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7 - + + - - + - 42
8 + + + + + + + 32
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. Absolute Value Cumulative
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Sum of Mean
Source Squares(SS) Df Squarés(MS) F Value | Prob>F
Model 0.49 1 0.49 35 0.002
A 0.49 1 0.49 35 0.002
Curvature 0.32 1 0.32 22.86 0.005
Residual 0.07 5 0.014
Lack of Fit 0.05 2 0.025 3.75 0.1527
Pure Error 0.02 3 0.0067
Cor Total 0.88 7

JS25 AB g B A ) Ll hlite ol g Lol Ldse dodéls’ a4y bgsye Letalojl 2k 5o
A Jole ol 151y Sl gloe 31 el et ol fy 3T Jpor 55 45 glaos 5 sins s
sl 00 oolizad o1 5l 55 oo JuSET 10 g el 0oy o txa il (gl)lo

sl pb & gaaz o)ke il oud 1S5 (63550 bl 4y bgype sleetalojl aSul Lo o
LSS letalos] (6 ppdu s yl5me a5 ol 0o adlal il g 56T Jgo o (Pure Error) _alls
(Lack of Fit) 3, o olaii wond Lol Joaz cnl 4 45 (6,500 &)le s o olis |, o
(o2 55 Sletalas] 5 o 1 o ol Jae bogs ol it s sl w5 ol o
A5l enl sy calie Ltolojl ealy 2 Joe Gl 515 08 e dnlis Lalls gl L
5B 5o (i i slallas 15 Sl cnl 50 o5 oy 0wl ceanl bg b e 5]
Joe il s il s camenl shls (gLl a5 51 a8 ol o0t amlie alls (gl | AB
el 00 Canilin

bzl 4 il poadho oy ez bl sl calie (glel a5l Lisul o jle yog Sl b
DS 50 Hekiie ad a4y Sl Soedl ghlo g 040 0emg (6550 bLE B bl o b L YL S jes 4
Skl )0 (5 bli a5 258 oo (e b gl gy @ ltalojl (LB 5l (6,500 g9 s

(Anderson M.J. & Whitcomb P.J., 2000) .s,ls



TR e

(CCDYF)GE..» gl 21k o Central Composit (g, -Y-1e-Y
4, bl 0,5 adlal il Cowsl lilo Lodl 0529 a5 s [Sin J> any,b
9y cdeles pola o sLA (592 ok jo wpua BLE polo JI8 L sl (o Jelse ol

okad 1 CCD iy, Jlale a5 ole g0 o) (A-T) IS 055 o Jol> Central Composit

(Anderson M.J. & Whitcomb P.J., 2000) was o

(0, +o)
*
(-1,+1) (+1,+1)
@

sk (+ot, 0)
_.l

(-1,-1) (+1,-1)
©, -0 2

(Anderson M.J. & Whitcomb P.J., 2000) Jole 4w Jole 950 ¢l CCD ‘_;I}]o whey (A=) s

(-0, 0) Hg

32 oy (oo (Al oud Lasiino o)liw b JS& jo a8 BlE) 5 970 bl 30 (ialial sl

cnl Ll 0,5l s Gudizg bawgd olgt o 1y JT eyl alols 055 15 Lol bl 5l Lols alols
Gy jo aS e g0 Gialesl sl e lgie a4 0l o Julge sl i 4 Suo5 Ly alols
ool alol o350 Ll 5l asly (V2) 14 (g pme bl qod adlsl o ol oolizal [
oAl sl Q—l 50 o bl g4 5 Sl 0ud 00lo Lis CCD oy, 40 L)ikg_Lo)'T = OY-) Jgo=
asine g s |y Ll Slasgas 5 00d pedd &508 ud ,ii Sl bl olaar ioli8l ol

() -

(Anderson M.J. & Whitcomb P.J., 2000) w5 _»

' Cenlral Composit Desien



LQ-::%LO)T Lg)L.cT LS>|J'IOJ'3L§‘ dodda sa}....:ul..as

(Anderson M.J. & Whitcomb P.J., 2000) clole ¢ siale3l 5!, Central Composit ig, 4 >y (V¥-1) gz

Standard Block Type A Width B.: Length Time
Order (inches) | (inches) | (seconds)

1 1 Factorial 1 3 2.5
2 1 Factorial 3 3 1.9
3 1 Factorial 1 5 2.8
4 1 Factorial 3 5 2

5 1 Center 2 4 2.8
6 1 Center 2 4 2.7
7 1 Center 2 4 2.6
8 1 Center 2 4 2.7
9 2 Axial 0 4 2.5
10 2 Axial 3 4 1.8
11 2 Axial 2 2 2.6
12 2 Axial 2 5 3

13 2 Center 2 4 2.5
14 2 Center 2 4 2.6
15 2 Center 2 4 2.6
16 2 Center 2 4 2.6

5 Yl J1)9mSB (655 el )9 B oy ()97 b ey 5o Jele 52 CCD () 50

Sglite o b gy B9, L CCD by, a8 cotls Jlaiae by (g - igd (o0 000> iT YU (5,900
CCD 5, g ol p3¥ GialasT VO iy 87 b ale 50 sl (oonbams g gy 1 9% oo
5o Lol )8, 1 el 00y aBlal (g j9700 5 (635 50 bli ] a4y a8 el b 50 5551 55, S
P9y g a5 LT latalesl ln |y Guilyly 5IUT VF-T) Joaz 050 (et a95 @ Joo

(Anderson M.J. & Whitcomb P.J,, 2000) aas oo sliil) gy 00y =1, CCD

(Anderson M.J. & Whitcomb P.J., 2000) Lusls 4l 5JUT (1F-¥) Jgum

Sum of Mean

Source Squares(SS) Df Squares(MS) F Value Prob>F
Block 0.016 1 0.016

Model 1.59 5 0.32 15.5 0.0003

A 0.71 1 0.71 34.72 0.0002

B 0.12 1 0.12 5.67 0.0412

A? 0.75 1 0.75 36.49 0.0002

B? 0.003 1 0.003 0.14 0.7201

AB - 0.01 1 0.01 0.49 0.5032
Residual 0.19 9 0.021

Lack of Fit 0.075 3 0.025 1.36 0.3402
Pure Error 0.11 6 0.018

Cor Total 1.79 | 15 | {
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scale readings | Flow(ml/min) Flow(cm/s)
10 996 0.20475324
20 2296 0.47200145
30 3502 0.71992556
40 4661 0.95818762
50 5804 1.19316047
60 6889 1.41620994
70 8057 1.65632217
80 9205 1.8923229
90 10290 211537237
100 11270 2.3168364
110 12436 255653749
120 13515 2.7783535
130 14658 3.01332635
140 15761 3.24007618
150 16737 3.44071791
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Factor 1 Factor 2 Factor 3 | Response 1
Std | Run | ~Block | A:Motor Speed | B:Pressure Head | C:Fluid Flow
‘Degree Degree Type Lit/min

32 1 Block 1 8 3 Slurry 6.01

9 2 Block 1 6 3 Slurry 4.4409866
27 3 Block 1 4 4 Slurry 2.7272656
17 4 | Block 1 4 3.5 Slurry 2.7499958
35 5 Block 1 8 4 Water 6

34 6 Block 1 8 3.5 Slurry 5.9949
10 7 | Block 1 7 3 Slurry 5.2697645
22 8 | Block1 4 4 Water 2.7397506
16 9 Block 1 3 3.5 Slurry 2.01

13 10 | Block 1 5 3.5 Water 3.567256
5 11 | Block 1 7 3 Water 5.2729926
4 12 | Block 1 6 3 Water 445772
12 13 | Block 1 4 3.5 Water 2.7361361
6 14 | Block 1 3 3 Slurry 2.008
20 15 | Block 1 7 3.5 Slurry 5.28146
21 16 | Block 1 3 4 Water 1.9986611
3 17 | Block 1 5 3 Water 3.55506
15 18 | Block 1 7 3.5 Water 5.2729919
7 19 | Block 1 4 3 Slurry 2.729841
33 | 20 | Block1 8 3.5 Water 6

14 | 21 | Block1 6 3.5 Water 4.44091

1 22 | Block 1 3 3 Water 2.0058583
25 { 23 | Block 1 7 4 Water 525739
26 | 24 | Block1 3 4 Slurry 2.0028566
18 | 25 | Biock 1 5 3.5 Slurry 3.5508016
29 | 26 | Block1 6 4 Slurry 4.445
36 | 27 | Block1 8 4 Slurry 5.992905
24 | 28 |( Block1 6 4 Water 4.4433468
11 29 | Block 1 3 3.5 Water 1.9929462
23 30 | Block 1 5 4 Water 3.5477155
30 | 31 | Biock1 7 4 Slurry 5.28533
28 | 32 | Block1 5 4 Slurry 3.55766
8 33 | Block1 5 3 Slurry 3.5609
19 | 34 | Block1 6 3.5 Slurry 4.44408
31 35 | Block 1 8 3 Water 6.01

2 36 | Block1 4 3 Water 2.7136743




Letalosl o gl ay o5 jlael 5 8 el ot

TR AT

(s 32 (529) oy 5o 0010 (595 » T b Jlos! ~Y-F-F
il g oligleT a4 bgy e gealy o5l a5 alfin liglesT o bl ok (glgs, 4o
(residuals) Joe (sla oaile )] jo a5 JguB (LB L2l Jow 4 (ohoo S Joe yie Gile sl
el (ot 2Bl oo b sl glo ools (g9, houd Jlesl @ 5L il oo 1598 Jlo i )50 4
Sort 1) andllae 090 s Jolog wllsny B0l oo S5 Bhome 4y e (0L, oo S oS
J b 02,8 o 58 e 0 5 eolinad b owl Jas a4 slo syl 5w s Gas ol b asy
oo 351 Jowe sl saile =565 G5 4 (O-F) 5 (F-Fhsle IS8 0l ools Lawmis canlee

e (oo i ot Jleel 5o g (15

Normal Plot of Residuals
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Source Sum of Squares | df | Mean Square | F Value | p-value
Mean vs Total 62.65138131 1| 62.65138131 Prob > F
Linear vs Mean 5.057811925 3 | 1.685937308 | 461.969 | < 0.0001

2Fl vs Linear 1.32127E-05 3 | 4.40424E-06 | 0.00109 | 0.9999
Quadratic vs 2F]| 0.116548438 2 | 0.058274219 | 7115.16 | < 0.0001
Cubic vs Quadratic 2.29721E-05 6 | 3.82868E-06 | 0.40574 | 0.8669
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Source Model | Std Deviation | R-Squared R/i\gﬁj;?g g 'ggﬁfﬁd PRESS
Linear | 00604108 | 0977432 | 0975316 | 0.970746 | 0.151377
2FI 0.063455 | 0.977434 | 0972765 | 0.960639 | 0.203678
Quadratic | 0.0028618 | 0.999957 | 0.999945 | 0.999927 | 0.000375

Cubic Aliased Aliased Aliased Aliased Aliased

4 (R-Square) oo apule b Kiwgod g polie ax o (F-Y) Jgoz 4 azei |
Sl Vo5 (Kt o Bk 5l ol g 0al (350 Jow Caasy wil 5S00p K505
Egozs oazad olis PRESS’ Oy 5l e Slaalesl p Jow ol Gsd 3510 easms Las o
Hlade ol anals wlagbesl 5 osd G35ln a8 Jae il oo Jow o 6lp eeds las Slaje
Slows 4 cewl pggie s Cubic Jow (slp Aliased & jle o9 anlss 2545 -] PRESS soc
O PR ‘bl?ul J..u u.g_l UL)').: Lgb.g LﬁLT QL.:..!LQ)T

Quadratic oo (7-¥) 5 (0-F) Jgoz 55 5l ool Jol> slo Ll 4y azgd b 5 i i (o
el 0000,8 Sl wlaalojl (65 G35l sln Sazae sldae iy o 5l Joe oy Ol
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[Fluid Water]
Ln(Flow) = -0.55386 + 0.4716*A + 0.0225*B - 0.00024*A*B - 0.02280*A* - 0.00312*B*

[Fluid Slurry]
Ln(Flow) = -0.549 + 0.4709* A + 0.022612%B - 0.00024*A*B - 0.02280%*A” - 0.003 12*B?

* Predicted Residual Sum of Squares
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Source gggg df gggg;le F Value ggg@;
Model 5.1743736 | 8 | 0.646797 | 78972.5 | <0.0001
A-Motor Speed 25288995 | 5 |[5.057799 | 617546 | <0.0001
B-Pressure Head | 4.525E-06 | 2 | 2.26E-06 | 0.27649 | 0.6033
C-Fluid 1.057E-05 1 1.06E-05 | 1.2911 0.2658
AB 1.035E-05 1] 10 | 1.03E-06 ] 0.12633 | 0.7250
AC 6.117E-05 1.22E-05 | 1.48542 | 0.2335
BC 2 .467E-08 1.23E-08 | 0.0015 0.9694
A 29136654 | 25 |1 0.116544 | 14229.7 | <0.0001
Residual 0.000221 | 27 | 8.19E-06
Cor Total 5.174595 | 35
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Type Term Stded Effect | SumSgr | % Contribution
Require Intercept
Model A:Feed Rate -5.25074 73.52066 11.4540365
Model B:Diesel Dosage 9.527092 242.0413 37.7084453
Model C:Air Rate 6.089048 98.87069 15.4034041
Model | D:Wash water Rate 1.828738 8.918085 1.38937916
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[Final Equation in Terms of Coded Factors]:
Combustible Recovery = +74.91 - 2.63A + 4.49B +3.52C + 1.06D + 2.64AB -3.32BC- 1.83CD

[Final Equation in Terms of Actual Factors]:
Combustible Recovery =-48.10 -7.91*Feed Rate +17.70*Diesel Dosage +79.16*Air Rate

+69.50*Wash water Rate +2.64*Feed Rate*Diesel Dosage -13.28*Diesel Dosage* Air Rate
-36.70*Air Rate*Wash water Rate
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Internally Studentized Residuals
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Type Term Stded Effect | SumSqr | % Contribution

Require intercept

Model A-Feed Rate -1.27917 4.36338 12.6235582
Model B-Diesel Dosage -1.01941 2.771204 8.01728341
Model C-Air Rate 2.254167 13.55005 39.2012183
Error | D-Wash water Rate -0.39693 0.420139 1.21549078
Model AB 1.845833 9.085602 | 26.2852727
Error AC -0.58457 0.288935 0.83590941
Error AD -0.599 0.956806 2.76810445
Error BC -0.23816 0.15125 0.43757668
Model BD 0.945833 2.385602 | 6.90171066
Error CD -0.38333 0.381852 1.13365443
Error ABC -0.27424 0.200556 0.58022105

Aliased ABD Aliased

Aliased ACD Aliased

Aliased BCD Aliased

Aliased ABCD Aliased
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[Final Equation in Terms of Coded Factors]:
Ash Content = 12.03 - 0.64A - 0.48B + 1.13C + 0.92AB + 0.47BD
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Source SS;T;:; DF Sl\c/ll ijfe F Value I?r -(:/ba 1;;
Model 29,927 5 5.985 14.9043 0.0025
A:Feed Rate 4363 1 4.363 10.8653 0.0165
B:Diesel Dosage 2,771 1 2771 6.90059 | 0.0392
C:Air Rate 13.550 1 13.550 33.741 0.0011
AB 9.086 1 9.086 22.6241 0.0031
BD 2.386 1 2.386 5.9404 0.0507
Residual 2410 6 0.402
Cor Total 32.337 11
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Type Term Effect SumSqr | % Contribution
Require Intercept
Error A-Feed Rate -1.66548 | 5.637735 2.37704238
Model B-Diesel Dosage 7.399235 | 164.246 69.2511793
Model C-Air Rate 0.94096 | 2.656216 1.11994223
Error D-Wash water Rate | 1.656908 | 3.91758 1.65177228
Error AB 1.334528 | 5.342895 2.25272857
Error AC 2.329717 | 13.44225 56676657
Error AD 0.993066 | 2.95854 1.24741127
Model BC -3.20346 | 30.78647 12.9805209
Error BD -0.95656 | 2.74503 1.15738917
Error CD -1.32559 | 5.271537 2.22264216
Error ABC -0.2381 | 0.170068 0.07170605
Aliased ABD Aliased
Aliased ACD Aliased
Aliased BCD Aliased
Aliased ABCD Aliased
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[Final Equation in Terms of Coded Factors]:
SE=6187+3.70B+047C-1.60BC

[Final Equation in Terms of Actual Factors]:
S.E=28.75 +14.92*Diesel Dosage +14.70*Air Rate -6.41*Diesel Dosage* Air Rate

(Galazr (293 pauw gy (udl sl 50T -¥-4-0

ol o el L5 5 Ll 55 eizman 5 ige e plulis Gan ulls 5IUT o
Py Sl & barpe by 5AUT O -0) Jgaz ol (2h) Slides alides G el L Llej]

20 oo lis | ((olas oo5l)

(Uialon (o233L) pams Fewly &1 gy o il Sl 5IUT (14-0) g0

Sum of Mean p-value
Source Squares df Square F Value Prob > F
Model 197.689 | 3 | 65.896 | 13.3509 | 0.0018
B:Diesel Dosage | 164246 | 1 | 164246 |33.2771 | 0.0004
C:Air Rate 2656 | 1 | 2656 |053816| 0.4841
BC 30786 | 1 | 30.786 | 6.2375 | 0.0371
Residual 39.486 8 4 936
Cor Total 237174 | 11
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std | Run | Block | 8>, | BrAirRate D'o:;g:' Recovery Content SE
Lit/min cm/s mU/Kg % % %
4 1 Block 2 1.5 2 04 73.98 8 65.39
15 2 Block 1 1.25 1.75 04 74.88 8.7 ©5.58
5 3 Block 1 1 1.75 0.2 66.74 7.7 59.89
6 4 Block 2 1.5 1.75 0.2 59.64 6.5 55.05
8 5 Block 1 1.5 1.75 0.6 78.88 8.8 68.11
3 6 Block 1 1 2 04 73.18 8.6 ©64.15
2 7 Block 1 1.5 1.5 0.4 67.00 7.9 60.06
14 8 Block 1 1.25 1.75 04 76.71 9.5 ©6.19
11 9 Block 1 1.25 1.5 0.6 74 .62 8.7 65.17
10 10 | Block 1 1.25 2 0.2 51.12 6.6 47.70
17 11 | Block 1 1.25 1.75 0.4 76.58 8.5 67.19
13 12 | Block 1 1.25 1.75 0.4 74 .45 7.8 65.76
12 13 | Block1 1.25 2 0.6 75.48 8.3 65.97
7 14 | Block 1 1 1.75 0.6 79.88 12.5 63.96
16 15 | Block 1 1.25 1.75 0.4 74 .80 9 64.74
1 16 | Block 1 1 1.5 0.4 75.29 8.7 65.30
9 17 | Block 2 1.25 1.5 0.2 66.47 6.9 60.60

CA.....J' ol o&)BT - E:A-A-hl?.:—i o LQ,....._A_LQ)T )' S U‘il ):......:.t CJL;)? 9 GJL:-LQ.C -Iag_’)ab

& ginad ol F Jale aw wlisles] 51 gym cnl )0 0l azaS 55 M3 a5 ghiles

Sy« 2bsh ss s pglie b Al an L' Sy eimen g Ol jle 4SS B ras e g 2058

Fels la 0dld pds p5u cpl oA ol ad S b o 0 sulas eoil g Jease nuSs

il o 55 e (sl o) s

(23t 09 I3l by 5o 0015 (555 1 Jpid Jlosl -5

Joeo gl oaile ST (Joud BB (5L, Jow @ ol Sz Joe e 5l @l

w3l oo gl sl 0ols (g5, hawd Jlesl a 5L azal sots m565 Jloys & jge ay (Tesiduals)

el ey sheslaul by odal Joe 4 slo LUj,l 5o (bl o)) sl gl sl o0lo 090 ;0 a5



letulejT (s)lel (Pl (sladg, S oolinal b 5 Sllee Ll (o5l 4 i b

b Jleel 5ham 1) by saile auj97 (V-F) UKD 0l 00l apmeis cile b o, Lo

Normal Plot of Residuals

Design-Expent® Software

99 _. Ln{Combustible Recovery)

Y
~N ®m ®
o o o &
hu [
28]

Iy
t
&

W
o o
|
5
2]
k!

Normal % Probabilit
&)

» o

vl

M%,MD‘ Color points by value of
Ln(Combustible Recovery):
433

I T T T I
-1.50 -0.68 018 0.97 178

Internally Studentized Residuals
(2L3k woy0) sl by 5o (o i j IS Jood Jlasl 3T um Lo oudle Jloyi o590 (Somde (-5) S5
(23 s 0) ol Gl (slo 00ld (595 3o Juo 33190 -V -V

23l e olalesl moly p Joe Ble gl el sy el S8y e Gl
G el i i Sl a5 el (5l aolee ST @dly S0 Jae ol 4t 55 L3 a5 ghailan

(2Ll s ) ol fewls 50080 4 Comd alizke (slodaa (5l Cumdg (a0 (F-F) Jgus

Sumo -value

Source Squarefs df Sl\giz?e FValue FE)rosL F
Mean vs Total 309.5882 1 309.5882
Block vs Mean 0.018441 1 0.018441

Linear vs Block 0.113569 3 | 0.037856 | 6.126801 0.0091

2Fi vs Linear 0.020493 3 | 0.006831 | 1.145853 0.3822

Quadratic vs 2FI 0.052534 3 10.017511 | 93.90005 } < 0.0001

Cubic vs Quadratic | 0.000314 2 | 0.000157 | Aliased Aliased
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Source Model | Std Deviation | R-Squared R-Squared | R-Squared PRESS
Linear 0.0786053 0.605009 0.506261 0.075039 | 0.17362826
2F1 0.0772102 0.714178 0.523631 -0.53261 | 0.28769197
Quadratic 0.0136561 0.994039 0.985098 0.926437 | 0.01380883
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Sum of Mean F -value

Source Squares df Square Value Pprob >F
Linear 0.07334 | 8 | 0.009168 | 45.54384 | 0.0012
2FI 0.052848 | 5 | 0.01057 | 52.5088 0.0010
Quadratic | 0.000314 | 2 | 0.000157 | 0.779394 | 0.5178
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[Final Equation in Terms of Coded Factors]:
Ln(Combustible Recovery) = +4.39 - 0.065A - 0.023B +0.16C + 0.061AC +0.032BC -0.074B?

-0.095C2

[Final Equation in Terms of Actual Factors]:
Ln(Combustible Recovery) = +1.63 -0.75*Wash water Rate +3.79*Air Rate +0.031*Frother
Dosage +1.23*Wash water rate*Frother Dosage +0.64*Air rate*Frother Dosage -1.18*Air

Rate® -2.38*Frother Dosage2
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Su ean -V
Source Squn;rgg df Sl\guare F Value PproslgeF
Block 0.018441 | 1 0.0184
Model 0.1862 7 0.0266 145.346 < 0.0001
A-Wash water Rate | 0.0211 1 0.0211 115.333 | < 0.0001
B-Air Rate 0.0041 1 0.0041 22.289 0.0015
C-Frother Dosage 0.1222 1 0.1222 | 667.666 | <0.0001
AC 0.0115 1 0.0115 62.956 < 0.0001
BC 0.0032 1 0.0032 17.209 0.0032
B’ 00212 | 1 | 00212 | 115548 | <0.0001
c’ 0.0351 1 | 00351 | 191.653 | <0.0001
Residual 0.0015 8 0.0002
Lack of Fit 0.0007 4 0.0002 0.819 0.5744
Pure Error 0.0008 4 0.0002
Cor Total 0.2062 16
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Sum of Mean -value
Source Squares df Square Fvalue F?rob >F
Mean vs Total 0.018863 1 10.018863
Block vs Mean 0.000284 | 1 | 0.000284
Linear vs Block 0.000419 3 0.00014 | 6.750433 | 0.00842
2FI vs Linear 6.77E-06 3 | 2.26E-06 | 0.084006 0.967
Quadratic vs 2FI 0.000145 3 | 4.84E-05 | 3.005549 0.117
Cubic vs Quadratic | 4.33E-05 2 | 216E-05 | Aliased Aliased
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Linear 0.004551 0.627922 0.534902 0.19924214 0.000535
2F1 0.005183 0.638057 0.396762 | -0.9625782 | 0.001311
Quadratic 0.004012 0.855383 0.638458 -1.7168017 0.001815
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Linear 0.000195 | 8 | 2.44E-05 | 1.83089565 0.293
2Fi 0.000188 | 5 | 3.77E-05 | 2.82784626 0.168
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[Final Equation in Terms of Coded Factors]:
(Ash Content)"*?=+0.034 + 0.0039A - 0.0081C

[Final Equation in Terms of Actual Factors]:
(Ash Content)™%* =+0.03 -0.016*Wash water Rate -0.041*Frother Dosage
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Sum of Mean p-value
Source Squares df Square F Value Prob > F
Block 0.000284 1 0.000284
Model 0.000416 2 0.000208 10.70686 0.00179
A:Wash water Rate | 9.15E-05 1 9.15E-05 4.713987 0.0490
C:Frother Dosage 0.000394 1 0.000394 | 20.28325 | 0.000593
Residual 0.000252 | 13 1.94E-05
Lack of Fit 0.000199 9 2.21E-05 1.659082 0.330
Pure Error 5.33E-05 4 1.33E-05

Cor Total 0.000951 16
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Sum of Mean -value
Source Squares df Square Fvalue Pprob >F
Mean vs Total 1.1E+12 1 1.1E+12
Block vs Mean 3.58E+09 1 3.58E+09
Linear vs Block 2.03E+10 | 3 | 6.78E+09 | 3.81066296 0.0396
2FI vs Linear 761E+09 | 3 | 2.54E+09 | 1.66292136 0.243
Quadratic vs 2F| 1.27E+10 | 3 | 4.22E+09 | 23.7973805 | 0.000989
Cubic vs Quadratic | 5.16E+08 | 2 | 2.58E+08 Aliased Aliased

SRdes 4y Ceend P-value g F-value sae il slodos 1 plaS” o 6l p (VV-F) Jgo o
il oo 4y g ool g Jow Cuesl wil 268 p-value Jode 4z e a5 el ool ouuseiw
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(Gialoar (833)pgms Fewly )3 Bl sladus (b3l S8 5kl (s 0 OT=F) Jgur

Source Model | Std Deviation | R-Squared R‘_\gj(;‘j;‘:s s rse;jg:fed ' | PRESS
Linear 42176.5 0.48788 0.359849 | -0.20944 5.04E+10
2F] 39063.53 0.670515 | 0.450859 | -0.58588 | 6.61E+10
Quadratic 13321.23 0.974456 0.93614 0.484463 | 2.15E+10
Cubic Aliased Aliased Aliased Aliased Aliased
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el 0ol azzls s Jow (Lack of Fit)

(Ol (235l gms Zewls )0 (Lack of Fit) Jow (3] 51 53 pladi gu) » 0F=F)Jgu2

Source Sum of df Mean F p-value

Squares Square Value Prob>F

Linear | 2.08E+10}{ 8 | 2.6E+09 | 18.94257 | 0.00628

2FI 1.32E+10 | 5 | 2.64E+09 | 19.21413 | 0.00671
Quadratic | 5.16E+08 | 2 | 2.58E+08 | 1.879102 0.266
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[Final Equation in Terms of Coded Factors]:
(S.E) °= + 330452 -27118A - 6916B + 75705C + 47678AC -16297A% - 32348B% - 52216C>

[Final Equation in Terms of Actual Factors]:
(8.E) %= 1361548 +161995*Wash water Rate +1783851*Air Rate +230905*Frother Dosage
+953568*Wash water rate*Frother Dosage -260758*Wash water rate” -517576*Air Rate”

-1305423*Frother Dosage®
(Ulis (8030) pam gl (il ylg 3IGT - Y- F-

eily 5o Sl Ll 5 il T etmen g Jse Jelse alolis Bas bl 5T o
o3 ol a2 bgyye el ls 50T OVF-8) Jpaz ol (2, Slkar aldes S plad i Ltlos]

aa e las ) (b eosl)

(Ghale (s2350) pguw gewly 4 bgsyo (wilijly 50UT (1FP-F) Jgu

Sum of Mean -value
Source Squares df Square FValue Pprobl> F
Block 3.58E+09 | 1 | 3.58E+09
Model 4.02E+10 | 7 1 5.74E+09 | 30.78989 | < 0.0001
A-Wash water Rate | 3.92E+09 | 1 | 3.92E+09 | 21.03322 | 0.00179
B-Air Rate 3.83E+08 | 1 | 3.83E+08 | 2.052247 0.190
C-Frother Dosage | 3.06E+10 | 1 | 3.06E+10 | 163.922 [ < 0.0001
AC 7.27E+09 ] 1 | 7.27E+09 | 39.01018 { 0.000247
A’ 1.05E+09 | 1 | 1.05E+09 | 5627114 | 0.0451
B 413E+09 { 1 | 413E+09 | 22.16959 | 0.00152
c? 1.08E+10 | 1 | 1.08E+10 | 57.76592 | < 0.0001
Residual 1.49E+09 | 8 | 1.86E+08
Lack of Fit 943E+08 | 4 | 2.36E+08 | 1.717485 0.307
Pure Error 549E+08 | 4 | 1.37E+08
Cor Total 4 53E+10 | 16
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Abstract

The processing of fine coals, -1 mm, in comparison with the coares coal encountered
many problems in most coal washery plants .

Due to the new meachanized excavation method that applied in coal mines, this
problem increased and the recovery in flotation circuit decreased.

East Albors coal washery is not exception and suffers from such problems. It seems
that application of new methods of flotation, e.i, column flotation can improve the
recovery of low ash coal concentrate such that it could be regarded as new method for
processing of fine coal.

In this research the washability of East Albors coal in column flotation by using
experimental design methods was investigated. The experments was designed and the
results were analyzed with Dessign Expert software.

Experiments were carried out by using an MPE made pilot plant 4" diameter column
flotation, in shahrood university of technology , mineral processing laboratory.

At the first stage the function and performance of pristaltic pump was cheked by
changing the head pressure, motor speed and type of pulp in the full factonal
experiments.

The main purpose of the experiments was the optimization of flotation by
determination of the factors affecting the process to reach the most feasible recovery.
In practice and at the first step the Irregular Fractional Factorial Design was applied
for determination of the levels of four factors namely feed rate, fuil oil dosage,
aeration rate and wash water rate. The results of the first step were used in the
response surface methodology in wich three factors namely wash water rate, aeration
rate and frother dosage were optimized. The above three factors were controlable
factors affecting the process and ash content, combustable recovery and separation
efficiency were regarded as the response of the design.

It has been shown that if the wash water rate, aeration rate and frother dosage were
respectively set at 1.32Lit/min, 1.74cm/s and 0.575ml/kg the best response could be
achieved. In the optimom condition the combustible recovery was 86.1% , the ash
content was , 9.18% and the separation efficiency was 71.11% . The figures show an
acceptable response in such processing.

Keywords: Column flotation, Design of experiments, Response surface methodology,
Box-Behnken Design, Alborz Sharghi Company.



