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MMS-TexHonorua Leachox™ u Aachen™

1. MMS-texHonorusa Leachox™ n Aachen™ Kak Ton-TexHUKa B 30/10TOPYyAHOMI
NPOMBILLJIEHHOCTH

Leachox™ - npouecc ot MMS, pa3paboTaHHbIi KaK SKOHOMWYHAs anbTepHaTUBa A1
nepepaboTKM yNopHbIX 30/10TbIX PyA, Korga npu obbl4HOM cyanidation TepsaeTca
60/1bLLOE KONNYECTBO 30/10Ta M3-3a 30/10Ta, BKAKOYEHHOTO B MUPUT U apPCEHOMUPUT.
Mpouecc Leachox - anbTepHaTUBa 6Mo-BbilenaunsaHuio (BIOX) v BbllLenaymMBaHu1Io Nog,
AaBneHnem (aBToKNaB).

O6bI4HO B 30/10TbIX PYAHbIX TE€NAX €CTb HA BEPLUMHE OKUCAEHHas 30Ha 6e3 cybGUaHbIX
MMWHEpPasnoB, rNybxe 3To MOXeT bbiTb NepexoaHasn 30Ha ¢ cynbduaamm u, bonee
rnybokoe 3aneraHue, rae ecTb TONbKO Cy/ibPUabl C BKAKOYEHHbIM 30/10TOM.

30/10TO MOKET TaK¥e ObiTb BK/IIOYEHO B CUAMKATbI!

30/10TO B OKMCNEHHOM 30HE MOXKET BbITb IEFKO M3BAEYEHO MNPU FPaBUTALMUMU U
cyanidation. B nepexoaHoln 30He Ha4YMHAOTCA YNOPHble pyAbl, raBHbIM 06pasom
03HayaA cybPuabl, KOTOpble YMEHbLIAOT N3BaeYeHue npu cyanidation. N3sneveHme
MoXKeT cHu3nTbca o 70 unm gaxe 60%.

Tam moryT 6bITb YNOPHbIE U ABaXKAbl YNOPHbIe 30/710Tble pyapbl.

[Baxabl ynopHasa 3010Tas pyAa COAEPKUT [ONONHUTENBHbLIA YrNepos NOMUMO
cynbdunaos (B HEKOTOPOM %), KOTOPbIN afgCcopPOUPYET MOH 3010TOrO LiMaHKAA U NMO3TOMY
YMeHbLUAeT X0N04HOEe U3B/IeYEeHME, TaK KaK 3TOT Yr/1epos yXoauT ¢ XBocTamu. 1ot
yrneposa UMeeT Tak HasbiBaeMbli 3¢deKT nper-pob6mHr.

YT106bl HANTM 3KOHOMMYHBIN NpoLecc ANA NnepepaboTKM yNopHbIX 3010TbIX pya, MMS
pa3paboTtan npouecc Leachox™. 3ToT npouecc 6bi1 pa3BUT Ha OCHoBe Toro, Yto MMS
ycrnewHo paboTaeT MHOrO IEeT C YCTPOMCTBOM ra3oBoi ancnepcum Peaktop Aachen™

1. MMS-Technology Leachox™ and Aachen™ High Shear technic in the
Gold industry

Leachox™ is a process from MMS developed as an economic alternative
to treat refractory gold ores, where normal cyanidation loses to much
gold due to the gold included in pyrite and arsenopyrite.

The Leachox process is an alternative to bio-leaching (BIOX) and to
pressure leaching.

Normally in gold ore-bodies there is on top the oxidized zone without
sulphide minerals, deeper it can be found a transition zone with
sulphides, and more deep there are only sulphides with gold included.
Gold can also be included in silicates!

The gold in the oxidized zone can easily be recovered by gravity and by
cyanidation. In the transition zone starts the mining with refractory ore,
mostly meaning sulphides, which enables less recovery by cyanidation.
The recoveries can drop even below 70 or 60%.

There can be found refractory and double refractory gold ores.

The double refractory gold ore contains additional carbon besides the
sulphides (in some %) which adsorbs the gold-cyanide ion and
decreases therefore the cold recovery since this carbon goes with the
tailings. This carbon has the so-called pre-robbing effect.

To find an economic process for processing refractory gold ores, MMS
developed the Leachox™ process. This process was developed since
MMS operates for many years successfully the gas dispersion device
Aachen™ Reactor




KnioueBoe o6opyaoBaHue npouecca Leachox - Peaktop Aachen™.

The key equipment of the Leachox process is the Aachen™ Reactor.

1.1. Leachox™
3TO KOMBUHALMA CAeayoLLMX NPOLLEeCcCoB:

- ®nortauua yrnepoaa

B cnyyae nper-pob6uHra yrnepoaa (480liHan ynopHOCTb), 3TOT yrnepos Ao KeH
CeneKkTMBHO GNOTUPOBATLCA, Npexae Yem GpnoTMpoBaTb cynbduabl (MMS V-kamepa u
G-Kamepa)

- ®notauma cynbdpupgos

YnopHas cynbdugHan pyaa byget cobpaHa pnotaumnen

(MmxodnoT V-kamepbl M G-Kamepbl).

3TOT KOHUEHTPAT cybdpnaos, Hanpumep, byaet TonbKo 10% oT pyabl, HO COAEePHKaTb
90% 30n0T1a

- CBepXTOHKMUI pa3mon

N3 KOHLeHTpaTa cynbduaa oT HopmasibHOro - 100 - 150 MKm BHM3 K muHycC 15, 10 nau
MUWHYC 5 MKM, NpW KOTOPbIX AONOJAHUTENBHO OCBODOOXKAAIOTCA 30/10Tble YacTULLbI,
CKpbITble B MaTpuLe cynbdumaa

(MMS menbHuua RoStar™)

- MpepBapuTenbHoe OKUCNEHUE
370 arpeccMBHOE NepemellBaHne TOHKOMOJIOTOrO KOHLEHTPAaTa C KUCA0POAOM.
(MMS AaxeH peakTop)
Kucnopoga, pacceaHHbIn MenbYailuMmm Ny3blpbKaMu, B COMETAaHUM C UX BbICOKMM
YPOBHEM KOHLEHTPaLUun B AaxeH-peakTope, oKMcaAeT cynbduabl (cosaaeTcs BbiCOKas
Temneparypa).
Cynbduabl Kak NUPUT M apceHoNUPUT NpomnsBoaaT Fe ++ 1 Fe +++ (Ferro, Ferri - noHbl),
AanbHenwme cynbdaTbl U APYrMe MOHbI OCHOBHOTO MeTanna (Meap ++, Hanpumep)
M3BecTb gobaBneHa n Fe-rmapooKncK YyCKOPEHUs, KoTopble He byayT noTpebnats u
noaToMy NOTPATAT BNYCTYIO LMaHMA NO3XKe BO Bpems BbilenadnsaHua. NogobHoe
NMPOUCXOAMT C APYTMMU MOHAMKN OCHOBHOrO MeTanna.

1.1 Leachox™
is a combination of following processes:

- Flotation of Carbon

In case of preg-robbing carbon (double refractory), this carbon has to
be floated selectively before the sulphides can be floated

(MMS V- cell and G- cell)

- Sulphide flotation

The refractory sulphide part of the ore will be collected by flotation
(MMS V- and G- cells).

This sulphide concentrate is for example now only 10% of the ore, but
contains 90% of the gold

- Ultra-fine grinding

of the sulphide concentrate from normally minus 100 to 150 um down
to minus 15, 10 or minus 5 um, which liberates additional gold particles
hidden in the sulphide matrix

(MMS RoStar™ mill)

- Pre-Oxidation

Treating aggressively the finely milled concentrate with oxygen.

(MMS Aachen™ Reactor)

The dispersed, diluted oxygen in combination with the high shear in the
Aachen reactor oxidizes the sulphides (heat is created)

The sulphides like pyrite and arsenopyrite produces Fe++ and Fe+++
(Ferro, Ferri —ions), further sulphates and other base metal ions (Cu++
for example)

Lime is added and precipitating Fe-hydroxides, which will not consume
and therefore waste cyanide later during the leaching. Similar happens
with other base metal ions.




- AaxeH-accuCTUpoBaHMe BbllenaunsaHua (AAL)
[JobaBneH umaHua, BbllenavymMBaHue 30/10Tbix starts.
(MMS AaxeH-peakTtop)

- Aachen assisted Leaching (AAL)
Cyanide is added, the leach of the gold starts.
(MMS Aachen Reactor)

1.2. AaxeH npepBapuTeibHOe OKUCAEHUe
KaK nepsbli Wwar:

Korga ropHas BbipaboTKa BXOAUT B NepexoHyto 30Hy, Bce bonblwasa Yyactb ROM (Pyaa us
WaxTbl) CTaHOBMTCA yNnopHoM (nosy-ynopHas pyaa). CnegosatenbHo, obuiee
n3BsieYeHue 30710Ta CTAaHOBUTCA MeHbLUe, MOTOMY YTO YNOPHasa YacTb NpenATcTeyeT
n3B/IeYeHUIO Yepes cyanidation.

370 rnaBHbIM 06PA3OM HE SKOHOMWYHO B Hayae STOM CUTYaLMUN U TOrAa MOXKHO HavaTb
cpasy ¢ npoueccom Leachox.

Ho pna paboTbl B 3TOT Nnepuog, c STUM MeAJ1IeHHO YBEIMYMBAIOLLMUMCA YNOPHbIM
Xapakrtepom pyabl, MMS pekomeHAyeT BBECTU NpeaBapuUTe/IbHOE OKUCNEHME.

3TO XOpOWMIN N NPUBLINBbHBIA MeToZ, YTobObl CHOBa YNYYLINUTb YMeEHbLUatoweecs obuiee
n3BaeveHune 3010Ta ¢ Hebonbwmnmm pacxogamm Capex n Opex.

To, KaK 4yacTo nyabna 3TOro YaHa npeasapuTenbHOro okncneHusa — nepeg, CIP - nonxHa
NpPonTK Yepes AaxeH-peaKkTop 418 aspaumm, MOXKET BapbupoBaTbca mexay 2 n bonee
NpPoOXoA0B, YTOObI AOCTUIHYTb AONOJAHUTENBHOTO N3BNeYeHUs 2-4% nnaun 6onblue. Ymcno
NPOX0A0B A0/IXKHO ObITb NMPOBEPEHO C IKCNEPUMEHTA/IbHbIM 060pyaoBaHnem MMS nan
B MacwwTabe 3UP Ha TeppuTOpUMN.

MNpeaBapuTenbHOE OKUCEHUE O3HAYaeT YCTaHaBINBATb AaxeH-peaKTopbl B OTAE/IbHOM
yaHe nepep Cyanidation (CIP) n no6aBaatb Kncnopoa 1 nepemelinBatb, NPoMNycKas
nyabny yepes oanH nan bonee napannenbHo paboTatowme AaxeH-peakTopsbl.
Kucnopog HanagaeTt Ha NOBEPXHOCTb Cy/IbPUAO0B, NepemMellnBaHne NPENATCTBYET
naccMBMPOBaHUIO NoBepxHocTel cynbdunaa, u c ussectbto Ca(OH), Fe ++, Fe +++u
ApYyrve OCHOBHble MeTa/l/lbl YCKOPEHbI KaK rMAPOOKUCK, yMeHbwne noTpebneHne NaCN
B nocneaytowem CIP. M3-3a pacTBopeHHOro Kncnopoga 3anycku Cyanidation ¢ 6onee
Bblcokum DO ypoBHem .

1.2. Aachen Pre-oxidation
as first step:

When the mining enters the transition zone, more and more parts of
the ROM (Run of Mine) are getting refractory (Semi-refractory ore).
Following that the overall recovery of the gold is becoming smaller,
because the refractory part drops in the recovery by cyanidation.

It is mostly not economically at the beginning of this situation to start
immediately with a Leachox process.

But for operating in this period with this slowly increasing refractory
ore character MMS recommends to introduce pre-oxidation. This is a
good and profitable method to improve the decreased overall recovery
of gold again with spending little Capex and Opex.

How often the pulp of this Pre-oxidation tank — in front of the CIP - has
to pass through an Aachen aerator can vary between 2 and more
passes to achieve additional recoveries of 2-4% or more. The number of
passes has to be tested with MMS pilot equipment or in plant scale on
site.

Pre-oxidation means to install Aachen reactors in a separate tank in
front of the Cyanidation (CIP) and add oxygen and shear by recycling
the pulp through one or more parallel operating Aachen reactors. The
oxygen attacks the surface of the sulphides, the shear hinders the
passivation of the sulphide surfaces, and with lime Ca(OH)2 the Fe++,
Fe+++ and other base metals are precipitated as hydroxides, reducing
the NaCN consumption in the subsequent CIP. Due to the dissolved
oxygen the Cyanidation starts with a higher DO level.

1.3. AaxeH-accucTMpoBsaHue Bbllesla4unBaHUA:

1.3. Aachen assisted leach:




C aTum meToz.om A06aBNEHUS KUCA0POAa NOCPeaCcTBOM O4HOr0 uan 6onee AaxeH-
peakTopoBs B nepsom pesepsyape Cyanidation (Tam y»ke ecTb go6asneHHbIn NaCN, Ho
HWKaKoro yrnepoga B ciyyae ClL-npouecca) notpebnenne NaCN moKeT 6biTb
YMEHbLIEHO U MOHOE BPEMSA BbILLENAYNBAHMA COKPALLEHO (aIbTEPHATUBHO,
NpPONycKHan cnocobHOCTb PyAbl MOXKET BbITb yBEIMYEHa).

With this method of adding oxygen by means of one or more Aachen
reactors in the first tank of the Cyanidation (there is already NaCN
added, but no carbon in case of a CIL-process) the NaCN consumption
can be reduced and the overall leach time shortened (alternatively the
throughput of ore can be increased).




Photo 1a and 2b.
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Photo 1a and 2b.. AaxeH -npeaBapuTesibHOE OKUCAEHNE N AaxeH -aCCUCTUPOBaHKNE
BblleNnaunsaHms Ha Gold mine B Adpuke

Photo 1a and 2b.. Aachen Pre-Oxidation and Aachen Assisted Leaching
on an African Gold mine

1.4. AaxeH

AaxeH-peaKTop — 3T0 TOP-YPOBEHb ANA AUCMEepralmm rasa yepes sto YCTPOMCTBO
nepemeLlleHns macc. KOHCTPYKUMA BKAOYaeT

KapTpUOXK A8 aspauum C Kamepamu, NoaaepsK1BatoLme BbICOKYIO TypbyAeHTHOCTb.
BK/1tOYEHHbIE 3/1€MEHTbI KOHCTPYKLMM ONTUMU3NPYIOT 3pdeKTUBHYIO nepeaady rasa s
Xuakyto dasy. Kpome Toro, Mmeertcs nosbileHHOE BO3AENCTBUA Ha cpeay
¥uaKoe/Teepaoe n Aob6aBAAETCA NOBbIWEHME TEMMNOB PeaKkLnK, KOTOPble 3HAYUTENIbHO
Mea/ieHHee NPOXoAAT NPU HOPMasIbHbIX YCNOBUAX U HU3KOW CKOPOCTU NepemellnBaHms.
AaxeH An3aiH COCTOUT U3 KapTpuAaxa M Kamep nepemelinsaHma. Ans obecnevyeHus
BbICOKMUX CKOPOCTEN, AeTanu B KapTpUaXKe U B Kamepax nepemelnsaHnA BbiNOJHEHbI U3
abpasnBOCTONKMX MaTepuanos. Kopnyc aspatopa M3roToB/EH M3 HEpXKaBetolLel cTanu,
Torga Kak Apyrue 4acTu BbINOJIHEHbl U3 YIAepoAUCTON CTanu C NOBEPXHOCTHOM
3aLLUTON.

1.4. Aachen™

The Aachen™ Reactor is a high shear gas mass transfer device. The
design combines an aerator with following high shear producing
chambers. The incorporated shear optimizes an efficient gas transfer
from the gas to the liquid phase. In addition, the prevailing
environment has beneficial impacts on the solution/solid interface
reactions and adds a boost to reaction rates which are considerably
slower under normal conditions of a low shear environment.

The Aachen design consist of a cartridge followed by high shear
chambers. Parts of high velocities in the cartridge and in the mixing
chambers are built in wear resistant material. The Aerator housing is
fabricated in stainless steel, whereas the other parts are built in carbon
steel with applicable surface protection.




Aachen Reactor

Section for Cleaning

Oxygen Suoply — Aerator
Gas Dissersing
Gas Dissolving
High Shear Area
Pula F cw Direction
High Shear Area




1.5. MMS-RoStar™ menbHuua 1.5. MMS-RoStar™ mill

BepTuKanbHaa MenbHULLA CBEPXTOHKOIO M3MesibYeHUsA C ONTUMU3UPOBAHHOM Vertical Ultra-fine grinding mill with an optimized rotor-stator geometry
reomeTpuel cTtatopa poTopa ANA: for
- Higher energy efficiency
- bonee Bbicokan 3¢pPEKTUBHOCTb MCMOb30BAHUA IHEPTUM - Improved liberation
- YnyyweHHoe ocBoboXKaeHne - Increased operation period
- YBeNUYEeHHbIV OnepaLnoHHbIi Nepros, - Faster maintenance

- bonee bbicTpoe obcnyKnBaHUe

Photo 2.

Photo 2. MMS RoStar menbHuMua —[MMN0THaA ycTaHOBKa, 75KBT, NOMELLEHHanA B Photo 2. MMS-RoStar-Pilot unit, 75 kW,
20" KOHTEeNHEep. fitted in 20” container




2. MMS npeanoxeHue No UCNbITAaHUAM

[ouepHas komnaHma MMS B HOxkHoM Adprke MMSA pacnonaraeT nabopaTtopueit ana
WCNbITaHMA BCEX BUAOB MWHepanos u pya. Y Hac ectb B MMSA Bce Heobxoanmoe,
4yTO6bI OLLEHNTb AaxeH-TEXHOOTUIO ANA NPefBapUTeIbHOr0 OKUCAEHNA,
AaxeH-acCcMCTUPOBaAHUE BblwenaymsaHua n Leachox.

O6bem paboT 6yaeT obCyKAEH AOMNONHUTENBHO AN PA3/IMYHbIX 06Pa3LLOB U MOXKET
BKAIOYATb B CebA cneaytouee:

- TunoBoe nccnefoBaHME U XapaKTEPUCTUKA

- XMMMYECKMN OCHOBHOM aHaNn3

- Quemscan

- OpobneHune 1 nsamenbyeHne go muHyc 71um (unm 6onee menko/6onee rpybo B
33aBMCMMOCTHM OT Anbepusaumn),

- ['paHynomeTpuYecKuin cocras,

- PacnpepeneHune 30n10Ta No pasmepam,

- Cenapauus rpasutauuen

- ONTMMU3aLMA BbllLEe1aYMBaHMA HA TPAaBUTALMOHHBIX XBOCTaX WK Npsmoe
BbILL,E/IaYMBaHNE PAa3MOJIOTON pyapbl

- TectMpoBaHue cyanidation - ucnbiTaTesibHas paboTa

MpeaBapuTesibHOE OKUCAEHME C AaXEHOM, C KMHETUKOM Bbil,elauynBaHus

- AaxeH-acCMCTMPOBAHME BbILWENAYUBAHUSA, C KMHETUKOM BbilLlenaynBaHusa

- CpaBHUTENbHOE MCNO/Ib30BaHME BO34yXa BMECTO KMC/I0opoaa

- Leachox (UFG, TecTbl nab. pnoTMpoBaHus, NpeaBapuTebHOe OKUCAEHNE U
BblL,eaunBaHune gns GJOTOKOHUEHTpaTa)

- XMMMYEeCcKnit aHanms

- Otvyer

2.

MMS Test proposal

The sister company of MMS in South Africa MMSA is operating a
laboratory for all kind of mineral ore test work. At MMSA we have the
facility to evaluate the Aachen technology for

Pre-oxidation, Aachen assisted Leaching and Leachox.

The scope of work will be discussed for the different samples and can
entail the following:

Sample preparation and characterization

Chemical head grade analysis,

Quemscan

Crushing and milling down to minus 71um (or finer/coarser

depend on liberation)

Particle size distribution,

Size-by-size gold distribution,

Gravity separation

Leach optimization on gravity tails or direct leaching of the milled

Baseline cyanidation leach test work

Pre-oxidation with Aachen followed by kinetic leaches

Aachen Assisted Leaching followed by kinetic leaches
Comparison of air versus oxygen

Leachox (UFG, Lab-flotation tests, pre-oxidation and leaching of

flotation concentrates)

Chemical analysis
Reporting

3. ®oTorpadumn nabopatopHoro obopyaosaHma MMSA

3.

Pictures of the MMSA Laboratory




Photo. 3. Laboratory Aachen / JlTabopaTopHbiit Peaktop AaxeH
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Photo 4. Leach-tanks / /lTabopaTopHble pe3epByapbl 414 BblllenaynsaHuaA




Photo 5. Imhoflot-G-cell / labopaTopHaa MmxodnoT G-kamepa
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