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Table 1: Specifications of.chemicals used in the flotation experiments.
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Figure 1: Sample preparation process for carrying out different laboratory experiments.
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Table 2: Specifications of used tabling and jig.
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Table 3: Chemical composition of ore sample determined by XRF.
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Figure 2: X-ray diffraction pattern of manganese ore sample.
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Table 4: Determination of pyrolusite liberation by measuring the particles surface using
JMicroVision software.
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Figure 3: percentage of pyrolusite liberation degree as a function of particles sizes.
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Table 5: Wet sieve analysis and chemical analysis of different size fractions after crushing
the sample under 2 mm.
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Table 6: Wet sieve analysis and chemical analysis of different size fractions after rod

milling.
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Table 7: Results‘obtainedfrem jigging separation method in different size fractions.
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Table 8: Results obtained from tabling separation in different size fractions.

. ?33b (1) b3k (1) sbe ) .
! Lt &g )
. ol STyg5 olal
SI) il SE) CaO MnO CaO MnO | () i | Jpaxo
\ilg Vg YY/A YAy YV/¥ o lucs
s cxise YAE) Yef o1 VY vEIf S XA
e —FY DLV A
FY/A \ FYI00 ¥y YEIY dbl, | 9T
Voo Voo FV/A0 \Y/iP Voo S155
60 OY/ YYIY FY/A V/f o yilucs
. - AR YAIP Fa/f YW/ YF/A Sles Aa Y
. . ,Sno— T
OYN# VA OY/d $IV FO/A albly o3
Ve Voo \tZA VO/4 Ve S19>
A-Y AN YA/D FY/A VO o il
fY/- ¥ Yy fo/f \olp FY/Y oo
V-4 YSIAY 059550 YO+ A+
FE/Af Y\/4 LATAIN Uy FY/¥ albsly
Ve Voo ) YoV Ve S5
Ay YY/Y YA ov/s Volf o il
FATO YA fV/I7 \£13 £Y/Y Sl
- I$Y YZIY 09550 — VO
FO/NO Ya/f ¥ Vg FYIY albl,
Ve Voo fe/A Ya/A Ve S5




bl (g 4 Gyl -Y-Y

Sz bawgs Wy b o (oo Vo olge Galaz g e (oo Ve olal B (oS08 S 5l B pro iged
o emabliie LBl sla iolel s 0l 53 (eo=VA+ M) 19,50 VA 5 oll b (gl alo sl

00l 03,91 Jgaz ;0 ool s 4 zuls a5 ol bl calisee sla ylowe Do 40 sdel Cews 4 diges (S,

L ol oo s S VY (lags o )0 a5 el oy OYID 0,5LiS o MNO [l s iy Can

IEFI5 381 Ay LOYIY 5IMNO oL « (LOVIE 5 LAY Jhs ;5 S S2alS b eologe s il

o it gl asso S e il e a3 S VY 5 VB sl (ylowe S s o 5 4

50 oy PP oLk o MNO s ,0 OY/F L b ccasl (F/V) ol uwasl o (OFNVFP) Lislas o205l

coablize gy 4 wloe 5l Jolb s A Jgus

Table 9: Magnetic separation results.

Al oo Cawd M VVY lae o

oml |25k (1) st (1) sbe
bt &y
S CaO MnO CaO.#| MnO _|. (1) 39 | Jypaxe Ohed) i 8
ShH (SE)
\a OY/Y VoA I PIN VAN 0 yislwsS
Y/av AN ay/\ \ZA LRI \ AN AVA albL VY
Ve Ve Y$/f VA Ve ST
RV 7e¥ \idid OY/Y ARVid 0 yiluaS
YIAN O-IvY RN Ya/s Y0 arf YAF albl Vo
V. Voo YVIY \AIS Ve 5,55
/A 44 \PIY g4 YY/® 0 yislasS
AR OY/NF RAS Yot Y10 N¥ Yv/¥ albl \IVY
v Ve YVIY | WAF Ve ST

Ogwlighd gy 4 glolda —F-Y
oolictal b wilisie slapH ;5 (SlSie (yenlisht sl (2oles] e09 )80 100 25 B b diges 03,5 Ll gloms

Coldil Glgs 4 pleonds Slge glgl jpam )5 5 Gl glacdale o SsslS 5 Soul slo,esIS glgilyl




sl iolesl 5l ol Cavas albl g o, 5luaS sladiges oloowds 3JUT 51 o 0l plogl caisS Jlad g sousS

5 odeh s a4 aigy bl ph iad ol obsb g e bl Ll Lyl s g ags slo iole;l ccalize

o9 sle) SIS 5l eoliiwl b ygumlight sla iolej] 5l ol s 4y gy zulis .ol oo 03,91 Vo Jgo

Sl GeadlTy Yo/ L aslae )0 YF/IO) iwlas 205l o (UFFIA L aslae ,o YVIF) oL5L Ll ey

o8 Jae Jlielsil 5 ol wilgs oo Sl sl giSIS S SO I 51 g el

(5l gld s pialojl )0 eolistwl 5,90 dig bl 1Y+ Jgux
Table 10: Optimal conditions used in the flotation experiments.
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Table 11: Comparison of optimal results obtained from anionic and cationic flotation

experiments.
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Table 12: Comparison of grade, recovery and separation efficiency obtained from the
combination of different beneficiation methods.
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Figure 4: Types of pyrolusite based on size and texture in the studied ore sample by
scanning electron microscopy. A: Liberated pyrolusite (bright particles) and“interlocked
with calcite. B: Disseminated fine pyrolusites inside the calcite mineral. C: X-ray mapping

of Mn in Fig. B shows that the bright parts are pyrolusite. D: X-ray mapping of Ca.n Fig.
B shows that the gray parts are calcite.
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Figure 5: Flowsheet of combination of gravity method (tabling) and cationic flotation.
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Figure 6: Flowsheet of combination of gravity (jig) and high intensity wet magnetic
method.
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