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AB5TRACT 

An been used as a . A-C demag~etizlng solenoid' has 

hlgh gra41ent magnetl~~eparato~. Tests weLe Co"~uc!ed wlth 

.wnthet~c mlxtu~BS of ~lne magnet~tB and silice. 

The 
o , 

g~ade bf magnetlc p~oduct for the a.c. magnetic 

seperater was compared with" thet obtained on a.d.c. magnetic 
. 

s.parater. 80th separators were operated at the sa me 

magnetic field, H ~ a.Qs Tesla and slu~r~ flewrate velocit~ , 

of O.03m/s. 

The 'a.e. hgms produced a highe~ g~ade than the d.c. 

hgms. for 
~ 

in 

all ' t •• ted ccn~itiens. The ~eason fer the higher 
....... 

t~,e.c. hgms has be~n attrlbuted te the affect o~ 

vlbratien indueed on the particles b~ the magnetlc fo~ces 

••• ociat.d with the alternating magnet~c field. Th; 

.' vibratien caueed nonmagnetic pat-ticles te be ehaken fr;-ee and 

carri.d aw.~ b~ the fluid (water). ' 1 

,', 

OThe applicatiQn of an external mechanical v~b~atQ~ 

ih ' 'the d. c. hgme, res~l ted in an even greater- imp~ovement ~ n l', '. , 

grade. This euppcrted the h~pcthesis rega~ding the rele of 

vibratien in magnetic sepa~atlen. 

A model capable of'predlcting the gLade of magnetlc , 
product, has been pestulated 'and succeesfull~ tested with 

the acquired te.t/data. 

, ' _. 

1 

... ,l, 

.. 
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Utilisant 
-""'\ 

alternatir, cpmme 

)' 

un soleno'ide 
~ 

\ 

sépar-ateur 

... 

dém~g~étisant sur courant<> 

magnétique à haut gr-adient 

. (SnHG), des t,!!sts fur-ent exécutés employant des mélar:sges 
1 

synthétiqùes de fin~5 par-ticules,de magnétite et de silice. 

La teneur- du produit magnétique pour le séparateur 

sur courant 'alternatif fut comparée ~ celle obtenue par un 
" 

séparateur sur courant continu. Les deux unités produlsant 

le m6me champ magn4t~que , soit H - 0.06 Te~lal et la ,pulpe 

étant alimentte a la vitesse'de 0.03 mIs .. '~. 

Le SM HG sur courant alternatir a obtenu des teneurs 
, 

superieures à' celles, du SMHG sur courant continu et ce pour 

\>0 tous lel!S tests'~, Le " , pourquoi de cette superiorite du SMHG 

sur coul'"ant alternatif tient d~ l'effet de vibration 

particul~s par les forces magnétiques assoclés transmis aux 

,au champ sur courant alteLnatif. Cette vibratlon rait en 

aorte que les particulel!S non-magnétiqu81!S pri~10nni~re5 des 

magnétl.ques sont li,bérées puis éva'c~ée!l par le f'luide (eau). 
-"'1 r~ 'i> .. 

L'utilisation d'un mécanlsme externe de vibt'ation 

assoc1.é au SMHG sur courant continu résulta en une' 
1 

am6110ration dépassant l~ teneut' du produit magnétique du 
~ 

5'MHG sur couraTlt_ al ter,natl, f, suppot'tant Bi ns il' hy pothese 

'mise l!Sur: le rfl,le de la vibt'ation 10rl!S de la sépat'ation 

magn6tique. 

Un 

magn'ti~ue 

modl!le 

(GM) 

capable de ~r6dire la teneur~du erCdUl.t 

fut avane' et appliqué aV:8c aucd,a sur des 

r6sultats pré-acquis. 
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AtM OF THÊSIS: 

,. 
hagnetie 

~ 
prod~ets rrem magnetic. .eparator. are 

usuall~ .contaminated with non-megnetic par.ti~les. The.e are 

antrappad physleally ameng the megnetie partieles. Kall.Rd 

et al (1) reeently ~emonstrated that an alternating current 

pewered high gradient magnetic ,separator <a.c. hgms) gave 

higher grades of magnetite then A direct eurrent pewered 
~.- . 

Cd.e. 'hgms) in magnetite/coal sepa~at1on. Nb explanatien was 

given. 

I~ is the 
r' , 

obser'vation regard1ng 

reasons. 

Q 

sim o~ 

.' 

, 
a.e. 

this thesis to test this 

hgms and explore passible 
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1. INTRODuCtION AND BACkGROUND THEORY 

, . 
1.l,CONCE?T'AND SOME APPlICATIONS OF MAG~ETIC SEPARATtON. 

"" 'Cl 1 h i~ ~ , -
~ j 1 ......... 

techniques ln "" mlneral 
l'" f 

,J , 

. 
benef.ication: have been lcng epplied te 

, ~ , ' 

separat,~on > of ,~inerers by expioi tlng dl.fferences in magnetlc' 
;' , ' - .. \ 

suscapt 1 b i VU.., of 1 nd i v.t dua l m ~ nerals. 1 n recant years. the 

development - of megnetlc sepsrators has C'ecogn1zed the 

importance ~F h1~h 

magnat1c materials 

Êialp strength 1n polarlzing feebl~" 
~ , 

and the importance of magnetia gradients . 
" in developing magnet1c 'for:èès in dipolar matèr1als. . , , 

~ 

Thare tlllO' . geriet"al - , categories of' megnetic are 

separator used f'or miner~'l ·bene~icat.;Lon - 10w" intansi t~ and 
, , 

high lntens1ty. Both forma cen be operated dry or Illet. Lew 

l.ntensity magnatlc separaters (LIMS) are' usad, for exempla, 

as conve.,or-

nonmagnet1c 

gu.rd."magnats to removè tramp irén from 

eres, and for extr~èting strengl., magnatic 

par-ticles such as magnétita, and p~r-rhotite (2), ~nothar 

lmport~nt ar-ea of use 'is fer r-eco\ler-~ ef the magnatlc heavl.l 

medium in coal washer~ plants (3,~) .nd ln the concen~r.tlQn 

of some industrlal mlnerals and base metal ores (5). . ' 
1 High l nteris lty magn~tlc separat~cn (MInS) and hlgh 

gradient magnetic separ-atlcn CHGMS) are usually applied te' 

achi've .~epB~ation of a) mlxtur~s ccntai~ing a smell 

prcportion cf strongly magnetlc pBr-ticles cf fine size range-, 

r 

<1 to" minus l.OOum and 

partJ.cles cf wJ.da size 

, ' " f ... ' .' ~ .. J • 

. , 

b) mixtures 

range (6) • The 

1 {) 

of' lIIeakly magriat,ic. ' 

h1gh iÀtensity/h~gh'" 
~, ~ 

t ~ ,.' 
", 

.'. , . 

"1.., 
, , 
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gradient magnet~e ,saparat~en devlces are used ~industf~all~ 

in kael~n ela~ precass~ng f~r remeval of fine magnetie 

partieles t,e . impreve clay brightness (7.8) ln the· 

eoncentratipn 
1 

of l.IIolfram1te 
.:> 

oè f1ne iron-ore Chematite) and for upgrading 

concant~tes~-ll). Laborato~~/pilot scale 

stuch.as inelude traatmant of lasch residues fer upgred1ng of 

precieus me~el ebntant C12-1~) -and dasulphurization cf eeal 

An innevative application of hgms 1s 1n the 

saparation Dr blgod (17), AnQth~r application 1s filtration~ 

for example, 

iron . ox.i.des 

in tha steel industr~ fer ramoval cr 1ron and 
\ ~\ 

Frem the procass l.IIatet (18) and 1n power pl~nts 
~ . 

fO~ ramoval of corroaien p~oduets (19). 
" , 

The 19~0I5 mal"ked the. beglnning of commercIal 

introductlon Dr high intensit~ magn~tlc separators and ovel" 
", . 

the ~aars several diffel"ent t~pes ~ere developad (S) such as 
, . -

the Jone. HIMS, the 

suparcenduetinfIJ . magnats. A full. d~seriPtiDt:l of thesei devieas 

has been given b~ Obart~uffer, and Keps~ock and Là~var 

(20,215. Therefor., onl~ a l5ummar~ is presented here. , 
J 

Jones HIMS device: T~e eyelie 1s s~ewn in,figure,! 

ana wes rlrst patanted b~ Geerge H. Jenes (22,9.23). The 

baSIC design prlnc~pl~ is for the fleld te be at r~ght 
• 

angles te the The ma'tr~x 1 made of grooved 

f.rrcmagneti~~la~e. is plac8do in betwean. the peles of an 

electremagnet. ~th the magnetie f1eld applied,.the fead,' 

.1th.~ wat o~ diy, p.s.e~ through'the m.t~ix.The •• ~ 
partiel •• are capturad en 'the surfaca'cf'tha matrix, and the 

.! 

, , 
. '.~. - " .. 

, . 
.. !. \ , .' 

-, ' . 
4. ;-- -, 

0' 

'Q 



o 

-

} , 

\, 

.. ' 

,\ 

1 - ,~ ~ 
. i! .:...~ .. 

" 

" -

, . 
')h • ..,. 

1 • 

, , 

Figure; 1 A CA.j'Clic 
. "- .... -'" ~ 

Matr1x-T~pé .Magnstic Separator. 
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no~ro.gnetLc particl~s pass through. When th~ matrLx la 

lo'ded the ~agn~tic preduets Bre washed From the matrix with 

the.,electromagnèt swi tched oFf'. 
~. ~ . 

, A ~ contino~_ ['otar~ separator LLlhlCh functl.ons 

·Similarl~ to the ~~clie ,dev1ce, deveieped fer large scale 

ope~e;iona, i5 shawn in Figure 2. The f~rrGmagnetic matrix i8 

mounted in an annuler ring (carousel) which' rotates through , 

the- magnetic Eield. The feeding and eapturing cf magnetic 

'matrix is '~~,w1thin the magnetic l materials occur when the 

... " 

the magnetics are f'~ush~d lnto' another plaunder when the 

matr,ix; La ,out oE the megnetiç Field. 
• 

The Kolm-Marsten 0 Separator' CHGMS) (2,*-26): This . , 

devic~ is simi~ar tci the Janes-separator exeept the magnetic 
" 

Fiéld and 'the ~çloLLl ar~. ~arallel, Both c~c11c (batch) and 
, 

, continuous devidea are avaiJ,able, figure 3. ,,! 

the 

t'ing, 

heàd 

. have 

The 
~ ," f • 

matrix 1.15 aF, steel wool or an expancled 
... , 

metai. In 
1 

conti.nous dev1se~ , :1:he matt"ix is Fitted in an annuljar 
l!' 

which rotates through . the mag~~t heads. The magnet , 
"- ~ ~, 

.... 
i 

is ~an elongated iron bound soleneid the coils oF which 
1 

been turn~d up at beth ends to'enable the rlng to pass 
1 ~ 

thrôugh, 
, 

The slurr~ 1S passed through epénings ln the magnet 

head. The nonmagnetics pass through.whl.le the 'magnetics are 
(J 

\, cap~ured ,on the matrix and cerrl.Bd out of the megnetic fLeld 

" 

the rotation of the annuler ring te be dl.scharged at the 
'i 

flush station. 
, " , . 

The ~.rence betLLleen KGMS and HIMS .is that the 
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magnetlz~ng cOll in HGMS is emploued dlrectly to magnetize 

the m~trlx. The working volume 15 the bore of the co~l. In 

the HGMS deslgn, the matrlx serves only as a' F~eld grad~ent 

source and not as a Flu~ conductor. ,~ence the volume 

d~cupled bU the matrlx ean be smaller, usually 10-15%, 

compared to 60% ln HIMS. Th1S means tMat· the HGMS can 

aenieve a hig~er thro~ghput for a glven Floor spaee. The 

matrix elements also can be made mueh smaller and the 

gradients cOI-respon~ingly larger thus allowing fir.le and / or 
t) 

weakly magnetie particles ta be captured. 

Unlike" HIMS, tHe~ HGMS system 'controls- the Flow 

velocity through the matrix ,givlng the field and ~he 

flowrate as operating variables (27), In prlnciple no upper 

,limlt eXlsts in the field avallable fer' magnetlzing the-

matr~~., whereas in the HIMS the upper limit la when the 

iron electromagnet la saturated. This oceurs at about 

·1.3Tes1a. In a conventionsl solenold the maXlmum fleld-ia st 

about 2Tesla. 

Superconductlng Sepsrator: One 'of the drawbacks in 
. ' 

large scale conv~ntional HGMS is the high power consumption 

rectuired ~he magnetlc f1eld and the conseq~ent , to generate 

need rer co011ng water. Superco~duct1ng devlces can overcome , 
the above problems. Some unlts are capable of producing 

15T051a over prolonged perlods C2S). .r -. 
,f 'J 

Figure ~ shows the principal features of a 

~uperconductlng separator. It consists of a superconducting 

salenold placed in a 'helium cr~ostat su stem nBcessaru to .. 
7 

, . 
" 

" . 



~ 

; , 
1 • 
f -
1 

J 
i , 
\ 

/ 

.. 
" 

,. 
• 
,~ 

/ 

, . 

, ' 

\ " • 

ERIEZ 50. KILOGAUSS 
SUPERCONDUCTING 

'. 

~~HIGH GRADIENT MAG,NÈTIC~EPARAIOR 
,. 

3~ AC ÎN"'JT ' 

IRO~ ENCLOSURE 

CA/liSTER 

SU~ERCO'IOUCTINC COI~ 
UIQUID HELIUM 

YACUUM SPACl 

Fi~u~e ~ Sup~~conducting Magn~tic S~pa~ator~ 
, ' 

" ' . , 

'El! 
. ' 

,-

" 

-- i 

',- if 



, 
• ' .... t 

~, 

\ 
t 

.. 

\ 
Leteln llquld helium, otheLWlse the deslgn 15 SlmlleL to 

( 

conventlonal HGMS. TheLe aLe altogether three cannlsters, 

with Tatrlees a.Sm long sltuated'ln,the eentral·~6re. They 

can be moved by a hydraul1e system (not sho~n) in a 

LéCl~LociBtlng mode 50 that while ,one matrix lS in the 
. . . 

msgnetlc field, the ether la oùtslde the field being cleaned' 
"-

b~ flu8hing: The reason ror mcre th~n two matrices 15 to 

ba.1ance (minimise) th~ fOLees acting on the ~upeLconducting 

ccil and e180 ~tc Leduce the rCLce requlred to move the 

.~~embl~ back end forth. 

(-

1.2 BASIC PRINCIPLES .OF MAGNETIC SEPARATIQN. 

1.2.1 Magnetic Fle.ld cf a Sclencfd. 

A sclenoid 19 usuall~ made wlth insulated coppeL 

wiL~ wound cn a tube of an~ electLical lnsulating mateLlal 

(such .S8 plastic, fibLe gls8s and LubbeL). A cLoss-section 
, ' 

of s sclenoid i5 shown in Figure S. To dSLive Il ,formula fOL 

denS1~ magn~t'lé flux B st a point P on t.he axis of the 
., 

sqlenlod due to cULLent ' 1 flcwing in the wire8 of the 

winding let: ,-

L be the total length of the solenold, . 
N be the total numb~L of turns en,t~e solenoid, 

NIL lS the number of turns per unit length, 

rl be 'the Ladius of the solenoid and 

dx~be the element of length cf the sclenoid. 

Then there aLe CN/L)dx ~uLns in the length dx and each tu~n 

contrlbutes an element of magnetic flux densit~ dB'at P cf 

9 ,., 
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the $qleneid glven by (30) 

\ ' 
1 
1 

\dS - (~ l ["1 (Sin if;) N/2 ["'2U 

i 

whe["e q;> 15 the angle between the 

f'~om P. 
e 

d 15 thus the element of' ,aT]gle 

1 

" 

, \ 

eq. (1). 

axis ,and line d[".ewn te 

which subtends et P. 

['" i5 the distance f'["orn dx te P. 

dx 

F~em the f' igure rdrp .. dxSin and Sinrp - ["1/["',' Using 'these 
, 

rel~ticn5hlps te eliminate [". s~u8ti9n (1) becomes 

N 1 
dB· (j.Jo-----) Slncpdrp 

L 
" 

Hence upcn intr-egating "f'rmm a te Il (FlQ.S) 
, .. 

N 1 
B - u ------ (OQs a - Ce~ Il ) 

2L 

!> 

eq. (2). 

.q. (3), • 

L\lher-e B 1s p8r-all:el te the axis of' "the solenoid. ,Equation 3 
<; • 

g1ves the megnetic ~fux density of the 90lenold net onl~ 

inside the solen~id but beyond the end5 as welle 

. , 

IIIhe["'e the length of' solenoid i5 longe[" than 1 ts ~ 

d1ameter D and. ,P ls net nBar e~ ther end, Il 15 almost 180
0 

anda 

15 81r:'lost zero. Then equ8tion :3 becomes 

N 1 
B - JJo ---- eq. ('i) • 

l 

In th!. casa the flux densl. tlol i5 unifo["m aC["C!55 the 8["ea of 

cr-oss-section Of' the solenoid, p8[,,811el to the axis of the 

11 
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solenoid. At the end of the solenold, Il - 90 and a 

slmes~ equel to zero then 

B -
N 1 

"1! -:------
2l 

eq. CS) . 

15 ... 

Fomparlson of equat10ns ~ and 5 shows that the flux densit~ 

on the axis et the'end cf B long solenoid has only half the 

magni tude as i t has inside the solenold. Figure 6 shows. an 
~ 

appreximate mBp of magnetic Flux lines of s·solenoid. 

From the relationship between flu~ density ~ and' 

. fiald lntensity H 

eq.(Sj. 

it can be read~~own that b~ combining.equati~ns' 6 and ~ 
ttlet 

~ " 

N 1 
H - ----- eq. (7) • 

l 

,.,. 

H 15 parallel to B. The units H are A/m and of B are T. 

1.2.2 Ths Production Df A~ternat1ng Magnetlc Field. 
, . 

From squat ion 7 it has been sho~n thet the magnetic 

" f'ield intensity H, 
\ 

15' dU'ectly proportlonal to the 

generating I:urrent 1. For a solenoid connected ~o a 

sinusodial vcitags source, the li1P voltage appl1sd lS glv~n 

b~ Kircho(f's"second' law as fellowing 

v - Vm Sin wt - i Zmagn eq. CS) • 

where v is the/instantaneous veltage, 

Um 15 the maximum voltage, 

'. 12 
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w 1s the constént Bngula~ velocit~. 

t 1s the time, 

'1 1s'the instantaneous current an~ 
,. 

-Zmagn is the magnitude of coil impedànce. 

, 81.1 analoQY with equation 8, 

f .. (Vm/Zmagn.) Sin wt' eq. (9). 

B&.I'Ohm's law 

lm;'" CUm/Zmagn.) Q' eq. (10)! 

~here lm is', the magn'i tude of' ,curren~ f'rom the source. 

The~eFore equa~ion 9 becomes 

i .. lm Sin lût 

',' 

Bq. (11), 

and on 
1 

subtituting for 1 ln squatie" 7, the magnetic fiel~ 
• 

intensity H generated b&.l a sinusodiel voltage seurce is 

gi'ven b&.l 

• 
0' H - eN/L) lm Sin wt eq, (12) • 

From eq~!Stion 11 the current ~lowing 
- '<)' 

1n the solenoid 15 
~r'" 

.hown te be sinusedial. This tl.lpe oF current is'called 

alternating current (s,c). Hence From equation 12 an 

alternating curr~t will ,produce, an alternatlng magneticl 

field" intensit~ 1n the sclenoid, ThuB by 8nalog~ H can ~ 

exp~es5ed as follows 

H - Hm 51n wt • eq. (13) 
, 

Hm 15 the magnit~de of the magnetlc Field inte~sit&.l 

in a solenotd et lm. 

The fleld intenaity produced by e 4lrect cur~ent (d.c); 

corresponds te a constant value of 51n wt. 

" /'" - \ Iii 

'. D' (J 0 .c 
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1.2.3 Comp,ting 

CKGMS) . 

Fo~ees in High G~.dient Magnetle Sepa~.to~s ... 

" In ,11 magnetic separ-ato~s ther-B exists compet~on 

between 
) 

magnet~e , and other forces (see Flgur-e 7) (20). For 
, " 

~ 
and nonmagnetic of these magnetic • par-tj.eles' the ratios 

forces ara differ-ant. The magnetie force Fm. far a par-tlele 

in a magnetic separ-ato~ is givsn b~ the foll~wing expression 

Fm - V Mp dB/dx eq. Cl'i) • 

where V.is the volume of t~ par-ticlê l ~ 

_.dB/dx 15 the field gr-adient. T/m 
, r4' ~: 

MP'iS the m~gnst~ation of the'partiels. A/~. 
r . . 

-The magnetizàtion of a partielà 'is a f'unetion of beth., the 

magn~,tic properti's of the partie}e and th'ë '~agnet~c field 

te which it is subJ~cted knd it 15 expressed as fellews 
~ 

Mp - k H' eq. US) • 

k 15 t~e pa~tiele .uspectib1~it~ (dimensionle •• ). 
1 

\, ,':!' 
~ 

'The value of k ~anges frpm '10.5 ta 108 for- v~rl.! weak ta verl.! 

stràng ,magnetie mate~ials ~asp.ctivel~. ln semé cases k , , 

assumes e' negBtiva valua. Figu~e B .~ows the relationsh1p 

batween M and Ji for- ,f"er-ri and fer-t"omagnetic materl.alsj, wtt:.h' 

increasing HI M ~1.5eS r-spid11.l and sBturates. Figure 9 show~ . ". 

lineBr vB~iation of M wlth H (21); B positive and nêgative 
, , \ 
slepe . are tl.!pieal of par-amBgnetic and dia~.gnetie mll~.r ~.!!lls 

" 

',' 

-' . 
" 

Eq~ l~ for mègnetic fer-ca could ~. r-ewritten as 

Fm - V k Ji lJo dK'Îdx 

.'1. .... 
,- ' .. , 

h' 
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Thus 'the magnetie f'oree for' a par't'icle in an a .e! solenoid 

magnetlc separator'would bé 

fa.ç. - U'k Hm Sin wt ~dH/dx 

dH/dx - Sin wt d/dx + 51n wt dHm/dx. 

Ther'e'f'ore 

Fa.e - U k ~ Hm· C CSin2 1&1t dHrn/dx) + 
" 

CSln2 wt d/dx)' 
" , , 

. , . 

." 

eq. (18), . , 
sinee 

r <1 • 
wt 1s not a funet10ri of x. the, last tarm of eq.1B Sin 

" equals zero. Henee .. ~ 

Fa.c.- U k Hm J.Io sin2 11.1t 'dHm/dx' " . eq • ( 19) . 

From equation 19. the ~o~ee. an a partiele in an a.e. magnet 
, 

lIIill alw.lJs be PO!J1 tive sinee Sin2~l&It i5 ,greater ~han zero. 

The major competln~ force against the magnBtic f'cr'ee 

in a ",et s~stem i5 the h~dr'odunamic dr'ag roree. Assumlng for 

a spher1eal par'tiele w1th a S~okeslan f'low regime, the 

h~dr'odunamie Cr'sg fOr'eB 15 glven blJ 

.-: .~, 1.1 ~ # 

Fd -.6JrbV'1 eq. (20) . 

where b 15 the partiels rad~us. m. 
j.( 

V ls the relative velocitlJ of the partiele te the 

fluid (lI.Iater'). rn/s. and 

~ i5 the f'luid vlseosity. kg/mIs. 

1.3 MAGNETIC FLDCCULATION.' 

The phenomenen or flceculatien (or aggegat1Qn ) of, 

fer'romagnet1e partieles in a magnetic ~i~ld has peen 
-::\ 

.deseribed ~IJ Lomevtsev et al (31). They dlstingulshed thr'e~ 

phases. First; when the particles are in a relat1velW weak 

19 
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o 
f~eld they baeome m8gnetL~~d and align themselves wlth the 

line 
. ~~?I 

of ~c~ce. The second phase occurs in a stronger fleld, 
\ 

-
wh~re the lnAlVldual gralns aet as secondary magnats. Now 

the grains beg~n to gather l*tO groups and fl~cculatlcn 

cceurs. Dependlng on~ the nature of the tlelQ and th. 

prapetles cf the mineraI, the flocs adop~ VBrlOUS forma, 

e.g" they, .. ma\,l 'become long chaine er aggr'i3gates resembling 

half an ellipsoid of rotatlon. The tips of the flocs point 

tawards, the peles of the field. When the m~gnetic force 

acting on the fl~cs-exce~d5 the sum e~ the forces opposing 
\ 

it, the th1rd p'hase begins: the floc attaches to the surface 

cf the magnet or magnetizlng body;- in the.9ase ~f.,hgms thlS 
Il.1' 

i9 the matr ix. 

1.3.1 Theor~ cf Magnetic'Flocculatlon. 
-,' 

Several theorles 
\ 

dr magnetlc flccculat:'l.on have basn 

postulated. Among them 'l!S the LIIork of Eyss8 and Boom (32). 

Théy developed a theory' rOL the rlocculatlon mechanism b~ 

studying the coagulatlon or flocculation force between 

magnetlc particles in a suspension brought 

field. The flccculatlon force /1.11111 de pend 

magnetization and the suspenslon, poroslty. 
, - ' 
treated ,as an inrlnlte slab of' thlckness 2L, 

where 

L - N r 

lnto a magnetlc 

on the pa'rtic1e 

The sl1Jrry LIlas 
~ 

see Flgure ID, 

IIq. (21) • 

N is the number o~tparticle5 along the length Li 

r la the interparticle distance. 
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whère b ~s the part~cle rsdilJs, 

e 15 the pcrosity of the susp~nsion, ànd 

(l-e) 1s the sO,lids' frBction of the slurt"!.I. 

eq. (22). 

Sinée. the attraction force between two dipolss ia 
L 

proportionsl ta ~4 Onl", the effect of the nearest particles 

are eonsidered. This maans that th~ particles on a surface 

,have a
4 

high Bttrs~tion force towsrds the in~erior while 

"otha~ psrtleles have much s~aller net forces on them. Hen~e 

. 
onl", t~~ affect of the fcrcea on the psrticles ,ln contact 

wlth the surface are considered. 

By allowing the slab ta shrink and change its 

poroslt~ From e ta e+de then the floccula.tion force F can be 

estimat~d From change in energ", stored dE from the relation 

dE ". F dl eq.(23).,' 

'"1''' J whers dL 15 the distance' the p~rticte moves. 

dl - N dr 

- ---------------~--• :3 (l-e)413 

The en~rg", E' teksn From 'the particls during a poro~it!.l 

change 
.~ 

e to e+ds as shawn 1n' Figure 11; it is the ar.a 

betwsen the two curves multiplied b", the partiele volume. 

oE - UfdH dM eq. (25) •. 

I.LIhere èE i5 the. energy stored pet" partiele, ' 

i!e 

" 
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,dH - da 0 M .. eq. (26). 

0 1s the demagnetizing factor- of the ~luLt"y,. 

then M 

uJ de 

,1 

oE - D t1 dM . eq; (27). 
/, - \} 

0 

- ,1/2 de D \ M2 ("i/311") b
3 ,: .... 1-) 

éq. (28). 

~ 

:-lhe ,total ensl'."g", change dE: in' a column of N, pal'."tJ.cle is 

,) 

dE '- NOE eq. (29) • 

CombinJ.ng eqs. 2~ and 2~ gives , 
y - :3 .898 D M2 b2 (1-e~· eq. (30) '. 

This . ettr:-active f'ct"ce divided b~ the g~~vltational force;. 
'~ -,-, 

assum 1. ng a sphet"icsl par-ticle fo[" which 0 - ~n/3 i5: 

Y/mg -3. eSt;! M2 .' (l-e )~pg b 
" . , 

,-

what'e p 15 the partiele densit~, ,nd 

g 115 the gt"svitaticnal accelerstion. 

Flgu1;"e 12 shows ' F Img as a _function cf (l-a) for 
t~ 

\ 'd,if'f'et"Bnt SiZBS cf satu["ated msgnetite partlcles.' One 

consequence ·15' that"' c;aleLlla~ion ,of ttte fOE'ee on ~ hlghly 

r,nagnet 1. C partiele .. shculd ~ake' ,into acccun~ the neat"bw 

particles. 

1.3.2 Demagnetizlng of Ferromagnetle Matet"ial. 

When ~al'."ticle8 of fert"omagnetlc matat"1al'have been 

remcved f["cm a magnetic' field,' res1dual magn.tism causas 
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, r:es.1 dus l _ magnat,l sm altsr-natlng cOlls have long been used 

blllceuse they' r-epr-Bsent the most pratical of the two 

avs.llable methods for- per=for-ml ng depolar- lzation ( the:"other-

method belng thst of heating the m~ter-lal to the CUr-1B point 

and then cooling it under: ZBr:O field conditions (33-35)). 

Depolar-iz.lng can be consider-eq magnet.lc deflocculstion. The 

terms demagnétizing and:r:andomlzing are also used. 

In the literBtur-e ther:e appear:s te be a Iack o~ 

in~ormation on the subJect of demagnet.1zation. Although Dean 

" and Davis (35) 'touch on this problem ln their wor-k most of 
) 

the data ar-e quite qual~tative in nature. In 1918 E. W. 

Davis WBS granted a patent f'or,demagnet1zation,of magnetite 

pul.ps (36) . His method involved passing the pulp thr-ough a 
, " 

tappered coil Bctivated b~ an aIt@rnatlng cur-rent of normal" 

frèquenc~' 60Hz. ThlS method, with mlnor modiricatlons has 

been 
\j , 

used,-- al,most univsr-sa1ll.l in insts~1ations wher:e 

" , 

"depolarization br lcw coercive rorce matsrials has been 

requ1r-ed. 

Har:tig. Onstad and Foot (35) made a detalled studi 

of the' factors involved in depolar1zing both low (below 100 

oà) and high (above 100 Oe) coer-cive ror-ce mater:lal. They 

developed a method or evaluptlng the r-slativs degr-ee of' /'-

demagnetization of ,Bny pulp based on the settIin; 
t., 

char:acteristics of the pulp. With flowing pulps, they found 

that ,dep'olarizing WBS less complet., than in' the static 

.,~tate, but this effect could b~~overcome by 1ncr:essing the 

• l' 

f~~ld strength, for exemple, fr:om 500 to 700 Oe r-ms (root 

e5 

If 



'1 . , 

• < 

-. , 
. 

.rnean' ,square or effectiv~ 'value~. Us~ng magnetite onl~, 

Williams' 1and t!endrickson, C 37). in thelr work ~Lbstanstlated 

the' findings of Hartig et al, that slow withdr8wal from 8.C. 

field of 550 De or more was equivalent té depolarlzlng b~ 

'~he Curie tr-satment. 
, , 

In classiflcation of pulps containing magnetized 

ferr-omagnet1c l, part1cles, demagnebization of great 

importance,. An example is in the f irst bene,f ication of 
" 

magnetic taconite 'or-e, where demagnetization made the use or 
(, 

a. closed ,grinding circûit possible. The-product from the 

mill was aiso dem~gnetized befpre gravit y concantrationC3S). 

In.. coal ,.washer~ plants the magnetic media used in 

:the sink - flGet prcèess are magne~ite and ferrosilicpn .. To 
\ 

, 
reduce 'medium viscosit~, 

demagnetizlng coils: ' 

the medium i5 d;spersed uS,ing 

( 

-Helkki (3~). ~orking' with titaniFerous m.gnetite, 

repérted that demagnetization enhanced the 
• 

separation cf silicates and ilmenite. 

In stud~ing the behavicur of magnetlc particlea 

undar a micr-oscope, IHartig et al (35) observed that in a 

60Hz, field s~ngle pa~t1cle~ rotated presumably at B speed of 

60rps, 1n much the same fashlon as the rctor of a 

sl.lnchronous 'slectr1c moto.r-
r
" ~e also observed that if a ~tcup 

. 
of psr-ticles . were placed in .01 ose proximi ty in an 1 

'alternating field of graduaI 11.1 increasing intensitl.l the 

particles would at first rotate and then tend to fo~m into 

groups, or chains. These chaine are formed as a result Df 
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mutual forces of attraction between perticles due te the 

, f' ield indueed in l each partiele byt:he applied f'.leid. 

the ,cha~ns form the forc~s~/~ "attraction holdlng 
q 

Aftar 

them 

~ogéther were large enoùgh to prevent'rotation. 

Tne ehaining of partl.eles appears to be of 

considerable importance in the demgnetizaticn prccess,in a 

,l medium of low viseosity sueh as·water. The ~aining effect 
" 

or f~rromagnetic psrtieles i5 considsred té be wh~ goo~ . '" 
demagnetization is not aehieved C3~) . ... ~\ , 

The study undertaken 1n this thesis is different in 
. ~-

~h.t demagnetization was not Just done bef'ore separation, 

but separation wes dons in the demagnetization (a ~ c) 

~ field. 

-1.~ MODEl OF GRADE OF MÀGNETIC PRODUCT 

1.~.1 Obertueffer Modal 

Obertueffer, (20) postulated a model f'or recover~, 
, ' 

Rm and grade, Gm of magneti~ produet. B~ eonsidering the 

e'ff'eet of interaction 'between ~magnètic force, Fm, ,and 
" 

competing f~rces. Fe, in a magnetie separation. Obertueffer 
q 

used a simple propabill.ty approBch and defined 

Rm 
Gm - -----------

Rm + A Rnm 

Ulhere -Rnm 1s the recove~~ of 

eq. (32). 

. " 
nbnmagnetic par~icles, in 

, .f!' 
megnetic produet, A 15 the mess ratl0 of the nonmagnetiç to 

the magnetie pert~el.s in the feed. Assuming 

21 
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Il 

. Fi 
Rnm ··K' Rm 

Fe 

," 
• 1 

. :-' 

, .,,1. eq. (33) • 

...,her:iI Je' is a p~~portional~t~ constant and Fi/Fe 1s the 
, , 

~at10 Ot interpartiele te compet1ng forces (constant ratio 

~ n thJ..s case). 

Then equation (33) becomes 

1 
Gm - ----------

l+FL'K 

IIIhere Je - Je' (Fi/Fc) .. 

Linearizin~ eq.(3~). Ille h~e 

1 _ 

---- - 1 + A K eq. (35). 
Gm 

A plot of l/Gm versus A should ~iel~ a straight line lIIith 

S'lope'of K. 

1.~.2 'Uoid-filling' Model 

In this mpdel, filli~g of the voids in the m.gnetita 

1s censidered. ' 

Let Uv be the volume fraction of veids in the 

absence of nonmagnetics (fer example siliea) 

fv be the fraction ef' Uv f'illed b~ s·1-lica 

Assume, maximpm fv - Uv 

, . therefore 

,1.,' ,~ 

l , 
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mass cf magnat l te ,l. (1 V.v) Pm '.' ' , , eq. (36). 

and, mass cE 5111c8. - Ev Uv Ps eq. (37) ," 

, " 
Pm i9 the denslty of '1TI~gnetite' Cmagf1atiè, partie!,a). 

... '.. ,. ~ '" ' .. .., 
where '. ' 

Ps i5 the density of slll.ca (no.nmagnatie partiel.i). '" 
il 

• Cl' 

th en the ~ade cf magnetie product is deEined as 
.\ 

(1 - Uv) Pm Gm - _____________________ .:..l. ~ ~. 

eq. e3B). 
(1 - Uv) ~m +·Ev Uv Pa 

"I. ..... ~. 

... 
cr the minimum grad~Gm 

(1 - Uv) Pm 1 , .. 
eq. (39). 

\ 
' .. 

Fc~ a' g~ven P.~ti~~e sizet assume Ev ean be related 
",' .a, 

.to A b~ 

fv -, Uv (1· -:' e~p'-.A» eq, ('t0) • 
1 

where • il!' the "prcbability cf' silics retll~ticn par unit of 

An. 

Substituting eq.C'tO)· in eq.C3B). therarore. Il ,0 

(1 Uv) Pm ------------~----~--~----~----------
Cl - Uv) Pm '+ ut' .pe '(1 - eXpe-aA)) 

.. 

" 
l ut P'.' (1 ., exp ( -aA)) 
--~ - 1 ;+ ----~------------~----

" ' 

. A~ A apprcllehets inEinitl.l. exp(;,.aA) equal:s':zarc; th.rafare 
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1 2 • Uv P,s ' 
eq ,.('t:P . 

Gm (1 - Uv) p~ 

, , 

This pe["mit~ Uv 
'If 

té be estimated-~["om the measu~ed m~lmum 

g~ade, ~y ~e-a~~anging 

Pm (1 - Uv) 
----------- C1/- Gm . 2 

Ps Uv 
-aA • ln Cl: 1 ) ) eq . C 't't) • 

•• c 

r'hè plot o~ th1s ln ~unctian versus A shauld g1ve a stra1ght 
l ' 

"l'ine LIli th slope a, 
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è. EXPERIMENTAL WORK 
,~ , 

~ 'c .. , , 

'.~. '\' '~ " 

~.l APPARATUS. 

,. 
'. -

1 
-' 

, , 
2.1.1 Desc~1ptien oF Wigh G~adient Magnetic SepB~ato~s. '. 

. , 
The ' separatp~s used for the expe~iMents were 

. laboratof'1.I . ' 
bBtch 

, l 
eparaters. an a-c pewer,4 selenoid m~gnet. 

and a d-c pawered eolencid magnet. 
\. 

. ' ,The ,e-co hgms: This ",as an Eriez demagnetizing 

,'sclencid 'type-2DR. It oper~ted en a 550volt, 60cl.lcles single 

'~, phase alte~nati~g ~cu~rent'pewer scurce. Figure 13 s~c",s the 

",p ). ' : dimens1c~' cE' 'the' CCil·. The !selene1d cons1sted cE' copp'er wi~ 

. . 

1 

'" ) ~oun~ around 1, s~her ieal plastiC fClre sU,ch that the magn_:ie 

"J, 'Field,' in the co~e inc~.as.s uniro~mallu 'E'rom cne end of the 
\ ., • #' 

, 

1 1 

r ':cOil .te peak at its centre. The current intake was 1.'*5' 

, 0 

, , ' 

.n~ wini ~Bsistance wes 32 ohms (rmsh Thus the PQwar 
, , 

or, e",ergl.l' 'lC!l~ • 'l'2 R was su!! ieientl~ low that ccoling 'was 

~not during operation. From i:.i~.se ',çail 

:'specif'icatièns •. the m.gnetic flux intl!msitl.l gsr;er~ted was 
Il 

. 600 +/- '10 Gauss' cr O'.06TeslaCrms). USUBlll.I f:.r solenoid. 

capable of fiel~$ larger. than 'about 10tlO Gauss o~ 

o .1T.eslIlCrms)· cooli.ng éf the winding beèemes necessarl.l. 

The demag~stiz-ing' IIclencid was mounted on a wooden 
, ' 

beard at a minimum of lOcm From the nea~l!Ist metall~c_obJ.ct 
, ., 

and arranged 80 that plexiglas!5 tubing for alurrl.l 

transportation pa.sad vertieall~ through the ceil core. The 

electricel ccnnecticn te the soleneid was thrcugh a Junction 

box meunt~d on one 'end of the coil. 1hé Ju~ction box has • 
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standat"a sizé cendu~t t.c . wh i ch a LLl1t"e f't"em . the ç::011 " 
~ ~ 

ccmnected the wu"e g01 ng to t,he voltage alt.ernatlng current 

, 

-

~ource. Hencs the maXlmum 'magnetlc fle~d generated in the 

CDre of thé cOll LLlas dlrectly _propo~tlonal te the maximum 
,-

altarnating cutrent èf the c011~ 

The d-c hgms: The electt"omagnatic coi'l usad WBS 

taken from a Davis tube Sl!pBt"ator. Its i~~n cOLe was t"amovad 

'ta cr:eate an apening in whi'ch pléxigla~s tubing,for- slurr-w 

tr.nspo~~.t~on WBS passed. Figure ,138 shows thi'solenoid 

di~ensi~n!5.' The' ceil LIlas operated, From a 110UAC powar) 

souC'ce. 'oFigut"e l~' shows the soleneid electrical circuitrw. 
\.<:'.;: -, 

the ganaration ef magnetic field in the solenold LLlas through 

" the altat'natlng cuC'rent voltage passed ~nto B 120velts'a.c. 
. . 

variac, and rectified into a d.c. voltage. The variac was set 

te give a, dlract cur-rent Flow lnto the COll te give an 

equivalent magnetic flux invensitw 8s'ln the demagnetlzlng 

lSolencfld. The cuC'r,ent WBS monli~èC"ad on a mul timetat" 

cannacted to th~ rectifier. 

. 
2.1~2 ~~e 01ff'erence Between A.C. and O.C. Solenqlds: 

, , 

This is due to thelr lmpedance CZ) expr-essed as 

Zcoll - RCOll + JXco11 ohnt eq. (,*5) • 
, 

where Rcoil 1s the COll wir-e t"esist'ance 

JXcoil 15 the magnitude of imaginaL~- ,pat't of' the 

,impedance, lI'tllch i.5 a runction of frequencw 'Cf) 

J is'the imaginat"w numbsr- ~l. 
"l. \ ' 

Xcai1 is c011' reBctanca, , X - LIIlc - 2~fLc 

;.. . 
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le is the inductance, an int~lnsic prope~t~ of 

cOll (appLox. constant). 

The f~equency of excltat~on ln a p.c. solBnOld 1.S equal tc 

zero, the~efo~e Z R 1.n eq.(liS). Henc&.an a.c. scleno1.d 

will have mo~e impedance due tc ~eactance than a d.c. ' 

solenc1.d. As a'~e5ult the a.c. solenoid will requl~e h1.gher 

voltage fcr the' same magnltude of magnetlc fleld intenslt~ 

compared with the d.c. seleneid. 

2.1.3 The Effect of T~pe c~ Cu~~ent GBnerating Field in a 

,Sclencid: 

This 1s illustrated b~ Ohm's law given as 

1 - U/Z 

and reUlr-ltten as 

U - Z 1 

( 

an.logicall~ . 

I_Ua.c. -Z 1 •• c~ ) "1 

, Ve1.c. - Z Id.e. 

aq. ~Lt6). 

eq • C "iE:?1 . 

eq • C "i9) . 

The curI'"ent 1 1s kncUln te be a function of the voltage. 

Hence to gene~ate tHe· same .magnitude of magnetic flald 

intl!!!nslt~ foI'" 
'- , 

\ 
a g1.ven solenCld, 1855 Id.c. than Ia.c. would 

1 .' -
'bl!!! ~aqul:red and also a lower -vd. c .. 

~tl.Lt.MatLix and Sample Transpor-ting S~tem., 

Two tl.lpes of expanded., 1IJ1I'"e mlt,t~ices were USlld for 

the IIxpll~imllnt •. Figure lS shows the matrices. Matrix A 

\ 3S 
d' 

, 
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~f' .... 

, 
lc 1s the 1nductanèe, an- 1nt~1nslC prope~t~ of 

cOll (app~ox. constant). 

The frequency of Bxcltatlon ln B d.c. 50lenOld 15 equal\to 

zero, 'the~efore 2 R ln aq.(~~). Hanee an a.e. soleno1d 

will have mo~e impedance due to "~eactanee than' a d.c . 
. 

selenold. As a ~e5ult the a.e~ solenold w111 ~aqulre hlgher 

veltage for the same magnitude of.magnetlç field lntensit~ 

eompa~Bd with the d.c. aolenoid. 

2.1.3 The Effect of Type of Cur~.n~ Sanerating Field in • 

Solenoid: ~ 
~ , \ 

Th1s' 1a illu5trated b~ Ohm's lew givBn as 

1 - V/Z 

and rBwritten as 

v - Z 1-

analogieall", 

Va • c. ~ Z la. c . 

Vd,'e. - Z Id .. c. 

Bq. (LotS) • 

. aq. ( 't 7) • . . 

Bq. ('tS). 

,The c~rrent 1 ie known~ to ~B a funct10n of the voltage. 
, 

Hunee to gene~ate the same' m,agni tude of magnette' f leld 

1ntenslty for B glven selencld, less Id,c. then la.c. -wculd 

be~requ1red and, Bleo B lower Vd.e •. ' 

2.1.Lot Matr1x and Sample Tr-aneporting Sytem. 

lwo' 1 t~pes ofaxpanded 
, 

w1re matricee were used FOr 

the ~xp.rim.nt •• Figu~e 15 ehows the matriee.~_M.tri~ A 
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Figure 15 The ferrQm.g~Bt1c matrix A· Cregular) and B (fine). 
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D 

(regu~ar/coaLse' matrlX) contalnad 13 places of expBnded 

matal mèsh wl~h W d{sc diameter of 3.8cm and holes diametet" 

of 3~8mm. Matrlx 8 (flne matrlx) contalned 21 plBces of 

~expanded metal mesh wlth 'a d15C dlameter of 3.8cfu and holes 

diameter of 1 mm. 8eth matrices welghed 30gm. Each wera 
" 

p~epat"ed b~ packlng upon each,snother st rlght anglas and . 
~re held in cannlsters 10e~ long b~ 3.8cm 1.0. and lOcm b~ 

-Li.3cm 0.0.' plexlglass cannlsters respectl.vellJ· The 

eannlsters were conneetad St both ends to lScm long 

plexlgl'ass tublng Wl th a 'i. Sem 1. D. plex'lglsss adapter. At 

the bottom end, the plexiglass tube was cennected to a 
\ - , 

coppet" tube 3Scm long by 1.~cm dlametar. At the tep end 

copper tublng 60cm long by 1.3cm diameter wlth expanded ends 

of 'i.Sem 1.0. conneeted the plexl.glass tublng te a wster 

tank of 2.75Lltres. 

A fead tank with a 
ç--J 

plastic stirrar ccnnectad te an 

alectt"l.c moter wes suspe~sad, ovet" the water t~nk. Tygon 

tublng wlth an off/on valve connected the feed tank through 
.. ~'~, , 

the weter' tank lnto the copper tubl~g. SlurLl.~d sample w~s 

gt"BVlt.., f'ed 'via' the plastic tube f'rom the feed tank through 

the separat'lng zone and lntc a co1lectl ng bucket.- F l.gur-e 16 

18 a schematlc dlsgram of the sa~ple tr-Qnspert s~stem~ 

All tests were run uS1ng B constant head of 72cm 
" 0 

rro~ the Qottem of tHe head tank to the centre of' tha 
f ... 

matrix. Twe ball valves were placed at 30cm and '37cm aboya 
l 

the cannlster en line in the copper- tube ~ set as on/off 

valves. Anothar on/ciff valve was at 'iOcmlbelow the cannlstet" 

37 
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wnlle l.3cm TlJgon' tublng wlth a set cf,bored, brass plugs 

p1aced ln 11ne to control flow rate wes attached lOcm below 

the valve. Eacn plug had a d1fferent 1.0. ta~~~ve ? range ln 

flow velocltu ,tnrough the cannlster matr1X. Th1S wa~ 

reproducible ve10citles are rellably attalned. The total 

head from the bot tom of the haad tan~ t eH.t he , bras!> plug was 

l.lOm. 

2.1.5 Calibration of the Solencid~. ' 

ln 
~ 

chapter, l, it, was demcnstrated that the magn.tic 

field strsngth in the core of a 

proportionsl to ~ne e1ectric c~rrent 

9clenCld ie dlrectllJ 

flowin~ thr~it. Tc 
1 

callbrate the magnetlc fle1d,~trength produced ln the cores 

of the demagnetizing and electromaQnetlc sol~nol~sJ the Hall 

affect metnod WBS used CFlgur. 17). ThlS WBS done flrst blJ 

pre-caÜ.bratJ.ng a Hall affect crlJstal probe model HR-66 in 

a known' variable (iaid .trangth alectromagnat with a 

gaussmetre. The relationehip betwean the milllvol t outplJt cf 
" 

the Hall probe and the gaus5metre 'readings 15 plotted,in 

Flqut"e 18. 

Beth sol~nolds separately were then call~ratad uSlng. 

the- Hall ~t"obe crystal bU suspendlng lt at the centre of the 

- ,BolenOld core,,, and recordlng the mlllivolt output at:. set 
l' 

currant 1nputs from the magnat power eupp1u. TheBe mlllivolt 

readings were converted ,te field ,stt"ength values, using 

Flgure lB. The lin8er relation~hlp betwsen the solenoid 

field strength and ,direct current input 1n the solenoid ie 
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F~gu~e' 17 The hall effect probe set up. 
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.Sh9wn l.n Fl.gures ,19 and 20" for".tJ;le a.e. demagnetlz~ng cOl.l 
" ' 
anç1 1;l. c'. 'electromagnet· cOll r-e,pect.iyeIy. 

· The 'a ... c. )90lencid -magnetlc fleld is expressecf by: 

'~ ~~",c. - :3 .. 29'i. l '10.2
- l 10.4 

__ r:'d for- d.c.' sclen~id mBgneti~, fiel'ci 
r' 1;: 

i5 givBn 1;11.1: 

"- 'Hd.c. - a'~,79 l lcr+ ;\10-4 
.' . 

<>' ~ .. 
l . 

The . d1ffas::ance, in H, is due te the NIL I&Ihl.ch 81"'e 
, . 

of'rthe soJ.eno1d~ " 

, .... 1 , 
'. 

aq .• (50) . 

eq. (51) • 

• & 

prÇJl?er:,~il!u, 

the " Hall cr-ystal lilas alsp us ad te determina the 

prOf1!'e · .. çf ,', f {~J. c:t . s ~re1"lgth ~ long trye' ~x i 5 of the, two 
"/ . 

· solehol.ds.' The plots of ,the field st'rength profile ar-e shawn 
l , 

, ~ , , 
,in . F'igur-es 21 and 22.,' It was obser-ved that the ,field 

strength aleng the solenoiel axis increasBs .'gradùall", LIIith 

dUltance frem one and and raached i ta" peak cr mBXl.m;Jm a~ the 

centre .. Alse 1&I1.th~n 2cm en both sules of the aX1S centre. 

the fi elà strength Illas founci t'o be unifcrm. This allclAled "là. 
" 

Itcm I&Icrking space withl.n'· I&Ihich te 

axploit..a unifor-m field. 

a.l.6 ~achanic~l Vibration. 
1 , 

For the purposB of investlgatJ.ryg ,the a.rf.aet cf' 

vibr-atlcn on magnat~c se#aratl.cn. .', machBnlcal' vlbratcr 

taken from a Frantz ~scd~namic magnBt~c sBp~r.atër lilas: 

cQupled te ,the upper and. LIIh.r-a the plllxiglas!5 tub-Lng 1&11 th 
1> 

the ,regular matrix cannister and the ,copper' tUbing lAIere 

connected • 

.- Tha vibratar lAIas p'lugged directl", int~ a 11-OUA;C, 
" . 
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. scùt"ce ~,nd vlbt"atlon was" measut"ed uSJ.ng' 8 pt"ecalibt"ated 

,.~celerometer af~xed t9 â known mass of t"egulat" matt"lx in 

the cannlstst". Callbt"at~cn was done w~th the vlbt"atot" cff 

,and ,on fot" backgt"oun~ and actual measut"ements ln the d.c • 

. \' 'mag,net CTable 1). The same lnstt"ument l@S used fqt" the a.c. , 
.' ' 

" 

magnet'. Introductlon of', watst" showed nc signif'icant change 

in vibration. 

e .,2 SAMPLE PREPARATION. 

Tht"ee put"e .mlnBt"al .ample., magnetite, s11ies and 

were prepat"Bd for use in the axpet"lments far 

,separ'etlon on the HGMS. All the mineraI semples WBt"B 

acraened throU'gh a IiOOmesh Sl.BVe ,placed on 8 wet Ylbrstlng 

Sleve shaker "Anal~setts 3~. The mlnus ~OOmash fractlon was 

further- sized uaing the 

fractlons Sccct"dlnQ te 

Warman C~clQsizer lntc 
1 

the mlnaral particle's 

'5 'cone 

set t li ng \: 

ve1ocit~. For magn~tite, si11C8 and bat"~te5 the 'partlcle 

sizes . fat". each cene'are glven in Tabie 2. The operatlon o~ 

""erman C~clcs1zet" 

and McAdam(38) . 

has been descrlbed' in datail b~,Kelsall , 

'. 
2 .2. l Pure Magneti te. , 

Sgm- of pu~e magnetite, of,cones 2. 3, ~, S, and-5 

. r.sp.ect.1vel~ wet"e prepared and passad t~t"ough the twe 

sep.raters te ensura that all the magnetlte wes captut"ed 

undet" the selected conditions Cthat 15, t"eccvet"~ in Bach 

case 1s 100%). 
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:rABLE. l 

UIBR~TOR MEASUREMENT 

lAI :TH AN -AC,CEJ,..EROMETER (8RUEL' & 

R, TVPE't33S) 

... 

ACCELERATION UELOCITV 0ISPL~CEMENT 

Cm/52 ) (mIs). Cm) 

-\. 

-----~~--------------------_._----~--~- . 

UIBR~TI0N- IN A. C. HGMS 

------------~~--------------

0.2 0.002 0.00005 
. 

---------~-------~-------------------~--

.\ 
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TABLE' 2 1 - \ . 

PAR l Cl,.E'\ SI ZE 
. 

OF ~INERALS IN WAR~AN CYCLOSI~ER. . ' 
-----------------------~-------------

CONE- ~l AVERAGE PARTICLE SIZE C..,m) , 
5 NUMSER MAGNETITE SIL ICA BARYTES 

l 28.'i'i 'i?Bi' 32.9'i1 

'" 2 21.63 36.'il 25.06 

3 16.12 27.13 18.67 

,It 11.1 18.69 12'.86 .... 
5 8.67 .1'i.59 ~O.O~( 

1 

------------------;--~--------------~ 

,,"""- -"'---

" 

,~ 7-' 

" ' 

".!I· o ' 
" 

' .... "'\- ,.:0) 
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, 
2,.2.2 M1xture Sampl.,s 

a) Equal Cone Mixture. of Magnetlta and 5111C8. 

Sgm of magnatite wa. mixa~ with silica to glva ~a •• 

ratlè. rrom 1 te 6 for ~v.r~ 1nd1viduai c~n~ ~~z. a, 3, ~, 

and !;ï. 
, 

, 

The silica te m.gnl§~i'te mass Lat~o fot'" eone 2 was 
• 

extended te 10. This ensured mixtures were of pBrtlcles 

havi,ng equal settl ing velocities 90 thBt both magnet! ~e and 

silica .t'"tived at the magnetized matrix at the SBme ~ime. 

h) Equal Cone Mixtures of Magnetlte and 8arutas~ 

Mix'tur-e!J or cenes' a and 5 at mlUIS Lat~o5 1 and 6 

w.r-e used. Bar-~tes was used to give a mineraI ~ith 51milar 

densitu to the ~magnetite and thus a closer size thBn that 

obtained b.tween magn.t1t~ and siliea. 

c) Samples ror ~ech.nical U1bratic~. 
, 

Sgm of Magnetite wa~ mlxed with .ilic~ at ma •• t'"atio' 

1 to 6 ror cene 2'enl~. 
J 

d) Mixed Cene S8mp~e ef Magnetite and Silica. 

Ma~netite From cones 3, ~ and 5 at 1.5, 1.5 and 2gms 

ra.pectlvelu W8r-8 mlxad wlth allie. of .qual cen.~ at 

propertional mass ratios of 2, ~ and'6. 

Ancther- t.st" was run us!ng mlnus cone 5 et Sgm 

magnatité mix.d w1th minus cane 5 sillca mass ratio. of 2, 

li, and 6. 

50 
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?2.3 Variaticn bf FlQwrate. 

Tc study the affect cf flclI! I;"ata vat"latlon on 
< ( 

quall.ty cf separablllty mlnus cone 5 semples of Sgm of 

magnetlte m.lxed W.l th 25gm cf slllca Ulet"e used,. The tests run 

for each ml.xture were at 0.03, 0.06, 0.1, and O.l'i mIs .. 

2.2.~ Jaros1te rssldue and Cottrell dust. 

Tc further test 'the performance of the a.é. ,', 

separator ccmpared with the d.c. separator, Jarcs.lte resldue 

and Cottrell dust samples Frcm metallurglcal plants'were 

usad. 

Fcr the Jercslte resrdue and Ccttrell dust, 'iOgm dry 
, , 

weight cf the semples W8rs suspsnded in SOOml wate~ wlth' 

lOgm of CelgonJ. te edded te sffect d.lSpersl,en. Each of ths 

semples was placed in an ul tr8sonl~ bath to aid dl!!SperSlon,', 

The partiels size cf both aamples' was 80% mlnus cone 'i. The 
, 

tests run on both semples were c.arrled out et {lOUi retes of 

0.03, 0.06. 0.1 and 0.1'i mis.. ~ 

2.3 EXPERIMENTAL TECHNIQUE. 

Three runs were carrJ.ed out for every test. The flow 

rate was fixed st O.03m/s for all the experlmsnts, except 

,~for 2.2. and 2:~. In vie~ of the lnability to vary the a - C 
o 

magn~tic field 5trength, the fi.ld of O.06tesla produced by 

the demagnetizing cOll, was used ln both a-c and d-c 

,( magnats. 

The same sample present ion system was used for bath 
" 

51 
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The procedure for each,run was as follows: 

é. The veloclt~ th~ough the matrix was set b~ 

placing the requlred velocit~ cont~ol plug ln 11ne. 

b. The mat~ix and sample tLanspo~tlng_ 11nB w.~. 

f'illed with watéC'r 

c., A selecteeS mess -of sample was slur'r'uld and w.t'tad 

b~ agitation in 250 cc o~ water. 

d. The solenoid was switched on. 

e. The on/off valves et the feed tank and belew the 

matr'ix cann1ster' were opened slmultaneuosl~. As the slurr'~ 

pa.sed thr'ough the mat~ix lnto a receiving bucket, wate~ wa. 
I} 

.dd.d at the water tank to maintain a constant head. 

f. When the discharge below the metrix was observed 
. 

te he f'ree of mineral partlcl •• the lower valve was cloé.d. 

g. Th.' bucket was remov.d and replaced bU another 

bucket. 

h. The current wa~ shut off, end three full velccit~ 

top aneS bot tom flushes we~e applied to waeh out the magnet1é 

p~oduct into the mage bucket. 
• f 

Fo~ the experiment wlth-mechanical vibration. after 

.tep d, the vibrator' was sWltched on, and b.f~r. step f the 

vibr'ator was switched off. 

For th~ minus cona 5 mixture .ampl •• , th. jaro.,its 

r.sidue and Cottrell dust, the fine matrix was used. 

Before the beginning of ev.r~ run, th. entira 

tr'anepor'tation s~.t.m and the matri~ w.r. flushad top and 

.. 
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, , 

bo~o~ Bt full veloclt~ tWlce. 

Lastl~ the nonmagne~1c and magnetlc pt"oducts.were 

aecanted, flltered, drle~ ln an oven at 105 C and welghed. 

2.~ ANALysIS OF PROOUCTS.' 

FOt" all the sxpet"lments' two Pt"Od~Ct5 were collecteq 

a magnstlC: product (concentrets) 'conslstlng cf partl.cles 

captured on the matt"lx magnetically and physlcally entt"apped 

ncnmagnetic partlcles, and a nOQmagnetic product (tal~l.ngs) 

ccnslstlng of partlcle~ that passed through the magnetlzed. 

mat::-ix. 

Aftet" weighing the two pt"oducts, total losses wet"e 

generall~ less then 1.5% but up to 9% for the Jaroslte 

reuudue and the Cottrell dust 

ex tt"eme f 1 neness .' 

Far ·the synthetlc samples Cmagetite/s11ica anà 

the' grade of magnetlc pt"oduct was 

•• tlmated From 

Mass of magnetlte ln feed 
Gt"ade - --------------------------- eq. (52) . 

Mass of magnetlc pt"oduct 

, 
since ' magne~l. te r-ecoveq" wes 100%. ThlS estl.mate was checked 

b~ determlnl.ng grade wlth the Davis tube (see Table 3). The 

difference 1s ~f the order of experimental repeatabll~t~. 

The assa~ing of Jarosite residue and Cottrell dust 

fOt" both magnetic and nonmagnetic products wes done b~ 

Atomic Absot"ption Spectrometr~. 
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TABL.E :3 

~ ,"\ , -, ,- . 
.\ 

COMPARISON Of. GRADE 

FOR 
'~ 

MAGNET~C PRODUCT. 
.: " -

--~----------------------------------" .. 
"1 -

" " .... ~\ , -. 
';.. . .... ,'",< ... ' .... '. ~ ~ Il ... .. . 

1 ~. ,. SIL.ICA A S S A V 
" , , 

RATIO. • DAVIS FROM , 
TUBE ECl . (52" 

---~~-~---~--------------------------

A. C. HGMS. 
: 

.' 
J --------------

~ 
9 C' 0 N E 't -...... " • 

, -, 
.... -~~---~---.. \ 

'. 
'. 

II' 
....... 

1. B6.80 aS.8S " 

\ 2 1S.83 80.60 
", 

" 't 7S.ea 73.1't 4 

" 6 11.70 70.'t6 

~----~~---~-------------------------- ! 

D. C . HGNS. 
.., 

" ---------------
1 SO.7't 81.0't 

2 75.S8 75.68 

/ .' '* 
71.12 68.93 1 

. 6 65.33 66.08 

, , 
~--~-------------~--.----------------.. \ .. " 

( , 
. ... ' • ~ ,J... _ 

, 0 
,t' 

J>-

" ~ 

t 
5't 

" 
-. 
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3 RESUl.TS 

, 

·<:3~'l glMPARlSON Of GRADE IN A.C. HGMS WIT1i'D.C. HGMS. 
?-

Unless othet'Wlse 
. ) 

indicated, the 

the avet'age gt'ade and t'snge of the three runs present:ed as 

plets, of' gt'ade, Gm, against the msss r'StlO of' nDnmagnetl.C te 

magnetlc partiel~s 1.n the f'eed, A. The lines dt'awn at'e'those .. 

of the vOld-f'illing model. Individual axperimental data at'e 

given in appendlx 1. 

3.1.1 Equal Cene Mlxtures. 

The ~esults are glven in Figures 23,2~.2S, and 26 

For cones 2,3,~, and 5 t'espectivelw. Tha gt'ades for the a.c., 

sepat'atot" wer-e hlghst' ln evet'\,j case. Alse fot" both 

sepat'atot's, the gt'ades lnct'eased w.l.th dect'ease 1.n cone Slze. 

On extension of .the cone 2 sample mess ratlO te 10 on the 

a.c. h~ms figut'e 27, thet'e w8B nc slgnlflcant gt'ade change 

obset'ved. flgut'e 27a summ8t'i%es the t'esults. 

ln. Table ~ js shown the grade t'esult fot' a mixtut'e 

of magnstite-bat'wtes compat'ed to magnetite-sllies' $eparatlon 

;n the a.c. magnetlc sepat'atct'. 

With mlxtut'S t'stio of' 1 both gt'ades wet'e the same. 

For t'8tlO 6; the gt'actes of magnetic pt'oduct fot' bat'Wtes wét'e 

less than that of silics. Howevet' again the gt'sdes Fot' cone 

5 oF the magnetite-bat'utes mixtut'B wet's-highet' than fot' th~ 

cene- 2 samples. This l5 ln agt'eement wlth the t'esults 

ebset'ved for the magnetl.te/~illcS samples. 
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mass ratio of silica to magnetite in the feed, A. 
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TABLE 'i. 

lA UER AGE , 
PER~ENT GRADE OF MAGNETIC PRODUCT 

A. C. HGf1S 

RATIO BaSa,. Si~ 

-----------7~--------------------------

CON E 2 

l 75".99 7'i.5~ 

6 53.'t6 62.21 

CON E 5 

l 90.69 82.69 

6 67.'t5 

-----------------~._~'-----~-_ ... _--------- ! 
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3.1.2 M~xed Cone and mlnus Cone 5 Sample~. 

The compa~lson of grades for the a.c. hgms to tha~ 

of d.c., ~gms a~e shown ln Flgures 28 and 29 respectlvel~. 

The a.c. hgms gave hlgher g~ades than the d.c. hgms.' Also 

the grade fo~ mlnus Cone 5 was hlgher than the mlxad co ne 
j 

sample. 

The plots fo~ the a.c. grades showed 'convex-like' 

shapes while for the d.c. the usual shape waB cbserved. 

3.1.3 Effect of Flowrate. 
\ 

Increase of Flow rate in both sepa~ators gave 

increase ln grade, Flgure 30. This was due to the cleanlng 

action resulting from the increased drag force an~ ~ecause 

the force retalnlng the nonmagnetlc particles lS weak. 

Nctwlthstandlng the a.c. hgms still malntalned ltS hlgher 

grade prcduct over that of d.c. ·hgm~. 

3.1.~ Effect cf Mach.nical Vibratlen in D.C. HGM5. 

Figure 31 shows the resul~, cf separatlon uSlng the 

d.c. hgms with a mechanlcal vibrato~ attached to the 

cann~ster compared te ~he regular a.c. and d.c. magnetic 

separators. A slgnlrlcant imprevement ln grade, up ta 18%, 

was observed for sepaLatien wlth mechanlcal vibratlon. 

-
3.1.5 Jarosite residue and Cottrell dust. 

, , 

The results of Jarosite residue and Cottrell dust 
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sepB~atlon ln the B.C. and d.c. separato~s B~e shown as , ; . 
, p~ots of Recaver~ ve~sus Yield ~n F~gu~es 33 

~ ~respecti~ely. for bath samples the best sepa~atlon was 

. ' 

\

' r 

- '~ 
\ , \, 

1 
1 

'~ 

Bch~eved wlth'the d.c. sepa~ator uSlng the flne matrlX . 

l' 

~~2 TESTING THE GRADE MODElS 
" 

3.2.1 Oberteuffè~ Mcdel 

For the expe~ imentBl ~~ éonditions ,of this 
~ ;..-.~.. . 

Fi/Fe in equBtic~ .33 CBn be Bssumed ecn5ta~~: Using 
equatlon 35', Fi~ur~ 3Lt s,holUs the plot cf l/Sm agBl.nst ~, fo~ 

, .' 

cene 2 of 
l 

relationshlp 

both the .B.e. 

i5 net' ll.near 
, .' 

a~d d.c. ti~ms ~, Clea~l~, t~ ~ . 

.c:'nd·
o 
does nQt .. show· a .!=~ntinuéûs·, .... 

.. '. - . 
decrsase 1n gr,pé as A incre~~es as 'predicted b~ t~ .' 

, " 

equation. :.: , , 
~ " , J 

3.2.2 UOld-fillin; MCd$l : 
, ' 

, the' estimated values of Uv\, and minimum grade a~e ' 
" ,1 ,~ 

given in appendi~. 2. Uv ~s quite hl~h (above '~à%)'whlCh 

stems' from 'the stringe~ formation belng locsely", 
," 

packed Cwhlch 1$ 

for cone 2 and 5 

true 'by visual lnspectl.on) .. ~sl.ng the d~ta: 'J 
in equation C~~), the~result~ B~e shown ~s 

plots of ln (fi'uncr:tlon) agalnst A 'ln f'lgu~es ~s and 36. 

respectlvely. The ~ompléte analysls and the values of a a~~ 

given ln appendlX 3. The ~Bsults o~ a~l thELP~ed4otèd grades 

compared with all the exper4mental ~ver~ge, g~ad~~ for- ars ' " 

glven in BPpendtx ~. ," 

In all the' tésted cases, the P~sd4cted values w8r& 

, " , . 

l n ~ood ag~~ement Wl th the expe~ imental" ~r:'ades. The use pf' -", , 
1 t 

.70 
" 1 

.~ 

' ... 1 . 

.. 



. 
,; 

" ,-

• 

tb 

--.. ... 

~ 

• 

.. 
<> 

'" 
1 

'" 

/ 
" 

• ,/ 

2.0, ~ 
.-

- <; / 

• 
,f 

w 
Cl 

ct / A' • 
CC 

CJ -.... ... 
" r 

~ 1 2 3 4 5 6 
~ 

A 
.. 

Figure 3~ The plot Dt l/Bm v.rsus A. tor con. 2 in th ••. c. 
and d.c. hgma uaing Ober~uffer model. 

1· 
\, 

• 

\ 

.' 



~ 

'" '" ... 
li 
Cl 
...... ... 
v 

'" :> 1 
::> 1 

:~ , 
f'4 , Il 
\J r D.. -, 
E , 

CI. , 
1 .. 

... 
v 

c: .... 

\ 

o ... 

Cl 

1 2 3 4 5 6 

rJ.gura 35 Plot of' ln (l'unction) ver.us 'A, l'or the •• c .• .,ci 
cS • c. hgm. l'or cone 2 •• mpl..... ' 

72 

• .. 



il' 
.. 

.. 

" 

.1"\ 

1"\ 

t'4 

E 
Cl 

,.. " t'4 
V 

~I 
I~ 
1 

~," 'VIA. 
1 

El 
A., 

1 

, 1 

c ... 

, . ... 
Q 

o 

~ 

(l 

1 2 3 ,4 5 

A 
Figure 36 Plot ot ln (tunctiçn) ..... r.us At fer tQe. a.c 0 and 
doc 0 hg mil l'or cone S- •• mple 0 

" 73 

" 



7 , . 

mech.nical vibration did not degrade the model fit. 

"GeneraU!,,'. the modal pt"edlctlCtns lIIet"e satisf.ctarw. 

Ta use the proposed model. experlmental data must be 
, 

gener.ted on-the sample/devlce comblnat1on to be used. 

A major limrtatlcn 15 the assumptlcn th.t th. 

maXlmum fv i •• qual to U~. Thare lS no ObV10U. r ••• on whW 

th!s should be. Other values of maXlmum ~v are posslble, ~for 

.xample, 1.0 or 0.7~ the latter represent1ng close pack1ng. 

It 15 not possible to a-prlori dacide on tha maximum fv. Th • 

••• umpticn that void ~1lling follows an exponent1al ~unction 

1. in line wlth the cOQcept that the filllng ia a random 
',,-

prece.s. \ 

Lika other modal •• thl. modal will onlw ~. accept.d 

when and efter ~t .tands the te.t us1ng other mineral 

-mixtur... Tha data ·on. magn.tit.-barWt.. 1. nct complat. 

aneugh. 
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"t DISCUSSION o' 

. , 

"t.l ~.C. HGMS UERSUS D.C. HGMS. 

The fact that the a.c.hgms captured magnetlte 

par't1cle!! pr'ove!! that a net attract1ve magnetlc fOr'ce 15 

axarted on the part~cle as sugge~ted b~ the theoretlcal 

anal~si!! (eQuat1on C 19) ) . 
[1 

For the equal cane samples the grades decreased 

.xponentlall~ and levelled off above about mess ratlo 6. 

With the extenslon of tKe mass ratlo to 10 fo. the cone 2 

mlxture for example, the grade .emalned the same. This 

suggested that the.e ~s e Ilmlt to the amount of s111ca that 

can'be antrapped ln the magnetic product. 

The hlghest grades ~ere observad for cone 5 whll~ 

the lowest ware for cene 2. ThlS ma~ be related to the, 

decreased porosltu a5soclated wlth flner magnetlte part1cles 

exposed to the same magnet~c fleld. as reported ln réfe.enee 

(32) . Inltl.a'l SusplClon that tthls-1~e effect maIJ be releted 
• 

to the dlfference ln partlcle Slze of magnetlte and slllca 

(due to method of sample preparatlon) was dlspelled bU the 

results wlth magnetlte/bar~tes whlch shawed the !!ame Slze 

effect. 

For mlxed cone semples 'the shape of the curves for 

the d.c. hgms wa. the same as for the lndlvldual co ne 

samples. However that of a.c. hgms wa~ lnV8["'ted. There lS no 

lmmedlate explanatlon for thl. dlfference; lt 15 unllkel~ 

that this dlfference ln shape has an~ lmportant 

75 
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, 
hlgheat grade produet was achleved ~galn the' 

for,- separatlon ln a - c hgms and for the finer:- SlZ .. mater:- la1 

(ml nus cone 5). The .ame r.a.on (d.creas.d pot"'OS 1 t\,j) g.1. van 

for:- the " hlgher grade for:- .qual eone mlxture samples appears • 
~o remaln vall~ for wlde Slze ranges. 

The hlgher gr:-ada or magnat lC product ror a. c. hgm. 

varsu. d.c. hgms must be du. to d.rlocculatlOn or:- vlbt"'atlon 
1 

afract •. Tha axperlmants wlth d.c. hgms and machanlcal 

vibr.tlon .ugga.t that vlbratlon 1. th. domlnant .rract. 

For tha d.e. hgm. ",atM m.chanlcal vlbratlon th. 

av.rage grade of magn.tte product lmprovad bW 10~ ov.r that 

ot a.c. hgm. and bW 18% ovar:- that of d. c. hgm. LIll thout 

vibration. ThlS lmprov.mant conf'lrms the arfect and role of -

~ 
vlbratlon dut"'lng magnatlc .aparatlon. Fot"' the a.c. aolanoid 

hgm., vlbration 1. pt"'oduced b~ th. var:-\,jlng magnetlc rorc. 

du. to th. alt.rnating magnatlc flald actlng both on tha 

m.trix and the partiele •. 

d1fflcult .lnea lt 1. n.ec •••• r~ to maa.ura th. vlbratlon of 

th. magnatlt. bed, (th. matr.lx la rlxad and ahol.&lad llttl. 

vibrat10n, r.ble 1). Expar lmant. 1.111 th magnet l. te f l xed to the 

vlbratlon sansor eonflrmad V.lbratlon. 

vlbratlon 18 fal t wh.never magnet lzabl. mater lal J.S hel d bW' 

hand and brought into the a.c. hgm. (wJ.th the d.c. Bolenold 

hgms no vlbratlon wa. exper1anced). 

The Vibration of tha magnatJ.c product pt"'.aumabl", 

di.logda. .oma of tha ph",.icallW antrappad nonmagnetic 

,. 



partlcles permlttlng them to be ea'rC' l ed awal.l bW the 

hwdrodWnamlC drag force. Thus, vlb["atlon lS probab11J th. 
\ 

cause of the hll;jher grade of magnetl.c product uSlng the a.c. 

compared wlth the d.c. hgms obser ved l. n the 

magnet~te-coal separatlon C'eported b~ Kellend et al Cl). 

These ob!U!lrvatlons open the posslblltl.l of vlbratlon 

1 n magnetlc separat lon. ThlS worl< has shown that nonmagnetlc 

particles phWslcall\,j entrapped in the magnetlc product cano 

be removed vlbratlon whlCh reduce'!l the need fOI-

re-cleanlng. Vlbratlon can be Induced blol Ui!51ng a.c. hgms but 

thl!! w111 be C'estr lcted to re latlvel\,j 10w f lelds. Thl s wo["k 

. ha. s~~n 

conven l.Iij~t 

that mechanlc.l vlbratlon can be used. ThlS lS 

since it sepaC'ates vlbratlon From magnetlc fleld 

produ9tlon. Mechanlcal vlbratlon shouid be usable on hlgh-

\ (laId -cS.c. hgms, although lnstallatlon malJ be dlfflcult wlth 

• contlnous hgrns dev1cas. Ulbratlon could be rnechanlcal (as 

h.C'e) ot" acoustic. Slmilar obset"vatlons regat"dlng I./lbratlon 

appesr te have been reached concurrentllol bl.! Sun et al (39). 

However- ther-e 1s insuff fcient data on the vlbratlon, how l t 

wa. cre.tad and quant1f led, fo[" compar- lson w1 th thls work. 

't.2 JAROSITE RESlOUE A"IO COTTRELL OU~T. 

The d.c. hgms showed a Sllght performance advantage , 

aveC' th. a.c. hgms. However It lS veq" dlfficult to 

attr ibute thus pe["formance to the tlolpe of magnet used. The 

E"eCove["1oI ve["sulS ~,jleld plots ["evealed Il ttle element 

•• paratlon wa. actuaillol ach1eved. Apart fr-om lron the 
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. . 
~.ndecw lAIas mor-s to spllt'tlng oF the matenal r-ather than 

.epar-atl.on. 

These two samples wer-e thought to r-epr-esent po~slble . ' 

practlcal examples '~f mlxtur-es of str-Oigl W magh8tlc phases 

(f'er-r-ltes) wlth non-magnetlc' phases (e.g. lead sulphate) 

WhlCh could beneflt From a.c. hgms. Subsequent aDa1wsis 

sholAled thHI lAIas not the case: 1&11 th Jarosl te. the sodium 

Jar-osite itself was onlW about 10 tlmes less magnetlc than 

t:he feLrlte ('10) and in the case of the Cottr-ell dust, phase , 
inter-locklng essentiallw r-estr-lcts ph~sl.cal sepaLatlon ('1l) . 
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s.~ CONCLUS IONS. 

.. 
5.1 ~ONCLUSION. 

'\ 
1. That an a-c driven magnet can bl!t usl!td fer 

magnl!ttic separation. 

2. For mlxtUl"BS '\ of fine magnel;.ic and no nmagne t l C 

-
particles, the a-c dl" l vl!tn magnet gives super lOC" grades (5 te 

10 pl!t["cent) ovl!tr aU tl!tsted condltions. ... 
3. ·The grade of mBgnetlC: pr-oduct for- bath B-C and 

1 

d-c magnets a) dec~eases with .lncr-ease ln par-tlcle Slze, b) 

,decreases wlth increaSB ln l"atia of nonmmagnetlc ta magnetlc 

partieles ln the feed and c) incr5ases wlth flowC"ate. 

~. On appllcatlon of an axtar-nBl vlbr-atlon to the 

d-c dl"lVen magnat, the gl"ade of magnet.lc pl"oduct W8!J 

, 
1mprèved up to 18 percent. 

5. EntrBpmant of nonmagnetlc par-t~cles in the 

magnetlc product can be r-educed by vlbratlon. 
'. 

6. A naw model of slmulatlng the grade of magnetlc 

product based on 'vold-fllllng' has been tested and found to 

fit the experlmental results. 

S~2 CLAIMS FOR ORIGINAL RESEARCH. 

1. The force on a partlcle ln a 

demagnetlzlng solenold was derlved. CThls 15 orlglnal, to 

the best of the author's knawlegde). 
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2. 

ta 

An eXPlanatia,'< ba.ed on v1bratlon wa. forwarded 
1 

the lmpr'cvad grade of a . C • versus d: c. hgm. 

observed here and b~ Kelland et al (1), 

3. The appllcation of .xte~nal machanlcal vlb~atlon 

during magnetlc .eparatlon and lt. effect w •• examlned. 

~. A model of grada for megnetic: product ln hlgh 

gradient magnetlc .epar_tian we. devela~ed and te.ted . 

'5 .3 SUGESST IONS FOR FUTURE IIJORk. 

1. A detailed .stud~ af the use and -limit. of, 

. vibratior;l. 

,.,ibratian . 

3. Work ta further test the model of grade. 
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APPENOIX l 
TABLE 1.1. 

AUERAGE 

'. 

, 

PERCENT GRADE OF MAGNET 1 c: PRODUt:::t 

Si~ R,ATIO A.C. HGMS D.C. HGMS 

, 
---~----------------------------------

c: 0 N E 2 

-------------------. 
1 7't.55 66.09 

e 67.39 61.80 

'i 63. 't5 56.35 

6 62.21 55.85 

10 62.08 -- . --\, 

-~------------------------------------

c 0 N E 3 

------~------------

1 BO.52 72.29 

e 72.89 70. 't't 

'i 68.52 6Lf .59 

6 65.65 63.69 

-------------------~------------------
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TABLE 1.1A. 

INDIUIDU"L TEST RESULTS FOR 

PERCENT GRADE OF MAGNET l C PRODUCT 

, . ----------- ~---------------~-- ---------

51.~ RATIO A. C. HGMS D. C. HGMS 

-------------~------------------------. 

u . 

1 

2 . 

CON E 2 

7"t .18 

7"t .BS 

7"t.63 

S8.12 

67.75 

66.31 

62.57 

68.7B 

67.20 

58.07 

6~.86 

63.B6 

---~------------------------~------
63.05 51.97 

·Ii 6'i .85 58.07 

62.50 59.03 

---------------------------------_~ ____ I 

6 

61.88 

61.73 

63.05 

56.'i3 

56.50 

55.'iS 

------------------------------- .... -------
61.50 

10 

62.66 

B2 

-- -­. 

-- -­. 
J 

• 

: 

.. 
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TABLE 1.lB. 

INOIUIDUAL TEST RESULTS FOR 

PERCENT GRADE Of MAG~JETIC PRODUCT 

---------------------------------------~ 

A.C. HGMS D.C. HGMS 

, 
~-------~------------------------------

COftE 3 
J ------------

81. 'i3."l 72.67 

\...... 
1" 80.13 67.39 

80.00 76:80 

~-------~-----------------------.------

72.99 

7'2 .. .57 

7~.10 

66.66 

73.6'i 

76.80 

~--------------------------------------

S8.59 

68.21 

68.78 

63.78 

62.3'i 

67.66 

----~--------------~-----~-------------

. 6 

67.20 

65.79 

6'% .02 

61.'13 

63.86 

65.79 

'---------------------------------------.. ' • II! 

.. 
' . -, 83 

, 

. . . 
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TABLE 1.2. 

AVENI=\GE 

PERCENT GRADE OF MAGNETIC'PRODUCT 

--------------------------------------

Si02RATIO A.C. HGnS D.C. HGns ' 
" -------------------- -*--------~, ..... -------

C 0 N E "t 

-------------------
• 

~1 B6.B6 Sl.O'i • 
2 BO.60 75.69 

'i 73.1'i 6B.S'i ., 
6 70.'i6 66.QS 

~ 

&. 

.' 
le 0 N E 5 

~ 

-------------------

1 B9.55 B2.69 
, ]0. 

2 BS.52 7B.95 

't Ba .56 72.22 

6 76.61 67.'i5 

\ 



'. 

" 

., , '. 

J 

'\ 

" 

, .. 

, 

TABLE 1.2A. 
i • 

~. tNDIUIDUAL TEST RESULTS FOR 

, 
" 

PERCENT GRADE Dt MAGNETIC PRODUCT 
'! 

A.C. HGMS D.C. HGMS 

---------------------------------------

.. 

, . 

,CONE li 

B6.66 

8S.61 

B7.72 

80.65 

80.65 

81.83 

~---------~----------------------------

. 
2-

., ' 

80.13 

BO.91 

80.78 

7"1.29 L 

75.87 

76.92 

-----~---------------------------------
. 

72.,05 

13.6Lt 

73.75 

68.59 

69.5L{ 

68.68 

-----~------------------------------

70.13 65.62 

D 
6- 70.72 66.1'i 

70.5? 66.'t9 

~--------------------------------------..- ' 

• 

" 
.' , , 

4 

• 
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TABLE 1.28. 

INDIUIDUAL TEST RESULT5 FOR 
d 

PERCENT GRADE OF MAGNETIC PRODUCT 

Sl.l;b RAU 0 A.C. HGMS D.C. HGMS 

--------------------~~---~------------

1 

• ~ 

't 

6 

C O,N E 5 

89 .1~ 

90.'i2 

89.13 

86.66 

8"t.32 

85.62 

80.65 

79.'t9 , 

81.57 

.76.92 

76.80 

76.10 

~3.89 

83.33 

81.li3 

77.liO 

78.25 

81-.30 

70.li2 

72.15 

7"t . 18 

67.57 

67.29 

67.'t8 

--

" 
--------~------------------------------

as f 

.\ 

.' 
, , 

'< 

-

4 
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:: 

TABL.E 1.3 

INDIUIDUAL. TEST RESUlTS FOR 

PERCENT GRADE OF MAGNETIC PRCDUCT 

RATIO 

1 

• 

A.C. HGMS 

aaSe. 

CON E 2 

76.69 

7S.6'i 

1S.6'i 

7'i .18 

7'i.B5 

7'i .63 ' 

----\----------------------~-----------

52.69 61.88 

6 53.82 61.73 

53.BB 63.05 

--------------------------------_._---­. 

1 

CON E 5 

90.25 

91.07 

90.7'i 

B9.13 

90.'t2 

B9.13 

----~----------------------------------

6 

69.5'i 

69.'i"t 

ri 69.25 , . 

67.57 

67.29 

67. 'ta _-, 

---------------------------------------

B7 

- " 
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• 

TABLE 1. Li. 

AUE R AGE 

PERCENT ~RAOE OF MAGNETIC PRODUCT 

5iO, RATIO A,.C. HGMS D.C. HGMS 

.--------------------------------------
MIXEe CONES C3.~+5) 

91.21 82.27 ,. 

85 .~3- 75.57 

6 8't.99 73.5't 

-------------------~-------------------

6 

1 
MINUS CON E 5 

9't.21 ee.~5 

• 1 

91.7'i 79.7'1 

. 87.89 76.99 

-~-------------------------~------------

es 

/' 

1 

1 

,. 

• 
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TABLE 1.'tA. 

INCIUIOUAL TES! RESUL!5 FOR 

PERCENT GRADE OF MAGNETIC PRDDucr 

Sio, RATIO A.C. HGMS D.C. HGMS 

MIXEO CaNE (3,~+5) 

---------------~--------

9't.'t6 8't.27 

9't.21 52.27 

93.95 80.26 

-------------~-------------------------

85.11 71. 'té! 

B5.'t3 75.51 

85.1't 15.11 

-----~---------------------------------\ 

6 

B5.51 

8'1.99 

B't.'tl 

8S 

73.26 

73.5'1 

73.8é! 

, 



• 

( 

TABLE 1. 'tB . 

INQIUIDUAL TEST RESULTS rOR 

PERCENT GRADE Of MAGNETIC PRODUCT 

---------------------------------------
51th RATIO A.C. HGMS/ C.C. HGMS 

.' 

---------------------------------------
MINUS CONE 5 

9'B.07 89.38 

2 97.'t3 87.66 
" 

97.50 88.30 

91.61 80.02 

91.79 79.62 

91.81 

--.------------------------------------
\ ' 

" 

6 

89.23 

88.77 

88.72 

77.3't 

77.87 

77.75 

---------------------t-----------------

90 
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• 
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\ ' TABLE 1.5. 

VARIATION OF FLOWRATE ErrECT AUE-

----------------------;f-----------~---

RAGE PERCENT GRADE O~MAGNETIC PROOUCr 

f"LOWRATE A.C. HGMS D.C. HGMS 

cm/sec. 

MINUS CONE 5 

89.73 77.03 

6 97.t.t8 87.'H 

.. 

91 



, 
TABLE 1.5~ 

UARIATION OF FLOWRATE EFFECT INDIU-

;t' " ----------------------------------------

IDUAL PERCENT GRADE OF MAGNETIC P~DOUCT 

------------~------~-------------------~--
, 

fLOWRATE A.C. HGMS D.C. HGMS 
,. 

cm/sec. Sl02: Fe30 .. ,5 1. , 

--------~----------------------~-------

MINUS CONE 5 

a9.69 76.98 

:3 89.77 77.0'i 

89.72 77.07 

97. 'iS 87.38 

6 97."!7 

97.51 87.'t"! 

-~------------------------------------- ,. 

" 

• 

1 

92 
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• 

TABLE 1.6. 

A1:RAGE 

PERCENT GR~DE OF '" MAGET 1 C PRODUCT 
. ------------------------------------------------------------

SiO, RATIO CUIS) D.e. HGMS ~.c. HGMS D.C. HGMS 

-----------------~------------------------------------------

c o N E 2 

1 S1.31i 1't.55 66.09 

2 f 79.95 61.39 61.BO 

75.'t9 63.li5 56.35 

6 71.23 62.21 55.BS 

\ 

93 
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TABLE 1.6A. 

IND~L TEST RESULTS FOR 

"PERCENT GRADE OF MAGNETIC PRODUCT 

Sl[), RATIO A.C. HGMS c.e. HGMS 

(UIS.) CON E 2 

87.26 

1 

---------------------------------------
79.37 

80.52 

--~--._-------~------------------------

7't.52 

76.~5 

-----------------------------------~----

71.33 

6 

71.12 

9'1 

.' 



• 

( 

" , 

• ( 

T~BLE 1.7. 

REPRESENTATIUE 

RE5UlTS ON JAROSITE RESIOUE. 

-----------------r------------------------------
FLOIIIRATE 

cm/sec. 

YIELD 

(%) 

RECOUERY 

~ ZINC 

GRADE OF 

ZINC 00 

~_._--------------~------------------------------

D. C. HGMS 

~-------------------

'3 11.36 17.70 11.29 

6 S.liS 16.'i7 12.59 

lO B.es 15.10 13.35 

1't 6.'iB 13.71 15.32 

A. C. ~ HGMS 

------------------
3 

, 
9.97 17.56 12.75 

6. 7.73 1'1.82 13.89 

10 5.99 11.96 l'i.'iS 

l't "t.s8 9.17 l'i.50 

95 
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, " 

.. 

TABLE 1.7A . . 
RESULTS ON JAROSITE RESIDUE. 

" 

f'LOWRATE V,IELC GRADE Of 

cm/sec. C%) ZINC C%) 

--------~---------------------------

:1 

6 

10 

D. C . 

11.5"! 

11.36 

li."l.e 

9.75 

8 .19 

8.25 

8 .12 

. HGMS. 

11.29 

f v 

-, 

12.59 

.. 
-------~----------------------------

'. 
1't 

~ 

6.li9 

S.liS 

6.50 

1 
15.32 

-,------~-------------------------~ 

96· ... 

• 

" 

'. 

) 



TABLEl.7B 

REsutIS 'ON JAROSITE RESIOUE. 

FtOWRATE YIELD GRADE OF 

A. C. HGMS. 

9.79 

3 9.97 12.75 

9.99 --
~ ------------------------------------.. 

7.62 

6 7.73 13.99 
• r~ 

7.52 

,--~---------------------------------

5.80 ---' 

10 5.99 l't.lfS , 
5.65 - -~-~--------------------------------

't.55 

l't "t.58 1'f.50 , 

"t.52 

f , 

-' 
. , . 97 

., , 



o 
t • 

• TABLE I.e 

R~PRESENTAT 1 UE 

RE:SULTS ON COTTRELL , OUST 

~ ------------------------------------------------
FLOWRATE YIELD RECOUERV GRADE OF 

cm/sec. (%) % IRON IRON (%) 

o. C. HGMS 
'1' 

--------------------
"' 3 18.~8 IiO.91i 13.c 18 

6 l't, 56 ' .3,* .. 9"! 1,*.28 
1 

10 12.89 32.06 ,1't .80 

1't 12 .32 ~ 32.09 15.5 

----~-----~-------------------------------------

A. C. HGl'1S 

--._--------------
3 1"t.7't 32.55 13.1'i 

,6 
, 

13.60 29.37 l2.85 l. 

10 11.60 26.92 1't.25 
\. ___ l ./' 

1't 10.09 25.61 15.10 

.' . 
~-------------------------------------~------~--

• 

9B, 

'. 

\ 

--'\ 



, 
\ 

"' 

1 

..... 1 , 1 Q 

Rt<SULTS 

n.OWR~TE 

... 
cm/sec. 

:3 

, . 

6· 

L 

~ABL~1.8~. • 

'. ON COTTRELL 

YIELD 

D.C. 

18.23 

'18. 'te 

.18 . 15 

1't.25 

1't .56 

1't ""1 l 

OuST 

GRA:JE OF r­
l ROr-.: (%) 

HGMS. 

13.18 

l'i.28 

---------------~--------------------
~ 

12.82 

"' 10 12.89 1't .. 80 
~ 

12.73 ~ 

--~-~------------~--_._------------y (:. -

'" 12.35 

1't 12.32, 15.5 
.... 

12.30 

------------~-I-------.,.--------------

99 • .. 

• 

/ 
"" 

/ 
/ 

/ 

• r .. 
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TABLE 1.9B. 

RESUI.l'S ON COl'TRELL OUST 

-----------------------------------~ 

f"I.OWRATE 
( 

cm/sec. 

6 

10 

YIELD GRADE OF 

IRON (%) 

A.C. HGMS. 

1'1.62 

1'1.7'1 } 

l'1.S,*, 

13.95 

13.60 

13.79-

11.51 

11.2'1 

11.27 

13.1'1 

12.95 

1't.25 
~ 

----------------~------- ..... -----------
) 

.- - 9.89 

l"i 10.09 15.10 

9.91 

------~-------------p---------------- ' 
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APPENDIX 2 
TABLE 2.1. 

COMPARISON Of AUERAGE PERCENT 

MINIMUM GRADE Of MAGS. PRSDUCT 

ràR ED.(39) OF THE MODEl WITH 06SERUED 

UCL. OF UOIDS A.C. HGMS 

PREDICTED OBSERUED 

--------~--------------

CON E 2 

.655 61.7 62.2 
"-

CON E 3 

---------------...... 

. 63 65.1 65.7 

CON E Li 

:59 70.2 70.5 

CON E 5 

.5't 75.S 76.6 

MIXED CaNE 3.~.5 

.'tS B'i.S 'B5.0 

MINUS CON E 5 

.'il 87.5 B'i.S 

---------------------------------~----

101 
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TABLE 2.2. 

COMPARISON Of AvERAGE PERCEN: 

MINIMUM GRADE Of MAGS. PRooueT 

FOR EO.(39) OF THE MODEl WITH OBSERUED 

UOl. Of UOIOS D.C. KGMS 

---------------------------------------

PREDICTED OBSERUED 

" 

CON E 2 

• 
.S95 S5.8 55.8 

é:~/O N E 3 

.65 62.'t 63.6 

CON E 't 

.S25 65.8 66.1 

EON E 5 

.S2 66.'t 67.5 

MIXED CaNE 3,'t,5 

.57 72.6 73.5 

MINUS C a N E 5 

------------------- \ ,. 
.53 76.9 77.0 

~ f MECH. UIB. CaNE 2 

------------------- '\ • 
. 59 70-.2 71.2 

--------------------------------------
102 
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APPENCIX 3 
I~BLE 3.1. 

THE UAlUES OF THE SLORE, B, FROM 

~HE PLOT OF EQUATION (~~) OF THE 

PROPOSEO MODEl 

.< 

-------------------------------------­. 
SiO:r RAT ID 

~ Pif (1 - IN) 

ln (1 6 --------;-- (11 Gm - 1» 
Ps Uv 

A.C. HGnS D'le. HGMS 

FOR a - 0.8, ï - .99, S - o.~ 

FOR a • 1.1, ï - .99, s - 0.36 

1 

2 

li 

6 . 

CON E 2 

0.85 

1. 't'i 

2.85 

't .25 

0.73 

1.82 

'L02 

6.21 

CON E 3 

FOR. - 0.6, ï - .98, 5 - 0.31 

FOR. - 0.75, r - .96, 5 - 0.21 

1 

2 

6 

0.51 

1.11 f' 

2.31 

3.51 

103 
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1.38 

2.2 
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r4 

E 
~ , 
r4 
~ 

~ 

> 1 
~ 1 

:~ 
1 

r4 1 ~ 
v 1 ~ 

1 
E 1 
~ 1 
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r4 
~ 

C 
~ 

o 

~ • 

-2 

/ 

1 2 3 4 5 6 

A 
rigu~e 37 Plot of ln (funet~on) ve~.u. A, fc~ the a.e. and 
d.c. hgms fOL co ne 3 sample. 
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TABLE 3.2. 

~HE VALUES Of THE SLOPE, 8, fROM 

THE PLOT Of EOUATION (~~) OF THE 

PROPOSED MODEL 

Pm Cl - v\/) 
5.10, RAT 10 ln Cl - ----------- CL Gm - 1)) 

P. Jv 

.. 
A.t. HGMS D.C. HGMS 

fOR 8 - O. 5~, r - . 98, Il - O. "t 7 

fOR 8 - 0.7, r - .99, s - 0.25 

CON E "t 

1 0.39 

2 1.13 

2.00 2.61 

6 'L1 

CON E 5 

fOR 8 - 0.55, L - .96. s - O.~l 

fOR 8 - 0.53, r - .97, S - 0.37~ 

l 0.2'i 0.32 

2 0.80 0.82 

1.91 1.83 

6 3.01 2.83 

---~----------------------------------

105 
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-1 
,.. ,.. 
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-2 
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v ,... 

-3 >, 
=>, 
1 :"5 

1 
..... 1 fi 
\JI Cl. 

1 -4 • 1 
a.. , , 

, " 
~ 
v 

c: ... .. 
. -

1 2 3 4 5, 6 

A 
Figure 38 Plot o~ ln ((unct~on) vec-sus A, fct" the a .c. and c1.e. hgms t'ct" cane If .ample. 
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TABLE 3.3. 

THE UAlUES OF THE slOPE. a. f.ROM 

THE PLOT 

S10, RATIO 

OF EOUAT1oN (5~) OF THE 

PROPOSED MODEl 

Pm (1 - Vv) 
ln (1 - --------r-- ClI Gill - 1» 

Ps Uv 

A.C. HG MS D .C. HGMS 

fOR a -O. 61 , r - . 95 • !I -.5 l 

fOR. -0.55, r - .99, S - 0.00 
ç-' 

------------------~--------------

MIXED CONES 3, '1, 5 

0.95 O.BIot 

2.18 1. 9't 

3.'i7 3.0lot 

MINUS CON E 5 

FOR a - 0.7, r - .93, s - 0.8a 

FOR a -0.66, r - .95, S - 1.22 

------------------------------~--

2 , 0.22 0.'t6 

l.'t 1.62 

6 3.02 5.77 

107 
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P~ot or ln Cfunction) versus At 
For; mlxad cone. 3,~&5 sampl •. 
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Figure ~O Plot èF ln CFunct10nJ ve~sus A, Fo~ t~e a.e. and 
d.c. hgms For minus cene 5 semple . 
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TABLE 3" 't • 
" 

THE UA LUES ,~F' THE SLOPE, Il, FROM 

THE PLOT OF EQUATION ('t't) OF THE 

PROPOSED ,MaDEL 

-------------------------,------------
Pm Cl - Uv) 

ln (1 .. (1/ Gm - 1» 
Ps Jv . , ~ --------"--------------------,---------

~ . C, HGM5 0 • C. HGMS ________ L.. __________ _ 

FOR a - 0,5. r - . 97. !I - 0.31 

1 

2 

.6 

neCH • U 1 BR • C 'b N E 2 

----------------------r-

----

0.33 

0.82 

< 1.82 

2.82 

. --------------------------------------

~ 
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-3 
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1 
1 
1 

.-f 
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Figure ~l,Plot of ln Cfunction) versus A, For the d.c. hgms 
~ith mach.nie.l vi~r.tcr .tt.ehad ~C~ cene e .ample. 
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APPENDIX 'i 
TABLE Ii.A. 

COMPARISON Of AUERAGE PERCENT 

GRADE Of MAGNETIC PRODUCT lrOR 

THE PROPOSED MODEl WITH OBSERVED. 

--------------------------------------
Si02 RATIO 

1 

2 

6 

10 

l 

2 , 

't 

13 

• 

A.C. HGMS 

PREDICTED OBSERVED 

----_._----------------
C 0- N E 2 

.-------------------
71i.5 71i.6 

66.8 67.~ 
, 

62.6 63.5 

61.9 62.2 

61.7 62.08 

c: a N E 3 

-------------------
BO.S BO.$ 

72.7 72.9 
.' 

67.2 iB.S 

65.7 65.7 

------~-------------------------~-----

'\ 

"-

-.. 
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TABLE ij. B • 

COMPARISON OF. AVERAGE PERCENT 

GRADE OF MAGNETlC PROOUCl FOR 

THE PROPOSED. MODEl I.\JI!H OBSERVEe., 

, . 
5.107 RATI 0 

1 

6 

'1 

2 

li 

6 

D. c. HGMS 

PREOICIED OBSERVED 

CON E 2 

------------------- ,. 

65. 't • 

SB.7 

56'.1 

55.S 

C 0 N E 

66.1 

61.8 .. 
56. 't 

55.9 

3 

-------------------
75.8 72.1 

68.1 70.3 

63.6 6't.S 

62.6 63.6 
. \ 

---------------------~----------------

113 
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. 
TABLE Ii.1A. 

COMPARISON OF AUERAGE PERCENT 

GRADE OF MAGNETIC PRODuCr FOR 
-

THE PROPOSED MODEL WITH OBSERUED. 

A.C. HGMS 

, --------------------------------------

1 

2 

li 

6 

1 

2 

6 

PREDICTED OBSÊRUED 

CON E li 

--------7----------

.85.0 
, 

7B.1 

72.7 

71 ;·0 

BB.2 

82.S 

7B.0 

76.,6 

86.9 

80:6 

73.1 

~.5 

CON E 5 

B9.S 

B5.5 

BO.6 

76.6 

-------------------------------------- . 

l1tt ., 

... 



i 
1 

\ 

, , 

,. 

l ' 

TABLE li .1B. '. 
, COMPARISO~'OF AUER~GE PERCENT 

", 
GR~OE Of MAGNETIC PRODucr FOR 

\ THE PROPOSED MODtL Wl!H OBSERUED. 

Si~ RATIO D. C. HGMS 

PREDICTED OBSERUED 

----------------------. 1 

CONE \.f 

------------------- . 
1 

~ .. ", 
79.2 91.0 

-a / \, 
1 71.8 75.7 

t ' 
li 67.2 67.8 

6 66.1 66.1 

c a N E 5 

-------------------\ 

1 82.8 92.7 

2 75.2 79.0 

li 69.2 
, 

72.2 

6 67.':! 67.5 

------------------------------------~-

1 
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TABLE Lf.2 

COMP~RISON OF AUERAGE PERCENT 

GRADE OF MAGNEIIC PRODUCI FOR 

THE PROPOSED MODEl WIIH OBSERVED. 

,1 
D.C. HGMS 

PREDICIED OBSERVED 

t 
WI,TH - MECH. VIBRATION (CONE 2) 

---~--------------------------

1 8S.7 87.3 
\ 

i 78.8 ,~ 80.0 

.. 
13.1 75.5 

6 7l.3 7l.2 

--~--------------~--------------------

• 

.. 
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TABLE Lt. 3 

COMPARISON OF AUERAGE PERCENT 

GRADE Of MAGNETIC PROOUCT fOR 

THE, PROPOSED MaDEL WITH OBSERUED. 

A.C. HGMS 

-------._-----------------------------

• 

e 
't 

6 

e 

't 

6 

PREOICTED OBSERUED 

~lXED CaNES 3,Lt,S 

88.6 

85.7 

8Lt.S 

91.2 

a5.Lt 

85.0 

MINUS CO NES 

90.3 

88.2 

87.7 

111 

9Lt.2 

91.7 

87.9 



TABLE 'i. 3A • .. 
cor1PAR 1 SON OF AUERAGE PERCENT 

GRADE OF MAGNET 1 C PRODUCT FOR 

THE PROPOSEO MobEL lAI 1 TH OBSERUED. 

5iO, RATIO D.C. HGMS 

PREDICTED OBSERUED 

MIXED CONES 3,~,S 

2 79.9 82.3 

7'i.9 75.6 

6 73.1 73.5 

MINUS CO N E 5 

-------------------
2 82.7 88.~ 

If 78.6 79.7 

6 77.0 77 ,0 

~. 

U9 

'41 

(' , 
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