

Compact installation

Low maintenance costs

vV VvV VvV Vv Vv




FOCUS INDUSTRY

Black version

B ..

FIXPASTE

REMAREP ULTRA 10
black 1500 ml plus
battery cartridge gun

REMAREP ULTRA 10 »
© REMATIP TOP AG

REMAREP ULTRA 10 “Black”: Ultra-fast belt repair now available for major damage

n 2020, REMA TIP TOP launched REMAREP ULTRA

10, a two-component repair material that significantly speeds
up the repair of minor damage to conveyor belts. As of now,
the product is available in a black version in significantly larger
1500 ml cartridges designed for major repairs.

Time is money — unplanned breakdowns of conveyor systems
and long downtimes due to repairs often lead to high costs.
The two-component repair paste REMAREP ULTRA 10
“Black” made of solvent-free PU in the new cartridge size
helps to significantly reduce repair time, especially for major
damage to conveyor belts as well as to PU, PVC and elastomer
components.

Application of the REMAREP ULTRA 10 black

14 AT MINERAL PROCESSING 02/2022

1500 ml Kartusche

With the new product, REMA TIP TOP is responding to the
high demand from customers who are already successfully using
the red 210 ml cartridges and require an equally reliable solu-
tion for larger conveyor belt repairs. Accordingly, the new black
repair paste is available in larger units of 1500 ml per cartridge.
A battery gun is used for easy and efficient application.

Like REMAREP ULTRA 10 for minor repairs, the new repair
system for major defects offers exceptionally fast curing: at 24°
Celsius, the hardness averages 65 Shore A after 15 minutes, and
a repaired conveyor belt can be loaded after 60 minutes.

REMAREP ULTRA 10 “Black” ofters similar wear properties
as the original belt material and is resistant to UV radiation, oil
and diesel fuel. The main applications of the repair compound
are in conveyor belt repair, for example in case of damage to
cover plates and longitudinal cracks
in the conveyor belt, and in sealing
punctures on belts.

In addition to the repair of convey-
or belts, the REMAREP ULTRA
10 repair material is particularly
suitable for filling joints in rubber
linings and for cosmetic repairs to
PU, PVC and elastomer compo-
nents. The repair can be done ei-
ther by trained REMA-TIP-TOP
service personnel or by qualified
personnel at the plant operator’s
site.

With REMAREP ULTRA 10 in
a red version for minor repairs and
in the new black version for major
repairs, REMA TIP TOP now of-
fers a universal repair system for
every demand.

© REMA TIP TOP AG

www.rema-tiptop.de
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‘1 Rheinkalk uses CONiQ Monitor, a condition monitoring technology from Schenck, which is based on predictive maintenance

Intelligent cloud service

Rheinkalk augments production with CONIQ monitoring technology

heinkalk, part of the Lhoist Group, one of the global

leaders in lime, dolime and minerals, approached Schenck
Process with the need for a quick and eftective solution to an
issue they faced with two of their crusher relief screens. There
were unexpected damages that resulted in significant costs and
unscheduled downtime. Rheinkalk required support to de-
termine the issue and establish a long-term solution around
fault detection, fault prevention and to optimize the onsite
operations.

The need for a smart service software solution

As the biggest limestone mine in Europe, it was hugely impor-
tant for Rheinkalk to run their screens as efficiently as possible,
maximizing throughput of around 7.5 million t/a and keeping
close control over costs. They needed to ensure that any main-
tenance downtime was scheduled according to the production
plan and was as short as possible. Any deviation from this sched-
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ule for damage or unexpected maintenance could considerably
impact production.

The need for a solution that monitors trends and highlights is-
sues upfront became immediately apparent to Rheinkalk when
they discovered that two of their crusher relief screens were
damaged precisely where the cross beams were located. They
needed a product that gave them more time to react. A team of
Schenck visited their site to take measurements and identified
a general problem with natural frequencies.

Although Rheinkalk considered different solutions, Schenck’s

smart service solution offered features that were ahead of the

competition, several of which included:

e The visualization and rapid setup of the system
(within 2 to 3 days)

e The clarity of information regarding any irregularities

(Volume 63)
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* Awvailability of service through a web
connection

* Potential to recognize and identify
trends by themselves

* Ongoing support from our team of
experts

* Try and buy option: Customer can
test the system for a couple of months
(six months in general) and decide
whether to buy it or not

By proactively proposing tailor-made
solutions and recommendations to
make the system more effective, the
Schenck team demonstrated to the
customer that they were aligned with
them every step of the way.

Investment costs rapidly recovered

A greater understanding of the issues
allowed confidence in waiting for any
pre-planned maintenance to take place,
optimizing the machine’ efficiency, and
preventing an unnecessary standstill. By
avoiding one halt, Rheinkalk could im-
mediately recover the cost of their in-
vestment. “We wouldn’t have seen the
damage. At least we would have seen
it much later so that the consequential
damage would have been higher and
expensive,” said Markus Beermann,
Asset Manager stone processing at
Rheinkalk. This quote from Rheinkalk
proudly re-affirms that the Schenck
team had achieved what the customer
had set out to do:

* Solving the initial challenge

* Making established processes work

more effectively
* Providing fast results that added
value quickly

Smart service technology intui-
tively predicts patterns

The customer was impressed with
the CONiQ Monitor, the condition
monitoring technology from Schenck,
which is based on predictive mainte-
nance. It enabled the customer to rea-
lign their maintenance strategy and has
been proven to save users significant

(Volume 63) 17
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2 The necessary hardware was installed on the
existing vibrating equipment and connected to
the CONiQ Cloud

The Martin®e N2 Position Indicator remotely monitors the
position of the belt cleaner blade, allowing estimation of blade life,
notification of when re-tensioning or replacement is required, and
warnings in the event of abnormal conditions such as temperature
changes, or low battery life.

Remote monitoring enables condition-based, predictive maintenance and support.
You only need to physically inspect equipment or plan scheduled downtime when the
data tells you that a service is needed or the end of life is
soon approaching.

@ markn 0
Ll -ail

Up to 200 N2 Position Indicators wirelessly trans-
mit information to a single N2 Gateway, which
then sends the data to cloud storage. Remotely
monitored details are accessible via our propri-
etary Smart Device Manager application.

Remote monitoring lets you assess the real-time
Position Indicator conditions of your belt—ensuring safety, efficiency and
Remote Belt Cleaner cost effectiveness—which makes best use of time and
Monitoring resources and ultimately maximizing uptime and profitability.

m marftn.
EngIineering

For factory-direct service, training and sales call 1-309-852-2384 or to access our education andprofessional development options
visit martin-eng.com and click the Learning Center tab.

Martin N2°
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3 CONIQ® Cloud - a cloud-based IoT solution designed to access data from machine assets

amounts of time and money. By installing an intelligent applica-
tion, designed to provide machine-specific knowledge, the cus-
tomer could better understand wear and tear and better detect
any faults. The application intuitively gains specific knowledge
of the system, allowing the customer to review patterns and
obtain information that enables easier determination of failures.

The versatility of the high-performing CONiQ Monitor meant
the system was able to be attached to the existing infrastructure
and worked effectively alongside the machinery Rheinkalk al-
ready had in place, even though it originated from a competitor.
The quick installation process and ease with which the CONiQ
Monitor works meant that it was up and running eftectively
within a few days. The necessary hardware was installed on the
existing vibrating equipment and connected to the CONiQ
Cloud. It thereby provided Rheinkalk with an immediate view
into the condition of their machines.

Immediate impact on cost and downtime

Due to the installation of the new system, Rheinkalk was in-
formed about an increase in lateral acceleration value, almost
double the normal flow. The CONiQ Monitor suggested that
the issue was the damage of a cross beam within the infrastruc-
ture. Rheinkalk was able to check the machine within the regu-
lar maintenance scheduled the following weekend when they
discovered three damaged cross beams. The customer rectified
the damages within the next planned shutdown without extra
downtime, and the machine returned to normal function after
the maintenance had taken place.

The belief in the system and its substantial benefits led Rheinkalk
to introduce a “Try and Buy” option.This ofter allowed the cus-

18
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tomer to utilize the CONIiQ system for six months before de-
ciding whether to purchase it. Through this scheme, Rheinkalk
could see how robust and invaluable the product could be and
the positive impact it would have on their business. There was no
question of them returning it once the trial ended.

A diagnostic system that can monitor conditions continuously
and proactively ensures that any machinery damage or deterio-
ration is detected before downtime is required. Rheinkalk could
use the technology to control the system remotely, guaranteeing
a solution with longevity that would withstand any conditions
no matter how harsh or rugged the environment. Full support
for Rheinkalk’ investment is offered throughout the system’s
complete lifecycle, including spares and service when necessary.

While monitoring performance and optimizing operation pro-
cesses, the CONIQ Monitor immediately alerts the customer
if an issue is detected. The data-driven solution provided a col-
lection of important information and algorithms that improved
processes. It quickly demonstrated to Rheinkalk how they
could anticipate any failures, detect trends, and gain a unique
long-term understanding of their equipment.

Schenck also offered training and assistance on interpreting and
analyzing the system based on the data. It allowed the customer
to build a maintenance strategy and establish whether they
should rectify problems immediately or wait until the next
planned maintenance. Nevertheless, dealing with issues before
they become critical saves downtime and maximizes the service
life of vibrating machines.

www.schenckprocess.com
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© HAVER & BOECKER

1 Guaranteed weight accuracy along with time and cost savings during commissioning — thanks to the weigher initial calibration

verification carried out by HAVER & BOECKER service experts

Everything in balance

HAVER & BOECKER celebrates its 100t initial calibration verification

he perfectly filled bag is clean, stackable and accurate in

weight. Above all, weight accuracy is essential for produc-
ers and consumers, and thus calibrated weighing technology
is required in order to guarantee the measuring accuracy of
weighing equipment.As a certified weighing specialist company;,
HAVER & BOECKER has been authorized to carry out the
initial calibration verification of weighers in accordance with
EU Directive 2014/32/EU since January 2020. The family-
owned company from Oelde/Germany has since carried out
its 100% initial calibration verification in Europe.

Manufacturer's conformity assessment

“Before being put into operation for the first time in the EU
or EFTA states, every weighing instrument has to be verified
by a verification authority, a state-accredited inspection body
or a certified manufacturer. Calibration verification confirms
the accuracy within the permissible calibration tolerance,” says
Klemens Waldikowski, specialist for conformity assessment at
HAVER & BOECKER.Whereas in the past an external test-
ing authority first had to be requested after the installation of
a system at the customer’ site, today HAVER & BOECKER
service technicians can now carry out the so-called “conform-
ity assessment” themselves. “This saves time and final costs for
everyone involved,” explains Waldikowski. “There aren’t always
officials in every region to carry out calibration. So in the past

Calibration verification for conversions and upgrades

Initial calibration verification not only applies to new systems.
Also weighing technology of old systems can also be initially
calibrated by HAVER & BOECKER under certain circum-
stances. “The calibration-verification of a weighing system is
only mandatory in the EU and EFTA countries. A second-
hand machine that’s returned to the EU and has never been
calibrated thus falls into the category of initial calibration veri-
fication. This also applies to conversions of existing systems,
provided the weigher is changed over to the current version,”
says Waldikowski. For HAVER & BOECKER customers — in
addition to high, long-lasting quality of the automatic weigh-
ers — this means guaranteed weight accuracy and time and cost
savings when commissioning new or modernized systems.

www.haverboecker.com

o
there could be several days or weeks between installation and ¢
calibration. That’s very valuable time for the customer.” An e
initial calibration verification by the HAVER service team is ;
quick and non-bureaucratic. The customer also saves on cali- %
bration fees and official inspections. “The authorities are only o
involved in the recalibration, as these are still subject to public 2 Manufacturer's calibration verification by HAVER &
authorities.” BOECKER for reliable weighing technology
(Volume 63) AT MINERAL PROCESSING 02/2022 19
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“Steinhaus MLock"

Innovation out of tradition

Comparison of installation height of conventional screening systems ...

To mark its 100 birthday, Steinhaus GmbH from Miilheim
an der Rubhr is presenting a world first with its patent-
pending “Steinhaus MLock” system screen. Steinhaus GmbH is
thus taking up old traditions. After all, the company is regarded
as the inventor of polyurethane screens, ever since the first
industrially manufactured screen made of polyurethane was
introduced in 1968. This was followed as early as 1976 by the
“Kombiplast” system; the world’s first system screen and thus
the forerunner of all system screens in existence today. The next
milestone: The UNI 2000 system screen has been setting the
standards in terms of open screen area for 25 years.

Following in its footsteps, “Steinhaus MLock” is now the
world’s first magnet-based and self-centering system screen
bottom. Even if the system screens currently on the market
are proven and established, they all share more or less the same
weaknesses. Like the mounting bars permanently mounted on
the screening machine, the screens themselves — or the corre-

Mounting of adapter strips is possible from below
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© Steinhaus

© Steinhaus

nicht erforderlich bei/ not required for
~STEINHAUS MLOCK"

1 N

£ 550 mm

© Steinhaus

... and installation height with the “Steinhaus MLock" system
screening tray

sponding mounting material — have to be driven in with great
effort. This, of course, involves a risk of accident that should
not be underestimated.

Why risk of accident? Often, the space above the screen bot-
tom is also restricted, making it almost impossible to install the
screens. Shower lines could perhaps still be temporarily disman-
tled for hammering in the screens. But, and the costumers have
certainly already made this experience, in many cases the instal-
lation space is permanently restricted, for example under a feed
box, a shaft protection tube, a drive bridge or even a dust hood.

At this point, an important note: The European standard EN
1009-4 for screening machines has already created new speci-
fications with regard to ergonomics and occupational safety. As
a rule, it must now be observed in the design of new screen-
ing machines that a clearance of 550 mm must be maintained
above a screening floor if this space has to be walked on. This
requirement applies to the clearance between the screen decks
of a multi-deck screening machine in particular.

What is, of course, desirable for ergonomics and work safe-
ty, poses a great challenge to the manufacturers of screening
machines, the plant engineers and also the operators. Where
“classic” system screens are used, for example, circular vibrat-
ing screens with at least three screen decks will generally have
to become much higher in the future. The three-deck circular
vibrating screens frequently used in gravel plants, which are
as compact as possible, can hardly, if at all, be built reliably in
the future. The drive will be pushed so far out of the center
of gravity of the screening machine by the design adjustments
that such a screening machine will no longer be able to per-
form proper circular vibration. Attention. The consequence of
EN 1009-4 is that modernization of existing plants is only
possible to a very limited extent. The greater overall height
also results in a higher weight, which not only leads to higher
investment costs, but also to higher maintenance and servicing
costs and a greater energy requirement. These effects act as a
multiplier for economic efficiency on the entire plant design.

(Volume 63)
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Side mounting with “Steinhaus MLock"” adapter

Solution: The problems mentioned are circumvented by
“Steinhaus MLock" in an elegant way

The Steinhaus MLock adapter strip is installed once, in which
strong magnets and positioning cams are incorporated. This
adapter bar will be available for the most commonly used
screening machine supports (hollow section and perforated
angle longitudinal member). If angular longitudinal beams are
installed in the screening machine, the adapter bars can even be
easily mounted from below, without a hammering tool.

The screen elements themselves have a magnetizable counter
pole and recesses for the positioning cams. When the screen
components are inserted, each individual component finds the
correct position by itself and is connected to the screen ma-
chine vibration-proof by the magnetic force. The screens can
therefore be installed without tools and are therefore easy to
install even in places that are difficult to access. For disassembly,
the screen bottom only has to be slightly levered out on the
front side. Since the holding forces are immediately reduced by
releasing the outer magnets, the screen bottom can be removed
just as quickly and safely as it is installed.

Multi-deck screening machines do not have to be built higher
— as is the case when using classic system screens — due to the
specification of EN 1009-4.“Steinhaus MLock” can simply be
installed from below, i.e. from underneath a screen deck. Since
the screen deck does not have to be walked on in this case, the
clearances specified in the standard do not have to be observed.
Installation can therefore be carried out quite simply from the
hopper, for example. Even more clever is a screening machine
design in which, starting from a screening deck with a larger
clearance, a narrower screening deck arranged above it can be
changed. Thus, contrary to all fears, screening machines can
even be built slimmer than ever before.Your advantage: savings
on the cost side and on resources.

Of course, the screen decks for the “Steinhaus MLock” system

are also offered in the Steinhaus quality and variety known
on the market. Highly wear-resistant polyurethanes in vari-
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Tool-free installation of the self-centering screen components

ous hardnesses, hybrid screens with wire cloths, press welded
meshes, harps, perforated plates, slotted screens or even bar siz-
ers. The entire product range from Steinhaus GmbH is also
available for the “Steinhaus MLock” system.

Autor/Author: Ludger Lang, Sales and Product Manager
Screens, Process Equipment & Wire Belts, Steinhaus GmbH,
Miihlheim an der Ruhr

www.steinhaus-gmbh.de

Ergonomic mounting of the screen components from below
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Optimise productivity from mine to market

From operational silos to integrated decision making

f mining companies are to survive in the ‘new normal’,

they must optimise productivity from mine to market.
However, particularly in industrial minerals mining, there
is often a disconnect between different departments with
operational silos preventing close collaboration, ultimate-
ly leading to inefficiencies and lower productivity. James
Edwards, Senior Geologist, Seequent, argues why mining
companies must tap into digital workflows and collaborative
technologies to fast-track productivity.

Sliding productivity challenges

Commodities are more in demand than ever and tradition-
ally mining companies would respond by ramping up pro-
duction. However, the age-old cycle that drives the mining
industry is not what it used to be. Key elements such as
extraction and production are more challenging, mining sites
are moving further away from established infrastructures and
accessing resources is more complicated.

It’s getting harder to extract value because both the quality of
the resources and ease of access is dropping off. Now, mining
companies must tap into new digital workflows and collabora-
tive technologies to fast-track productivity and create a new
upwards trajectory.

Prevalent challenges in mining

Currently in many mining operations there is a disconnect
between departments, there are operational silos and a lack of
collaboration means companies are failing to optimise their
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operations to get the best value from their efforts. COVID did
accelerate some of these challenges, but the industry has been
heading this way for many years. In industrial mineral min-
ing a lot of the easy to find precious and non-precious metals
and minerals have been extracted, so companies are having to
explore deeper often in more extreme environments where
it’s harder to navigate and more challenging to extract and
transport materials.

When companies move into the less explored territory, there
are two significant issues. The first is that local communities may
not be receptive to new quarries being opened as disruption
and the looming consequences of pollution to the local area
are big concerns. The second issue is that resources need to be
co-located and transporting materials can be costly. The shorter
the distance from mine to the market, the better. So, with the
pushback and the increasing difficulties with new territories,
it’s a perfect storm.

Industrial mineral businesses have always been up against
the challenge associated with ‘licence to mine’. There are
huge environmental implications regarding waste and
managing emissions within mining, and they are under
the spotlight. The government and the public are more
aware than ever of these critical issues and the impact they
can have on local communities, and so there is constant
pressure to place more emphasis on ESG issues such as
sustainability, reducing waste and lowering emissions to
achieve a circular economy.
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As a result of these growing pressures in the new operational
landscape, companies need to find ways to step up and find bet-
ter ways of doing things. To do any of this they need to address
operational issues at the very core of their business.

What data management and streamlined operations can do

How do they move towards a more cohesive approach? The
first step is data management, which will give them a complete,
comprehensive picture and critical insights across their entire
operation.

Data is an asset for any company for driving fast, dynamic de-
cision making, at every phase of the process, and in delivering
compelling results. Having a multidisciplinary team, potentially
scattered across geographies, makes this complex. But when
your data is well organised and easily accessible, you can bring
together all these different teams, sources and information to
work as one and make rapid accurate decisions while saving
time and money.

A consolidated approach means that data is accessible instantly
and understood easily. When new ground is exposed, or new
minerals are discovered, key information about the environment
and landscape can appear in an instant before the right people,
allowing them to make fast, informed decisions. Data is a highly
powerful tool which, when wielded effectively can drive tan-
gible operational efficiencies. However, unless it is usable and
harnessed in the right way, you're not actually getting any value
from it, indeed it can actually end up costing time and money.

What enablement companies can do to support mining

Collaboration is a key requirement of geological modelling
and decision making. As projects are becoming increasingly
complex, transparency, teamwork and stakeholder engagement
are required to ensure all operational aspects and key informa-
tion is considered and funnelled to the right people at the right
time. Understanding and improving workflows and addressing
challenges using a robust peer-reviewing process is the key to
unlocking value from your deposit and progressing your pro-
jects to the next stage.

With these kinds of improvements, companies can keep tabs
on emissions, high-risk environments and health and safety. If
mining companies are handling high-risk materials that pro-
duce sulphur or create acid drainage, for instance, they need to
handle it in the right way with the right information.

Seequent is supporting customers with their operations by
creating digital twins that consolidate data from any source,
transforming it into meaningful insights and connecting it
to the appropriate geological or mining activity. Users can
easily access, share, integrate and extract insights from their
high-quality geoscientific data and in the process reduce costs
and errors, save time, and facilitate auditing. This can all be
done in the cloud too, so this data can be accessed wherever
and whenever.
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Seequent brings together industry-leading earth modelling, geo-data
management, and team collaboration software to make better
decisions across the lifecycle of projects

Digital twins help teams understand the natural variability of
the operational environment, including changes in rocks and
mineral concentrations, which ones are ‘good’ and ‘bad’, where
they are located as well as what their volume is. They help teams
to understand, communicate, and plan for future endeavours,
and improve the value of what you can get from the ground.

It’s not complicated either. The interfaces implemented to run
the software is intuitive, easy to use, and the sharing of results,
changes and messages to a wider audience can take mere min-
utes. It encourages collaboration around the interrogation of
the data so teams understand disparities, the overall picture of
operations, and how it'll directly impact the work they’re doing.

This then empowers them to make not only timely decisions
but repeatable, consistent ones, backed up by the context that
comes from months and years of collected data. None of this
will ever be lost either — gone are the days of manual spread-
sheets that can be deleted or corrupted in an instant — the right
technology protects and safeguards huge back catalogues of
important work. With no big installation cost, or huge amounts
of time spent on upskilling and training, companies can spend
more time focused on what’s important to them.

Mining is complex, challenging and not getting any easier.
Consolidating and rationalising data with the right blend of
technology and support gives teams the freedom to spend their
time on the important tasks they’re best at, rather than scram-
bling through endless, unsorted data. It enables exploration,
testing and retaining research, so companies can make the most
of what they’ve discovered and create efficient processes that
will reduce negative impacts on the earth.

www.seequent.com
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The BULKINSPECTOR
automatically and

precisely measures the
skeletal density of bulk
materials

© Siebtechnik GmbH

KINSPECTOR’

| BUL

Gos yrnonietet PYC 130-A

Automatically reproducible

Newly developed PYC 130-A automatic gas pycnometer

Anyone studying chemistry, materials science or process
engineering will soon encounter a need for the measure-
ment of density. But how accurate and repeatable are the results
obtained using a manually filled pycnometer? Are the external
parameters within the standard range, or are deviations deter-
mined and included in calculation?

All these questions were asked by the originators of the devel-
opment and construction of an automatic pycnometer: Prof.
Dieter Schwechten, working until 2020 at the Konstanz Uni-
versity of Applied Sciences, now retired, and Jens Corell, of
Siebtechnik GmbH. Jens Corell has, since 2000, been the head
of department in the technical sector of sampling, comminution
and laboratory equipment at Siebtechnik GmbH.
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Statement of particle density is an elementary physical property
for the characterisation of particles and bulk materials and is
frequently needed in industrial processes. Measurement of true
or particle density using gas pycnometers is thus a daily require-
ment in particle technology. Manual measurement, however, is
complex, time-consuming and extremely sensitive to operating
errors. A single measurement takes around 15 minutes, and the
time needed then accumulates very significantly for systematic
series of tests or measurements for process monitoring. For this
reason, the idea was evolved in Prof. Schwechten’s process-
engineering department at the Konstanz University of Applied
Sciences of developing a fully automatic gas pycnometer with
an integrated scale for routine measurements. “Measurement
of density was, actually, only an initial output variable, which
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students with me were to perform. Further properties, such
as mass flows and balances, were then to be calculated using
this. If the pycnometer measurements themselves were already
incorrect, however, no useable results could, of course, be ob-
tained for the mass balances. This, of course, greatly frustrated
the students! And I thought to myself that an automated density
measurement system would be exactly the right remedy,” Prof.
Schwechten recounts on the origin of his idea.

Suitable industrial partners to make reality of such an idea were
lacking, however. In such cases, the best solution is to turn
to long-established, tried-and-proven contacts. Jens Corell and
Siebtechnik GmbH were consulted at a POWTECH tradefair.
“The chemistry was right, and we quickly reached agreement,”
Corell recalls, concerning the genesis of BULKINSPECTOR.
“BULKINSPECTOR fitted well into our range, since we al-
ready had many years of experience in developing sampling

systems and downstream systems for analysis.”

Manual particle density measurement of bulk materials using
pycnometers encounters a number of disadvantages. One is
sampling.You need a homogeneous and representative random
sample of the total quantity. Weighing-in must be performed
extremely precisely. Non-conditioned samples and/or measur-
ing receptacles can cause significant deviations in measurement
of density, since a pycnometer is used to determine volume,
which is, of course, dependent on temperature. And, in addition

REPORTS

to these frequent sources of error, there is also a whole series of
others that can aftect the measurement. An automatic mechani-
cal measurement system eliminates these sources of error and
significantly improves the precision and scatter of the measured
data. A further benefit is the enormous time-savings, and with
automatic sampling and feeding of the measuring instrument,
for example, complete series of samples can be measured over-
night with no personnel present.

After a development period of around two years, BULKIN-
SPECTOR was launched on the market in January 2022.
This was preceded by an intensive interchange between Prof.
Schwechten and Siebtechnik GmbH. Students from Konstanz
University of Applied Sciences were given the opportunity at
the Siebtechnik technology centre in Miilheim to perform se-
ries of statistical measurements in order thus to optimise the
functioning of the pycnometer.

The PYC 130-A BULKINSPECTOR is a fully automatic
mensurational system for measurement of particle or “true”
density. The specimen material is inserted from the exterior to
the instrument, ideally using a sample magazine. The sample is
then inserted into the measuring cell using a handling device
and the volume of the sample determined by means of multiple
measurement. The handling device then conveys the specimen
to the scale, in order to establish the mass of the specimen.
Density is then calculated and outputted. Finally, the handling

Expansionsvolumen/

expension volume

Filter/
filter

Messbecher/
Measuring cup

Messzelle/
measuring cell

—

-

Druckumwandler/
pressure transducer

Structure of the automatic pycnometer BULKINSPECTOR
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accuracy of density measurements

device discharges the measured specimen of material into a
used-material receptacle. The measuring cup is cleaned using
compressed air and is then ready to accept the next sample. One
of the cup positions can be fitted with a calibration volume for
automatic calibration, with the result that recalibration can be
performed. Temperature in the interior of the insulated measur-
ing system is maintained constant by means of a Peltier element.

The instrument is operated using a tablet supplied with it. The
modern software which comes with the analysis system also
originates from Siebtechnik and has been specially developed
for this instrument.

e

The integrated sample handling device automates the filling of the measuring cups, which contributes, among other things, to increasing the

A modern, user-friendly man-machine interface is available to
the user thanks to an app installed on the tablet. Both measuring
regime and measuring records can be stored on the tablet. The
developers attached importance to sample traceability and test-
inspection monitoring. This data can be viewed at any time and
is also not lost if a power failure occurs. The operator also has
access to the operating manual and can enquire directly with
Siebtechnik GmbH for replacement and wear parts.

Possible applications are extremely varied and diverse (see in-
formation box). Jens Corell describes a fictional practical appli-
cation of the BULKINSPECTOR as an example:“A measure-

5
5 [ i .
2
The measuring cups are automatically cleaned ... ... and the already measured sample material is collected in a sample
collection container
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ment of density is to be performed using BULKINSPECTOR
from a flow of bulk material of 100 t/h with a particle size of
0.3 mm. For this purpose, a downpipe swivel sampler is installed
in a 300 mm diameter downpipe. This takes an individual sam-
ple of 1.4 kg using a rotating slotted vessel. Sampling should
take place every 2 min., in order to assure adequate sampling
frequency. Since the individual sample quantities would be too
large for the BULKINSPECTOR, they must previously be
split. For this purpose, a collective sample of 4.2 kg is generated
from three individual samples and is then reduced in a turnstile
divider to an analytical quantity of approx. 100 g.The splitting
ratio can be variably set, for other services and other bulk den-
sities. Screw and piston samplers can also be used in industrial
applications. There are limitations on the sample-material side
with respect to consistency — the samples must consist of pour-
able, non-glutinous material. The upper limit of the particle-size
range currently measurable is around 20 mm.”

Numerous other applications, such as the determination of
bulk-material compaction, examination of cavities in metal-
lurgy and in 3D production would also be possible using the
BULKINSPECTOR.The two developers find especially excit-
ing the potential of on-line integration of process monitoring
and on-line Quality Control, which has up to now not been
possible using off-line determination in the field of density
measurement. In addition, batch processing of samples using the
automatic sample magazine, which can accommodate up to fifty
individual samples, would be possible overnight.

Prof. Dieter Schwechten and Jens
Corell consider the possibility of
online integration in process control
and online quality control with the
help of the BULKUNSPECTOR as
particularly exciting

(Volume 63)
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An application example for a series measurement with the
BULKINSPECTOR could be e.g. these concrete drill cores
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A tablet with the BULKINSPECTOR app is available to the user for
controlling the unit
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M. Eng. Oliver Born (left),
since November 2019, and
B. Eng. Marc Schumacher
(right), at SIEBTECHNIK
TEMA since March 2018,
have been in charge of the
BULKINSPECTOR project
from the beginning (early
2020). Oliver Born is
responsible for the
development of the
programming, Marc
Schumacher for the
constructive elaboration
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Questioned about the future of this new automatic density- Author: Dr. Petra Strunk, Editor in chief
measurement instrument, Schwechten and Corell are convinced AT MINERAL PROCESSING, Bauverlag BV GmbH,
that this up to now unique system will be open to a broad Gitersloh
range of applications, thanks to its precision and its automatic,
unmanned operation. Siebtechnik GmbH currently ofters test www.siebtechnik-tema.de
measurements using the BULKINSPECTOR at its Test Centre www.bulkinspector.com
in Miilheim an der Ruhr. Production for worldwide marketing
has already started.
* Powder metallurgy: Measurement of sinter and casting densities for Model: PYC 130-A
examination for cavities Measuring cup volume: 130/65/10 cm?
* PET coke: Determination of porosity Number of positions for measuring cup: 4
* 3D printing, additive production: Component characterisation, Sample gas: Helium
including determination of solids content Measuring pressure: 0 to 140 kPa
* Pharmaceuticals: Determination of tablet compaction and of Scale: 0to 510 g+ 0.0001 g
porous inclusions Measuring temperature: 15 to 35° C
 Cosmetics: Determination of porous inclusion in lipsticks Calibration method: Automatic calibration
* Roller compaction, bulk-material compaction using calibration sphere
* Determination of properties/features: Product purity, chemical Measuring uncertainty: + 0.02%
conversion by reaction, water content, thermal coefficient of Data interface: WLAN
expansion, ... Dimensions (width x depth x height): 1100 x 675 x 855 mm
« Plastics/composites: Determination of filler content Weight: 190 kg
« Construction industry: Determination of material density/porosity Power supply: AC 110V/16 A/60 Hz,

* Geology: Measurement of the porosity of drill cores AC 230V/10 A/50 Hz
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Dr.-Ing. Joachim Harder
OneStone Consulting Ltd., Varna/Bulgaria
www.onestone.consulting

Joachim Harder (1952) studied process engineering at Braunschweig University
of Technology and earned his Ph.D. there. After more than 10 years working in
industry in various management posts, in 1997 he established the consulting
company OneStone Consulting. Dr. Harder is an acknowledged expert in
international marketing, specializing in market analysis for business segment
strategies. He is the author of diverse publications and a popular conference
speaker.

Forecast

Gypsum — a scarce raw material?

The premature decommissioning of power plants in Europe and elsewhere along with the
corresponding sharp decrease in the quantities of flue gas desulphurization (FGD) gypsum
are stoking fears that in a few years' time there won't be enough gypsum available for a
growing market. In the following report, we look at the current global figures and, espe-
cially for Europe, we gauge the future prospects and what developments may be necessary.
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TRENDS & EQUIPMENT

1 Introduction
Gypsum is a key raw material needed in large quantities in the 200 100
cement industry, the gypsum plasterboard industry, for other
gypsum building products, and in agriculture. Fig. 1 shows how = 5.0
the global demand for gypsum will change over the next years s 150
[1]. According to this, gypsum consumption will increase from s 00 T
310.8 million tonnes per year (Mta) in 2019 to around 337.9 Mta g 100 g
in 2030. Because of the pandemic, consumption decreased by s 50 3
around 3 % in 2020, but the market recovered markedly in 2021. é o
In 2019, the cement industry, where gypsum is used primarily as a -10.0
a setting regulator, used 166.0 Mta, accounting for around 53.4 %
of the demand for gypsum, followed by the gypsum plasterboard O o018 T 2019 | 2020 | 2021 | 2025 | 2030 | >°
industry with 112.6 Mta or 28.3 %.In the forthcomjng years, on == Mined 1713 173.1 1665 168.7 1705 171.8
account of the forecast peak in the cement industry in China, the —s—CAGR 11 38 13 0.3 0.1
global quantities required by the cement industry will decrease,
however, the quantities needed for the gypsum plasterboard in-
dustry as well as those for other industries will increase. 3 Overview of natural gypsum production
400 10.0
350 %
g 300 5.0 = China
= = USA
'% 250 00 ¥ = Iran
.42_,‘ 200 g Spain
2 50 S = Turkey
é 100 = Thailand
8 10.0 = Oman
50 - = Mexico
15.0 :;;’3 = France
2018 2019 2020 2021 2025 2030 g = Russia
mmmTotal 3007 3108 3016 3128 3183 3379 s Other
—o—CAGR 34 30 37 04 12 g
£
°
1 Global demand for gypsum 4 TOP 10 natural gypsum production countries (2019)
Fig. 2 shows how; starting from the situation in 2019, a forecast for
2019 [%] the global demand for gypsum as a raw material gypsum in the
0.9 year 2030 can look.According to this, the percentages for natural
gypsum will decrease from 55.4 % to 50.8 %, although in abso-
= Mined lute terms, the production of natural gypsum will only decrease
insignificantly from 173.1 Mta in 2019 to 171.8 Mta.The use of
= Synthetic synthetic gypsum will not only increase in percentage terms by
2.4 %, but also clearly overall from 136.8 Mta to 155.7 Mta. At
" Recycled first glance, this may not be apparent as losses for FGD gypsum
are forecast, however, there are numerous sources for synthetic
gypsum. For gypsum recycling, high growth rates from a low level
to 3.2 % and absolute quantities of around 11 Mta are expected.
2 Production of natural gypsum
2030 [%] Fig. 3 shows the forecast curve for global production of natural
3.2 gypsum up to 2030. In 2020, on account of the pandemic, the
T quantities produced fell by -3.8 % to 166.5 Mta. For 2021, a
slight recovery by 1.3 % to 168.7 Mta resulted. In contrast, over
the years 2025 to 2030, only a smaller further increase in pro-
- duction quantities is expected. The major production countries
s for natural gypsum are shown in Fig. 4. China leads the field,
% with a global market share of 20.4 %, followed by the USA and
S Iran. The TOP 10 countries make up a market share of around
g 75 %. Some of the previously important countries, such as
© Thailand and South Africa, will continue to lose ground as the

2 Overview of gypsum raw materials

30
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resources available there have already been largely exhausted.
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5 Natural gypsum extraction in Oman

The winners include countries like Oman and Iran, which still
hold extensive reserves (Fig. 5).

This will also have an effect on the most important export coun-
tries for natural gypsum. In Fig. 6, the TOP 10 export countries
for 2019 and 2030 are shown. Overall, exports totalled 37.3 Mta
in 2019. Up to 2030, exports will probably increase to 49.2 Mta.
Oman may be able to almost double its exports from 9.3 Mta in
2019 to 16.5 Mta. Iran’s exports will also increase substantially
from 4.8 Mta to around 6.0 Mta. The countries with higher
export rates up to 2030 will include Mexico, Canada, Turkey
and Pakistan. Considerable losses are expected for Thailand. After
5.5 Mta natural gypsum exports in 2019, a maximum of 3.5 Mta
are expected by 2030. Germany will also reduce its export rates,
too, as less FGD gypsum is available for domestic industry and
this must be offset to an extent by more natural gypsum.

3 FGD gypsum and other synthetic gypsum

In the desulphurization of flue gases and various chemical pro-
cesses, e.g. the production of hydrofluoric acid and phosphoric
acid or the processing of dilute acid from titanium dioxide pro-
duction, sometimes large quantities of synthetic gypsum are pro-
duced as a by-product. One speciality is evaporite gypsum, which
is formed during the evaporation of seawater for the production
of salts. In 2019, a total of around 435 Mta synthetic gypsum
was produced worldwide (Fig. 7). Of this quantity, 136.8 Mta
or 31.4 % were used in industry. Of the 176 Mta FGD gypsum
produced, 72.8 % were used worldwide. In the case of phospho-
gypsum, of the quantity of 247 Mta produced, only 3.4 % were
used in the cement and gypsum industry. All other chemical
gypsums, such as fluorogypsum, titanogypsum and others, have
not yet been used in industry on account of harmful impurities.
Evaporite gypsum has so far been used mainly in India.

2019 2030
= Oman = Oman
= Thailand = Thailand
= Iran " lran
Mexico Mexico
= Germany = Germany
= Spain = Spain
= Canada = Canada
= Turkey = Turkey
= France = France
= Pakistan = Pakistan
Other Other
6 TOP export countries for natural gypsum in Mta
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7 Production of synthetic gypsum

Coal-fired power plants currently still constitute the most im-
portant source of energy for the generation of electricity in
many countries in the world. In countries like China, India
and in various countries in Southeast Asia, more coal-fired
power plants are being built. According to the International
Energy Agency (IEA), depending on the CO, scenario, the
global power plant output will rise from 7484 GW in 2019

8 Matla 2 coal-fired power station in South Africa

32
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to between 13 400 and 16 550 GW by the year 2040. FGD
plants are also currently being upgraded in countries like India,
Australia and South Africa (Fig. 8), which have so far not used
the technology. Therefore, our forecast expects that worldwide
FGD gypsum quantities will only decrease insignificantly from
176 Mta in 2019 to 173 Mta in 2030. Fig. 9 shows what share
the countries and regions will have in this time period. Losses
in North America and Europe contrast with gains in China and
the rest of the world (ROW).

Interesting is that not all the FGD is being used by a long way.
Fig. 10 shows how the figures have changed in recent years in
EU 15 (Western Europe). The quantity of FGD gypsum pro-
duced fell from 11.45 Mta in 2008 to 7.04 Mta in 2019, the
recycling rates increased from 77.3 % to 79.3 % in the same
period. A not insignificant part of production, amounting to
1.14 Mta in 2008 and still 0.65 Mta now, is sent to so-called
mono-landfills, where the FGD gypsum is not mixed with
other substances. Similarly large quantities are sent for disposal,
that is to landfills where the FGD gypsum is mixed with, for
example, fly ash of inferior quality. The latter FGD gypsum
from mixed landfills is lost for later recycling. The gypsum
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2019 [%] 2030 [%]
5.7
u USA
= Europe
= China
ROW 'g
&
s
6
o
9 Overview of FGD gypsum by countries/regions
from mono-landfills, on the other hand, can be utilized at a
T 10 later date.
S o
¢ 8 .
£ 7 Estimates assume that in Germany alone around 18.0 mill.
s g tonnes (Mt) FGD have been sent to mono-landfills over the last
E 4 20 years.The biggest mono-landfills in Germany are located at
g g lignite-fired power plants. One of these is found in Jinschwalde.
o . .
8 (1) - — = The gypsum lapdﬁll the.re, Janschwalde II, has been run smc,e
Utilsati Reclamation/  Temporary Disoosal 2011 in two-shift operation for the FGD gypsum from LEAG’s
Isposa .
eation restoration stockpile P Janschwalde 6 x 500 MW lignite-fired power plant. The deliv-
= 2008 8.85 114 032 114 ered gypsum is placed in the landfill by means of a rail-mounted
#2017 7.44 115 0.42 1.39 < spreader (Fig. 11) and reclaimed with a wheel-loader (Fig. 12).
" 2019 >58 065 008 073 S Depending on the location and form of the gypsum landfill,
S reclaimers can be used for loading the gypsum at other sites. In
10 FGD gypsum use in EU15 the planning, it is expected that gypsum can be extracted from
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12 Reclaiming FGD gypsum from the gypsum landfill

such mono-landfills without any detriment to its quality for up
to at least ten years.

4 Gypsum recycling

Although there are practically no limitations on the recyclabil-
ity of gypsum, on a global scale, only very small quantities of
gypsum have been recycled so far (Fig. 13). But here there is also
great potential for growth. In Germany, according to a recent
monitoring report headed “Kreislaufwirtschaft Bau” on recy-
cling in the construction industry, around 0.64 mill. t gypsum
waste are produced annually, but only 0.03 mill. t or 4.7 % of
this are recycled. Gypsum waste is produced, for example, at
construction sites as cuttings during the installation of gypsum
plasterboards as well as during the refurbishment or demolition
of buildings. On account of its sulphate content, gypsum waste
should be collected separately from other construction waste
and recycled. The problem here is that the gypsum from gyp-
sum plasterboard and gypsum wallboard can be easily recycled,
whereas gypsum from aerated and cellular concrete, gypsum
fibreboard, screed and gypsum plaster has so far been mostly
completely unsuitable for recycling.

Fig. 14 shows a schematic of the process stages at a typical plant
for recycling gypsum waste. The main process stages are pre-
sorting of the gypsum waste, magnetic separation for the removal
of any metallic impurities like nails and screws, various comminu-
tion stages and subsequent classification and separation of other
impurities. The quality requirements of the gypsum industry for
recycled gypsum can be practically only met if the content of
impurities in the delivered gypsum waste is at least lower than
5 %. Problematic are mineral impurities, as found when aerated

34 AT MINERAL PROCESSING 02/2022

concrete or screed is processed, while foreign substances such as
paper, cardboard, plastics, timber and insulation materials can be
removed comparatively easily on account of the difference in
density to gypsum. In the case of gypsum fibreboard, the problem
is that the paper fibres cannot be removed. If single-origin separa-
tion is possible, however, gypsum fibreboard can be comminuted
and returned to fibreboard production [5].

New West Gypsum can be regarded as one of the pioneering
companies in gypsum recycling. A first plant went into opera-
tion in Canada in 1985.Today, the company is represented with
ten gypsum recycling plants (Fig. 15), not only in Canada, but in
Belgium, Germany, England, France and Norway. The average
quantity processed at one of these plants is 25 t/h or 0.1 Mta.

20 20.0
15.0
15 10.0
5.0
10

CAGR [%]

0.0

-5.0

n i I

0 . -15.0
2018 2019 2020 2021 2025 2030

mmm Recycled 2.3 2.8 3.2 3.5 5.8 10.9
—o—CAGR 18.0 16.4 8.9 13.4 13.6

wv

Demand projection [Mta]

13 Overview of the gypsum recycling quantities
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14 Overview of the gypsum recycling process [4]

More than 5 mill. t gypsum have so far been recycled by the
company, the annual rate is just under 0.5 Mta. In Germany,
Remondis is one of the leading companies in gypsum recy-
cling. At its Zweibriicken site, a state-of-the-art plant (Fig. 16)
with a capacity up to 72 000 tonnes material has gone into
operation. 85 % of the input material is processed to recycled
gypsum. Leftover materials like paper, plastic or metal are also
recycled.

The leading companies in the recycling of gypsum plasterboard

are the manufacturers of gypsum plaster board Knauf, Saint Gob-
ain, and ETEX. Knauf took the top spot here in Great Britain
and Scandinavia back in 2015. For example, in Denmark, a recy-
cling rate of 17 % was achieved while in Norway a rate of 14 %
could be reached. With its brand Siniat, which evolved from the
takeover of Lafarge Plasterboard and comprises 35 plaster board
factories, ETEX has set a new record in Great Britain. The per-
centage of recycled gypsum (RG) was increased to 18.4 % in
2020. For this, a quantity of 0.131 Mta gypsum was recycled in
the plants at Bristol (Fig. 17) and Ferrybridge, UK. For 2025,

15 Gypsum recycling in Great Britain
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16 Gypsum recycling plant in Zweibriicken/Germany

© Remondis

a recycling rate of 30 % is planned at Siniat in England. Saint
Gobain has shown especially through its subsidiary Gyproc that
the recycling rates can be increased considerably if return and
collection systems for plasterboard are introduced.

5 Technology developments

Whereas the technology for the recycling of gypsum waste can
now be regarded as the state of the art, with regard to the pro-
cessing or cleaning of phosphogypsum, that level is still a long
way away. Phosphogypsum is a by-product in the production
of fertilizer in the preparation of phosphoric acid from phos-
phate rock.The processes for the production of wet phosphoric
acid production are differentiated based on the form of the
precipitation of calcium sulphate as dihydrate, hemihydrate or
anhydrite. For each tonne of phosphoric acid, depending on
the process, between 4.5 and 5.5 t gypsum is formed. There are
more than 200 different phosphate minerals. Most of the rock
phosphates used are weakly radioactive and also contain impuri-

ties, which can concentrate in the gypsum product. Problematic
are primarily the radionuclides radon-226 and lead-210 as well
as high contents of residual phosphate.

There are various processes for the removal or neutralization
of impurities in phosphogypsum. In Prayon’s HDH process
(Fig, 18), a high product yield of 98 — 99 % P,O5 and a good-
quality gypsum is obtained from the outset. Moreover, Prayon
also supplies downstream processes. First, these concern classify-
ing of the gypsum, to remove the impurities that concentrate in
the coarse grain, and second the washing and removal of soluble
components such as residual phosphate, fluorine and sodium.
Classification has proven to be a potential method for the reduc-
tion of the radon-226 content, as baryte, which is contained in
the rock phosphate, enriches radon-226, tends to agglomerate
and can be removed by screening. Positive results have also been
returned by sorting processes by means of gamma spectroscopy,
to remove material with excessively high radiological values.
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17 Gypsum recycling at a gypsum plasterboard manufacturer

6 Outlook

The raw material gypsum is already scarce today and will in
future become even scarcer,especially in countries and regions
such as Europe, North America and Japan. But by the year 2030,
supply should be secure. This is firstly because on a global scale
the quantities of FGD gypsum remain largely unchanged, and
reserves in the use of FGD gypsum still exist in Europe and the
USA. In addition, in some cases, large quantities of FGD gypsum
are stored in mono-landfills and can still be used for a relatively
long time without any detriment to its quality. Besides FGD
gypsum, there are still sufficient quantities of natural gypsum in
many countries. The gypsum recycling rates can be increased
considerably. Finally there are good possibilities for processing and
recycling phosphogypsum, too. After 2030, the use of recycled
gypsum and phosphogypsum will have a greater significance.

[1]

[2]

[3]
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thyssenkrupp CK+

Circular-motion vibrating screen with many innovative features

With the introduction of the goovi®, the innovative multiple vibrating screen, thyssenkrupp
Mining Technologies has set new standards in screening technology. The revolutionary
drive concept of the goovi® is now being used in a simplified version for the proven
circular-motion vibrating screens of the CK line. In combination with other interesting detail
solutions, this new drive concept results in a more compact design, significantly reducing
the number of rotating parts as well as the maintenance required.

For many years now, screens of the CK line have already been
successfully used worldwide for screening of aggregates, gravel,
ore and coal as well as in the recycling industry. They have im-
pressed with their strong reliability and screening efficiency. With
screening areas up to 17 m? in models with two or three screen-
ing decks, they are ideally tailored to meet the requirements of
customers in the aggregates and mining industries. They can be
integrated in stationary (Fig. 2), semi-mobile and mobile plants

(Fig. 1).

1 Previous design

Circular-motion vibrating screens are of simple and rugged
design. The sidewalls consist of standard steel sheets that can be
laser-cut to any size and shape. Attachments and crossbeams are
all bolted to the screen to maximize vibration resistance and
lifetime. The screen tray is generally supported on steel springs,
which stand on a steel structure.

© thyssenkrupp Industrial Solutions AG

The screen decks can be supplied in various versions with per-
1 Circular-motion vibrating screen with dual motor drive on a forated plates, polyurethane surfaces or woven wire cloth or a
mobile plant combination of these, in line with customer requirements. The
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2 Screening line with two thyssenkrupp CK circular-motion vibrating
screens

screen linings can be changed easily and quickly with clamping
and tensioning devices. In the feed area, the screens are fitted
with a dummy floor to absorb impact forces. The screens of the
CK line can be optionally fitted with a water-spraying system
and/or dust cover.

The circular vibration is usually generated by shafts with unbal-
ance discs fixed on both sides, the shaft bearings being integrat-
ed in the sidewalls of the screen. Depending on the size of the
screen, one or two drive shafts are used, which are individually
driven by a separate motor. For twin-shaft drives (Fig. 1), the
two drives are synchronized by means of a toothed belt. The
motors are mounted outside the screen tray on small platforms
in the steel structure and are connected to the drive shafts by
means of V-belts. To adapt screening performance and for op-
timum screen settings, the vibration amplitude can be adjusted
by increasing or decreasing the unbalance weights. The speed
can be varied just by changing the V-belt pulley.

2 CK+ innovative concept

thyssenkrupp has now upgraded the existing CK line of cir-
cular-motion vibrating screens to the state of the art. Focuses
of this development were the drive concept, support of the

© thyssenkrupp Industrial Solutions AG
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screens and easy maintenance. The new line has been designed
to offer a substantial plus with regard to reducing production
costs, installation effort and maintenance for the operators, so
that logically the name CK+ was chosen.

2.1 Drive

As mentioned earlier, conventional screen drives consist of diverse
rotating and connecting parts, e.g. motors, V-belts, shafts and un-
balance exciters (Fig. 3a). All these parts are subject to wear and
must therefore be regularly maintained. Some of them must be
anchored in the steel structure (motor), be safeguarded against
manual interference (V-belts, toothed belts) or protected against
wear caused by material falling down on them (shaft). A simpli-
fication of this system therefore offers interesting advantages with
regard to installation, function and maintenance requirement.

The solution to this complex problem was already on hand
at thyssenkrupp: in its newly developed goovi® screen, which
has already been featured in several published reports, a novel,
revolutionary drive concept has been introduced.This concept
has now been transferred in a simplified form to the CK line
of circular-motion vibrating screens. For this reason, compact,
lifetime-lubricated standard unbalance motors are used, which
are flanged symmetrically and directly to the sidewalls; these are
synchronized by means of a connecting rod (Fig. 3b). This rod
and the inner drive components are protected against falling
screening material by a protective pipe with rubber coating.

The advantages of this compact solution with direct drive com-
pared to a conventional drive are clearly shown in Fig. 3. The
number of rotating and moving parts has been drastically cut, as a
result of which maintenance requirement, failure probability and
accordingly downtime are automatically reduced. Belt guards and
motor platforms in the steel structure are not necessary at all with
this concept. Accordingly, a lighter and less complex steel structure
can be designed and the installation time is shortened significantly.

3 CK screen with conventional dual drive (a) and CK+ screen with flange-mounted direct drive (b)

(Volume 63)
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4 Conventional
screen support
with steel springs
(a) and support
with rubber
spring elements
and adjustable
inclination (b)

2.2 Support

In the design of the screen support, a completely new direc-
tion has been taken. Instead of the conventional screen support
with steel springs (Fig. 4a), now rubber spring elements are
used (Fig.4b), which are supplied as standard components by
speciality manufacturers. In comparison with steel springs, they
offer very effective vibration dampening and low residual force
transmission into the foundations. In addition, they boast a long
lifetime, zero maintenance and low noise generation.

Another feature is the innovative adjustment mechanism that
enables different settings for the screen inclination. Accordingly,
the screen inclination can be adapted to the specific screening
material and application so that optimum screening perfor-
mance is ensured at all times.

For the fitting and removal of the rubber spring elements, the
screen tray can be lifted by means of hydraulic cylinders so that
the springs can be comfortably fitted under zero load.

5 Chute cart in service position

40 AT MINERAL PROCESSING 02/2022

Adjustment device

Rubber spring elements |}

Hydraulic cylinder

2.3 Easy maintenance

A special feature of the new CK+ circular-motion vibrat-
ing screens from thyssenkrupp is their very easy maintenance.
Of course, during reworking of the screen design, provi-
sion was made to meet the new stipulations in the recently
revised EN 1009 with regard to the space requirement for
maintenance work on machines for mechanical processing
of minerals (Fig.6). The distances between the screen decks
and to the obstacles at different points have been increased
considerably. The screen decks are therefore easily accessible
and the screen linings can be quickly changed. For the fitting
and removal of wear and replacement parts, no special tools
are needed.

Another plus in respect of easy servicing is the optionally
available mobile chute cart which diverts the material flows
from the different screen decks on the discharge side in the
desired directions to the downstream conveying elements
(Fig. 5). During operation, it offers the possibility to control
the function of the screen at any
time by means of a platform and
inspection flaps. For service work,
the entire chute cart including
platform can be moved back by
means of a handwheel and a simple
rail track. A movable service plat-
form can be folded down over the
space between screen and chute
cart so that this area can be safely
accessed. Now it is possible for
the service workers to comfort-
ably enter the area of the screen
tray and to carry out any necessary
maintenance work. Once servicing
has been completed, the platform
is folded back up and the chute
cart moved back to the screen and
locked into place. With this practi-
cal device, maintenance work can
be performed safely and in a com-
fortable position with minimized
effort to enable walk-on access.

© thyssenkrupp Industrial Solutions AG
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2.4 Sizes and possible applications

Particle sizes up to 200mm can be fed to thyssenkrupp’s new
CK+ screens and screened at a minimum cut-point of around
1.5 mm. For this, a series with screening areas from 4—17 m” per
screen deck is available, see Table 1. While the first two digits
of the nomenclature specify the effective screening area, the
number of screen decks is indicated by the last two digits. For
example,a CK+ 1002 screen is a machine with a screening area
of 10m?® and 2 screen decks.

As the connection dimensions are identical, CK screens of the
previous generation can be easily replaced with CK+ screens
with direct drive. This means that screen replacement can be
carried out in the shortest possible time with extremely little
effort.

3 Summary

In comparison with conventional circular-motion vibrating
screens, the new line of CK+ circular motion vibrating screens
from thyssenkrupp Mining Technologies offers operators
considerable advantages with regard to acquisition, installation
and operation thanks to a host of innovative detail solutions.

Thanks to the compact drive with standard unbalance mo-
tors, many rotating and moving parts are no longer necessary.
The same goes for all belt guards and motor platforms in the
steel structure. This reduces the installation and maintenance
requirements as well as machine failure and downtime, adding
up to a significant cost saving both for screen acquisition and
operation.

The screen support with rubber spring elements and an adjust-
ment option for the inclination of the screen ensures quiet and
safe operation and enables, thanks to adjustment of the screen
inclination, optimization of the product quality.

Generous spacing between the screen decks in compliance
with EN 1009 facilitates maintenance work in these areas so
that screen linings can be changed quickly and safely. Access
to the screening areas is enabled by a moveable chute cart and
a fold-down service platform in a very short time.

TECHNICAL SOLUTIONS

6 Available heights for maintenance work between the screen decks
in compliance with EN 1009 for the CK line (a) and the CK+ line (b)

Opverall, the new CK+ circular motion vibrating screens from
thyssenkrupp Mining Technologies impress with their com-
pact design, high availability, low installation and maintenance
requirement, and at the same time they enable very high
throughput rates with excellent separation sharpness.

Size Screen area  Screen areas Number of Number of Installed Total weight
{per deck) width x length screen decks  drive shafts power
[m?] [mm] [kW] [kg]
CK+ 400 4 1,280 x 3,000 2;3 2x36-2x56.8 2,300 - 2,800
CK+ 600 6 1,530 x 4,000 253 2x6,1 3,600 — 4,400
CK+ 800 8 1,650 x 5,000 23 2%6,1-2x64 4,300 - 5,600
Q
CH+ 1000 105 1,850 x 5,600 2;3 2x64-2x12 6,800 — B,200 Z
o
CK+ 1200 125 2,110 % 8,000 2:3 2x12-2x139 7,500-10,100 53
CH+ 1400 145 2,410 x 6,000 23 2% 138 10,000 - 12,700 %
CK+ 1700 17.5 2,500 x 7,000 2:3 2x139 13,400 - 18,600 g
s
Table 1: thyssenkrupp CK+ screen line
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Innovative Screening

Advantages and areas of application, comparative screening tests

Summary: The BIVITEC e+ combines two technologies developed by Binder+Co in one
screening machine: the low dynamic loads due to mass balancing of the resonance screen-
ing machine and the flip flow system of the BIVITEC. This results in a lightweight design
and low drive power. In the following report, the considerations for the development of a
new type series are outlined, advantages and fields of application of the newly developed
screening machines are explained, comparative screening tests are described, test results
are presented, and several case studies are illustrated.

AT MINERAL PROCESSING 02/2022

assistant for the processing of industrial projects and then a university assistant
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1 Introduction

In the 1980s, Binder+Co developed the type series of the BIV-
ITEC flip flow screen for the classification of materials difficult
to screen. These internationally known machines, which are
used worldwide, have vibrating screen boxes which are braced
by support springs on concrete or steel platforms and vibrated
by means of unbalance exciters. Static and dynamic loads occur
in the process, which place high demands on the support struc-
ture, especially in the case of larger machines, and result in cor-
responding costs. For more than 65 years, Binder+Co has also
been manufacturing horizontally mounted resonance screening
machines, which introduce relatively low dynamic loads into
the environment by means of countervailing vibration of two
screen decks of approximately equal mass. These machines are
among the conventional screening machines with rigid screen
decks and are supported on platforms via shear rubber blocks.
The basic idea was to combine these two proven systems in a
new type series of flip flow screening machines (BIVITEC e+)
[1]. The overriding objective was to generate a high benefit for
the operators of such screening machines from the resulting
product characteristics, both in terms of investment costs and
operating costs.

© Binder+Co AG

‘ Sectional view of a BIVITEC e+ single-deck machine

The first machines of this new type series were developed in
2019 and have a stationary screen box. Support via spring ele-
ments on the support structure is not required but can bring
advantages in individual cases for further reduction of dynamic
loads. Due to an almost perfect mass balancing of two oscillating
masses S1 and S2 moving in opposite directions, only very low
residual dynamic forces occur (Fig. 1). The oscillating masses
are driven by an eccentric exciter and operated in the reso-
nance range. Screen mats fixed between the respective cross-
members are alternately stretched and compressed, resulting in
a whip effect which, combined with a screen deck inclination
of approx. 15° to 25°, ensures material conveying and corre-
spondingly sharp screening. Due to the low moving oscillating
masses combined with the resonance principle, the new type
series BIVITEC e+ in the single-deck version requires only
approx. one third of the electrical energy for the drive motor
compared to conventional BIVITEC screening machines. For
large machine types, a weight reduction of up to 40 % can be
achieved compared to a classic BIVITEC.The machine charac-
teristic or operating frequency is almost infinitely adjustable or
controllable by means of a frequency converter mounted on the
motor and can be quickly and easily adapted to the particular
material to be screened.

(Volume 63)
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2 Advantages and application fields for BIVITEC e+

Depending on the task or project situation, the following ad-

vantages and areas of application are of particular importance:

* Low dynamic loads

* Low energy consumption

* Infinitely variable adjustability and controllability of the vi-
bration characteristics

+ Compact design

* Dust-retardant design easy to implement

¢ Screen deck areas from 1.2 m® to 49 m?

* Finest to medium separation cuts

* For stationary and mobile plants

An outstanding feature of the new type series concerns the
very low required drive powers of the screening machines. To
illustrate the resulting energy savings or the extremely low drive
power ratings, the single-deck machines of the “KRL” type
series (“classic” BIVITEC screening machines with “circular”
basic vibration) will be compared with the machines of the
new “EXL” type series (BIVITEC e+) in the following. The
screening machine standard “KRL” comprises 45 single deck
machines with screen deck widths from 0.8 m to 3.5 m and
screen deck lengths from 3 m to 12 m.The screen deck widths
indicate the respective internal dimensions available for the
screening process (perforated screen mat area). The screen deck
lengths indicate the distances from the first perforated to the last
perforated screen mat of the screen decks considered. With the
BIVITEC e+ (type designation “EXL”), even larger screen deck
areas are possible due to the maximum standard screen deck
length of 14 m.The “EXL standard matrix” contains 93 single
deck machines with screen deck widths from 1 m to 3.5 m and
screen deck lengths from 4.7 m to 14 m.The largest screen deck
area per deck is thus 49 m* (3.5 m x 14 m), allowing a total
screen deck area of 147 m” for a three-deck machine.

In Fig. 2, the nominal drive powers (kW) are assigned to the
respective screen deck areas (m?). The total of 45 points — shown
as “red filled” circles — identify the single deck machines of the
“classic” KRL machines. In comparison, the machines from
the new type series (BIVITEC e+ or EXL) were identified by
93 “blue-filled” squares. Looking at these two “point clouds”,
the considerably lower drive ratings of the screening machines
of the new type series can be clearly seen. An associated trend
line is shown for each of the two-point clouds or data series.
The trend line shown as a “solid” straight line refers to the

Antriebs-Nennleistung, (kW)

) 5 10 15 20 25 30 35 40 a5 50
Siebdeckflche, (m2)

2 Comparison of drive power ratings
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“classic” BIVITEC machines, the dashed straight line to the
new BIVITEC e+ type series.

If these linear functions are put into relation, namely compara-
tively “EXL”/”KRL”, the result is Fig. 3.This figure is intended
to quantify the energy saving potential of the new type series.
The comparable screen deck areas are in the range between
4.7 m* and 42 m®. The functional values calculated in this way
are referred to here as energy-saving ratios and given as percent-
ages. Thus, the comparison of the single-deck machines yields
an average energy-saving ratio of 33 %. This means that the
installed nominal drive power of a screening machine of the
new type series is on average only approx. 33 % compared to
the installed nominal drive power of a machine of the classic
type series with the same screening deck area. In other words,
the use of the BIVITEC e+ can save about two thirds of the
installed drive power of the single deck machines. From the
function curve in Fig. 3 it can be seen that this type of savings
potential tends to increase with larger screen deck areas.

100

%0

67% Einsparung

—cindecker

40 <> einsparung
33

Energiespar-Kennzahl, %

0 5 10 15 20 2 30 35 40 45 50
Siebdeckfléche, (m?)

3 Quantification of savings potentials

3 Comparative sieving tests
3.1 Method of carrying out tests in the pilot plant at Binder+Co

For optimum screening machine design, tests are carried out
with a pilot plant screening machine for the corresponding
screen cut [2]. In a first step, the feed rate is determined using
a calculation program programmed based on a factor method.
The experimental machine has an effective usable screen length
of maximum 2 m and is adjustable in inclination. A simple
screening by feeding the screenings once and sampling the two
product streams would in most cases not or only approximately
correspond to a large-scale screening. In order to optimally
design the required screen deck area for the respective task, the
following procedure is followed: The feed quantity of about
1 m® bulk material required for each test series is introduced
into the screen feed hopper of the Binder+Co technical center
in Gleisdorf. Considering the previously calculated screening
time, the first test section is started and, after a constant oper-
ating condition has been reached, representative sampling of
both screening products and the feed material is commenced.
In each case, the entire stock stream is briefly collected several
times with a sampling vessel. The composite samples obtained
in this way are tapered by riffle or rotary dividers for the sam-
ple analysis provided later. The two product chutes direct the
main quantities of screening products into the coarse product
container and the fine product container. Similarly, the second
test section is then carried out with the coarse product from
the first test section. In this case, the screening plant is operated
at a reduced feed rate so that the test duration of both sections
is as equal as possible. Depending on the large-scale task, a
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third, fourth or fifth test section follows — if necessary — with
as identical a duration as possible.

Auigahe B mspraasiiee Fropenaame
AT
a1 = w2 = twi.d
vl
T e — o G4 [=A1.2)
L
W)
wi.2
1.2 [=AN3]
-
Fia
J
i

4 Flow chart for the test execution with three test sections: A i.j
feed, G i.j coarse material, F i.j fine material, tv i.j duration of the
section, i number of the test series, j number of the test section

Fig. 4 shows a test series with three sections. To avoid misun-
derstandings, it should be noted that the screen shaker symbols
shown in Fig. 4 with the numbers 1, 2 and 3 only identify the
respective test section, but always refer to one and the same
test machine (Fig. 5). After test execution and test evaluation, a
correspondingly high specific feed rate results for the first test
section, defined as the feed rate (in t/h) divided by the screen
deck area provided (in m?). If the first two test sections are com-
bined, G1.2 corresponds to the coarse material of the balance
area. The particle size distribution of the fines is calculated from
the compositions and product output values of the two fines
products F1.1 and F1.2. The fines mass output is calculated as
the sum of the two output values. Similarly, all three test sections
can be summarized. The screen overflow G1.3 of the third test
section is thus considered to be the coarse material of the entire
balance area. With regard to the fines of the entire balance area,
the three fines F1.1, F1.2 and F1.3 are combined by calcula-
tion, with the particle size distribution of this fines resulting
from the compositions of the three fines and the mass output
values. Compared to the specific feed rate at test section 1, the
corresponding value when considering the combined sections
1 and 2 is about half, and about one-third for the combined
sections 1,2 and 3.

3.2 Comparative screen tests “BIVITEC — BIVITEC e+"

The feed material for the comparative screening tests consisted
of 5 big bags with crushed limestone of nominal grain size
0/4 mm. Fig. 6 shows the corresponding particle size distribu-
tions in a diagram with logarithmically divided abscissa and
double logarithmically divided ordinate. The data series D-01
to D-05 correspond to the test series V1 to V5 with regard to
numbering.

The contents of big bag number 1 were accordingly used as feed
material for test series V1 and fed to the “classic” test machine.
This machine belongs to the LIL series with linear fundamental
oscillation and can therefore be operated with a relatively low
screen inclination. Test series V1 is to be regarded as the basic test

(Volume 63)
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i

.

5 BIVITEC test machine with linear fundamental vibration in the pilot plant at Binder+Co

series. For all screen test series planned within this framework,
three test sections each with six screen mats used were specified,
which in turn corresponds to a total screen deck length of 6 m
for each test series. Based on design calculations and preliminary
tests, the target feed rate (t/h) for the basic test series was de-
termined for test section] and a screen deck inclination of 12°.
At this point, two very important points should be mentioned:
During the comparative screening tests, the objective was not to
achieve the highest possible screening efficiencies or particularly

6 Representation of the particle size distributions of the feed
materials for the comparative screening test series

(Volume 63)
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low void contents in the products. The objective was rather to
carry out a basic series of tests with a relatively high area-specific
feed rate (tons per hour and square meter of screen surface area),
whereby attention was to be paid to the best possible screen deck
inclination with regard to separation efficiency.

Finally, the basic test series was carried out in accordance with the
test procedure described in section 3.1. Punched plastic screen
mats with perforations of 1 mm x 6 mm were used. For all test
sections and test series, a nominal cut point of 0.8 mm is to be
taken as the definition. The respective undersize contents in the
screen overflow products are thus defined as contents < 0.8 mm
and the respective oversize contents in the screen underflow
products as contents > 0.8 mm. Concerning the vibration char-
acteristics, precise measurements of vibration amplitudes and
vibration frequency were carried out. The specific feed rate for
test section 1 of test series 1 was 14.42 t/(m’h). The mass yield
of the screen underflow was determined to be 21.2 % for this
first test section. The undersize content (< 0.8 mm) in the screen
overflow was 33.0 % and the oversize content (> 0.8 mm) in
the screen underflow was 3.5 %. The undersize content, which
appears very high at first glance, results from the fact that with
the first test section, as it were, only the first two running meters
of a 6 m long screen deck were simulated and confirms the well
selected feed rate. After the second test section, the undersize
content of the screen overflow was 17.3 % and after the third

a5
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Kallestein, LI 12

7 Representation of the coarse product-related partition curves
for test series V1

section only 5.5 %. From the particle size distributions of the
underflow products of sections 1 to 3 and the corresponding
product mass yield values, an oversize content of 4.0 % could be
calculated for “SectionV1.1 + SectionV1.2” and an oversize con-
tent of 6.0 % for “SectionV1.1 + SectionV1.2 + SectionV1.3”.
In summary, for test series 1 — simulation of a screen deck with
a length of 6 m — the mass yield of screen underflow is 46.5 %,
screen overflow with an undersize content (< 0.8 mm) of 5.5 %
and screen underflow with an oversize content (> 0.8 mm) of
6.0 %.These two contents of misplaced material confirm 0.8 mm
as a well chosen value for the nominal cut point and confirm test
series 1 as a very good basis for the subsequent, comparative test
series with the new BIVITEC e+ test machine.

Fig. 7 shows the partition curves of test series 1. The ordinate
values correspond to the coarse product-related partition num-
bers. The grain size is plotted as a characteristic on the abscissa.
Seven test screens with mesh sizes from 1.6 mm to 0.25 mm
and one test screen tray were used for the particle size analysis.
This results in seven feature classes in each case. The coarsest
characteristic class for the calculation of the coarse product-
related partition number is grain size class 1.4/1.6 mm.
This is followed by the grain size class 1.12/1.4 mm ... to
0.25/0.5 mm. For these grain size classes, the geometric mean
values (square root of the product of the upper characteristic
class limit and the lower characteristic class limit) were deter-
mined for the graphical representation of the partition num-
bers. For the entry of the graduation numbers for the finest
grain size class 0/0.25 mm, the arithmetic mean (0.125 mm)
is considered agreed.

The upper partition curve describes the separation characteristic
of test sectionV1.1.The ordinate values of the triangular symbols
correspond to the coarse product-related partition numbers, the
associated abscissa values refer to the respective particle size classes.
Similarly, the points for the separation characteristics of “Section
V1.1 + Section V1.2” (square symbols) and the points for “Sec-
tion V1.1 + Section V1.2 + Section V1.3” (circle symbols) were
drawn. In simplified terms, the upper curve here corresponds to
the first two running meters of the screen deck, the middle curve
to the first four running meters and the lower curve to the entire
six running meters of the simulated screen deck. The steeper the
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8 Representation of the coarse product-related partition curves for
the test series V2 to V5: screen inclination angle 15° (V2), 18°
(V3), 21° (V4) and 24° (V5)

partition curve, the higher the selectivity is to be considered. For
further characterization, the parameters k50, k75 and k25 are de-
fined. In the case of the screening processes considered here, these
parameters are affected by the length dimension. The respective
k50 value is the abscissa value to the partition number 50 % (cut
point according to TROMP). The k75 and k25 values are the ab-
scissa values to the partition numbers 75 % and 25 %, respectively.
From the lower curve (V1.1+1.2+1.3) in Fig. 7, the cut point
k50 = 0.851 mm can be read. The corresponding parameters k75
and k25 are 0.954 mm and 0.721 mm, respectively. A possible
parameter with regard to comparison of separation characteristics
is the imperfection, defined as (k75 —k25)/(2 k50). For the lower
curve considered, the imperfection was 0.137. In simple terms, a
low imperfection value means high separation efficiency. High
imperfection values indicate low sharpness. If sections V1.1 and
V1.2 are combined by calculation and the associated imperfection
value is determined, the result is a comparatively higher value of
0.23 (simulated screen deck length only four linear meters).

The contents of Big Bag number 2 to Big Bag number 5 were
available for the test series with the BIVITEC e+, and the as-
sociated test series were designatedV2 to V5. In order to be able
to exclude in particular the influence of possible manufacturing
tolerances with the screen mats, the same set of screens was used
for all of the total of 15 test sections, consisting of the same six
BIVITEC screen mats in a fixed installation sequence. Accord-
ingly, the screen mats of test series 1 were removed from the
“classic” test machine and installed in the new BIVITEC e+
test machine for carrying out test series V2 to V5. In both types
of screening machines, the dynamics of the screen mats have a
significant influence on the separation characteristics. The set-
ting parameters from the basic test series V1 described above
were adopted and, if necessary, the oscillation amplitude was
manually readjusted for the test series with the BIVITEC e+.
In order to be able to exclude any influence due to different
operation/sampling, the necessary activities (material loading,
sampling, test observation, readjustment of the amplitude ...)
were carried out by the same test personnel. A total of 35 ag-
gregate samples were taken from the five test series. In order
to obtain well-suited analysis sample quantities, the aggregate
samples were appropriately tapered by means of riffle dividers.
Reserve samples for any further analysis required were archived.
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With regard to the avoidance of the influence of different meas-
uring instruments, the same devices (vibration amplitude meter,
balances, stopwatch ...) were used in all test series. Regarding
particle size analyses, the same standardized procedure was al-
ways used with the same analysis screens by the same personnel.

Fig. 8 shows the separation functions of the four test series V2
toV5 with the BIVITEC e+.These four test series mainly dif-
fer in the preset screen deck inclination. In test series V2, the
screen deck inclination was set to an angle of 15°. In each of
the subsequent test series, the inclination angle was increased
by 3°.The evaluation of the collected test data allowed a com-
parison of the selectivity in three respects. In a first step, the
corresponding imperfection values were calculated as described
above and shown in Fig. 9 as a function of the respective spe-
cific feed rates. Due to the lack of fundamental oscillation in
the BIVITEC e+, a correspondingly higher screen deck slope
is required, as expected, to achieve high separation efficiency
(test series V4 and test series V5). The screen deck inclination
of 15° set for test series V2 is obviously too low to achieve
high selectivity for this task. In comparison with the basic
test series V1 (points shown as small blue circles, red curve),
the separation efficiency of test series V4 and V5 is about the
same or slightly higher (lower imperfection values). In a second
step, the corresponding screening efficiencies were calculated
and shown in Fig. 10 as a function of the respective specific
feed rates. The definition of the screening efficiency here is
the fine particle discharge into the screen underflow, whereby
particles with particle sizes smaller than the nominal separation
cut (< 0.8 mm based on classical screen analysis) were defined
as fines. Again, it can be seen that to achieve high separation
efficiency for this task, the screen deck inclination of 15° set
for test series V2 is obviously too low (see data series “V2
EXL 15°”). The results of the basic test series V1 are again
shown as small blue circles or as a red curve. With the higher
screen deck slopes of test series V4 and V5, one can again
speak of practically the same selectivity. In the sense of a third
approach, a key figure with the designation “Summed contents
of misplaced material” is to be used. The “Summed contents
of misplaced material” SFK is defined as oversize content of
the fines + undersize content of the coarse product and can be
expressed in percentage points (% pts). At this point, it should
be pointed out again that the comparative screening tests were
not aimed at achieving the highest possible separation efficien-
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10 Representation of the screening efficiencies for the test series
V1 to V5
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11 Separation efficiency representation based on the SFK key figure
definition

cy (low SFK values). The main objective was to compare the
new BIVITEC e+ machine type with the “classic” design in
terms of selectivity, as well as to quantify the required (higher)
screen deck slopes. The SFK values can be calculated both
for the individual test sections, as well as for computationally
combined test sections in each case, and for the individual test
series. Fig. 11 summarizes the evaluation results. The specific
feed rate is again plotted on the abscissa. The small blue circles
and the red curve indicate the basic test seriesV1.The relatively
higher SFK values of test series 2 indicate, as expected, too low
screen deck. In the case of test series V4 and V5, it is possible
to speak of somewhat higher selectivity (relatively lower SFK
values) compared to the basic test series V1. For example, in
test series 4 (screen inclination 21°), the specific feed rate was
4.59 t/(m’h), the undersize content of the coarse product was
4.3 % and the oversize content of the fine product was 4.5 %.
The associated SFK value is thus 8.8 % points.
The evaluation of the basic test series V1 re-
sulted in a worse SFK value of 11.5 %-points

with approximately the same specific feed rate
of 4.58 t/(m’h).

Fig. 12 summarizes the supplementary evalu-
ation results graphically. The specific feed rate
is plotted on the abscissa in the same way as in

T the three previous graphs. On the ordinate, the

values of the respective cut points according to

3 TROMP can be read off. The results for the

i; screening tests with the BIVITEC e+ show

g  relatively low cut points. This can be inter-

i s . “:.__:: preted as follows: If the screen deck inclination

© 1is selected too low, a correspondingly lower

9 Representation of the imperfection values for the test series V1 to V5 separation efficiency is to be expected. The
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Calvimear,

12 Cut point comparisons for test series V1 to V5

partition curves are flatter and lie correspondingly further to
the left in the graph (see also Fig. 8). Lower k50 values are the
result. At higher screen deck inclinations — which are necessary
when using machines of the new BIVITEC e+ type series
to achieve high separation efficiency — the “projected hole
length” obviously plays a role. These “projected hole lengths”
are correspondingly shorter at higher screen deck inclinations.
The same hole sizes “act” like a slightly smaller hole length at
higher screen deck inclinations. In practice, when using the
BIVITEC e+, a short, slotted hole instead of a square hole can
be provided at least in the feed side area of the screen deck, or
a slightly longer slotted hole can be provided if slotted holes
are generally specified. This shifts the separation cut to the
somewhat coarser area according to TROMP. As an additional
effect, a somewhat higher separation sharpness can be expected.

4 BIVITEC e+ case studies

As a first example, a screening machine for fines removal from
crushed sands is shown. Shell limestone is screened in a pro-
cessing plant in southern Germany. Fig. 13a shows the machine
without side covers. The upper floating frame is part of vibrat-
ing system 1, the lower floating frame belongs to vibrating
system 2 (see also chapter 1 and Fig. 1). A pre-screened crusher

© Binder+Co AG

13a BIVITEC e+ for fines removal from crushed sands

48 AT MINERAL PROCESSING 02/2022

© Helfried Gschaider

product of nominal particle size 0/2 mm with a relatively high
filler content — defined as proportion < 0.063 mm — is fed
onto the screen deck equipped with 20 slotted punching mats
(Fig. 13b).The screen overflow 0/2 mm with low filler content
(de-filled crushed sand) is the main product and is fed via the
coarse material chute into a silo below. Since in this new type
of screening machine the screen box itself has practically no
oscillating motion, this chute could be bolted directly to the
screening machine. The screen box is mounted on the fines
chute, which guides the screen underflow into the fines silo
directly below and is rigidly connected to it. The inclination of
the deck is 17°.The screen deck width of 1.9 m and the screen
deck length of 6.7 m result in a screen deck area of 12.7 m?
and, at a feed rate of 40 t/h, a specific feed rate of 3.1 t/(m’h).
The rated power of the drive motor is only 5.5 kW.

As a second case study, the screening of moist limestone is out-
lined. Approx. 65 t/h of crushed and pre-screened limestone of
nominal grain size 0/16 mm are to be fed onto a double-deck
BIVITEC screening machine. Each screen deck has an effec-
tive width of 1.3 m and an effective length — measured in each
case from the first screen mat to the last screen mat — of 5.3 m.
Practically two BIVITEC e+ single-deck machines bolted to
each other are mounted one above the other (Fig. 14). The total
nominal screening area is 13.8 m”>. The vibration characteristics
can be infinitely adjusted separately for each screen deck and
changed at the push of a button. Punching mats are used in the
upper deck to realize the separation cut 8 mm. The punching
mats of the lower deck allow the additional separation cut of
4 mm. This is followed by the three screening products 8/16
mm (overflow of the upper deck), 4/8 mm (overflow of the
lower deck) and 0/4 mm (underflow of the lower deck). A
drive motor with a nominal power of only 4 kW is installed
for each screening deck.

In the third project example, a double-shaft log washer, a 2-cell
attrition machine, a screw classifier, a classic linear vibrating

© Binder+Co AG

13b Crushed sand at the screen deck
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14 BIVITEC e+, double deck design for screening moist limestone

screen, a double-deck BIVITEC flip flow screen in “banana”

design and the first BIVITEC e+ with spraying system are

planned as core components for a talc processing plant. The
above machines were designed, engineered and manufactured
at Binder+Co in Gleisdorf and delivered to Brazil. The BIV-

ITEC e+ is used for the realization of the 0.25 mm separation

cut in a rod mill circuit and is equipped with a special spray

system (Fig. 15). As special features of this novel design can be
mentioned:

* The spraying system is completely integrated into the sta-
tionary “BIVITEC e+ screen box”. (Screening box “wet
screening’” is identical with screening box “dry screening”)

* No additional headroom

* No protruding parts apart from the required water connection

 Spraying tubes can be dismantled individually for quick and
easy screen mat change (quick coupling on one side in con-
veying direction on the right, optionally on the left)

* Rinsing tubes can be dosed or shut off individually

* Drain nipple on internal shower water distribution pipe

* Spray nozzles with variable nominal diameters (9 mm, 7 mm,
5 mm)

The inclination of the screen deck is 17°. The screen deck
width of 1.9 m and the screen deck length of 6.7 m result in
a screen deck area of 12.7 m®. A crushing product of a wet-
operated rod mill of nominal particle size 0/4 mm is fed. The
feed slurry contains 15 t/h of solids. The screen overflow is
returned to the rod mill, the fines slurry of nominal grain size
0/0.25 mm is product of the size recuduction circuit. The

(Volume 63)
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15 BIVITEC e+ with integrated spray system

AT MINERAL PROCESSING 02/2022 49



TECHNICAL SOLUTIONS

16 Double deck design “2S", characterized by particularly low headroom

rated power of the drive motor of this screening machine is
only 5.5 kW.

Fig. 16 shows a special design of a double-deck machine of the
new type series in the production hall at Binder+Co in Gleis-
dorf. The two upper floating frames — one in the area of the
right-hand screen cheek, one in the area of the left-hand screen
cheek — are connected to the cross-members of both vibrat-
ing system 1 of the upper deck and vibrating system 1 of the
lower deck to form a single unit (vibrating system 1). Similarly,
the vibration system 2 is composed of the two lower floating
frames, the cross members of vibration system 2 of the upper
deck and the cross members of vibration system 2 of the lower
deck. The vibration characteristic can again be continuously
adjusted. In this design variant, however, it is the same for both
screen decks and cannot be changed separately. In this project,
the lower deck was decisive for the process engineering screen-
ing machine design. The upper deck is, as it were, somewhat
oversized; the vibration characteristics can thus be optimized
accordingly for the lower deck.The main advantage of this type
of machine is the low overall height of the double-deck screen
box.The screen box height of the type EXL/DD-2S 1900 x 6
described here is only 1437 mm. In comparison, a double-deck
design with the type designation EXL/DD 1900 x 6 — practi-
cally consisting of two “stacked” single-deck machines — would
have a total screen box height of 2056 mm. Another advantage
of the EXL/DD-2S type is the reduced number of mechanical
and electrical components. The screen deck width of 1.9 m
and the screen deck length of 6 m result in a total screen deck
area of 22.8 m’. The installed nominal power is 11 kW. This
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machine has already been integrated into a plant for the prepa-
ration of shell limestone in 2021.A pre-screened nominal grain
size 0/5.6 mm is fed, the upper deck handles the separation cut
2 mm (red screen mats), the lower deck is used for fines removal
(screen mats in turquoise color). The overflow of the upper deck
is called product 2/5.6 mm, the overflow of the lower deck is
called product 0/2e (product 0/2 mm with correspondingly
low content of fines < 0.063 mm).The underflow of the lower
deck can be called filler product (fine by-product).

The fifth case study shown is a screening machine for screening
limestone at a separation cut of 4 mm.The machine was origi-
nally intended for the IFAT 2020 (Trade Fair for Water, Sewage,

© Binder+Co AG

17 BIVITEC e+ as core component in a circuit with a vertical impact
crusher
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18a BIVITEC e+ with 35 m2 screening deck area for screening wood
chips
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Waste and Raw Materials Management) in Munich as an exhibit
at the Binder+Co stand. In 2021, the machine was integrated into
a crusher circuit in Austria. Fig. 17 shows the machine with the
floating frame covers (upper cover in turquoise color scheme).
The crushing product of a vertical impact crusher of nominal
particle size 0/11 mm with a maximum particle size of 16 mm
is fed onto the screen deck equipped with 14 slotted punching
mats. The screen overflow passes through a coarse material chute
flanged to the non-oscillating screen box onto a conveyor belt
and is returned to the crusher as a recirculating stream. The un-
derflow chute is also directly connected to the screening machine
and the fines conveyor below it in a practically dust-tight manner,
which transports the end product of nominal grain size 0/4 mm
with an oversize content of < 10 % to free stockpile. Due to the
extremely low dynamic load, the substructure could be designed
accordingly light and cost-efficient. The inclination of the deck is
18°.The screen deck width of 1.6 m and the screen deck length
of 4.7 m result in a screen deck area of 7.5 m”. The rated power
of the drive motor is only 4 k'W.

By the end of 2021, 23 screening machines of the new type

series BIVITEC e+ have already been sold. The screens are
designed for different tasks for the processing of primary raw

™ L e

18b Loading of the screening machine
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materials and secondary raw materials. As a final example of this
article, a task from the wood processing industry is outlined. On
the basis of several screening tests carried out in the Binder+Co
pilot plant, it was possible to design a single-deck machine with
a screening surface area of 35 m®. The feed material is sawdust
with particle sizes in the range 0/20 mm. The effective screen
deck width of this machine is 3.5 m.The 30 screen mats are
designed for a nominal separation cut of 3 mm and result in a
screen deck length of 10 m. Two small electric motors with a
rated power of 5.5 kW each serve as drive. Fig. 18a shows the
machine in the assembly shop and Fig. 18b during loading in
the open-air area at Binder+Co in Gleisdorf.

5 Outlook for BIVITEC e+, areas of application and
additional functions of the “classic” BIVITEC

The machines of the new BIVITEC e+ series will be the clear-

ly better choice for many projects, both in terms of investment

and operating costs. However, there will also be many tasks in

the future where “classic” BIVITEC screening machines will be

used. As fields of application and additional functions of these

“classic” machines the following list can be mentioned:

* Fine to coarse separation cuts (protective deck design possible)

* Half deck for additional cut points possible

* Conveyor floor for medium products or fines optionally
possible

e “Banana” design (e.g. for high fines content)

* Lower screen deck inclination due to screen box basic
vibration

* Higher feed rates

[1] Anibas E: Innovative, energiesparende Klassierung von sieb-
schwierigen und nichtsiebschwierigen Aufgabematerialien. BHM
Berg- und Hiittenmannische Monatshefte (2020), 165. Jg. Heft 8,
S.381-386

[2] Gschaider, H. J.; Kalcher, A.: Qualititssteigerung von Brechsanden
durch siebtechnische Abscheidung von Feinststoffen, Aufberei-
tungs Technik, 42 (2001), Nr. 7, S. 328-335
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R. Todd Swinderman joined Martin Engineering in 1979 as an Engineer in
Conveyor Products, and has served as V.P. and General Manager, President and
CEO, as well as Chief Technology Officer and Technical Director. He holds
more than 140 active patents in 12 different countries. In his work with CEMA
(the Conveyor Equipment Manufacturers' Association) he has been instrumen-
tal in developing consistent standards to improve the safety and productivity
of conveyor systems and components.

Fact or Fiction?
Conveyor “Rules of Thumb”

Summary: This article examines the need for training conveyor operators and maintenance
personnel by discussing the many informal design axioms that have developed over the
years, otherwise known as “rules of thumb". These rules have been developed by trial and
error or from qualitative observations, often decades ago, and are routinely applied via
specifications and by designers.
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he topics picked for discussion — materials, skirtboards and

tracking — will correlate to continuing problems in the
handling of bulk materials by belt conveyor, often contributing
to a lack of understanding and leading to addressing symptoms
rather than root causes. Perhaps the only advice for conveyor
design that has remained true is: Design for the worst-case
conditions. But the reality is that often insufficient funding
or engineering time is allocated to make the needed design
changes to ensure safe and profitable operation.

There are numerous design generalizations that are accepted
as truisms and seemingly require no proof due to their long-
standing use in conveyor fabrication and operation. This begs
the question: If these rules are proven to address common prob-
lems, then why do we still have all the issues of chute plugging,
belt damage, dust and spillage when operating bulk material
handling conveyors?

The variances in recommendations indicate that it’s easy to make
mistakes unless the designer has solid, real-world knowledge in
bulk material handling and can make educated assumptions when
applying the rules. With the “old salts” who developed and hand-
ed down these rules long gone or fast retiring, there is a need to
provide knowledge to the younger operators and maintenance
personnel to avoid the trial and error associated with apply-
ing many of the handed-down design rules. Training based on a

(Volume 63)

combination of industry experience and engineering will greatly
improve design decisions, resulting in higher productivity, fewer
safety incidents and reduced unplanned outages.

Historical design axioms

Many of these design principles undoubtably are the result of
the early years of conveyor use and were developed by trial
and error. Others emerged in codes developed in the early
20% century due to catastrophic equipment failures or as a
result of being clearly correlated to injury risks or industrial
disease outbreaks. Some had their engineering basis in testing
done for early design manuals, but the original data has been
lost. Yet the truisms live on. Then each industry and even each
location developed their own rules, which became written into
company specifications based on somewhat successfully treating
symptoms rather than root causes.

There are often differences in rules by industry and many of
them have no real engineering basis, instead being based on
doing things the “same as before.” Since the modern conveyor
was developed in the early 1900s, much has changed in con-
veyor belt construction, capacities and regulations. Conveyors
are still sources of pollution and accidents, so it seems clear that
“same as before” just isn’t good enough. The rules selected for
discussion in table 1 are just a few of many common conveyor
design guidelines that often contradict each other.
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Limestone, Crushed
Bulk Density
Solid Density
Lump Volume
Slab/Rod Volume ~T=xrf=L
Lump Mass
Slab/Rod Mass

~1440 kg/m®
~ 2700 kg/m?
~ &3 % [Tx r?

~ 4.8 kg
~215kg(L=3 = D)

© Martin Engineering

1" Lump and slab mass example calculation

Material size

As high concentration ore bodies are depleted, the remaining
bulk material needs more processing to remove refuse and size
the material for processing. The cost of raw materials also
drives processors to accept lower grade materials with a higher
percentages of fines. When the quantity, quality or sources
of the bulk material change, the design must anticipate new
handling challenges. It may be that “nominal lump size” is the
biggest lie in bulk material handling, as the actual lump size in
production is typically much larger than the design specifica-
tion. This discrepancy in lump size from specified to actual is
often due to adjusting crushers or screens to increase produc-
tion, from gradual wear or from longer maintenance intervals.

The lump size and % of fines provide guidance on selecting
the belt width and then the skirtboard width and height. In
Table 1 the references state that the lump size is to be considered
2 to 3 times the nominal or specified lump size. The lump size
also influences idler selection due to impact forces. Picking the
maximum lump size also depends on how the material tends
to fracture — into lumps or slabs. It may well be that a slab is
much longer than 2 to 3 times the nominal size, while at the
other extreme, lumps may tend to be more spherical. Under-
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standing the material, its properties and behavior is critical not
just for idler selection, but for many other considerations such
as chute size and slope. Just because experience shows that on
one conveyor limestone flows well on a 50 degree chute slope,
for example, doesn’t mean material from another pit or seam
will flow down the same chute.

Bulk materials are hard enough to handle when consistent in
size, physical properties and percent of fines. In Fig. 1, if the
bulk density of 1440 kg/m? is used rather than the solid or
specific density of 2700 kg/m?, the mass used for idler and
impact cradle selection would be almost 50 % underestimated,
almost guaranteeing premature failures. For a slab or rod shape,
the error could be significantly more than if using the nominal
lump size. Lump or slab mass is a direct variable inputted into
the idler and impact cradle selection methodologies. Correct
maximum size and mass calculations can also affect belt selec-
tion. As the percentage of fines increases, the size of the lumps
that can be tolerated on narrower belts also increases. In this
example, 150 mm lumps and 10 % fines, for a material with a
30 degree surcharge, can be handled on a 900 mm belt, whereas
if the cargo was 100 % lumps it would require a 1600 mm belt.

Skirtboards

Skirtboard width and length guidelines were developed long
before dust was a concern, most likely developed by observation
and experience to determine sufficient height to contain the
turbulent material long enough to allow it to settle into a stable
profile after the belt is loaded. When covers started being used
to control dust, there likely weren’t any changes to the height
or length guidelines. Instead, the same general rules based on
either belt width or belt speed continued to be used, expect-
ing better results. Gradually it was recognized that the velocity
of the air in the skirtboard enclosure had to be controlled to
reduce dust emissions. At about the same time, suppliers and
engineers began paying more attention to the wear liner and
skirtboard sealing details to reduce leakage and spillage.

For the width of the skirtboards, most specifications follow
the Conveyor Equipment Manufacturers Association (CEMA)
recommendation of % of the belt width for most materials or
¥ belt width for free-flowing materials, while the International
Standards Organization (ISO) does not make a specific skirt-
board width recommendation. CEMA and ISO have different
free belt edge formulae for the distance between the loaded
material profile and the edge of the belt. The free edge distance
beyond the skirtboards is to prevent spillage outside the load-
ing chute due to belt sag between carrying idlers. The free belt
edge is often confused with the amount of belt edge necessary
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3 Dual skirt sealing shown with sufficient free belt edge can be
flipped over when worn to double the service life

in the load zone for sealing systems and belt tracking. CEMA
provides some guidance on skirtboard height based on lump
size, but not for dust control.

2
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Skirtboard

Linar

W, = Skirtboard Width
W.. = Sealing System Width
M, = Mistracking Allowance

B,. = 5td. Free Belt Edge

4 Inputs for belt sealing, mistracking and spillage for determining
skirtboard width

Examining all the factors that go into an engineered loading
of material on the belt would require a lengthy discussion of
its own. The % of belt width rule is not generous enough on
narrow belts and too generous on wider belts. ISO addresses
the free belt edge with two formulae, one for belt widths under
2000 mm and one for wider belts. In addition to lump size, a
main consideration for the skirtboard width is the space needed
for the many different types of sealing systems, and to accom-
modate expected belt mistracking, because most belts mistrack
far more than the commonly specified + 25 mm allowance on
a standard pulley face.

w4l

5 Most belt tracking issues result from misalignment of the structure, pulleys and idlers
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Category

Material size

Skirtboards

Tracking

TECHNICAL SOLUTIONS

Guiding axiom

Lump weight 2 to 3 times nominal material mass

Maximum lump diagonal 2.5 times nominal for graded
material and 3.0 times nominal for ungraded

Skirtboard width 2/3 of the belt width, % of belt width for
free-flowing materials

Skirtboard width 3 times the maximum lump size

Skirtboard extension 1.5 m + 0.6 m for every 1 m/s of belt
speed

Skirtboard length 4 times belt width

Training idlers spaced from 31 to 46 m apart, and at least
one training idler on conveyors less than 31 m long

Affects Ref. #

Idler selection, impact force 1

Belt width, chute and skirtboard dimensions 2

Side sealing, belt mistracking 1

Chute clogging, skirtboard dimensions, belt b)
width

Skirtboard dimensions, spillage and leakage 3

Skirtboard dimensions 4

Pulley face width, mistracking allowance, belt 1
cleaning, spillage and leakage

Table 1: Common design rule examples

Fig. 4 illustrates that more than just the free belt edge must be
accounted for in determining W, the skirtboard width. It is
generally accepted that Wy is the inside dimension of the skirt-
board uprights. If the wear liner is of significant thickness, such
as cast iron or rubber blocks, the thickness of the wear liners
should be considered in skirtboard spacing for their effect on

6 Belt edge damage from mistracking
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conveyor capacity. Sealing system designs vary significantly, so
the adequate edge distance in the load zone depends on the
actual dimensions of the sealing system specified.

Belt Tracking

Theoretically, a properly installed and aligned conveyor sys-
tem using a belt within manufactur-
ing tolerances, with square splice(s) and
center loaded should track without the
need for training idlers. If most of the
training idlers are tied off, it indicates
that either they are ineffective or the
belt must be constantly re-centered to
compensate for structural and com-
ponent misalignment or belt damage.
Too many training idlers can interfere
with each other and often make track-
ing worse. The guideline of installing
training idlers a standard distance apart
regardless of the quality of the installa-
tion and operation does not consider
whether they are even needed or how
much correction each training idler
can generate. Sometimes more is less.

If the belt doesn’t have good contact
with the training idlers (= 50 %), the
poor contact can'’t create enough fric-
tional correction forces to overcome
the belt stiffness and move the belt to-
ward the center. It’s the same situation

© Martin Engineering

(Volume 63)

© Martin Engineering



7 Transfer point with enclosure, support, skirt sealing and dust curtains

when knocking idlers to try to track the belt. Over-adjustment
for tracking causes bottom cover wear and consumes more
energy than one might think. Training idlers cost more than
standard idlers and may be adding unnecessary expense with
little benefit.

For a start in locating training idlers, the most critical positions
are before the belt enters the tail pulley, after the loading zone,
before the belt discharges and before the belt enters the takeup.
Portable and underground conveyors may require more train-
ing idlers because of the installation tolerances or distortion of
the structural alignment when portable conveyors are moved.
Most belt tracking problems are related to misalignment of the
structure, pulleys and idlers, not the absence of enough train-
ing idlers.

Conclusion

There are many inputs required to make a safe and productive
conveyor that are not included in the general design rules. Un-
less the personnel dealing with conveyor issues have a basic un-
derstanding of how to treat root causes rather than perpetuate
temporary fixes, problems will almost certainly continue. With
the retirement of many experienced operators and mechanics —
and the difficulty in finding new workers — it becomes critical
that new employees understand the basics of conveyor design
and operation. The homegrown “we’ve always done it that way”
solutions frequently treat only symptoms and not root causes.

Today, there are many options for non-commercial conveyor

training. Many companies offer in-person classes or virtual
training. Some firms use real-time video conferencing with
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cell phones to show the actual problems and discuss solutions
“live” one-on-one. With the increased emphasis on dust con-
trol and safety, using these “same-as-before” rules probably isn’t
going to mitigate the dust emissions or provide adequate spill-
age control, resulting in workers’ unnecessary increased expo-
sure to respiratory disease or safety hazards from cleaning. The
most effective approach to training examines a plant’s specific
conveyor challenges and helps operators run safer, cleaner and
more productively by treating the root causes of its problems.
The one axiom that still rings true: “If you think education is
expensive, try lack of knowledge.”

Literature

[1] Belt Conveyors for Bulk Materials, 7 ed., Conveyor Equipment
Manufacturers Association

[2] Crushing Plant Layout and Design Considerations K. Boyd 2002

[3] Army Corps of Engineers/NIOSH RI 9698

[4] OCC Belt Analyst Training May 2015

[5] Mining research contract report (February 1987); Bureau of
Mines Open File Report 2-88, p. 22; Dust Control Handbook
for Minerals Processing; Contract No. J0235005; Martin Marietta
Corporation. Martin Marietta Laboratories

[6] Conveyor Equipment Manufacturers Association, Belt Conveyors
for Bulk Solids, 7t ed. Fig. 4.2

AT MINERAL PROCESSING 02/2022 57

© Martin Engineering



EURO MINE EXPO

Cutting edge innovations & the latest methods in mining
14-16 JUNE 2022 | SKELLEFTEA, SWEDEN

| Register
today!

Book tickets and hotel
rooms at our website for
best availability.
euromineexpo.com

9 G Euro
200 >50% >40  >30 MineExpo

SESSIONS

Q *BOLIDEN e LKAB (v aspentech HHEGLIJN[ISO

SILVER SPONSORS:

SI E M E N S m . @ RawMaterials ’—‘

N@LIA Euro Mine Expo is organized by Nolia AB



