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Abstract. For several decades the KOMAG Institute of Mining Technology has been involved

in a construction of pulsating jigs - devices for a gravity beneficiation of hard coal. The
conducted research and conceptual work enables their constant development, resulting in their
high reliability and efficiency. The article presents the latest design solutions and examples of
implementations of the KOMAG state-of-the-art pulsating jigs in the Polish hard coal mines.
The operational principle and possibilities of an innovative control system of the KOGASTER
SSWO jig node are also discussed

1. Introduction

A beneficiation has a decisive influence on the quantitative and qualitative parameters of commercial
products. It is the basic process in Polish preparation plants of mineral raw materials. The
beneficiation process of hard coal in jigs is an extremely important part of a production process of
commercial assortments, serving the purpose of improving the quality of extracted raw material and
achieving quality parameters of the products required by recipients. The quality of raw coal is
improved by subjecting it to a series of technological processes, among others a beneficiation process
in pulsating jigs [1]. The following paragraphs present a historical outline and solutions of the latest
devices designed at the KOMAG Institute of Mining Technology for a beneficiation process of hard
coal. Particular attention is paid to state-of-the-art solutions of OM fine grain jigs and OS medium
grain as well as to new solutions used in them.

2. Historical background of KOMAG pulsatingjigs
The first jig constructions were developed at KOMAG in 1955. Since then, pulsating jigs in the Polish
preparation plants have been the basic devices, used in hard coal beneficiation processes.

Initially, the devices, having air chambers placed along the axis of the jig, next to the working bed
[2], were constructed. They had the following markings:

* OBM (fine coal air pulsating jig),

« ODM (fine coal double trough air pulsating jig) ,

» OBZ (grain coal air pulsating jig).

These jigs were characterized by big dimensions and big weight.

In the 1970s, at Komag, the first Polish jigs were designed with air chambers located under the
sieve deck, built in lower boxes, transversely to the longitudinal axis of the jig [3]. This solution is
used until today. Jigs for beneficiation processes of various grain classes are constructed, including:

» fine grain jigs - OM (figures 1 and 2), grain class 20-0(0.5) mm,

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



INNOVATIVE MINING TECHNOLOGIES (IMTech Scientific and Technical Conference) IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 545 (2019) 012008 doi:10.1088/1757-899X/545/1/012008

¢ medium grain jigs - OS, grain class 80 (50) -Oni2y),

* grain jigs - OZ, grain class 120 (200) -20 mm.

A construction is subject to continuous modern@aj in line with the expectations of customers,
both in terms of the shape geometry of the of lolaetes, fixing of sieve plates, an improvement of
automatic reception control devices of heavy preéslymulsation valves and working air collectors [4]

Figure 1. "Pniéwek" Mine — a replacement of old OM24D3E dautsbugh jigs for OM15 single
trough.

3. Construction and operational principle of a pulsating jig

3.1 Construction of main components

The jig is composed of working compartments, whirttlude lower boxes and upper boxes called
working trough. The jig upper boxes are equippett wieve plates, working air collectors, pulsating
air timing gear and collecting devices of benefioia products. In the lower boxes there are two
pulsating chambers in the shape of a bell, to whichking air is supplied, causing a pulsating
movement of water and the collectors feeding thestovater at adjustable flow [5].

3.2 Jig principle of operation

A beneficiation process in jigs consists in using tate of sinking in the water of grains differiimg
density. The beneficiated material undergoes cgclaosening in the pulsating water medium, which
causes its stratification and transport to thessrfof the sieve bed towards the separation zotieof
beneficiation products. The pre-prepared mixturehafd coal grains, fed to the working box, is
subject to pulsation in the water medium on theesjgates in the subsequent working compartments
of the jig [6]. The pulsating movement of watertle working chamber, generated by compressed air,
causes stratification of the material [6]. Durimg twater upward movement, the material resting on
the sieve, is raised, then it falls down towardsgieve deck.
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Subjecting the material to multiple pulsations @Decycles per minute) results in a separation of
the material into layers, from the grains with ttighest falling speed, located on the sieve baard,
the grains with the lowest falling speed, carriedhe surface of the material under beneficiatidre
stratified material moves continuously towards #Heparation zone, at the end of the jig working
compartment [3].

On the basis of measurement signals and contitbleofollection system of beneficiation products,
the beneficiated material is separated into theeuppoduct (coal concentrate) which flows over the
overflow threshold, ending the single jig companitand the bottom product (waste), discharged to
bucket conveyors through the collecting channedtied below the sieve deck [5, 7].

3.3 Designs of KOMAG jigs
Table 1 [8, 9] presents a list of pulsating jigsigeed at KOMAG in the years 1955-2019.

Table 1. List of jigs designed at KOMAG over the years 12889 [8, 9].

Production Jigs type Place of application
period
1955-1970 OBM12, OBM15, OBSZ15, Coal mines: "Anna”, "Rbiensko”, "Knurow”,
0OBZ10, OBZ12 "1-Maja”, "Nowy Wirek”, "Mystowice”,
"Ryduttowy”, export to China, India and Vietnam
1971-1985 ODM10, ODM18, ODZ15, Coal mines: "Bogdanka” "Borynia”, "Ebiensko”,
OM12, OM12-2, OM12-3, "Gliwice”, "Halemba”, "Knurow”, "Krupinski”,

OM12-3S, OM12G3, OM12P3, "Jankowice”, "Makoszowy”, "Marcel”, "Pnidwek”,
OM12L3, OM18P3, OM18L3, "Dymitrow”, "Ryduttowy”, "Sosnica”, "Staszic”,

OM24-3, OM24D, OM24B3, "Wujek”, "Szczygtowice”, "Wawel”, "Zabrze”,
OM24D3, 0z18L, 0Z12, "Zofibwka”, "Moszczenica”, export to Brazil, India
0z12L, 0Z12P3, OS36D3, and Romania.

0Z36D3, OC8, OC10

1986-2014 OMB8L2e, OM8L2E, OM10L2E, Coal mines: "Andaluzja”, "Anna“, "Barbara-
OM15P3E, OM12P3E, OMPE- Chorzéw”, "Bogdanka*“, "Borynia”, "Budryk®,
3x6,5, OM18L3E, OM18P3E, "Debiensko”, "Halemba”, "Jastrgbie”, "Jasmos”

OM20P3E, OM20L3E, "Knuréw”, "Krupinski”, "Marcel”, "Pniowek”,
OM24P4E, OM24L4E, "Rozbark", "Rymer”, "Ryduttowy-Anna”,
OM24D3E, OS24D3E, OM30- "Sosnica”, "Staszic”, "Szczygtowice”, "Wawel”,
3E, OM18 3x8, OM30D3E, "Wujek”, "Zofibwka”, export to Czech Republic
OS30D3E, OM30, 0718, and India.
0Z18L3E, KOD Jig .Budryk” Mine for destoning of the run-of-mine.
2003-2018 Pulsating Classifiers K-100, KSM sp. z 0.0. in Borxin, PPMD KRUSZBET
K-150, K-50, K-80, K-101, S.Ain Suwalki, PRIa. Surowce Sp. z 0.0. in
K-102, K-151 Januszkowice, PUHM "M+” Sp. z 0.0. in

Kedzierzyn Kale, Zwirownia Bierawa, PRESTO
Emil Potr¢, Rokitno, Rent-Pol - Przezchlebie

2014-2020 OM30, OS18 L, 0S18P, OM15LCoal mines: "Sénica”, "Krupinski”, "Pniowek”,
OM15P, 0S4, OM20, OS18L  "Budryk”, "Zofibwka”,
0S18P, OM24, OM15L and ZG "Eko-Plus”, ZG "Sobieski”.
OM15P, OM30, OM24 "Bielszowice” Mine, "Bogdanka” Mine.

Within 65 years, KOMAG developed technical docuraéinhs of over 200 types of jigs and 120
other beneficiation devices.
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4. New solutionsused in KOMAG jigs
The followings examples shoiimplementations of jigs, designed WOMAG over the years 20-
2020.

4.1 Coal MechanicaProcessing Plar at "Pnidwek" Mine
In 2016, atkomag, a modernization projeof a beneficiation noddor the Coal Mechanical
Processing Plant at "Pniéwek" M was developed. A aternization mainly involvea replacement
of 4 OM24D3E double trougjigs for 8 OM15single trough jigs, and ase of more efficient buck
conveyors. The first system of the upgrabeneficiation node was stad in 2017. The next ones w
startin 2019 and 2020.The modernizbeneficiation node (figurd) consists 0i4 beneficiation
systems, each of theimequipped witt

* two fine coal jigSOM15L and OM15P (20-0 mm),

» two bucket conveyors-B000 of capacity 250 t/h and 150 t/h.

| Figure 2. OM30 fine coal jig ,Sénica” Mine| | Flgure 3. Coal fines beneficiationnode at
1 [8]. i ' | “Pniowek” Mine after modernizatic.

Designed OM15 fine graifigs working in the 200 mm grain size classdfigure 6) achieve a
capacity up to 300 t/h. They use a new solutiothefFesto pneumatic actuatwontrol system (figure
4), reducing the sensitivity of the system to thatool ail contamination. A rmadernization of the plai
was carried out in cooperation with the ebowa Company.The jig uses a new type of prod
discharge (fiugré), extending the working surface oe working deck and reducing disturbas of
the material layer at th@resholc
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J

Figure 4. KOMAG pulsation valv. Figure 5. Discharg of product - sliding
damper.

Figure 6. OM15L and OM15P new jigs - “Pniéwek” Mine.

4.2 Coal Mechanical Processir Plant at "Budryk” Mine
In 2017, new jigsand bucket conveyors were designed :OMAG for the Cos Mechanical
Processing Plant at th#udryk" Mine. The first system of the upgradéeéneficiatiol node is
scheduled for commissioning in 20 The modernized beneficiation nodégre 7) consists of 2
beneficiation systems, each of which is equi) with:

e 3 medium grain jig©S18 (L and P) (70-2 mm),

* 5 bucket conveyors BOOC of capacity 220t/h.

0S18 medium grain jigdigure 8), of 250 t/h capacity, are intended fobeneficiatiol of grain
sizes 800.5 mm. Slotted sieves S = 5nare used in them. Additionallyre hypertrophic product
directed to the UP 1000x1500 crushers, whererigggcled up to 12 mm after crushing. The sec
beneficiationsystem is equipped wi

e 2 fine coal jiggOM20 (12-0 mm),

e 4 bucket conveyors BOOC of capacity 220 t/h.



INNOVATIVE MINING TECHNOLOGIES (IMTech Scientific and Technical Conference) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 545 (2019) 012008 doi:10.1088/1757-899X/545/1/012008

A construction of the secondary beneficiation sysemables an operation of only one jig. In the
secondary fine coal jigs OM20 (figure 9), for a eficiation in the grain size class of 12-0 mm wath
maximum capacity of up to 250 t / h, a rubber sigegek is used. A modernization was carried out in
cooperation with the following companies: Famur SPemug S.A. and Fugor Sp. z 0.0.

i
'

Figure 8. The secondary beneficiation Figure9. OM20 fine coal jig - "Budryk” Mine.
system — OM20 two fine coal jigs.

4.3 Coal Mechanical Preparation Plant at “Borynia-Zofika-Jastrzbie” Mine,” Zofidwka” Mine

In 2018, a jig design was made for the Coal Medata@niProcessing Plant at "Borynia-Zofiéwka-
Jastrzbie" Mine, “Zofibwka” Mine. The new system will bstarted in 2019.The first modernized
beneficiation node system (figure 10) consists @ddM24 fine grain jig (20-2 mm), of maximum
capacity up to 640 t/h. It uses perforated sievexksl Lv 25x5 30x20. The presented jig is the only
device in Poland having the working bed width 0d@%nm.
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Figure 10. OM24 fine coal jig - "Zofiéwka” Mine.

In the modernized beneficiation system an innoeatelution of the jig feed boxes, with an
overflow channel and a spray, which improve anarniity of the material distribution before the jig
and a better use of the working bed (figure 11) wsed. The modernization is under realization in
cooperation with the following companies: Carbo-Bgn 0.0 and Fugor Sp. z 0.0.

Figure1l. he sysm of directing fed to the OM24 jig.

4.4 Coal Mechanical Processing Plant at "Sobieski” Migi Plant
In 2019 the jigs for Coal Mechanical ProcessingnPlat "Sobieski” Mining Plant will be
commissioned. The project was completed in 201& mModernized beneficiation node consists of

two fine coal jigs (figure 12) OM15L and OM15P waong in the grain class of 30-2 mm, with a
maximum capacity of up to 320 t/h each.
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Figure 12. OM15L and OM15P fine coal jigs at "Sobieski” Minifjant.

They will replace worked out two-compartment Allmakjigs. The new jigs will beneficiate three
products. An installation of three working compagtits replacing two jigs, due to an insufficient
length of the working area, required shorteninghef working compartments to 2200 mm. The decks
made of slotted sieves S = 5 mm, were used in tiModern WZL1 2.8x6.0 screening machines,
washing the material below 2mm, shown in (figurg Y&re applied in front of the jigs.

Figure 13. WZL1 2.8x6,0 screening machines at “Sobieski” Mqlant.
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5. Summary

Modernized beneficiation node systems in the "BldtjriBorynia-Zofiéwka-Jastrgbie", “Zofibwka”
Mines and "Sobieski" Mining Plant will be equippaith KOGASTER SSWO - modern jig node
control system (figure 14).
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Figure 14. KOGASTER SSWO jig node control panel.

Among many functions of the system, it enables,rapuihers:

* a control of water pulsation process, with a passilof changing the length and number of
phases (inlet, outlet and gaps between them) ofptisation cycle, independent for each
working compartment,

e an automatic adjustment of heavy products colladgticluding a measurement of the culvert,

« aselection of the opening range of heavy prodischdrges,

« monitoring of the jig operation with a possibiliy signalling irregularities,

e aspeed control of bucket conveyors,

e a measurement and recording of monitored parametardividually for each
compartment [10]

The system, based on online measurements, showsoagnt and it estimates calorific value of
produced coal concentrate.

6. Conclusions
The modernization projects on beneficiation systeammducted at KOMAG, were carried out in
cooperation with their users, which resulted inreaton of innovative technological and design
solutions. KOMAG researchers also cooperated withero research and development centres,
universities and producers. During more than 60 sy@d jig design history at KOMAG, all their
components were subject to structural changesni¥die innovative features of developed jigs are:

« an efficiency increase,

* an improvement of beneficiation accuracy indicagtors

* areduction of technological water consumption,

* areduction in the installation area which resuited weight reduction.
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An improvement of the coal concentrate qualitygiaen technological parameters, was achieved,
among others, due to:

e an installation of KOGASTER jig control systems,

* an automation of media control,

e amodernization of the air supply system (pulsatialves),

< amodification of the heavy product collection asbhy.
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