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Why doesn’t Europe dig anymore?

* Large problem with raw materials
sustainabilityy

* High dependance on the Asian supply

* Recycle rates differing in different regions
of Europe

* Prefering environmental protection over
mining investments has its cost
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Bosnia is digging as never before!
In the heart of mining investments

e Sase (zinc)

* Mili¢i, Jajce, Srebrenica (bauxite)
* Omarska, Ljubija (iron)

e Carmeus (lime)

* Bentoproduct (bentonite)

* Lukavac (cement)

* Srebrenica (copper coming soon)
* Vares (barite, copper) ...
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It is not only the classical mining that we should do! RIS_RESTORF
The tailings hold a large potential too!

* What was wasted a century ago is now a valuable resource

r '—5:'-5.!
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Our approach to raw materials
for nanotechnology

1. Sampling the waste sludge from Bosnian
mines (case study shown here: iron mine
Omarska)

2. AcidiC digestion for removal of organic
matter and rendering the metals soluble
(oxydation)

3. Synthesis of the nanomaterials from the
digested sludge
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RISRESIORE

Various P.A. Grade chemicals obtained from scrap metals (oxides,
hydroxides, nitrates, sulfates ...) combined with surfactants, oils etc

Usual ingredents for nanosynthesis

111 Lots of energy used only for ingredients production !!!

Scheme Connecting matters
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Basic process on the lab scale

1. Sludge separation
2. Gentle acid digestion (slow)
3. Oxidation finished
4. Water dissolution

i i .. . an |
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Synthesis of the nanomaterials

/Vletal ions

Surfactant
micelle

(eit: | Eevaer Supported by: (&it
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Collection of the nanomaterials obtained from RIS-RESTORF
iron mine sludge

2 pm EMT = 1.00 & Sigral A = InLers

[ = 36mm

i |Probe = 0 pA, StageatT= 0.07
Mag® 1213KX _ Golumn Moda = Erossavar Dasbe :5 Jud 2013

Highly porous iron oxide

Highly crystalline hematite with
carbon shell

Highly crystalline cubic maghemite
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State of this invention:

Patent obtained in Sept
2021

We are offering to Arcelor
Mital company the patent
rights in exchange for
employing our students
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BOSNA | HERCEGOVINA, BOCHA M XEPLEEMOBHHA
INSTITUT ZA INTELEKTUAL NG VLASNIETUO WHCTHTYT 34 HHTENEXTYATHY CBOUMHY

Braj. IP-02-48-1-08460/21MD
Daturn: 2021-09-20

Institut za intelektualne viasnidtve Bosne | Hercegovine (u daljem tekstu: Institut), postupajuéi po
zahtjevu podnosioca prijave Univerzitet u Banjoj Luci, 0.J. Prirodno-matematiéki fakultet, Mladena
Stojanoviéa 2, T8000, Banja Luka, BA, za priznanje patenta, na osnovu &l 14, 15, 35 37§38,
Zakona o patentu ("SluZbeni glasnik BiH". braj 53/10), i odredbi Pravinika o postupkyu za priznanje
patenta i konsenzualnog patenta ("Sluzbeni glasnik BiH, br. 105/10). denoasi

ZAKLJUC AK
o objavijivanju prijave patenta - BAP203346A

1. OBJAVLJUJE SE prijava patenta pod nazivom “SINTEZA NANQCESTICA HEMATITA I1Z
AKUMULACIJA OTPADNOG MULJA RUDNIKA ZELJEZA" koja j& upisana u registar prijava
patenata kod Instituta pod brojem BAP203346A, dana 2020-02-18 godine, u sluZbenom glasniku
Instituta, br. 3/2021, sa danom 2021-09-30 godine.

ObrazloZenje

U postupku ispitivanja prijave patenta koja je upisana u registar prijava patenata kod Instituta dana
2020-02-19 godine, pod brojem BAP20334BA. Institut je utvrdio da prijava ispunjava, u cjelosti, sve
uslove odredene &l 35. Zakona o patentu, te na osnovu toga izdaje zakljuéak o objavi prijave patenta,

Pednasioc prijave mode u roku od Sest mjeseci od datuma objavijivanja prijave patenta u sluzbenom
‘glasniku Instituta, podnijeti jedan od tri zahtjeva iz €. 38. Zakona o patenty, te za podneseni zahtjev
platiti cdgovarajuce takse i troskove postupka u skladu sa &.15. Zakona o patentu.

Aka U propisanom roku podnosioc ne podnese jedan od tri gore navedena zahtjeva ili ne plati
odgovarajuce takse i trodkove postupka, prijava patenta smatrat ée se povuienom i Institut &z donijeti
zakljutak o obustavijanju postupka za priznanje patenta,

POUKA O PRAVNOM LIJEKU. Protiv ovog zakljuéka dopuitena je Zalba Komisiji za Zalbe Instituta u
roku od 15 dana od dana prijema. Zalba se podnosi u dva istavietna primjerka uz dokaz o upladendj
taksi i trodkovima postupka.

DOSTAVLJEND:
-padnosiocu prijave: Univerzitet u Banjoj Luci, ©.J. Priredna-matem
Banja Luka, BA
-afa

WEB: wyervt sar ooy ba: e-mail: jplofer cov b
Ejecidte: BI000 Mostar, Knaza Demageja bk | e-rmil: mostargien govan; Fas: +387 36 31 84 20,
Teld Protekel +387 36 33 43 01; Ured drsttora i zamjenika direkiora +387 36 3343 32 (Mostar);
Ispastava Sarajeve 71000 Sarajeva, Bulevar Mede Safmovca 55 lamaia C - 3 sprt: e-mail: sam ey o gov ba:
Fac +367 33 85 27 57: Tel: Protokol +387 33 65 27 85,
Epostays Barga Luka: TE0O0 Banja Luka. Akadomika Jovana Swrutke 1303 a-roml: banjaluka BiE gov.ba | Fax: 387 £ 22 68 41 Tel: +337 51 22 8840
Oculjenje: Nacionaini S Medunardni Sig +387 33 68 27 86, Patenti =387 33 61 B0 9€, 4397 39 3343 B,
Industripki dimjn, Alitarsiai srodna prava +387 38 3343 §1;
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Hypothesis: is it possible to do something similar with the
sludge from bauxite processing (,,red mud®)?
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European red mud: where can we find it?

Lull‘u,ia‘narv(

Deutschland

Poland
i\Berhm

haris u Romania

TBuchare
L ¢ 3uchare
L"agrehﬁroatia 3 elg‘{‘ade"’\—'\f?

b’r\os’m'é'l\éi\B&H "f/

France

~

Google Earth

Malta

¥a,

https://etn.redmud.org/where-is-all-of-the-red-mud/
S Supported by: (&I ) RawMaterials
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RISRESIORE

European red mud: some dissposal data

Stade 1973 Lagooning 1500 150
Gardanne 1893-2012 Sea discharge 690

2012-2014  Sea discharge/Dry stacking n.d. 29.4
San Ciprian  1981-2014  Dry stacking 2175 84
Aughinish 1983 Dry stacking 3000 121
Aluminium of 1966-2012 Sea discharge/ Dry stacking 1200 19
Greece 2012-2014  Dry stacking 749%*
Eurallumina 1977-2009 Lagooning 1200 120

*Calculated as 1.5 times of the production rate of alumina
**Mytilineos Holdings Sustainability report 2014
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Why the Bosnian red mud? RIS_-RESTORF

We have plenty of bauxite and two major accumulation sites (tailings)

Location: Dobro Selo (5M t)
South of the country Location: Dulici-Zvornik (>19M t)

Si= East of the country supported by: (Bc) Fewnvisverise



Even if not using the acidic leaching: RIS-RESTORF

ultramicroparticles are already there!
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Chemical analysis of Alumina red mud by 2021. months is given in the table:

SZ:;:)Z ALO, (%l Fe,0, (%)l TiO, (%) | CaO (%) N(a/z()) ij()) L(()%:) Zno (%)
january 11,19 [ 13,51 0[45,04 §494 |768 421 |446 [7,11 [0,0195
February 9,97 |12,94 §[48,94 5,38 [7,76 [511 524 |6,69 |0,0188
March 11,21 (13,91 M47,31 ¥535 |7,47 |588 |[599 |6,41 [0,0192
fl 10,87 [ 12,88 N44,62 §3,82 7,87 [520 |s5,44 [9,06 [0,0179
May 9,85 (13,40 Ml49,79 05,38 [572 581 [6,27 [6,27 [0,0202
Azj[jege 10,62 | 13,32 147,14 04,74 |7,3 524 |548 |7,11 |0,0191

The pH of the filtrate of the mud is about 12,5. Filtrate also contains certain amounts of all macro and semi components from bauxite/red mud
(Al, Fe, Ti, Ca, Zn..)
Some of the micro components in the filtrate and red mud:

Inmo

Filtrate Cd Co Cu Ga K Li Mg Mn Ni Pb Zn
of red mg/l | mg/l | mg/l [ mg/l mg/l [ mg/l | mg/l | mg/l | mg/l | mg/l | mg/l
>
mud 0,112 | <0.006 | 0,069 | 1,928 | ' _. | 0,058 | 0,003 | 0,009 |<0.010 | 0,979 | <0.001
% % % % % % % % % % %
<
0,067 | 0,0095 | | 0,117 0,06 | 0,006 |0,153 | 0,075 | 0,018 | 0,037 | 0,011

wation
Scheme
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What if we remove the iron component ???

Removal of cca 50% Fe,O,

Doubling of other components !!!

Oeit F'i‘g;":?m Supported by: (Eit RawlViaterials
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What are we trying: RIS-RESIORE

Transforming hematite into other forms of iron oxides

hematit + kvarc porijeklom iz piritne rude - magnetit

FeS,>FeSx+(2-x)S x=1-2 (450-750 °C) Tempereature 600 °C
Time at final T 0,5h
FeS, + 4Fe,0,-> 3Fe,0, + 25 Heat rate 10 ity
Nitrogen flow 50 L/h
2S + 12Fe,0; - 8Fe;0, + 250, Cooling In N2 flow down to 25

Separation

!

e N2 adsorption

. )F(LI[F){ <—  characterisations
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RISRESIORE

Fe:0; (hematit)

TiEats: (reraricie) e Raw red mud: hematite species dominant

CaCO; (kalecit)

: }281 ematit)
: O o it
I :'\lma‘ a&fi (hidrogarnit)
| 1 Si0: (kvare) .
\ . A : I.\'f'i-f,lbo‘h |::l: (magnetit)
4 LA - hasac &aeS: EheY

20 30 -0

2 teta (8)

e Red mud treated with pyrite-dressed quartz:
appearance of the magnaetite peaks 41°, 73°

2 teta ()
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RISRESIORE

XRD

e Red mud treated with pyrite-dressed quartz:
' appearance of the magnaetite peaks 41°, 73°

:‘I‘:Ca 1 O:‘::('}lg'}lu-:mt)
401 (hidrogarni
: }5‘11.0; Uﬂau i

| Fe:53304Ti s.us: (magnetit)

1S RS

ll 14ANMMT
i ai.‘é‘.fﬁ_‘%,. (3abazit)
i SlDzé'krl
: }if e il.menit)
'I
I Na..Sn-\la 135 (kankrinit)

» Different treatments appearance of (TiO,): 32°, 43°, 64°, 83°

2 teta (8)
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RISRESIORE

XRD

1 Fe;O. (lnrna

!}u-% ““;:::';t e Other forms of tiatinum dioxide (rutile and titanite):
Iﬁ:,,_. t-r"ii?.‘ oS aniTS o314 (titanif) 41.5°, 74°, 32°, 42°, 28°, 40°

i':s"‘?ﬁ%h 135 (kankrinit)

: Il"”O til
S‘b ;('hem- t)

ITICI .| rovskit)
1 TiF 001( um)

1 Fe,0, (ma nit)
I \-45 krinit)
1 ClC

e Again magneatite: 42°, 48°, 58°, 74°
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Plan: to make use of the domestic abandoned pyrite mine in Kljuc

.\“ b
Q2
Sjeverozapadno od Kljuéa, u podrutju Muhamedbegove Prisjeke, nalaxi se p&" dnjenje,
koje je jod poCetkom ovog stoljeca istraZivano, a prije 11 svjetskog rata i 1 0. Deralj-
nim istraznim radovima samo su djelimi¢no obuhvacéene lokalnosti Si soje, ¢ija medu-
sobna udaljenost iznosi cko 600 m, vazdudne linije. _
a Vijerovatno &ine cjelinu,
le#ista je veoma nepravilna.
54 mu je orijentirana u pravcu
a dufina iznosi 36 m, debljina

Leziste Sikman izgradeno je od tri rudna tijela medusobno
ali zbog pomanjkanja istraZznih radova to nije utvrdeno. M
Leziste Osoje ima oblik izduZenog nepravilnog soéiva,
sjeverozapad—jugoistok. Zalijeganje mu je verti

je neujednatena i krece se od 1I—5 m.

Na osnovu postojetih podataka moZe se i da orudnjenje pirita kod Muhamedbegove
Prisjeke po genetskim karakteristikama p metamorfnom tipu leZidta, koja su nastala di-
namometamorfozom sedimentnih s o-eshalacionih tvorevina.

Scheme Connecting matters

@ | revaton Supported by: (&It ) RawNMaterials



Success story: Alumina company RIS-RESTORE

*Over 1500 employes
* Absolute European leader

Gs“\uat'm

P )

2 / i NS &

9001

Product
profile

Aluminum hydroxide iy
different grades (wet) 3
different grades (dry)

*Customers at 5 continents e syt M

Adsorpfiongrade W .~ :

* Products reaching 40 countries A ¢

for molecularsieve

(eit )| ot Supported by: (€t ) RawMaterials
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Maybe titanium ? RIS-RESTORF

—\ TiO, 6% becomes 12% !

Doubling of other components !!!

s mmrtm] Af mcmem ENO, Fa
5'2 PE’?‘; ‘ﬁ v -"j l‘ (3 I CLcC ?E_E‘ 70 F’? "‘:
y4

* Titanum ores rutil and anatas contain cca 90% of Ti-oxides
* HOWEVER, in ,,soft” ores, titanium extraction is economical even at 1%

 Red mud is very ,,soft” !l

(eit) | g Supported by: (€t ) RawMaterials
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RISRESIORE

Conclusions:

* |t is important to recognize a need for awakening of the mining in Europe

* The mining can be done in a ,,green” manner

* Not only ore deposits, but tailings as well hold a potential for raw material
exploitation

* One direction of the tailings application should be in nanotechnologies

* Red mud tailings lead the way as one with a very diverse composition

@ | Brgveen Supported by: (€t ) RawMaterials
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Thank you for kindly your attention!

Questions & Suggestions?
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