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Chapter 4 - Results and Discussion of the Zeta Potential and Settling Characteristics of Talc 

The depressants were made up as a 1 % solution, that is 1 g in a 100ml of deionised 

water. The depressant was added at a slow rate to a stirred beaker containing the 

de-ionised water. The slow addition was necessary to prevent the clumping of the 

depressant leading to large masses of insoluble balls. The solution was then carefully 

made up to a 100ml and allowed to equilibrate overnight. The depressants were used 

for a maximum of four days and then fresh solution was made up. 

The calculated amounts of electrolyte (to obtain a final electrolyte strength of 

0.001M), and depressant and/or inorganic dispersant were added to a beaker 

containing de-ionised water. This solution was stirred and then added to a 200ml 

volumetric flask containing 0.2g of talc (a 0.1 % talc solution). This mixture was then 

stirred and sonicated . The pH modifiers were then added to obtain the desired pH 

and then the zeta potential was measured using a Zetasizer4. The photograph of the 

Zetasizer is shown beiow in Figure 4-1. 

Figure 4-1 - Photograph of the Zetasizer4 

29 
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Chapter 4 - Results and Discussion of the Zeta Potential and Settling Characteristics of Talc 

4.1.2 PRELIMINARY TESTS TO ESTABLISH OPERATING CONDITIONS 

Preliminary tests were required to determine the necessary operating conditions that 

would be suitable for this system. 

j 

4.1.2.1 Pure Talc 

0.0 

.•... ~ 

-20.0 

~ > 
E 
.= 
~ 
E -40.0 

! 
0 

0.. 
." 
Qi 
N 

-60.0 

-80.0 +-------7-r----~----~---___r----_,__---____1 

0.0 2.0 4.0 6.0 

pH 

8.0 10.0 

Figure 4-2 - Zeta Potential as a function of pH for talc with KN03 as electrolyte at a 

concentration of O_001M with pzc projected 

12.0 

The zeta potential of talc across a pH range from 3 to 10 is indicated in Figure 4-2. 

The relationship is similar to that obtained by previous researchers (Steen berg and 

Harris (1984), Morris (1996)). The zeta potential was relatively constant over the pH 

range from 6 to 1 0 whereas there was a sharp increase in the zeta potential at pH's 

lower than 6.0. The pzc (indicated by dotted line in Figure 4-2) can be extrapolated 

to 1.9 pH units which was in the similar region to those reported in the literature by 

30 
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Chapter 4 - Results and Discussion of the Zeta Potential and Settling Characteristics of Talc 

each point at various times for a period of one hour. These values were then 

exported to the spreadsheet package Excel, where the data was analysed. For 

analysis a value 3cm below the meniscus was used for evaluation purposes. 

Figure 4-15 - Photograph of Settling Test Apparatus 

4.2.2 Reproducibility 

The reproducibility of the experimental technique is shown in Figure 4-16 below. It 

can be seen that similar results are obtained when similar conditions are tested. This 

would imply that any luminosity variation greater than 10 units can be considered 

significant. 
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Figure 4·16 • The reproducibility of the experimental technique for 1mg/1 NaHMP at pH 3 

4.2.3 Single Reagent Addition 

The effect of IMP4 dosage at a pH of 4 on the settling character of talc was shown in 

Figure 4-17. The change in pH investigation is due to the greater change in zeta 

potential at a pH of 4 rather than at 9 which implies that greater changes in the 

settling behaviour could be observed. These tests were used primarily to determine 

whether zeta potential changes could be seen to change settling character. It can be 

seen that at low dosages the effect of the guar can be deduced from the zeta 

potential measurements in that the lowering of the zeta potential led to a more 

coagulating system. However as the dosage was increased the system became 

more dispersed which was contrary to the zeta potential measurements. It would 

therefore appear that a correlation between zeta potential measurements and settling 

character was only possible at low dosages. 
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Chapter 5 - Settling Tests and Flotation Tests with Merensky Ore 

5.2.1 Procedure 

The ore used for the batch flotation tests was Merensky ore obtained from Impala 

Platinum Mines. The ore was split into approximately 1 kg samples. The samples 

were milled in the laboratory rod mill to obtain a size classification of 60% passing 

75IJm and then floated immediately. Single tests were conducted at each condition. 

See Chapter 3 for the mineralogy of Merensky ore. 

The flotation was performed in a three-litre modified Leeds Cell (Bacus, 2000). The 

machine had a variable speed drive and the pulp level was controlled by a constant 

head device. A photograph of the equipment is shown below in Figure 5-7. 

Figure 5-7 - Photograph of the modified 3-litre Leeds Cell 

The milling was done with the 1 kg of ore and 600ml of tap water. After milling the 

pulp was transferred to the modified Leeds cell and made up to the necessary level 

with tap water. The impeller was set to 1200rpm and the collector (sodium isobutyl 
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Chapter 5 - Settling Tests and Flotation Tests with Merensky Ore 

xanthate) was added at 45g/ton. The pulp was then conditioned for 5 minutes before 

the CUS04 was added at 30g/ton. Two minutes later the depressant and or the 

inorganic dispersant was added. A further minute later the frother Dow200 was 

added and a minute thereafter the air was switched on at 6l/min. 

The concentrates were collected by scraping the froth every 15s. The first 

concentrate was collected for the period 0 to 1 minute, the second from 1 to 4 

minutes, the third from 4 to 13 minutes and the final concentrate from 13 to 25 

minutes. 

Water recovery was also measured for the same time periods. The water mass was 

determined by weighing the total mass recovered and subtracting the solid's mass as 

well as the mass of the water that is added to wash the scraper. 

The copper and nickel assaying was done by an acid digestion technique which is 

detailed in Appendix 5. The recovery calculations were based on concentrate and 

tails analysis. 

5.2.2 Reproducibility Tests 

The flotation tests were a preliminary investigation and only singular tests were 

conducted to determine the effect of depressant and dispersant addition on the 

performance. The reproducibility of the float tests was obtained from a parallel 

investigation using similar ore (Bacus, 2000) and showed that for 8 tests the std 

deviations were: 

nickel recovery 1.94; nickel grade 0.61; copper recovery 4.6 and copper grade 0.36 
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1 7 8:35 
'P: GENSCAN 27-0CT-95- . 9: 09 27-0CT-95 9: 

28.29 
OUT 

o. scan scan 

1 6.000 65.000 0.050 0.05 s 9.05 
58.802 5. 8 

0.021 nm 0.216 nm 

2 27.000 92.000 0.050 0.05 s 9.97 
6.074 1.971 
0.204 nm 0.629 nm 

3 11.000 29.000 0.020 0.05 s 6.82 
2.540 0.972 keV 
0.488 nm 1.275 nm 

4 37.000 45.000 0.050 0.50 s 2.44 
0.767 0.636 
1.615 nm 1.948 nm 

No. tube Detector 
lter 

1 80 35 OUT FINE LIF200 1 25 75 FS 
2 60 45 OUT FINE PE002 1 25 75 FL 
3 40 65 OUT FINE PX-l 1 25 75 FL 
4 40 65 OUT COARSE PX-l 1 25 75 FL 
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·5-SEP-97 10: 
: GENSCAN Created: 27-0CT-95 9:09 27-0CT-95 9: 

;ENSCAN 4 scans 28.29 
: OUT mask: SMALL 

'0. Start scan scan 

6.000 65.000 0.050 0.05 s 9.05 
58.802 5.728 keV 
0.021 nm 0 216 nm 

2 27.000 92.000 0.050 0.05 s 9.97 
6.074 1.97 keV 
0.204 nm 0.629 nm 

11.000 29.000 0.020 0.05 s 6.82 
2.540 keV 0.972 keV 
0 488 nm 1.275 nm 

4 37.000 45.000 0.050 0.50 s 2.44 
0.767 keV 0.636 
1.615 nm 1.948 nm 

o. tube Order Detector 
kV mA fi 

. 80 35 OUT FINE LIF200 1 25 75 FS ..i.. 

60 45 OUT FINE PE002 1 25 75 FL 
3 40 65 OUT FINE PX-1 1 25 75 FL 
:4 40 65 OUT COARSE PX-1 1 25 75 FL 
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9-JUN-97 10: 05 . 
GENS CANS 9:09 10-0CT-96 8 

: 25.85 
IN 

No. scan scan 

1 6.000 65.000 0.050 0.05 s 9.05 
58.802 5.728 
0.021 nm 0.216 nm 

2 27.000 92.000 O. 0.05 s 9 97 
6.074 1.971 
0.204 nm 0.629 nm 

3 11.000 29.000 0.020 0.05 s 6.82 
2.540 keV 0.972 keV 
0.488 nm 1.275 nm 

No. Call Order I 

1 80--35 - OUT FINE 0 1 25 75 FS 
2 60 45 OUT FINE PE002 1 25 75 FL 
3 40 65 OUT FINE PX-l 1 25 75 FL 

,. 
.c: 

"-

. /::. 
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9-JUN-97 8:31 
1-NOV-9S- 9:23 13-DEC-95 16 : 

8.07 
: OUT : SMALL 

'40. Start scan End scan 
-

1 18.000 26.000 0.040 2.00 s 8.07 
1.556 1.082 
0.796 nm 1.145 nm 

~o . Co Order 

1 40 65 OUT FINE PX-1 1 38 66 FL 

-. 
_t:> 

_I:" " 
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UCT Chemi,= 1 
• 1 B 

SAMPLE DIRECTORY NUMBER: CAT 
SAMPLE ID: Fine Talc 
3UBMITTER: Maobccl Dalvie 

ERATOF:: Helen 
T r.Jur'18EF:: 

T SUF:FACE AREA! 

34 

{':;PEA 

AREA AT P Pa .1997: 

STAF.:T 15: i)5:43 ')6/~)7,/(H) 

OMFL 6: 1:04 06/0~/00 
REFRT 16:11: 5 06'07/00 
S(~ir·iFLE ~\rr: 4. 

sq.. lil/ 

::.6683 :::;0. 
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Volume 

20 

lOr 

a 

5 Insll'UmenlS Ltd 
ern. UK • 13 Aug 98 12:3: 
,+'441(0)1684-092456 
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UCT Chemical Engineering 
~SAP 2000 V3.01 B 

~AMPLE DIRECTORY/NUMBER: 
3AI"1PLE 10: -38 PGS ...... -----......... 
SU8MITTER: MA CALVEY 
GFERATOR: A.RAMPLIN 
IN r T NUMBER: 1 
;:\IALYSIS GAS: Ni err 

REPORT 

SET SURFACE AREA: 

INGLE POINT SURFACE AREA AT PIPe 0.1998: 

H CUMULATIVE ADSORPTION SURFACE AREA OF PORES 
BETWEEN 17.0000 AND 3000.0000 A DIAMETER: 

BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES 
BETWEEN 17.0000 AND 3000.0000 A DIAMETER: 

'1 I CROPORE AREA: 

VOLUME 

3INGLE POINT TOTAL PORE VOLUME OF PORES LESS THAN 
2189.7935 A DIAMETER AT PIPo 0.9911: 

CUMULATIVE ADSORPTION PORE VOLUME OF PORES 
BETWEEN 17.0000 AND 3000.0000 A DIAMETER: 

j.JH CUMUUHI\lE DESOF:F'TION PORE '"JOLUME OF PORES 
BETWEEN 17.0000 AND 3000.0000 A DIAMETER: 

I CF:OPORE VOLUME: 

PORE SIZE 

~VERAGE PORE DIAMETER 4V/A BY ) : 

,._~:-! ADSOF:F'TION F'Of'::E 01 (4'.1 I A) : 

!.] H OESORPT rON PORE DIAMETER (4V/A : 

PAGE 14 

START 10:21:13 06 19/98 
COMPL 13:16:05 06/19 98 
REPRT 13:29:21 06/19/98 
SAMPLE WT: 0.9353 g 
FREE SPACE: 62.3944 cc 
EQUIL INTRVL: 10 sec 

3.6285 sq · mig 

3.3046 sq Iii 

4.4563 sq · 
4.8979 SQ. 

-0.8226 sq · in g 

0.01 c/g 

0.013172 

-0.000480 c 

174. ~,651 A 

143 3553 A 

<: 
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MCl1stllre = 

A mass 
B mass 

A 

a aeSSlc~ltor 
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b = ,",VJ,,.,,"Ul.Ul.JU\.H1. 

G= 

de],ressants are not 

a or U .... JlV.u"''' ... ,..., water. LVH."",,'l ... a meter. 

it 

.. "'''.n .. • .. extra waLShlmg . 
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'/olnS(,)l.Jl1'arerZal :::: ...;...........-..;... 

A = mass 
B=mass 
C=mass 

C 

::::: 

L detectclr re:sponser 
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I Start of Macro to Cont!:'ol Camera and 

II Measure rate of in a 

II Flask. 

// Dickason, Chem 

/1 of Town. 

Ma!:'ch 1997. 

II First set up the parameters. 100 vector for Line L~minance. 

I Set Black and white camera on Channel 3 

II Calibrate for f S 

LineCNVFactors(O .. .0 1.0 1.0 180.0 o. 3. 

SetColorMode ( 0 : 1 8 ; 3 ); 

3 ); 

ion ("C:\\OPTIMASS\ \ANDREWD. CFG") ; 

Calibrate I \ . ,J, 

Calibrate ) ; 

ClcseWindow Calibration" 

( ) ; 

Freeze (l ; 

II"" Show("Please draw the line you want to be measured. Press OK when done."); 

SelectFullScreen (3); 

, 1, True) ; 

(True) ; 

Ai mLnPoints; 

Clearscreen(); 

II Overall Timer the show. 
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TimeV 

(2:4:6:8:10:15:20:25:30:35 40:45:5 :55:60:70:80:90: 00:110:120: 50:180:210:2 0:2 

70:300:330: 60:390: 20: 50: 80:~10:540:570: :660: 20:78 :840:900:960: 02 : o 

:114: 00:1 4 : 680: 00: :24 :3000:3300: 600); 

:nteger PhotoN~~ ( TimeV ) + 1; 

Show("Press OK ~o start r * ") ; 

( \ . 
, I 

Limit 200; 

ActivateMeasurementSet("And::::-ewO"); 

II End the 

2; 

1 

for Cou:1ter 1; counter < Photonum ++CQunter ) 

( ) ; 

F~eeze () ; 

I I ** CreateLine ( Ai ); 

CreateLine ( 14. 6:24.70: 4.86:2.14" 

,1, True); 

(True) ; 

mLnL\.L.~inance Limit; 

leveldesc [ St > 0] 
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hChansheet - CDEInitiate ("Excel", "Sheetl"); 

DDEPoke (hChanSheetl, "r" : ToT ext ( 

GetDateTime(); 

), leveldese ) 

DOE Poke (hChanSheetl, "r" : ToText( "e3", Da~eTime); 

(hChanSheetl) ; 

DataCollection ( )i 

hChansheet2 = DDElnitiate ("Excel", "Sheet2"); 

JDEPoke hChanSheet2, "rIc" : totext(Counter), DateTime); 

DDETerminate {hChanSheet2 ; 

(:,"[andrew.xls]Sheet2",3.Counter,TRUE); 

( ) ; 

CloseWindcw ("Data Collection"); 

Ilif ( times [ 1 > dostime(l ) goto waiter; 

(times[ )-times 1])*1000); 

mLnLuminance - Limit; 

leveldesc > 0 ); 

hChansheetl DDElnitiate ("Excel", "Sheetl"); 

DOEPoke (hChanSheetl, "r" ToText ( ), leveldesc }; 

DDETerminate (hChanSheetl); 

Show ( "Macro . ") ; 
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Mass Calcs 
Tray Mass Tot Tray Mass Dry Paper Corr £!!per Paper+sample Sample Mass AecMass Time 0/0 Ace Mass Water 

9 9 9 II 9 9 9 9 9 
Feed 3.08 3 3 0 0.0 0 0.00 
Cone 1 378.1 460.5 3.02 2.94 20.51 17.63 176 1 1.95 64.82 
ConeZ 363.9 555.0 3.1 3.02 27.34 24.32 42.0 4 4.64 166.76 
Cone 3 .~ 310.2 136.5 3,4 3.32 34.42 31.1 73.1 13 8.09 335.16 
Cone 4 _369.8 811.6 3,4 3.32 28.43 25.11 98.2 25 10.87 416.68 
Blank 3.39 -0.08 3.31 3.39 
Tall 7.44 736 812,47 805.11 

903.27 983.4 

Analysis , Assays Mass Cum Recover r(F+C) Cum RecoverylT +C) Cumulative Grade 
S CU NI S Cu NI S Cu NI ICu NI S Cu NI 

'Y. 'Yo % 9 9 9 % 0/0 % % 'Yo .It. 'Yo % 
Feed 0.687 0.08 0.18 6.21 0.10 1.62 0.69 
Cone 1 20.3 2.64 2.64 3.58 0.47 0.47 57.67 66.67 28.70 64.19 27.60 20.30 2.64 2.64 
Cone 2 6.29 0.110 1.73 1.53 0.10 0,42 82.32 80.75 54.64 17.75 52,55 12,18 1.34 2.11 
Cone) 1,44 0.13 0.52 0,45 0,04 0.16 89.54 88,58 64.69 83.36 62,21 7,61 0.83 1.43 
Cone 4 0.64 0.08 0.28 0.16 0.02 0,07 9213 89.35 69.02 86.03 66.38 5,82 0.64 1.14 

c!!!'- 0.01 0.07 . 0.10 0.57 . -- -~ 
_ .... -
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Mass Calcs 
Ie Mass Ace Mass Time 0/0 Acc Mass Water 
9 g 9 

Feed 3.33 3.25 3 -0.25 0.0 0 0.00 
Cone 1 366.7 4232 3.38 3.3 12.67 9.37 9.4 1 1.16 41.11 
Conc:! 363.9 501.6 3.17 3.09 13.4 10.31 19.7 4 2.43 127.42 

3 369.9 576.6 3.22 3.14 19.48 16.34 36.0 13 4.45 190.38 
Cone 4 318.9 121.6 3.26 3.18 25.58 22.4 56.4 25 7.22 320.24 
Blank 3.37 -0.06 3.29 3.37 
Tilil 7.13 7.05 757.95 750.9 

809.32 685.2 
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Test No 
IMP4 add 
FF30 add 
NaHMPadd 

Mass Cales 
Tray Mass Tot Tray Mass Dry Paper Corr paper Paper+sample Sample Mass Ace Mass Time 0/. AecMasl Water 

9 9 9 9 9 9 9 9 S 
feed 3,36 3,37 3 -0,37 0,0 0 0,00 
Cone 1 371U 441,6 3.39 3.4 12.45 9,05 9.1 1 1,07 54,5 
CaneZ 363.9 510,9 3,31 3.38 23,29 19.91 29,0 4 3,44 127.11 
Cone 3 369,9 694.5 3.12 3.13 30.8 27.67 56.6 13 6,73 296,99 
Cone 4 369.8 748,0 3.18 3,19 25,33 22,14 78,8 25 9,36 356.12 
Blank 3,16 0.01 3,17 3.16 
Tall 7 7.01 770,23 763.22 

841.99 834,7 

Analysis 
: Assays Mass Recovery(F+C) Reeove ry(T +C) Cumulative Grade 

S ,Cu NI S Cu NI s Cu NI Cu NI S cu HI 
% % % 9 ig III ~/Q % % 0/. % % % % 

Feed 0.4755 0.08 0.2 4.00 0.67 1.68 0.48 
Cone 1 20.85 3.36 3.42 1.89 0.30 0.31 47.13 45,14 18.38 52.18 20.11 20.85 3.36 3.42 
ConeZ 5.93 0.49 1.B4 1.18 0.10 0.37 76.62 59.63 4013 68.92 43.92 10.59 1.39 2.33 
Cone 3 1.55 0,14 0.6 0,43 0.04 0.17 87.33 65.38 49.99 75.57 54.71 6.17 0.78 1.49 
Cone 4 0.6945 0.09 0.31 0.15 0.02 0.07 91.17 68.34 54.07 78.98 59.17 4.63 0.58 1.16 
Tall 0.02 0.08 0.12 

'---
0,63 ,- --+-~ -- -~ ... ----
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Mass Cales 
Tray Mass Tot TrayMass Dry Paper Corr paper Paper+sample Sample Mass Ace Mass Time % AecMass Water 

9 9 Ii 9 9 9 9 9 9 
Feed 3.21 3.2 3 -0.2 0.0 ° 0.00 
Cone 1 376.1 452.6 3.17 3.16 18.06 14.9 14.9 1 1.64 59.51 
Canel 363.9 518.7 3.2 3.19 24.8 21.61 36.5 4 4.02 133.2 
Cone 3 369.9 719.2 3.08 3.01 36.18 33.11 69.6 13 7.67 316.24 
Cone 4 369.8 859.6 3.14 3.13 32.95 29.62 99.4 25 10.96 460.01 
Blank - 3.15 -0.01 3.14 3.15 
Tall 7.13 7.12 814.85 607.73 

907.17 969.0 

Analysis 
; Assays Mass RecovorylF-tCI Reeovery{T +C) Cumulative Grade 

S C,u NI S Cu NI S Cu NI Cu NI S Cu NI 
% % 0/. B 0 10 % % % % % % % % 

Feed 0.4955 0.08 0.18 4.50 0.73 1.63 0.50 
Cone 1 13.5 2.53 2.2 2.01 0.38 0.33 44.75 51.94 20.07 55.64 19.14 13.50 2.53 2.20 
Cone 2 5.25 0.32 1.11 1.13 0.07 0.37 69.99 61.47 42.70 65.84 41.99 8.62 1.22 1.91 
Cone :3 1.82 0.13 0.67 0.60 0.04 0.22 83.39 67.40 56.29 12.20 55.35 5.38 0.70 1.32 
Cone 4 0.7595 0.09 0.32 0.23 0.03 0.10 88,43 71.10 62.13 76.16 61.09 4.00 0.52 1.02 
Tall 0.02 0.08 0.16 0.65 • -_ .. __ . __ .. _-- -_ .... _-_.- _ .•... - -
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Mass Cales 
Tr9'_Mass Tot Tray Mass Dry Paper Corr paper Paper+sample Sample Mass Ace Mass Time % Ace Masl Water 

g 9 Ii 9 9 g 9 9 11 
Feed 3.98 3.97 3 -0.91 0.0 a 0.00 
Cone 1 318.1 434.0 3,93 3,92 11.52 7,6 7.6 1 0.71 46.28 
Cone 2 175,0 360.2 3.87 3.86 20.43 16.57 24.2 4 2,43 168.61 
Conc3 369.9 765.4 3.88 3.87 3815 34.28 58.5 13 5.88 361.28 
Cone 4 378,9 141.6 3.76 3.75 24.75 21 79,5 25 8.00 341.62 
Blank 3.38 -0.01 3.37 3.38 
Tall 7.63 7.62 921.54 913.92 

993.31 919.8 

Analysis 
I Assays Mass Recovery(f+C} Reeovery(T +C) Cumulative Grade 

S Cu NI S Cu NI S Cu NI Cu NI S Cu NI 
% % % 19 9 19 % % % % % % % % 

Feed 0.378 0.07 0.11 3.15 0.70 1.69 0.38 
Conei 18.7 5.13 3.18 1.42 0.39 0.29 37.85 56.07 17.01 44.76 12.73 1S.70 5.13 3.71! 
Conc2 7.06 0.65 2.44 1.17 0.11 0.40 69.00 11.56 40.95 57.12 30.65 10.72 2.08 2.86 
Cone3 1.805 0.16 0.1 0.62 0.05 0.24 85.48 79.45 55.16 63.42 41.29 5.49 0.95 1.59 
Cone 4 0.626 0.1 0,3 0.13 0.02 0.06 88.98 82.47 58.89 65.83 44.08 4.21 0.72 1.25 
Tall 0.03 _. 0.1 4 . , __ Oc3L_ . 1.26 

.. 
. 

--

.. 
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Mass Cales 
Tray Mass Tot Tray Mass Dry Paper Corr paper Paper+sample Sample Mass Ace Mass Time % Ace Mass Water 

11 9 9 9 9 9 9 9 9 
Feed 4.13 4.12 3 -1.12 0.0 0 0.00 
Cone 1 370.5 413.0 4.09 4.08 7.64 3.56 3.6 1 0.41 38.98 
Cone 2 363.9 451.9 3.95 3.94 17.09 13.15 16.7 4 1.91 74.86 
Conc3 370.2 535.9 3.87 3.86 24.34 20.48 37.2 13 4.25 145.19 
Cone 4 369.8 655.9 3.86 3.85 28.62 24.77 62.0 25 7.06 261.37 
Blank 3.91 -0.01 3.9 3.91 
Tall 7.57 7.56 820.75 813.19 

875.15 520.4 

Analysis , Assays Mass Recovery(F+C) Reeovery(T +C) Cumulative Grade 
S .Cu NI S CU NI S Cu NI Cu NI S Cu NI 

% % % 9 9 9 0/0 % % % % % % % 
Feed 0.382 0.08 0.11 3.34 0.70 1.49 0.38 
Cone 1 20.2 6.35 3.67 0.72 0.23 0.13 21.51 32.29 8.78 31.04 7.94 20.20 6.35 3.67 
Cone 2 10.6 1.99 3.4 1.39 0.26 0.45 63.21 69.67 38.83 66.98 35.11 12.65 2.92 3.46 
Conc3 3.525 0.28 1.28 0.72 0.06 0.26 84.80 77.82 56.45 74.81 51.05 7.62 1.46 2.26 
Cone 4 1.27 0.15 0,47 0.31 0.04 0.12 94.21 83.13 64.28 79.92 58.12 506 0.94 1.54 
T~lt 0.02 0.08 0.15 0.69 . -_ .... _-- _ ..... _- -- -- - -_ .... __ ... _-
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Mass Cales 
Tray Mass Tot Tray Mass Dry Paper Corr paper Paper+sample Sample Mass Acc Mass Time %AccMass Water 

9 9 Ii Ii 9 9 9 Ii 9 
Feed 4,13 4.14 3 -1.14 C.O 0 0.00 
Cone 1 370.5 407.2 4.16 4,17 8,15 3.98 4.0 1 0.42 32.7 
Cone 2 363.9 470.9 4,2 4,21 18,35 14,14 18.1 4 1.93 92.89 
Cone :3 370,2 547.6 4,21 4,22 24.91 20.69 38.8 13 4.13 156.72 
Cone 4 369.8 660.1 4,09 4.1 27.27 23,17 62.0 25 6.60 267.12 
Blank 4,07 0,01 4.08 4.07 
rail 6.87 688 684,48 877.6 

939.58 I 549.4 

Analysis 
; Assays Mass Reeovel)f(F+C) Recovery(T+CI CumUlative Grade 

S eu HI S Cu NI S eu HI Cu HI S Cu HI 
% % % La in 9 % % % 0/. % % 0/" % 

Feed 0.3885 0.09 0,16 3,65 0,85 1.69 0.39 
Cone 1 21.4 6.5 4.61 0.85 0.26 0.18 23.33 30.59 10.85 35.39 10.64 21.40 6.50 4.61 
Cone 2 9.865 1,64 3.42 1.39 0.23 0.48 61,55 58.02 39.44 61.11 38.69 12.40 2.71 3.68 
Cone 3 3.29 0.29 1.13 0.68 0,06 023 80.19 65.11 53.21 15.31 52.25 1.54 1.42 2.32 
Cone 4 1.245 0,13 0.46 0.29 0.03 0,11 86.10 66.61 59.51 79.43 58.43 5.19 0.94 1.63 
rail 0.02 0.08 0.15 0.72 • -- -~ ...... --~---

,. 
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MassciiICs-
Tray Mass Tot T!ay Mass DlY_ Paller COfr paper Paper+sample Sample Mass Acc Mals Time % Ace Mass Water 

II II II 9 9 9 II 9 II 
Feed 3.24 3.26 3 -0.26 0.0 0 0.00 
Cone 1 370.5 401.6 3.23 3.25 4.7 1A5 1.5 1 0.16 29.66 
Cone 2 363.9 439.3 3.24 3.26 9.05 5.79 7.2 4 0.81 69.65 
Conc3 369.9 534.0 3.24 3.26 13.05 9.79 17.0 13 1.90 154.29 
Conc4 369.8 629.5 4.21 4.23 16.06 11.83 28.9 25 3.23 247.9 
Blank 4.19 0.02 4.21 4.19 
Tall 6.94 6.96 872.63 865.67 

894.53 I 501.5 

Analysis 
; Assays Mass RecoveryIF+C) Recovery(T+C) Cumulative Grade 

S cu HI S Cu HI S Cu HI CU HI S Cu NI 
% 0/. % 19 9 9 % % % % % % % % 

Feed 0.3985 0.08 0.17 3.56 0.72 1.52 0.40 
Cone 1 33.9 13.78 5.28 0.49 0.20 0.08 13.79 27.92 5.03 28.79 4.66 33.90 13.78 5.28 
Cone 2 26.6 4.5 7.99 1.54 0.26 0.46 56.99 64.33 35.46 66.32 32.64 28.06 6.36 7.45 
Conca 9.275 0.66 3.19 0.91 0.06 0.31 8VI7 73.36 55.99 75.63 51.86 17.26 3.08 5.00 
Cone 4 2.495 0.26 0.86 0.30 0.03 0.10 90.75 77.66 62.68 80.06 58.06 11.21 1.93 3.30 
Tall 0.02 0.08 0.14 0.69 + 
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Mass Calcs 
Tray Mass Tot Tray Mass Dry Paper Carr paper Paper+sample Sample Mass Ace Mass Time "10 Ace Mass Water 

9 9 II II fL II 9 9 It 
Feed 3.28 3.28 3 -0.28 0.0 0 0.00 
Cone 1 378.1 415.5 3.32 3.32 4.08 0.76 0.8 1 0.08 36.6 
Cone 2 363.9 472.9 3.41 3.41 14.25 10.84 11.6 4 1.23 98.14 
Cone 3 370.2 557.2 3.39 3.39 11.63 14.24 25.8 13 2.75 172.7 
Cone 4 378.9 705.5 3.34 3.34 25.64 22.3 48.1 25 5.12 304.21 
Blank 3.31 0 3.31 3.31 
Tall 7 7 B98.58 891.58 

939.72 611.7 

Analysis 
: Assays Mass ReeDvery!F+CI Reeovery!T .foC) Cumulative Grade 

S Cu NI S Cu NI S Cu NI Cu NI S Cu Nt 
"10 0/0 0/0 II 19 9 0/0 "10 % 0/. "10 0/0 0/0 % 

Feed 0.3515 0.08 0.17 3.30 0.75 1.60 0.35 
Cone 1 33.2 14.33 4.6 0.25 0.11 0.03 7.64 14.49 2.19 15.07 2.09 33.20 14.33 4.60 
Cone 2 16.25 3.36 5.22 1.76 0.36 0.57 60.97 62.94 37.61 65.47 35.87 '17.36 4.08 5.18 
Conc3 4.42 0.38 1.4 0.63 0.05 0.20 60.02 70.13 50.09 72.96 41.77 10.23 2.04 3.10 
Cone 4 1.31 0.15 0.54 0.31 0.03 0.12 69.27 14.58 57.63 77.59 54.96 6.13 1.16 1.91 
Tall 0.02 0.08 0.16 0.15 . -- ,-- ~ -- .... __ ... __ ._ ...... - -_ .... _-_.-
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Test No 23 
lMP4add 100 gllon 
FF30add o I olton 
NaHMP add 200 olton 

Mass Cales 
Tray Mass Tot Tray Mass Dry Paper Corr paper Paper+sample Sample Masa Ace Mass Time % Ace Mass Water 

g 9 9 9 9 9 9 0 II 
Feed 3.44 3.44 3 -0.44 0,0 a 0.00 
Cone 1 378.1 433.5 3.27 3.27 6.04 2.77 2.S 1 0.32 52.67 
Gonc2 175.0 271.4 3.36 3.36 11.51 8.15 10.9 4 1.25 88.27 
Cone 3 370.2 550.2 3.15 3.15 14.58 11.43 22.4 13 2.55 168.54 
Cone 4 369.8 649.4 3.22 3.22 22.5 19.28 41.6 25 4.75 260.38 
Blank 3.28 0 3.28 3.28 
rail 6.6 6.6 64Q.6 834 

875.63 569.9 

Analysis 
: Assays Mass Recovery(f+C) Recovery(T+Cl Cumulative Orade 

S cu NI S Cu NI S CU NI Cu NI S cu NI 
% % % 'I II g 'Y. % % % % % 'Y. % 

Feed 0.3485 0.09 0.18 3.05 0.79 1.56 0.35 
Cone 1 29.7 9.93 6.22 0.82 0.28 0.17 26.96 34.90 10.93 41.06 10.49 29.70 9.93 6.22 
Cone 2 14.8 2.11 5.69 1.19 0.17 0.46 65.95 56.72 40.35 66.77 38.74 18.43 4.09 5.82 
Concl 5.105 0.41 1.8 0.58 0.05 0.21 65.07 62.67 53.41 73.77 51.27 11.62 2.21 3.77 
Cone 4 1.67 0.16 0.62 0.32 0.03 0.12 95.63 66.59 60.99 78.38 58.55 7.01 1.26 2.31 
Tall 0.02 0.08 0.14 0.68 • 
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Mass Cales 
Tray Mass Tot Tray Mass Dry Paper Corr paller Paper+sample Sample Mass Acc Mass Time 'Yo Ace Mass Water 

9 9 9 9 9 9 9 9 9 
Feed 3.57 3.56 3 -0.56 0.0 0 0.00 
Cone 1 370.5 407.9 3.48 3.47 5.28 1.81 1.8 1 0.20 35.59 
Cone 2 363.9 470.4 3.53 3.52 14.12 10,6 12,4 4 1.40 95.89 
Cone 3 370,2 535.5 3.32 3,31 17.3 13.99 26.4 13 2.98 151.24 
Cone 4 369,8 627.5 3.35 3.34 18.53 15,19 41,6 25 4.69 242.49 
Blank 3.36 -0.01 3,35 3.36 
Tall 6.15 6.74 851.94 845.2 

886.79 I 525.2 

Analysis , Assays Mass Recovery(F+C) Recovery(T +C) Cumulative Grade 
S 1(:1.1 HI S Cu NI S Cu HI eu HI S eu NI 

% 'Yo % 9 9 9 'Y. % % % % % % % 
Feed 0.369 0.08 0.19 3,27 0.71 1.68 0.31 
Cone 1 31,4 11.18 5.24 0.57 0,21 0,09 11.37 30.05 5.63 30.54 5.84 31.40 11.78 5.24 
Cone 2 15.2 2.46 5.64 1.61 0.26 0.60 66.61 66.81 41.11 67.89 41.16 17.56 3.82 5.58 
Cone 3 4.645 0.34 1.69 0.68 0.05 0.24- 87.32 73.52 55.14 14.10 55.21 10.82 1.98 3.5~ 
Cone 4 1.595 0.17 0.56 0.24 0.03 0.09 94.72 77.16 60.31 78.40 60.45 1,45 1.32 2& 
Tall 0.02 0.08 0.15 0.61 .. 
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% AecMaSl 
II S II 9 9 a 9 til 

Feed 3.88 3.83 3 -0.83 0.0 0 0.00 
Cone 1 370.5 421.8 3.48 3.43 11.94 8.51 8.5 1 0.92 
Cone 2 363.9 50S.4 3.41 3.36 20.94 17.58 26.1 4 2.83 
COile 3 370.2 598.6 3.43 3.38 31.63 28.25 54.3 13 5.89 
Cone 4 378.9 695.2 3.46 3.41 27.56 24.15 711.5 25 8.50 
Blank 3.5 -0.05 3.45 
Tall 7.36 7.31 851.86 

A 

Mass 
Cu NI 15 Teu 

% % til til 111 1 % 1 % 
0.08 0.19 3.46 0.74 

M4 3.03 1.18 0.38 
0.69 2.34 1.00 0.12 
0.21 1 0.79 0.06 
0.12 0.4 0.27 0.03 
0.02 0.08 0.16 
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Feed 
Cone 376.1 466.1 3.53 3.4 17.5 14.1 14.1 1 1.56 73.94 
Cone 2 175.0 308.1 3.11 3.58 22.41 18.83 32.9 4 3.65 114.33 

one3 369.9 551.8 3.28 3.15 24.5 21.35 54.3 13 6.01 160.51 
Cone 4 369.8 111.5 3.35 3.22 31.44 28.22 82.5 25 9.14 313.46 -- --.-.-.--.-- ---_.-
Blank 3.31 
TaU . ...J!.:R 

Analysis 
Assa II 

S qu NI Cu 
% % % 

Feed 0.401 0.01 0.16 3.62 0.63 
Cone 1 11.95 2.55 2.6 1.68 0.36 
Cone 2 4.16 0.34 1.64 0.18 0.06 
Cone 3 2.175 0.11 0.17 0.46 0.04 
Cone 4 1.15 0.13 0,46 0.32 0.04 
Tall 0.02 0.08 0.14 
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Mass Calcs 
Tray Mass Tot Tray Mass Dry Paper Corr paper Paper+sample Sample Mass Ace Mass Time '1'. Ace Mass Water 

II II £ 9 9 9 9 9 9 
Feed 328 3.26 3 -0.26 0.0 0 0.00 
Cone 1 310.5 411.9 3.3 3.28 4.98 1.1 1.7 1 0.19 39.74 
Cone 2 363.9 470.8 3.27 3.25 13.08 9.83 11.5 4 1.26 91.11 
Cone 3 370.2 562.9 3.31 3.29 11.39 14.1 25.6 13 279 118.55 
Cone 4 378.9 711.0 3.23 3.21 21.6 11139 44.0 25 4.80 313.68 
Blank 3.23 -0.02 3.21 3.23 . 
Tall 7.14 1.12 880.26 813.14 

911.16 829.1 

Analysis 
; Assays Mass Reeovery!F+C) Reeovery(T +C) CumulatIve Orade 

S IGu NI s Cu NI S Cu NI Cu NI S Cu NI 
% % % 19 19 19 % % % % % % 0/. % 

Feed 0.66 0.08 0.19 6.07 0.73 1.74 0.66 
Cone 1 41.3 8.47 4.4 0.10 0.14 0.07 11.57 19.62 4.29 20.29 4.11 41.30 8.47 4.40 
ConeZ 35.4 3.29 6.02 3.48 0.32 0.59 68.93 63.70 38.25 65.87 36.60 36.27 4.05 5.18 
Cone 3 10.1 0.56 2.69 1.42 0.08 0.38 92.40 74.46 60.02 76.99 51.42 21.81 2.13 4.08 
Cone 4 1.9 0.16 0.55 0.35 0.03 0.10 98.16 78.47 65.82 81.14 62.98 13.53 1.31 2.61 
Tall 0.02 0.08 0.13 0.67 • 
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~31.8 ~32.2 

~30.1 -30.9 
-25.6 -25.2 ~26.7 

-6.3 -8.2 -5.4 -5.8 
-6.6 ·6.0 -5.9 -5.9 

10.52 
8.97 -25.4 -25.7 -25.4 
7.01 -24.8 0.98 -26.3 -24.9 -24.2 
6.35 -25.0 0.81 -26.0 -24.5 -25.3 
5.92 -25.8 -25.3 -25.8 -26.2 
4.86 -23.4 0.90 -23.0 -24.1 
3.14 -7.1 0.26 -7.0 -7.1 -7.0 
2.87 -5.7 0.53 -5.6 -4.8 -6.1 

10.59 
9.06 -22.8 -22.5 
6.63 -22.2 0.30 -22.3 -21.8 

-22.0 0.32 -21.8 -22.5 -21.7 
0.22 
0.63 

Zeta Potential 
mV 

10.53 -26.7 
8.83 -25.6 
8.03 -22.3 -22.0 -22.1 
6.65 -21.7 -21.1 -21.5 
5.99 -20.2 -20.0 -19.7 
4.68 -13.4 0.85 -12.3 
3.33 -7.0 0.18 -7.0 
2.89 -5.2 -5.5 

raw data 
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n

6.72 -19.6 
5.88 -18.5 
4.68 -15.2 

-19.9 -19.8 
-15.9 -16.4 
-14.5 -14.6 
-13.1 -12.9 -13.3 
-10.4 0.31 -10.1 -10.7 
..0.8 0.29 -0.9 -1.3 -0.6 
-2.6 -2.7 -2.7 -2.3 

-12.5 
-10.2 
-10.5 
-7.5 
-3.0 
-2.2 

0.65 -5.4 
-2.6 0.19 -2.7 -2.5 -2.8 
-2.1 0.14 -2.2 -2.2 -1.9 

IMP4 raw data 
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-8.5 
-8.1 0.22 
-7.3 0.42 
-7.3 0.64 
-5.3 

Zeta Potential Std Dev 3 4 
mV mV mV mV 

10.83 -10.4 0.48 -11.0 -10.3 
8.89 -6.8 0.60 -5.9 -6.9 -7.0 -6.5 
7.30 -6.3 0.46 -6.0 -S.9 -6.6 -6.9 
6.84 -5.8 1.30 -8.0 -5.7 -4.9 -4.8 -S,4 
5.6S -S.O 0.47 -4.3 -5.0 -5.0 -S.2 -5.6 
4.45 -4.2 -4.0 -4.0 -4.5 -4.1 
3.36 -2.7 -3.3 -2.6 
2.87 -2.3 -2.3 

IMP4 raw data 
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n

-40.5 
~38.9 

-32.6 
~23.5 

~18.2 

-44.6 
-42.0 
-40.6 
-37.2 
~35.3 

~26.5 

~18.5 

-43.5 
-40.0 
~40.9 

-38.5 
-39.5 
-33.8 
-25.9 
-16.3 

-44.2 
-43.1 
-40.8 
-38.6 
-25.8 

3.14 -21.6 
2.85 -17.4 

FF30 data 



Univ
ers

ity
 of

 C
ap

e T
ow

n
10.77 
9.97 
8.85 -46.2 
6.78 -44.7 
5.22 -41.5 
4.00 -36.4 
3.09 -21.0 
2.83 -15.4 

-47.2 
-47.1 
-43.7 
-36.9 

3.42 -28.0 
2.83 -14.2 

FF30 Raw data 
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n

~53.3 

-52.9 
~51.9 

-50.0 
4.68 -42.1 
3.43 -24.1 
2.84 -13.4 

FF30 Raw data 
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-56.5 .19 -57.3 -55.5 -57.2 -57.5 
-55.6 1.08 -57.0 -55.3 -56.1 -55.3 
-51.9 0.55 -52.7 -51.3 -51.5 -52.1 
-49.2 0.76 -49.2 -50.1 -48.3 -49.8 
-41.8 1.07 -42.8 -43.0 -40.9 -41.5 
-35.2 0.62 -35.4 -34.5 -35.7 
-25.8 1.51 -26.0 -27.5 -25. 

Zeta Potential Std Dev 
mV mV mV 

10.78 -55.4 0.80 -56.2 
-53.0 
-49.1 -48.3 -49.5 -49.1 
-51.8 -48.7 -48.B -49.7 -51.7 
-44.6 -44.8 -44.9 -44.2 
-35.7 -33.5 -33.4 -34.4 -34.4 
-34.3 -34.9 -34.5 -32.6 -33.3 
-32.8 -31.6 -30.3 -29.3 -30.0 

10.24 
8.89 -54.8 1.59 -54.7 
8.23 -52.4 1.31 -54.7 
6.53 -48. 1.21 -47.5 
5.76 -44.8 0.53 
4.16 -34.1 0.96 
3.68 -33.2 0.71 
2.86 -26.2 0.90 -26.4 

-58.2 -57.B 
-53.9 -54.1 -52.4 
-47.1 -47.8 -46.5 
-44.9 0.44 -44.7 
-37.1 1.24 -36.0 

0.94 -29.8 
-23.7 0.53 -24.2 
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n

-42.8 
3.41 -37.8 0.45 -38.2 
2.84 -30.5 1.62 -33.1 

NaHMP Raw Data 
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Data 
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and Data . 
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 of
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e T
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n
4.64 
6.51 -12.9 0.6 
7.07 -14.9 0.7 -15.2 -16.0 

-14.6 0.2 -15.0 -14.3 
-14.9 0.7 -1 

and Data 
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 of
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n

5.07 
6.91 -55.7 -55.4 -55.6 
7.58 -55.0 -55.2 -55.1 -54.6 
7.96 0.9 -56.0 -56.3 -55.6 
9.00 -55.9 0.5 -56.6 -56.0 :..56.0 -55.4 

-51.6 
7.96 -52.0 
9.55 -52.3 

0.7 
-54.1 0.4 
-52'.9 0.2 -52.8 -53.1 
-53.8 0.3 -53.6 -54.4 -53.6 

FF30 and NaHMP Raw 
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IMP4and Data 
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IMP4 

Zeta Potential stdev 
mV mV mV 

4.36 -22.8 0.7 -22.1 
7.00 -25.4 0.7 -24.9 -26.1 

-26.5 1.7 -24.8 -29.1 
-27.5 0.6 -27.2 -28.5 
-28.9 0.8 -2B.7 -29.3 

0.2 -4.2 -3.8 
0.2 -4.9 -5.1 
1.2 -12.2 -9.4 -11.9 
0.9 -13.6 -14.0 -13.5 -11.8 
0.4 -14.6 -14.4 -14.9 -13.8 

-13.8 
-18.7 

2.73 
3.39 -7.3 
4.05 -11.7 -11.1 

-18.2 -17.7 
-18.3 -20.0 -18.8 
-19.3 -18.7 -19.8 

-19.7 -19.6 -19.3 -19.4 
-23.0 -23.8 -22.5 -23.3 

lMP4 and NaHMP Data 
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n

IMP4 

mV mV 
0.0 -19.0 
1.2 -21.5 -20.6 ._ -19.4 
0.9 -21.5 -22.0 -23.8 -22.1 
0.8 -20.8 -22.0 -19.8 -21.0 
0.7 -22.0 -22.6 -22.5 -23.9 -23.3 

IMP4and 




