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Factor Coding: Actual

3D Surface

Recovery (%)
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Recovery (%)
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Factor Coding: Actual

3D Surface

Recovery (%)
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Factor Coding: Actual

3D Surface

Recovery (%)
Design Points:
@ Above Surface
@ Below Surface
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Design-Expert® Software
Factor Coding: Actual

Recovery (%)
@ Design points above predicted value
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X1 = A: Collector
X2 = E: Solid percent

Actual Factors
B: Frother = 40
CpH=116 50
D: Particle Size = 11
F: Nanobuble = 0

Recovery (%)

E: Solid percent (%)

24 20 A: Collector (g/t)
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Factor Coding: Actual

Recovery (%)
O Design points below predicted value
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X1 = A: Collector
X2 = E: Solid percent

Actual Factors
B: Frother = 40
CpH=116 50
D: Particle Size = 11
F: Nanobuble = 1

Recovery (%)

E: Solid percent (%)

24 20 A: Collector (g/t)
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Factor Coding: Actual 3D Surface
Recovery (%)
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Factor Coding: Actual

Recovery (%)
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X2 = D: Particle Size 150
Actual Factors

A: Collector = 39.2983 100
C:pH = 12.1582

E: Solid percent = 24.2635
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Design-Expert® Software
Factor Coding: Actual

Recovery (%)
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X1 = B: Frother
X2 = D: Particle Size

Actual Factors

A: Collector = 39.2983
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E: Solid percent = 24,2635
F: Nanobuble = 1

Recovery (%)
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Factor Coding: Actual

3D Surface

Recovery (%)
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X1=8
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Actual Factors
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Cc=122
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F=0

Recovery (%)

E: Solid percent (%)

8: Frother (/1)
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E: Solid percent (%)

B: Frother (/1)

24710

clogil jgas o oLk p del> dw o g jlecaS lojer 56 VAT S
o ol Sbsb olagil jea> pas jo jleaS [ioli8l b wead go ools lis «(VA-F) UK jo yiomen
Cms 30,0 VAY Lo b5l aBiolej] pgw SO o j0 jlocaS 2als b ologil jea> 50 bl oS

Gl bl as cal pl )b bolagl o5 Sleogas 51 (So 0,5 lag Gl Clagil g pas 4

g oolaiwl (6 eSS jluaS oS Og o0 el Ll e g diin o9 &S

M



Factor Coding: Actual

Interaction
Recovery (%) 110 F: Nanobuble
— — —95% Cl Bands
X1=B
X2=F 100 —|
Actual Factors
A=35
c=118 90 —|
D =585
E=28 IS
fal
Mo g 80—
o
Ar o
=4
70
60 —
50 —

T I T I T
10 20 30 40 50

B: Frother (g/t)
Plogil jgax pas g jga> )0 oLk » jleds H36NA-F S
Clogili ypas pus g 95 0 L5k 2 PH 9 O3 ojluil lojes 3G A-4-F

pas Sl o l)d ojlasl molidl g PH iol58l 0a co cdalice (YV-F 5 V=) sla ISG j0 aS 4isSilen
ol38l mizmen g PH Liol81 L bola gl jeas jo Ll .cwl oads saalice 09> 2Lk Clogl jea>
&S Sleogas Gb ols oL 58 ciye O3 ojlasl jo Glagil a5 ceied o] sals (1,3 o5l
o gyl S ci o Shd 0 0gd e el ol WS g b g gl SIS el a5 ol Gl

Wigd el Sl o Slyd wiis de i glylo

AY



3D Surface

Factor Coding: Actual

711 [ 025

Recovery (%)

(56) Asanoday

E
&
@
o
v
£
&
&

clagl jax pac 0 Sbik » pH 5 OIS ojlal (lojen 30 :V--F S

Factor Coding: Actual

3D Surface

711 [ 926
Xi=C

=D

2

Recovery (%)
X2

Actual Factors
A=44
B =30

E

F=1

(%) K12n02y

)
E
P
N
a
v
e}
=
&
a

RUIISVPER ST e

bl jea> 30 bk ppH g &l)d e

ae 50 dols w0 g pH ylojos W56 Ve-4-F

.

IPe> g yga p

b

.

ol

Jgaz pde ;0 aS Al edslie (YY-F 4 YV-T) 6 o

A2l g Gl g ol aelr oy b Clgl

o PH zals g Lialsdl g YU sl ao o b Glmgil g o Lol o ssmlive s> 2l pH

A B0

..\Al?- Qo0 3o ut&yb '59*”‘5" g.,&l.» as 6.))}6 )‘ éi WV K ‘.5’9.7- G’L’)L’ UL«?ﬁJL’ )9"4} pos l.:

AY



shls a5 canl 5,90 ol ams Ol YU

9 45l e

b

e oS (5

.

09

[EVIESRWERRS

53

5 S e S oy

I8!

2 de s Hlade g 0SS e log o

G (pao 4o Ogu ooy

. y/ t))‘j.@ .

Lo

LU jga> 0 o

¥

<l

O

3D Surface

Factor Coding: Actual

Recovery (%)

711 [ 926

X1=C

X2=E

2
2
T
[
s
]
2
g
<

w o
™ @
1
@

(X
)
)

AN

!
i
\
i
\

)

D =585

)

|
LU

{Ru
0

)

.0

[ ]
/]

an

|
I
i
)

A
/]

0

77}

|

\
i

.
NN
%44;..

)

CipH ()

E: Solid percent (%)

GYY-¥

Oloyen 5

5 9 PH

> o

wla..\.c)oduo

.L;)

b

<l

3D Surface

Factor Coding: Actual

Recovery (%)

7.1 [ >

Xi=C
x

122

CpHE)

g I
)
e
.:........4
0 .‘.
AR

)
i
oy ."....

XN ..4
AOUXXERNN0
:o..o

(EANO00
AKX
KA
AN
OO0
AR
OCOOOCOOOO0RO0ON
i
..........".“.“.::.::
—......

€: Solid percent (%)

(%) Asznoday

E
Actual Factors
5
0
585

A
]
o
F

YY-f

U

Lojo p5

O

> oo ,0 9 pH

9@?)0-\.&

b,

<l

AY



MalS ool gl jga> sae 4 Cowd YU PH jo ol gl ,00 canlay «(YF-F) USG jo a5 a55Slen
S el ools Clg= YL PH ;o Ol gl ol samlive brol .l ool SbsL ioli8l cely g Conl dgie

oyl M el 00 IS ol sy Lole az asyl

tor Coding: Actual

Interaction
Rmmurv‘ (:%l.r . 100 | F: Nanobuble
X1=C
95 —
Actual Factors
B=30 &
D =585 90 — i —— — m
E=28 o
g
o = "
o e
AT 2 85 —
o
P &
-3
80 —
75—
70—
I I ] I
1.4 n6 18 12 122
CpH()

Pl jpa> pac g jea> ;0 2Lk » PH EE VYT S

5 Yl del> do o b as g OIS 0 Glagil jeas sas jo a5 Caslag (Y2-F YO-T) slo S0 o
YL 9 Sl sl do o g o DS L Ol gl jeax o Lolad esalive 093 b3k S 0wk
aS wsSilen o)l SIS 50l o Ol 6l olagl a5 Wl lid Clagl jgas pac b awslas (o
e &5 (6 ,550L 5 S a4y Ly YU dels do )0 )0 (paiomed 5 0,00 0929 de )3 aSTez 0 OIS o Cwlag

Agd oo 2b3b ol cel wils leole il as Sleogar 5.b

AD



3D Surface

Factor Coding: Actual

Recovery (%)

71.1 [ 926

X1=D

Actual Factors
A =305

B
C

=124

11.648

(%) Asonodoy

106

D: Particle Size (mic)

E: Solid percent (%)

:YO-F

L.’.

Lo o y5

sladl

do

5o gl

> oo

9.‘2.>r=..\;:).>..\.e

s,

<l

3D Surface

Factor Coding: Actual

Recovery (%)

7.1 [ 926

X1=D

v -
2%
m =

B=

(

i

2
3

0

(X

{/

(A

(A1

i

/
\/

i

|

ARE

AR
i

()
i

(9) Ksanoday

D: Particle Size (mic)

E: Solid percent (%)

d
[\
p

»

5 5. 5lS o3l ol

S Jel> v

.L;) . R

b

<l

AF



3 Sy ol jo dx g dey olal yo ax SIS ojlail Clagil jeam o aS cuslay (YV-F) ISG 0
J.QL» L(bs.;l.‘&yl.i ul.uoya} A oddlive ‘S’L’)Li u,o.u‘)S‘ 9 .b)‘b ‘5:59' LS")‘S uL}yLs ga> pos b d..w.’LO.o
5o Lol aeo oo Clgx H93 A de g Ol o Cnlay aF AeSles Ll &S g (gl g gl HeiSIS

el 0010 Cite Olg oyl J31s a5 09 a0 Lo ol yo lyd j0 a5 wl asine bx

Factor Coding: Actual

Interaction
Recovery (%.) F: Nanobuble
95% I Bands 140 —
X1=D
X2=F 120

Actual Factors
A=45 100 —
B=10

C=11.928
E=304 80 —|
§
Mrio *g
F2 1
A g 60 —
(o]
o
L]
[~
40 —
20 —
0—
20 —|
I T I T I T
1 30 49 68 87 106

D: Partcle Size (mic)
Slmgl jpa 5 j5a> pas o 2Lk OIS ojlal 3B YY-Y S
Slogl jga pus g ygd> 50 b5 2 welx wo o HSEIY-A-F
Slrasl> oo o Slasin sl (I b Gla gl 0929 Oyge j0 Cawlay (YA-F) S 0 a5 jghailes
P bolagl a5 glocde 51 G ol samline obsb GiolBliolagil 0g2g pac b aslie ;o alises

699,940y @b 5 098 o0 i (6399 S a5 Cewl 590 (nl W83 0 (6 e Slox b Slaskalzr vy

o=l slrosl> ws o ol 4 YL lavwl> woys o L5k ol cael 8,90 o OS¢ g0 ol 3l

g s

AY



Factor Coding: Actual

Interaction
Recovery (%) F: Nanobuble
— — —95% Cl Bands 140 '
X1=E
X2=F 120 —
Actual Factors
A=45 100 —|
B=10
c=11928
D =585 30 —
g
Mo E
F21
A g 60 —
o
[v)
QL
o
40—
20 —
o
20 —

T T I I I

24 26 28 30 32

E: Solid percent (%)

lagl jpax pas 5 50> 55 bk p el a3 VAT S

o sl 1y ewlio Joro ol 1o F

Joe 95 Model p-value Lack of fit p-value Adjusted R?
o >lyb Jae SAY- SYEVE RN
b sl SNYVE CIVYAD [ ARD
2l 55 <[ 0F0 VY JYYYE saiolgiing
pys az s dolee Y04 “/FY-Q SIYASA
Py 42 aloles /fY-q - -/fqaY AR

AA



Slasye gyamo Jisie Jao ¥-F Jyaz

ain Sl o Egezne 6&'}1 a0 Sl o puKile F-value P-value
3 el \
fgao b dulie Varoirs Varo/ry
35 b Jow Y50 ) BIvY VIVY VYYVE
b 4o lio
el
YY/EA VO FIAY Y/~ <[+ 0F0 oulsolgaion
YRl Jow
b anslie o
b
p9d a0 Juw \YIYO 0 YIfo VIOA ARYAR
YFI G aslis o
Py 4255 ke AT VA vIY \Ya SIFY - USRI
b anslie o
p9S 4
oxile B8l AAY 0 VIYA
Egone ARARYAR) - FY/AN
bl Jow 5l slaods A-F Jgo
e Sere Gl 5l R? Adjusted R? Predicted PRESS
R2
k> VIA- <[VAAY R NN eIARN Al ARTNAYS
bgo VOO <IPAYS < YYYY ALY Y¥V/ar oalolgadion
p9d a0 aloles VA <IYYY < IYAPY —+/FYYA YAY/# -
pyws 4,5 dlsles VIS “JAFAQ </FRAY * eI

A4




oo ke (sl il g 56T 1N-F

Szl oo YIYY s sl Joe o091 loline sdimsilis il YAY L ol Lyl o (F-value) e
ol Glede ) 5l xeS (P-value) polae pumes 098 ool clslicel cle a0 §, 5 F-value a5 s )ls
s cine Jae slo el ol AC,D,BE,DF) : iulel ol o ills_sine Joe ol lie a5 ams_so oyl
e s o ime (gla,zall a5 ams o ol |, ol gy (+/V e -+ 3 it polie S axies
oo AE slhs 4 cand canls pas a5 Cwsline Gl ol las 1) (V/FY) sae Lack of Fit)
sac 5 3T 0 g ol wlilazel Lo 4 (Lack OF Fit) sguaS o5 ols Jlazsl 55 (FYNT) il oo

o ske sl bty IUTA-F g

ke Sla yo fgame sl ax o CHTISUNRNK < 108 F-value P-value
Joe VeV A AR YNY [eYYY B
Lesls -A \V/A- \ AT YIfY DEARE
sleas -B YIYA ) YIYA < [AAAY < IYYAY
pH -C VV/AQ ) VV/AQ \A\S [ YE8
o5l -D VY/OY 3 \Y/OY oIy oY f
ol
asy -E AR ¢ \ AT ¢ S FYYY < IOFFY
el
o>yl -F S ) AR AR AT
AB VYA \ VYA AR ERAN
AC \IYO \ VYO <lOY-Y < [FYFA
AD \lid4 | \lid4 YA 1+ AOO
AE \7Ans \ A7ARE \/YQ SARSN
AF IV FY \ IV ¥ DARAE < 104YY




BC \[-F \ \[-F SIFENE -1DVYA
BD NEYAR | NLVAR If-YF -1OY- 14
BE \Y/PY \ \Y/PY AN -[+YaF
BF YIVO \ YIVO AN DAY
CD /oY \ Y/-¥ < IAYYO - IYPvA
CE VDY \ \/OY - [FYAY <JFYEN
CF ofee\Y \ ofe oY YRR <[AAVY
DE YIvY \ YIvY < JAAY. - /¥Yad
DF VALY \ VALY YIEY cfeNeY
EF [+ MY \ <[+ AVY S[eXYY - IAOOY

Residual FYIOY YA Y/

Lack of Fit OAIS- Yy Y100 \V/EY ¥V O

Pure Error AAY o VYA

Cor Total VYIS0 £

VRSN NS P SC VPR UUCINN UK GURICIN FPSN C SO < SUNPC gCIN IPYCORRIIN [ < WY - OO o
LS s i Sl e 55 YL Jae SO g (B 0 ey a8 Joe @
30 00 gy polie odgae Luwl ilazél 4y S jlade onaailis el )b ol Adeq Precision

30 a8 el Cgllae ¥ ooue 5l plin Cand WS o0 WS 1) St s sl 4 b slaalads

A oaud) o =F Jgax j0 a5 jshileas abb oo (SIS JLKw sosmailis a5 sl Casds FIOAYY sae Lri

2,5 soliiwl (>l (slad jo olew Gl Olgor Jae cnl 5l 3T 50

0



= o)l Glasie ) -F Jgux

e Gl VOO R? SIPAYE
Oeoles £IYY Adjusted R? JYYYE
CV% YEIVY Predicted R? — IYALT

Adeq Precision FIOAYY

oo Hle (ol ouldlyl doleo VY-F

ol 2 e ol 850 50 Gl (i sl (HBly slacdme Hlate Il s 1) okel sy Alla
Glp dolee ol 5l als sl asin el o gly Lol sloasly o laxdaw b doesl jo 0,5 oolan]
Gaisdiws yiel)b o glaasly ol > ol culs a5l o 4 D oolaiwl el 1o s 50 s

L >y (sLad 35 10 )0 (658 uizren Wigd oo
g.;l.o.'>9.»l.s)9.»a.'> O9N w0 )L:L 6‘)9 oA.».‘Lc\j‘)‘ aJoles

Nano Bubble 0

+44.68377 + 3.07731 Collector + 2.82711 Frother - 9.04240 pH + 0.928803 Particle Size - 9.00834 Solid Percent
-0.002818 Collector * Frother - 0.161833 Collector * pH - 0.002640 Collector * Particle Size - 0.037602 Collector
* Solid percent - 0.112913 Frother * pH + 0.000897 Frother * Particle Size - 0.053716 Frother * Solid percent -
0.091456 pH * Particle Size + 0.957317 pH * Solid percent + 0.009765 Particle Size * Solid percent

ol gl g 15 o ,lee gl oaadl| alolas

Nano Bubble 1

+47.80006 +3.10681 Collector +2.87552 Frother -9.10153 pH +0.880526 Particle Size -9.05384 Solid Percent -
0.002818 Collector * Frother -0.161833 Collector * pH -0.002640 Collector * Particle Size -0.037602 Collector *
Solid percent -0.112913 Frother * pH +0.000897 Frother * Particle Size -0.053716 Frother * Solid percent -
0.091456 pH * Particle Size +0.957317 pH * Solid percent +0.009765 Particle Size * Solid percent

ay



0l ot gy Jlio yo 2Blg wolio Hlogos VF-F
il yelae a4 (YA-F JS0) ouls (6,5 0slail slajlaie blas jo e ol ouds cnin slo,luie
SAST a8 s e plas BT o eolatul Jae el Cawdy bl 5 ool &Ll Joe Como 5 580

Lol Joo Can o QL 51 Sl 095 alins (paad a5 0050 G5 Hhal 0590 Lo 4y el o bl

Conce. grade Predicted vs. Actual

Colar points by value of
Solid percent

Std # 30 Run # 40 10—
X. 866
Y- 966636

Predicted

odd Fam i Jilae o gxBly polise Hloges VAT S

om0 sle Gumaw gla,logei 1O-F

Sl gl jguam g yguax pus jo o jle p Jlwas g eSS Glojos 56 V-V0-F

RERU TN et N STV JOWTWIRL L B B SR ER
Gl ol i o Ll g0 Foml 5 e e SlaciS 5 jgiSIS il L 5 05,000 5Vl

i oanlie a5 e (I3l SlaciS Galidl g SIS 2al5 L L SledS 2alS 5 SIS

ay



Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [N 1072

X1=A
X2=8

Actual Factors
c=118

D =585
E=28

F=0

Conce. grade (%)

8: Frother (g/t)

Slagil jpax pas 13 e )l jloaS 5 SIS (lojen 36 YT IS

Factor Coding: Actual
g 3D Surface
Conce. grade (%)

234 [ 072

X1=A
X2=8

Actual Factors
c=18

D =585
E=28

LES

Conce. grade (%)

Sl jeam 0 e jle plecaS 5 ,uiSIS Glejen 30 YT IS
Gl gil judo 9 jud> pus )0 oyl 9 PH 9 5o8US (ylojon w3l Y-10-F

oled 0 ol gil jpan e duglie ;0 Olagil jgax L aS cuulagy ((YY-F XY-F) gl IS0 o

ol 0395 Jged BB L33l 6hls limgil jgim 15 s ks PH g 155518 loson 3l slal

af



Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [ 072

X1=A
X2=C

Actual Factors
B=30

D =585
E=28

F=0

Conce. grade (%)

A Collector (g/t)

Sl gl jpa> pac ;5 s Jle p PH 5 SIS Glojen 236 FY-F s

Factor Coding: Actual
3D Surface

Conce. grade (%)

234 [ 072

X1=A
X2=¢C

Conce. grade (%)

olasil jga> )5 e ke p PH 5 oSS Glojen 36 FY-F s
Lo il ypas g ypas pae 10 o Je Wy o3l g 4guSUS ylojod 3G Y-10-F
e ol ooles ,5 13 o3l g SIS olgil Heim e a5 Canlay (YO-F XF-F) sl S5 o

She Gialidlae 5 al)d o5lasl g ol eiSUS b Ol gl jgam 0 Lol wiylo Ol gl jguias a4 Cand (50

WV K ﬁ‘ﬁ 90 A= 4o LSP?" J;ls

a0



Factor Coding: Actual

3D Surface

Conce. grade (%)
Design Points:

@ Above Surface
© Below Surface

234 [ 072

X1=A
X2=D

Actual Factors
B=30
Cc=118
E=28

F=0

Conce. grade (%)

D: Particle Size (mic) A Collector (g/t)

Lo gl jgiam moe ;5 es e 5 O3 o)l 5 ,eiSIS Hlejan il FF-F S

Factor Coding: Actual
3D Surface

Conce. grade (%)

Design Points:

@ Above Surface

© Below Surface

234 N 1072

X1=A
X2=D

Actual Factors
B =30
c=138
E=28

F=1

Conce. grade (%)

D: Particle Size (mic) A: Collector (g/t)

gl jgas 10 o jle o Ol ojlasl g ,eSUS lojen 36 XO-F S

a5



Gl gl gz g jgua pas 30 (o e 9 sl wo o g HeSIS (lojen w5U F-1O-F

35U ol gl jgam yen duslie ;o Gl jaax 0 o a5 GsSkes (YY-F XP-F) olo S5 )0
ol 6y Jle oYL a> 5 ol skl oy o ax olal oled o ol do )0 g, SIS lojen

Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [ 10.72

X1=A
X2=E

Actual Factors
B =30
Cc=118

D =585

F=0

Conce. grade (%)

A: Collector (g/t)

Clogil jgax pas 10 o jle pduls do )0 g ,iSIS lojes 30 VE-F S

Factor Coding: Actual 3D Surface
Conce. grade (%)

234 [N 072

X1=A
X2=E

Actual Factors
B=30
C=118

D =585
F=1

Conce. grade (%)

E: Solid percent (%)

logil jga 10 Gee ks delr do)ys g ,5SIS Glojer 36 TY-F S

ay



ol |y Ologl jeaz 5 jga> pac 0 e jle p SIS S0 Caslag a5 4sSlen (YA-F) K3 5o
HESLS gl aS ol 4z 5 YU sle,eiSIS 0 ax bolo gl jgas o ddow mls ulsl 5 oes o

Ve Gpas jlade o Jlis flaie 4.l U s b b anslae o 6,5V jle gl jls cl o aw ol

e (000 VIFY jle il anls Olagil jpa> poe 4 o Gl gl jpa> j0 ;SIS 5 pp )5

Factor Coding: Actual

Interaction
Conce. grade (%) F: Nanobuble
95% C| B: 30— :
X2=F
Actual Factors 20
B=30
c=122
D=11
E=28 = -
& 10— & -
Mo 3 ]
. ]
A o
@
1
£
(=] —
v
-10
-20
T T T T
20 26 32 38 44 50

A: Collector (g/t)

Loyl jpax g j9a> pae )5 e Jle SIS 56 VAT S

Sl gl jgas g jaas pas 30 o jle pPH g jLocas Glojon 56 O-10-F

Solaie GlpH 5 ol jledS L Glagl Ole jo wcwlay a5 jahailen ((F+-F FA-F) b S5 o
y9a> e dunlie (o Sglaie slaPH 4 jluaS ol L Ole gl jeas 4o L (oo lie o33l aals

A odslin Hle yolidl i ols gl

aA



Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [ 072

X1=8
x=c

Actual Factors
A=35

D =585
£E=28

F=0

Conce. grade (%)

B: Frother (g}

o5l i poe 53 e ke 5 PH 5 LlociS lojon Ll TA-F IS

Factor Coding: Actual 3D Surface
Conce. grade (%)

234 [ 1072

X1=8B
X2=C

Actual Factors
A=35

D =585
E=28

Fe1

Conce. grade (%)

8: Frother (g/t)

clogil jga> )0 pee b p PH 5 5LocS lojen 36 :F--F s
Lol gas 5 yeds pac 10 o Jue 3 O3 03Il g jLwciS ylojon il F-1O-F

3 u:;,”u)-i 30 09250 LS Cp ml 9929 b Clagil jeas o wwlay (FY-F FV-F) o S o

el odal sy oo [l (2l Ol il ygon Sl b o] (sauslin 10 4o 1,3 o5l

19



Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [ 1072

Conce. grade (%)

B: Frother (g/t)

clagl jgpax pas )0 e Jle p Ol ojlail g jluas lojes 30 :FV-F S

Factor Coding: Actual

3D Surface
Conce. grade (%)

234 [ 1072

X1=8

Conce. grade (%)

8: Frother (g/t)

Clogl jeax 10 Gue Jle 5 13 o3l g jlucasS lojen 56 FY-F S
Sl gl jgis g ygui pae 30 o ey el duoyd g LS Glojed 3G V-1O-F

5 ol LS 5l oolitwl b ol il 9929 b g o oanlice 45 aigilon (FF-F FY-F) cla IS ;o

el odal Cawds 9l g0 > b dslie 10 (6 le 4 b sul> a0



Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [ 072

X1=8B
X2=E

Actual Factors
A=35
Cc=118

D =585
F=0

Conce. grade (%)

8: Frother (g/t)

clagl jpax pas 10w Jle p ol doy0 g jlus lojes S0 FY-F S

Factor Coding: Actual
3D Surface
Conce. grade (%)

234 [ 1072

X1=B
X=E

Actual Factors
A=35
c=118
D=585
F=1

Conce. grade (%)

E: Solid percent (%) 8: Frother (g/t)

Lol jgam 10 e Jle pssle a0 g sleaS Glejes 3L FF-F S

S5 wsKilan 5 e sanlin Slrgil j5am 5yl pis 15 oos Jls s SLoiS b (FA-F) U o
5 el Sgpeie ilize slacdle )0 SlesS (65 2 zeds & Slegl 15U e ) e )o

Lol iy Slzgl oy cdl b anlis

Ve



Factor Coding: Actual .
Interaction

Conce. grade (%) F: Nanobuble
— — —95%Cl Bands

X1=8
X2=F

n
=
Conce. grade (%)

T T T T T
10 20 10 40 50

B: Frother (g/t)

Clagil jga> g j9a> pac )0 e Jle p jleaS 56 :FO-F S
Clo gl jgis g jeam pas ;0 o sl p IS ojluil g PH (ylojod 3G A-10-F

a0l ol g PH b Clmgil L o g go sanlive a5 jshailen (FY-F FF-F) cla S ;o

el ol Cawds b 90 Il b dvolie o (550 Jhe b g YU PH g a6 5 &l o5lasl b

Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [ 072

X1=C
X2=D

Actual Factors
A=35

B=30
E=248

F=0

Conce. grade (%)

clagl jga> pae 10 o Jle O3 ojlail o PH lojen 56 F2-F <o

V¥



3D Surface

234 M 1072

Factor Coding: Actual
Conce. grade (%)

5 00

<9

e o

NI | E=3 PP

3 9 PH ylojod 56 A-1D-F
09

Jshailen (FA-F FA-F) clo

L5l

.

b o

3D Surface

¥
€
g
3
2
=
3
]

fo Sy e

2
£
P
&
&
v
27}
£
5
&
=

s 50 o jle e

(9%) apesb 23u03
(%) apeB a3uo>

.

REVWRRY-

.

ga> 9 syl p

gl jgam 10 e le p L3 ojlasl g PH lejen n3GFV-F IS

G,

234 [ 072

Factor Coding: Actual
Conce. grade (%)
X1=C

X2

Actual Factors
3
3

D =642
o

Actual Factors
.

X1=C
X2=D

.

A =35
B =30
E=248
F=1

&.JLO
"

Sl oo 5 alide GpH o Clagil jga>

VoY

Slogl jpa pac,0 ue jle p sl soys g PH lojen 36 FA-F S



3D Surface

Factor Coding: Actual

Conce. grade (%)

234 [ 072

X1=C

§
g
=
g
<

X2=E

|
\{

0
3
)

J
5
&

0
3
2

B =30
D =642

..

)
3

Y
\

%
\
\

&
0
Y

5
N

Y
.

X

X

)
X}

AR

)

)

O

AN
N

()
)

Y

(96) 9pes6 ‘93u0)

E: Solid percent (%)

FAF S

U

O

)ong

$a> )3 o Jke p el do

.L;)

b

<l

- 4

L ©--¥)

Py

» PH

Le

Lyl jpa> 5 50> pas )0 e

<

AD

s 0

las jshalon .o

B

b WpH olos ;o «

»

e i

Iy Sl b Ll o

e

Interaction

Factor Coding: Actual

2
e
=3
Q
[=]
c
[
P4
w
T

° o ° s °

] o e B
(%) apeib -adu0)

B

2
o]
IS "
°
5 3
5 | £ N © -
g Ue ERRTI ey
£

" g 0o

3 | x & < <o 0w H<«

122

12

1.8

11.6

114

CpHE)

B--¥ IS

- L.'.

ke » PH 3

PAZ PAE )0 o)

U g g

ol

Vo



Sl gil jouas g j5a5 puc jO o jle o dole oy g Olyd ojlu6l ylojod 3G Ve-VO-F
Sglaie lrasl> wo o g o Ol o3lul b Claglb Ol jo aS caslag (AY-F OV-F) la S0 po
il Sglaie laaul> wuoys g as 5 Ol o5l b olgil jgam 10 Ll el ool Cowss 55V e
Syl g iU sle s de s 1S 50 Ol gl a5 Cwl 090 ol (godimolis s cualine 5 g le

Factor Coding: Actual

3D Surface

Conce. grade (%)

234 [N 072

X1=D
X2=E

Actual Factors

Conce. grade (%)

£ Solid percent (%) D: Particle Size (mic)

clagl jpax pac 10 o Jle p okl G0 5 Ol ojlail lejen 36 :0V-F S

Factor Coding: Actual
2 3D Surface
Conce. grade (%)

234 [ 1072

X1=D
X2=E

Actual Factors
A=35
B=30
Cc=122
F=1

Conce. grade (%)

D: Particle Size (mic)

gl jgas 0 o Jle g dul> dsye g IS ojlail lejes ;36 OY-F o

Ve



cl>gil jga> g g0 pac ;0 e )le 5 Ol o3lail L350 0gh o cdalive a7 jghailen (AY-F) S o
ojlal as” g 4 wilil S OIS ojluil dx 2 Ol gl jpas> (0 a5 Cuwl 050 (] (godimaslis (sl
RCWA [PV [RCONPR VIR FESS LIV VIFCH  EXPURCIVOW SR s S W S DS ] [ PR UV PSR I PR

Factor Coding: Actual

Interaction
Conce. grade (%) 20 F: Nanobuble
95% Cl Bands
X1=D
X2 =F 15
Actual Factors B
A=35 ) - - ===
B=30 10— & o '
c=122 F
E=248 v B —
: T
HWro o 5 A
AR E
o
o
o ~
5
-10 -
I ] I | I ]
1 30 49 68 87 106

D: Particle Size (mic)
logil jga g 98> pac ;0 e Jle p Ol,d o5l 56 OY-F S

b cwl Olagl jea> g jga> pas )0 e Hle o dels> o js S0 aS (Cawlan (OF-F) K6 5o

Gt ke L33l Eel T e poe b duglie o (alize cladsls wo sy bologl jeam IS5

slods

\ofF



Factor Coding: Actual

Interaction
Conce. grade (%) 20 | F: Nanobuble
— — —95% Cl Bands
X1=E
X2=F 15
Actual Factors = i
A=35 oo ooz
B=30 10 -—,,_,,,,'_":_::::,;;;::7:;;;;1233'/' &
c=122 =
D =642 g B —
B © —
E h— f—
Wro > 5 — - Tmmmaa
Ar g T
c T
<] P
[v] e
0|
5
10
I I l I I
24 26 28 30 32

E: Solid percent (%)
Slogl jpa g jpa> pae 13 o Sl p sy woys pSGOF-F SS
Silwaups V7-¥F
b lad o gl ange bl 380 sl Gl mhaw Glats) 5o ilwdingr Al (pl 4 225 L
el aiz b S5 (05 aneS b anidion g p0 Wl e Blasl 4 Cod (giluaie 0 en 4 ol

bl g asS o (o ol (o ies g Wyl )b sl jl8le 5 asTly (dal i (00-F) S8 e ol
S AN - il DVA PH 35,5 )5 o SoiS 5 b gl Ltals b dacliogl jeis 5 a8 cunl

AR



L
[
L
[

ACollector =43.0385 B-Frother = 135512 CpH = 11.8485

-
-
l‘:
T,.’.

n 1086 24 2 1 2
Treatments
D:Particle Size = 21.9119 ESolid percent = 20.0516 F-Nanobuble = 1
. Py .
J i i \_ J i |_
71 026 234 1072 63.60 B6.84
Recovery = §9.1033 Conce.grade = 821962 Separation Efficiency = 847694

Desirability = 1.000
Solution 1 out of 100

Gk o 9 sl sln lile 5 solerinn Ll o5 00-F JSo
@l b alio Ly i gl (l 28,5 ool osds i Ll pd 0l S Lol ialejT s iz
3,5 0wl 1) Jow casgllas g ool Canas

wolaidl ool cwyp SO VY-F

Lol WA Jls jo N adss Slhygs B rae jlade il a3 5 Ladw 45 Ju8 5las oleosls ulul 5
o RS YUYV L ol WA Lo jo ,eSUS ¢ 5lucaS O pan (oKl (pizen 095 o5 TAOYYYTO/QA
s PYY) L pln WYA Lo jo 16iSIS 5 5lecaS G pas wad plodl Ol 3o g0 o5 0 0,5 YTIOA
sdnlive a5 ,giSIS oo ,0 O+ g jlucsS caw,0 £ rals L o e yialeyl jo wwl o0gr o5 (YYY)
S8 oy 950 ol alaS 8 lge Bub ,giSUS 35 (YPY/D) ¢ jlocaS 5 (FVV) ol 55 0,90 ol o
S 1 ol 9525 b 055 i3, 4 ko 5o 5 (oloand olys (Slaiad WShl o & 5 285

Dg aid,S a5 o las ylegi YO+ e 5 FlS  exSUS 5 jlusS Ced (S0l EXSPYpe

VoA



417+363.5=780.5 Ton

780.5 *1000= 780500 kg

780500*150000=117.075.000.000 Rials

@ 6l G0 3l Grimes Cal oal ggzad o Glogi aakie Voo g 0)Lhkee VY I i el o oS
el 0dl (6555l 5 00 sl jeiS

Sl Gloglbas o8 lo 1) @SSl ab betl €55 b el @b o Olagib LT 09 oaps oSl sl

SSlas 0g Al Sabil olal jo F1aS 5,10 5924 sl Gl gl oliws Colu aujo kaad el K

O,Lbe A 5l i ool 83,85 9 mex Lol o)LL ¥ »)oopdﬁoic&uc&bqbﬁd\@p

ol Jlo G gly hasd oSiws calo anjo 15 0l oaus Jol Jlo o p924d,0 legs

y-Q



Y.



<)




doddo V-0

onl yo annlgs e eain] j0 aS SLuS e 0l o Ll T4 e 40 dwl Cans Gubizs ol 51 aS el
LaZal, ooyl sl ofy cpl (saolsl jo &lg co a5 Conl oals 7 kae Sholgins byl (gl S IS aiw;
Ak

=LY-0

Jgax 50 4S5 jehy Wb oo (ElS jleaS G rae wiyls oYL 6 ll sl cle 4 daola gl jga> 0 =)
byll 0 S ped 4 Cand (6 2LL SlesS aS Brae do 0 FF S paw SO L bolsgil
ol o] s gole

Oy Jed Il Clagl jgax pac 4 Cod by g doyd Oy ojlail SL5L 5 Olagil Jelowe ,56 =Y
o3lail ;o YA sl aojo pH= VV/A luaS o5 e, S Ve (eSS o 0 p,S Ve Grac b diged lgie @
Al odslin YOIVO Clagl jea> cdl> ,0 s YOO L0 gole Cdl> 1o g, Vo F &l)3

yeaz 50 Ll o saalin e ob3L il decliagil jeas a0 eSS B pan lade iolidl L -Y

Sl ol 090 pl Cdeais samlice e L3k (iali8l 0 g0l 13U eSS Brae e leolsgils

SIS ool aSigm ol gil jeam o Ll gisd e (CMC) L Sl cile oo oole el 4o oS

)l SIS ae Sl e aldl 4 (5l Wyl agil
Aol 03 siuleyl o 0 YL o PH a5 o ls oe3 Ll Sley bk daologl jgam o -F

3¢5 Llade (Sl 4 eSS Jials o Y Jw sels as)o Jlade (p eS L daola gl jpa> 0 -0

Al oy gole el @y cons iolidl /Y oLk s e SV S

Y



Lol il j 5> pas s Carnd (6 5 b3 VYIY PH g lociS Jlake 208 b sl gl jgam 5 —F

A o lie

g 458U jrals b g cudls ioli8l 7+ /VA Jle sluas als o SIS oldl b iologil jgas o0 -V

55 o b8 VYY Le sludas il

o ke PH 5 SIS Glejen 50 slal soled jo il gl jea> g anglio ;o0 Clagl jea> L -A
9 5SS 5 S Y Brae jlaie b disad pleie 4 g (Joud JB Gl gl Olagil jeas o
PH=AYIY ¢ ,6SUS o5 p)S Ve Brae ke b uioren 10 IVA Lioli8 Cl>gil jea> o pH=VV/F
Aoy gole a4 s o IVE ol

Al odalive plygs a0 oe Jle olidlae s oS oslail g ol eSS L Cla gl jea> 0 -4
oyl caled ;o el do 0 5 SIS lojen U (Ol gl jgas e alin ;0 Clagl jea> 0 -) -

O oS Ve Gras b dged Glyie 4 b osalive 655 ke Yo 4z g Gul Glasslr w0 0 ax

Sl 10F Le Y sl a0 g 4o Brae e b iz 10 NVA e VY sl do,0 b ,guiSIS

A odsd sole a4 e

aoyp Slydojlaily (5 a8 Ve G Gialejl 5o Sgzge SluciS  Somly 9579 b Sl gl jpa 0 )Y

b salie e 53 TYIYY ial3dl ol G o b o) stmlie 13 5,500 1) (i

Y



o lgaiions Y0

(oriodos) Sobl Al o 10 ologil Cote 5 e Gyl oy -

sl olal o luclgil oSy il -

(S ilS” 2150 ) 8, 5l emlisls a0 )5 ool (i 5 Cusko sl il -

V¥



Sl 9 &b
[1] National Iranian Copper Industries Company,” Flotation and Regrind, Operating Manual”,
1977.

[2] Sh. He., (2006). “Depression of pyrite in the flotation of copper ores”, Thesis Submitted to

the University of South Australia, lan Wark Research Institute University of South Australia.

90 ol (5 0, olKzils Sl Laml gl sls" (VYY) wo o Lo, [Y]

[4] Voigt S., Szargan R., Suoninen E., (1994) “Interaction of copper (I1) ions with pyrite and

its influence on ethyl xanthate adsorption. Surface and Interface Analysis”, 21 526-536.

[5] Trahar W.J., Warren, L.J., (1976) “The floatability of very fine particles-a review”, Int. J.
Miner. Process. 3 (2), 103-131.

[6] Crawford R., Ralston, J., (1988) “The influence of particle size and contact angle in mineral

flotation”, Int. J. Miner. Proc. 23 (1-2), 124.

[7] Fuerstenau M C., Jameson G., Yoon R-H., “Froth flotation A century of innovation”, 2007

by the Society for Mining, Metallurgy, and Exploration. All rights reserved. Electronic edition
published 20009.

[8] Pease J.D., Curry D.C., Young M.F., (2006) “Designing flotation circuits for high fines
recovery”, Minerals Engineering, 19, 831-840.

[9] Zhizhao C., Panagiotis E., (2017) “Theodorakis. Formation, dissolution and properties of

surface nanobubbles”, Journal of Colloid and Interface Science, 487, 123-129.

[10] Seung H h., Kim J-M., “Generation and Stability of Bulk Nanobubbles”,
pubs.acs.org/Langmuir.

[11] James R. T. Seddon, Detlef Lohse, William A. Ducker, Vincent S. J. Craig. “A
Deliberation on Nanobubbles at Surfaces and in Bulk”, ChemPHysChem, 0000, 00, 1 — 10.

RN



[12] Nanobubbles., What are Nanobubbles., 2020., http://www.nanobubbles.com/what-are-
nanobubbles.

[13] Fan M., Daniel T., Honaker R., Zhenfu L.U.O., (2010a) “Nanobubble generation and its
applications in froth flotation (part 11): fundamental study and theoretical analysis”, Min. Sci.
Technol. (China) 20 (2) 159-177.

[14] Fan M., Tao D., Honaker R., Luo Z., (2010b) “Nanobubble generation and its applications
in froth flotation (part I11): specially designed laboratory scale column flotation of pHospHate”,
Min. Sci. Technol. (China) 20 (3) 317-338.

[15] Fan M., Tao D., Honaker R., Luo Z., (2010c) “Nanobubble generation and its application
in froth flotation (part I): nanobubble generation and its effects on properties of microbubble
and millimeter scale bubble solutions”, Min. Sci. Technol. (China) 20 (1), 0001-0019.

[16] George P., Nguyen A.V., Jameson G.J., (2004) “Assessment of true flotation and
entrainment in the flotation of submicron particles by fine bubbles”, Miner. Eng. 17 (7), 847-
853.

[17] Michalopoulou A., Favvas E.P., Mitropoulos A.C., Maravelaki P., Kilikoglou V.,
Karatasios 1., (2018) “A comparative evaluation of bottom-up and top-down methodologies
for the synthesis of calcium hydroxide nanoparticles for the consolidation of architectural
monuments”, Mater.Today:. Proc. 5, 27425-27433.

[18] Suzuki M., Koshiyama K., Shinohara F., Mori S., Ono M., Tomita Y., Yano T., Fujikawa
S.,

Vassaux G., Kodama T., (2005) “Nanobubbles enhanced drug susceptibility of cancer cells
using ultrasound”, Int. Congr. Ser. 1284, 338-3309.

[19] Wu Z., Chen H., Dong Y., Mao H., Sun J., Chen S., Hu J., (2008) “Cleaning using
nanobubbles: defouling by electrochemical generation of bubbles”, J. Colloid Interface Sci. 328
(1), 10-14.

[20] Zhou Z.A., Xu Z., Finch J.A., Masliyah J.H., Chow R.S., (2009) “On the role of cavitation
in particle collection in flotation - A critical review”, I, Miner. Eng. 22 (5), 419-433.

\Rld



A, ol b 5,5 5l caali b ase sbaalbl jl bade 5 youwlbigld» €<\ YAY» o) (sowx! V)]
Loy Sy olSils (6 5SS

[22] Franzidis J. P., Manlapig E.V., (1999) “A new comprehensive and useful model for
flotation”, In: Parekh B.K., Miller J.D. (Eds). Advances in flotation Technology. SME, pp. 413-
423.

[23] Trahar W.J., (1981) “A rational interpretation of the role of particle size”, International
Journal of Mineral Processing, 8, 289-327.

[24] Ahmed N., Jameson G.J., (1985) “the effect of bubble size on the rate of flotation of fine
particles”, International Journal of Mineral Processing, 14, 195-215.

[25] Yoon R.H., Luttrell G.H., (1986) “The Effect of Bubble Size on Fine Coal Flotation”, Coal
Preparation, Val. 2, pp. 179-192.

[26] Sivamohan R., (1990) “the problem of recovering very fine particles in mineral processing

—areview”, International Journal of Mineral Processing, 28, 247-288.

[27] Matis K., Gallios G. P., Kydros K., (1993) “Separation of fines by flotation techniques”,
Sep. Technol., vol. 3, April.

[28] Ansari M.1., (1997) “Fine particle processing - A difficult problem for mineral engineers”,
Nml. Jamshedpur; pp. 93-102.

[29] Yalcin T., Byers A., (2006) “Dissolved gas flotation in mineral processing”, Mineral
Processing & Extractive Metall. Rev., 27: 87-97.

[30] Fan M., Daniel T., Honaker R., Zhenfu L.U.O., (2010) “Nanobubble generation and its
applications in froth flotation (part 1V): mechanical cells and specially designed column
flotation of coal”, Mining Science and Technology, 20, 0641-0671.

[31] Graeme J. Jameson., (2010) “Advances in Fine and Coarse Particle Flotation”, Canadian

Metallurgical Quarterly, Vol 49, No 4 pp 325-330.

VY



[32] Ushikubo F.Y., Furukawa T., Nakagawa R., Enari M., Makino Y., Kawagoe Y., ShiinaT.,
Oshita S., (2010) “Evidence of the existence and the stability of nanobubbles in water”, Colloids
and Surfaces A: PHysicochem. Eng. Aspects,361, 31-37.

[33] Miettinen T., Ralston J., Fornasiero D., (2010) “The limits of fine particle flotation”,
Minerals Engineering, 23, 420-437

[34] Albijanic B., Amini E., Wightman E., Ozdemir O, Nguyen A.V., Bradshaw D.J., (2011)
“A relationship between the bubble—particle attachment time and the mineralogy of a copper—
sulpHide ore”, Minerals Engineering, 24, 1335-1339.

[35] Albijanic B., Bradshaw D.J., Nguyen A.V., (2012) “The relationships between the bubble—
particle attachment time, collector dosage and the mineralogy of a copper sulfide ore”, Minerals
Engineering, 36 38, 309-313.

J—a 3 Sy oSS lods 5 e wlisghty (VYAY) p pllline ol olys solslas o) o [YF]
0395 Ol nl (soumd (swidien 9 (oond 23 U Sealindg aep (arnlinslS gy b oo adgs slacla gl

f O)Lo.a:: c\”\'

[37] Ahmadi R., Khodadadi Darban A., Abdollahy M, Maoming F., (2014) “Nano-microbubble
flotation of fine and ultrafine chalcopyrite particles”, International Journal of Mining Science

and Technology, XXX, XXX-XXX.

[38] Calgaroto S., Wilberg K.Q., Rubio J., (2014) “On the nanobubbles interfacial properties

and future applications in flotation”, Minerals Engineering, 60, 33—40.

[39] Calgaroto S., Azevedo A., Rubio J., (2015) “Flotation of quartz particles assisted by

nanobubbles”, International Journal of Mineral Processing, 137, 64-70.
B e gy blole §,80e — gili golal &5 (VYAY) o llloe ol solslaz o) (gawes] [f-]

Iranian Journal of Mining Engineering « joxe wiige by — sole a, 85 ¢ (6,5 an sl

YF U YF amio AYAY Jlo YO o,le A 0,55 .(IRIME)

YA



[41] Leistnera T., Peukerb U.A., RudolpH M., (2017) “How gangue particle size can affect the
recovery of ultrafine and fine particles during froth flotation”, Minerals Engineering, 109, 1-9.

[42] Rulyov N., Nessipbay U., Dulatbek T., Larissa S., Zhamikhan K., (2017) “Effect of
microbubbles as flotation carriers on fine sulpHide ore beneficiation”, Mineral processing and

extractive metallurgy.

[43] Asghari M., Nakhaei F., VandGhorbany O., (2018) “Copper recovery improvement in an
industrial flotation circuit: A case study of Sarcheshmeh copper mine”, Energy Sources, Part

A: Recovery, Utilization, and Environmental Effects.

[44] Nazari S., Shafaei S.Z., Gharabaghi M., Ahmadi R., Shahbazi B., Maoming F., (2018)
“Effects of nanobubble and hydrodynamic parameters on coarse quartz flotation”, International

Journal of Mining Science and Technology, XXX, XXX-XXX.

[45] de Medeiros A.R.S., Baltar C.A.M., (2018) “Importance of collector chain length in
flotation of fine particles”, Minerals Engineering, 122, 179-184.

[46] Tao D., Sobhy A., Li L., (2019) “Nanobubble effects on hydrodynamic interactions
between particles and bubbles”, Powder Technology, S0032-5910(19)30126-3.

[47] Ebrahimi H., Karamoozian M., Saghravani S.F., (2020) “Interaction of applying stable
micro-nano bubbles and ultrasonic irradiation in coal flotation”, International Journal of Coal

Preparation and Utilization.

[48] Farrokhpay S., Filippova I, Filippov L., Picarra A., Rulyov N., Fornasiero D., (2020)
“Flotation of fine particles in the presence of combined microbubbles and conventional
bubbles”, Minerals Engineering, 155, 106439.

[49] Farrokhpay S., Filippov L., Fornasiero D., (2020) “Flotation of Fine Particles: A Review”,

Mineral processing and extractive metallurgy riview.

[50] Li C., Xu M., Xing Y., Zhang H, Peuker U.A., (2020) “Efficient separation of fine coal
assisted by surface nanobubbles”, Separation and Purification Technology. S1383-
5866(20)31637-3

\RR



[51] Li C., Li X, Xu M., Zhang H., (2020) “Effect of ultrasonication on the flotation of fine
grapHite particles: Nanobubbles or not?”, Ultrasonics—Sonochemistry, 69,105243.

[52] Chang G., Xing Y., Zhang F., Yang Z., Liu X., Gui X., (2020) “Effect of Nanobubbles on
the Flotation Performance of Oxidized Coal”, ACS Omega, 5, 20283-20290.

[53] Li P., Zhang M., Lei W., Yao W., Fan R., (2020) “Effect of Nanobubbles on the Slime

Coating of Kaolinite in Coal Flotation”, ACS Omega, 5, 24773-24779.
999 Bl 5 (SlSe lo,lid, sgge 5o Slse 6l s Slmgilil s See 3,0, (VYAY) (il (3 L [0F]
(S Lamn 5 OT) Gl yoe wiige 0 )| olind IS aslipy bl (o 5 0uST L) Lot lu wllas
39,0l Jais oSiils lies cwdige 0uSiils o jolive Sliul) o ¢ Sl (localy sliwl) & o Sl ele
Koy SHle Slas i poaiiS oy, 392 5 olmgiliog,Sun Hlojen 5.V YAF) g (S 5 [00]
(el olisl)

L«LQULOS)S.MQ 6)9LJ )‘ oole S| L:. o *JLC) &)’“’""\} ULA..\.L‘) \)W»(\\NQ?) Ie ‘w‘)”‘ [()?]

(ol oliwl) o ¢ Slg el o(Lozaly sbwlep oyl gl 157 o, cwlits IS asbLb

655 Al «Kiw Jl) anmlisld 0113 S5ty p Sgol 8 lgel > (VYAF) (il SLad [0V]
(Losaly sbul) o5 ¢ ol glads d(losaly sbwl) op ey £95 (S Slgo 6)9])5) O mmidigeo
Ol s oBails ase cwdige 0uSiils

[58] Tao, Y ., liu,J ., Yu,S . Tao, D.(2006). Picobubble enhanced fine coal flotation .
separation science and technology , 41: 3597-3607 .

\Y-



Abstract

Flotation is one of the most important common processes for separating valuable minerals from
gangue. Particle size plays an important role in this process. Today, the problem that this
process encounters with is existence of coarse particles and fine particles, which makes the
whole process inefficient. So far, a lot of research has been done on coarse particles and fine
particles with the presence of ordinary bubbles. Problems with fine particles include: their
flotation kinetics is slower and their collision efficiency is lower. In this thesis, the effect of
stable nanobubbles that can maintain their stability for a long time, and recovery of fine and
coarse particles are investigated. Stable nanobubbles can increase particle hydropHobicity,
which increases the possibility of bubble-particle bonding and decreases the probability of
separation. In this thesis, the focus is on increasing recovery and reducing chemical
consumption. After preparing the samples from the fine stockroom of the concentrate plant 1
of Sarcheshmeh copper complex and performing the comminution steps, the representative
sample that was prepared was sent for chemical analysis (XRF, XRD) and mineralogy. By
designing 50 experiments with DX13 software, the effects of amount of collector consumption,
frother, pH, particle size and solid percentage were investigated, 25 experiments were
performed with normal flotation and 25 experiments were performed under the influence of
nanobubbles. After performing the analyzes and comparing their interaction with each other,
the results demonstrated that the recovery and grade of copper in the presence of nanobubbles
increased by about 5.74 and 35%, respectively. Also, a 50% reduction in the collector
consumption and a 66% reduction in the frother consumption were observed in the presence of
nanobubbles.

Keywords: Stable nano-bubble, Fine Particles, Recovery increase, Reduce of Material
Consumption, Sarcheshmeh Copper Complex
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