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ABSTRACT

————————— - . . .

LA

-~

The pr1nc1p1e of us1ng cataphorg51s to, ass)st gravr

Q—

P N

tat1ona] sed1mentat1on of colloidal" suspen$1ons in a
?comﬁ1nuous th1ckener hes been;1nvest1gatedJ The re5u1ts .
ofvpfeiiminary.tests.dhdjcatedﬁfhat minus 400-mesh si]ipa
flour wouTa'be-the‘bestvmatériaT.to use in forming suspen-
sions for'the'e]ecidatioh of the:oberatihg characterietiesk
ﬁbf such‘a eysteml ‘The operatingycﬁaraeterjsties\wﬁich:" o
éive the.best'clarfffcetion under the test conditiehs
ihc]ude} a) max1mum voltage gradient at minimum power, and‘
b) m1n1mum so11ds feeé rate comb1ned with mrn1mum overf]ow:
f]owrate,»and c)'contro11ed ionic Strength in the suspens
As1on, and fina11y, d) a suff1c1ent1y large separtat1on
between the upper electrode and the feed well d1scharge

it
Under these co dﬂt1ons for silica, excellent. c]ar1f1cat1on

'Y’Q?per1ments were carried out on a benton1te
: “a clay suspensxon created from'a sample.
ﬁ“Great Canadlan 0il Sands plant at Fort
',*@ttheastern Alberta. The results from
Ethat,ééme degree ef c1atification ean be

; present operat1ng cond1t1ons this type (::\

jofﬁapp41cat1on‘aﬁﬁears to be econom1ca]1y 1mpract1ca1 for
X N 5 0

';ﬂthésé suspenswows

~—

BN

4
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- INTRODUCTION. o ; e

R,

In recent years, c]ar1f1cat1on of solid- 11qu1d e

. - N

& N R Pl .
Soc1ety has become very aware of env1ronmenta1 ﬂ?ob]ems

and is demand1ng more str1ngent contro]s on the qua11ty

of effluent from such processes ' Governments are -

. : 'Jl’;‘
R
" -

A]eg1s]at1ng new 1aws concer11ng the content of process

G - _
' dlscharge 0¥, waste and they are much more restr1ct1ve - _//

“than in the past. As a consequence. 1ndustry finds °tse1f

faced wlth add1t1ona1 ei/ense éo meet the requ1red standards

a in some cases complex .technological roblems are
‘ ; g : . 3

~

v

‘encountered in the attempt to obey these laws. In addition

~water used in processing,and-discharged'from tbe process

.-to being anfecoldgica1-pr0b1em, c]arifitation is very

imporfant in the actUa]_Propessing; For-example, Qithﬂtne
bresentisystem oflrecyc1ing water in the_industriéi»operd%ions
tovmfnimize both fresn‘water usege and waste‘inpdundmene

area and poss1b1y reduce reagent consumpt1oﬁ the water

must é”ét certain. standards such that no deieter1ous effects

- on prpcessleff1c1ency are exper1enced. The c]ar1ty of the

is very much an-important factor in industrial desfgn and

:operat1on

.

The 5011d 11qu1d pulps whlch are the most d1ff1cult
4

to clar1fy are those’ wh1ch conta1n ‘particles which exh1b1t

‘colloIdal be@av1our‘ A general definition wh1qh 1s used

‘fo c1assify”sngdensions»def1nes those,partlcles wh1ch have

-
. " o’
v ‘ | \

A . . o . ’ éa
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. a d1ameter of 1ess than one m1cr0n to be 1n co]lo1da1

;«—s a
Eg

suspens1on,-and those part1c1es hav1ng a d1ameter greate

than th1s va]ue to be 1n coarse suspens1o
. . . /
process1ng both types of s /»ons are encountered

.of'thls work suspended sOIids which

-:L

effozyprﬁct1ca1 purposes do not settle under the 1nf1uence ;

s

of grav1ty,'w111 be referred to as be1ng co]]o1da1 1n nature .o
i

- In m1nera1 process1pg, three d1fferent forces can be

used for cJar1f1cat1on Nhen it is des1rab1e to remo;e“ f -
the so11d from the 11qu1d ooth grav1t9t1ona] and contrlfuga] :
forces may . be emp]oyed In remov1ng the 11qu1d frOm the
//,,df/solwd a pressure grad1ent is used. Thickeners and settling
ponds re]y‘on grav1tat1on¢1‘ orce to cause sed1mentat1on .‘
produc1ng a product at the Q om uh1ch has a h1gher sol1ds
concentnatwon than the feed nd 1deal1y, a c]ear water.
superpatant Centrifuges and cyc]ones ut1llze centr1fuga1
1 force to\depos1t the si#1ds and the products are S1m11ar to
k th%vabove ‘ F11ters empTo!~31ther_an app11ed pressure or .
4%ﬁd%uum to produce these products When centrxfuga] force‘or
pressure grad1ents are used 1n c]arxfy1ng there is a rer

; 1at1ve1y h1gh cost per un1t clarified.- sqnce energy must be

put 1nto the System On the other hand th1ckeners and

\
/ settling ponds use a natura] force and thus provwde an
1nexq(/31ve me?i vof c1ar1f1cat1on -The ihlckener, because

of its. S11p]e operat1ng character1st1cs& size, and low ‘cost

per un1t clar1f1ed, was chosen for use in th%s prOJect

<

There are other, 1ess w1de1y used techn1ques for

1 Jh

o

[



c]arifieation,ﬁsuch as, gfeezing out the solids, x-ray
bombanguent spherical agg1omeration _high intensity
magnet1z separat1on, app11cat1ons of cataphoresis and a\
flocculation. The latter is frequently used as an aid to
K increase thefefficieney o% both ff]ters and thickeners,
If the dosage is low enough to be economical and g1ve
.,good c]arlty f]occu]at1on is probab]y the best means of
ensuring a c]ear d1scharge. In some.cases f]occu1at1on
cam\ot meet these requ1rements and as a consequence other
tedhniques’ must be 1nvest1gated Cataphores1s is thought
to be the best a]ternat1ve, where 1t can.be apglied, since
1t makes use of the natura11y formed surface charge on a
part]c]e and it 1s quite dependab]e F11te§é§have;§Een

oonstructed,wh1chemake use of this cataphoretic technique

and some are in use today in large scale 1ndu%§r1a] : ~

s

openatﬁons.\vThe technique_nas never bgen appiieﬁ toqtnic‘&

. eninq/a]though the‘i&ea.that cataphoresis be used-in
_oonjunction'wifh gravitationaT sedimentation has frequently
£ . T
been 5uggested

The purpoSe of this prOJect is to 1nvest1gate the

kvg\3r1f1cat1on of co1101da1 suspens1ons us1ng cata phores1s

to assist grav1tat1onal sed1mentat1on in, a, th1ckener



,«PREVIOUSAAPPLICATIONS'bF'CATAPHORESIS *

“ america there are no examples of industrial {usage of

‘kaolin refineries in Czechosigzjaia’and Gérmany. ~Essentially

= . .
“&LThere have been many research projects

{

done on the

LN . ~ . . )
application of cataphoresis to the dewatering or concen-

tration of colloidal susﬁensions.  Somé\§f~thesL\E:2jEE}s

have led to the cdnst?uct%on of full $cale industrial
3

1rocesses;which émp]oy cataphoresis, while others have
| \ ' Al
prompted the ‘construction of pilot plant m§de1s. The %

majority of the work ended after laboratory tgsts as scale

]

ip provedjthe systems to bé uneconomical. - Of tHe procéssés
- i s

w-ich have found application in the industry, almost all of

.Y

them are 1in the Eurobean clay re ‘ineries, while in North

L3

cataphoresis for tredting colloidal suspensions.

The pioneer work of Count von Schwerin* in Germany
LT
heoP

'n 1908 which involved,the dewatering of peat e]ectrica]1y

~

Wwas the‘first.indus;¥ia1 application’of electrokinetics.

14

S‘hweri\'s work Ted to the development of the rotating-

anode @lectrophoresis. machine which was used in severakl
. - [

B 4
the machine is a drum type .fiN&er with the drum acting as

<

N - . ‘—\‘ » ' ;» 0 n’
the anode and a cathode 1is placed in close proximity to

~

e drum in the slurwy tank. These developments sparked

2

P

*B. SCHWERIN déve]oped the electro-osmose filter press
* for electrically dewatering ball clay, kaolin and
peat. U.S. Patent 1,133,967 (1915)

Sy

2 7 4



Amerlcan 1nterest in cataphoret1c app11cat1ons which peaked
jn‘the early_l?40 s and resujt3ﬁ~1n q{ﬁerous pub11cat1ons
Two seien%isté; who.ﬁere with the U"S Bureau,of Mines iﬂ
“Norris, Tennessee? S1dney Spe11 and M R. Thompson are
probably the best “nown Americans who have worked in this
iarea. “Spei] and_ lhompson concerned themse1ves primarily
w1th the dewatering of c{ays using- cataphores1s They:
were interested in both c1ar1fy1ng the suspens1on and
dewatering the deposit but their main interest lay with
the characteristies of the deposit, whiech is a reveese1
in priorities when compared fo tHe current fesearcﬁ. Al
their Qork was. carried out in the 1aboratdry using. s
'-caeaphoresis in the horizontal pla &. In several pub11cat-
ions (1,2,3) they summar1zed the results of these tests to
illustrate how the treatment of the suspension could best” be
'done There is one conelusion which they reached which
is of special interest s1nce it was perhaps the \?1rst
suggest1on that cataphores1s be used 10 aid grav1tat1ona1
;sed1mentat1on. It is reproduced here:

"For mihimum power coﬁsumption, the:catéphoretic

b
N

migration should be downward to utilize, and not

to oppose gravity sedimentation; in any event -

‘some non-e1ectrica1 method should be'used‘td

aid the movement of particles from the cathode

to the anode. " (2)_v | | ‘/
The!pub]ipations ef Speil and Thompson led to the study

b d

of dewatering co]Toidal suspensions, using the rotaf{ng-

/



anode e]ectrdphores1s machine, by other investigators.

Two such\itud1es “whlch were done proved the system.

to be uneconomical bedﬁuse of the high power consumpt1on

Again, these studies were directed at the mo1stu:e charac-
teristics of the deposit and not the G1arrty of the water
'fractton. One of them5 had reached the pilot plant stage
before bedng rejected and is perha%% the closest that

cétaphoretic techhiques have come to actual industrial

“*

operat1ons in North America.

The net result of all th1s research is an aﬁhndanee
of puL]ications* but, as yet, there are no industrial
processes developed which use cetaphoresis.by itself, or

as an aid, to‘c1arifying colloidal sushensions in North

American industry. .J

«

*A more complete bibliography is found in: Poole: J.B.
‘Doyle: D., So11d Liquid Separation, Swindon Press Ltd.
for Her MaJesty s Stationery Office, London, England
1966 pg. 842 - 44. . o
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. THEORETICAL REVIEW

& -

A: . The Origin of the Charge.at the Mineral-Water Interface

The origin of the charge at the mineraP-water inter-
face is of obvious imporféncé in mineral processing,
since a large amount of the flotation, rheological and

aggregation behaviour of minera1 pulps is influenced by

' this charge ~Much &f the understanding of the charging
mechan1sm at ther1nera1 water interface has been deve]oped
- from. the resu]ts of electrokinetic measurements of the

zero-po1nt-of-charge and of ‘the effect of potential deter-

mining ion concentrations on the .ete potentia] SeQera]
theor1es have been deve]oped to explain the or1g1n Bf this
charge on vgr1ous classes of_m1nerals.§ In th1s project
silica and clays 6%_thé zeolite type si11cates were used
and as a consequence oh}y‘thé theories directly ke]éted
to thesé,minera1s are presented. |

Y

.Silica Charging Mechanisms v

. For a simple oxide mineral such as silica, hydration

of the' broken bond' surfaces has been postulated as a '

_source of surface charge to explain why W and OH

&

. are potential determining ions. The mechanism may be

written: S M\i
M]-OH == M]-0" + H' . - M
MI-OH + H' = M]-OH,

a

mineral

(-
It

surface (species



An a1ternat1ve charglng mechan1$m, proposed by Parks
‘and DeBruyn, 7 1nv01ves the adsorpt1on of charged hydroxo
eomp]exes'ofrthe.formf M(OHhm where z is. the valency J¥
* the metai and n . is an_ integer. These metal hydroxo -
comp]exes are der1ved frém the hydro]ys1s products of
mater1a1 d1ssolved from the surface, j.e. from emphoteric-
dissociation of M (0 )z(aq) . Since the concentration
’ 1n solution of both these compleies‘1s pH controlled, : . 4&\
.'e]ectrok1net1c measurements do not perm1t seTection'betw en - K
these two charg1ng mechan1sms.\ \ .

Clay .Charging Mechanisms
8

Van Olphen~ and Parks9 have discussed the formattoh‘
of surfece charges that result from lattice subst1tut1ons»
in the bulk of the so]1d The c]ass1ca1 examp]e of such
subst1tutzon is the clay mxnera]s in wh1ch substitution

; of a]um1num (_A]3 ) for s111con‘b( ) and magnesium- (Mg )
for alumlnum produces a net negat1ve charge'in the clay
lattice. This charge dom1nates the sheet surfaces of
the clay minerals, which-in contrast to the edges, do 7
not present 'broEEh bond' surfates. The edgES of the

clay 1att1ces are ‘considered to behave in the same fash1on
as the ‘broken bond' surfaces of the simple ox1des with
H30 and OH  being potent1al determ1n1ng jons. The e
combined result of the 'broken bond"surfaces and the
.1negativé1y charged sheets on;kao]1n1te is a part1c1e whose
point-ofezero chargegtis around a yalqe of pH equals 3 to 5

hut thse edges may be pesitive at a value of pH equals nine.



. ' |-

o entonite minerals usvally disp]éykhegative zeta\potentials
Cat el yalues indi_ating that the negative charge

: résu]ting_froh lattice substitution dominates the chdrging

méchanism of -the partic]es} Both kao]inite11'and b;?n‘c(inite]2

show a relationship between particle size and surface

. charge With the measured éeta potéﬁtia1 increasi§§7for

- decreasing particle size in the r
" , _

' . . . .u ) o
surfaces in clays but again selection cannot be made to

determine the chérging mechanism'at the lattice edges.

>



B: Electrical Double Layer Theory

The-very basis of this Tnvésfigation'is the migra
tion,of a charged partic]e under an applied D.C{ voltage-
grédient The migration depends on the character1st1cs
of the double Tayer formed at the mineral-water 1nterace

as a resu]t of the charge formed there.

Surface Chém1stkyv6f the‘InteFface .

Most substances'acquire a surface eiectrﬁc charge
by idnization.and/or by the adsorppion of ians when
brought {hto coptact with the polaéﬂ*aqueous medium.
The"e have been ?Evera]lmodeqs advanced to explain fhe
.\suffacé cﬁemistry of the interface.

| The potential d?fference‘whtch develops across the
mineral-water iﬁterfaée, since electricity is atomic in
'natufe; mayvbe cpnveniénﬁ]y pjcturéd aé an g]ectricaT~
doﬁb1e layer. One phase acquires a net negative charge
(éxcess of electrqns), the other a net positive charge
(deficiehéy'of e]éctrons), while the 5ystem as a whng
retains 1ts e]ectroneutra11ty .

The first quantitative discussion of this double

Tayer was given in 1897 by He?mholtz.]3

He postu]ated

a rigiq'array of'ions 6f opposite charge to the surféce.
adsorbed op the surface (mﬁch like a parallel plate
capacwtor) Such a rigid array could scércely be permitted

by the thermal motion of the 11qu1d consequently for thlS



/) - I | -
and other réeasons* the model proved.to be inadequate.

Gduy lTater put forward a new model which considered, -
the solutjon sidg as a diffuse layer of ions in equili-

L

brium with th%/ﬁﬁeip of.tﬂe;surface and the therm;l
kinetic forces of the so]ution.]4
_proved to be inadequate because it .did not lead to ‘a
vconnéﬁtion'between dabécity and potential as evidenced;.
by experimeét, aﬁd, the inhétent agsamption of point
’charges lead to\absufdly h{gh jionic con;entkations near
the sufface;- In 1924 Stern proéosed his "diffuse double
layer" which incorporated both the compact Helmholtz
‘1éyer and the diffuse or Gouy—txgéﬁ1ayer. Grahame later
modified_}hé Stern model to pfodEce the Stérn—Grahame ’
model of the electrical double Tayer. CThis is the model
whiéh is most widely used tod&y in.mineré] processing
publications. ‘Unfortunately, it has a number of faults
which had td ba corrected.** Toward this end;>BQCkfis,
Devanathan and Muller'> developed a model of théAdouble
layer which is, to date, the best repreééhtation of the
surface chemistry of the watér-minera1 interface.

The model which .arises from the Bockris, et al,

theory is schematically illustrated in Figure 1.

*For further discussion see (13) Sec. 9.22 and the Debye-
Huckel atmosphere. The model was unsatisfactory
because it predicts a constant capacity with
changing potential, contrary to experiment.

**Reference (14) has a detéi]ed,discussion'of'a11 models
in present use including criticisms of them. ’

7 -
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INNER HELMHOLTZ PLANE

OUTER HELMHOLTZ PLANE
SLIPPING PLANE-

—— BULK SOLUTION
D=78.)5

SOLVATED CATIONS

FIGURE 1: Schematic
I1lustration of the
Electric Double lLayer.

D= Dielectric Constant
15

“(After Bockris et al'")

N SPECIFICALLY ADSORBED
ANIONS

SECONDARY WATER, D =32
PRIMARY WATER, D=6
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~ | INNER HELMHOLTZ PLANE - *
¥ SURFACEL._ OUTER HELMHOLTZ PLANE

DISTANCE FROM SURFACE —>

B4

. POTENTIAL —>

R o
N T

FIGURE 2: The Variation of Potential With Distance

From The Solid Surface When There Are Potential

Determining Ions Distinct From the Surface

(After.Adamsoh24)

Jﬂ' N o

|«—SLIPPING PLANE
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* F1gure 2 i1l tes the var1at1on of potential with 3

/- i i
‘distance from the interf ce, for this mode] It s

necessary at this polnt/to define the_e]ecthokinetic'
potential (zeta potehtial) which is shown on‘Fioure 2.

\as S . The zeta potentia1 (fé ). may be defined as the -
potent1a1 at the\\]ane of shear (or s11pp1ng p1ane) .
between the f1xed layer of 11qu1d adJacent to the surface
and the 1iquid constituting the bulk of~the so1ut1on.

. Th1s ucf1n1t1on is~ used by most authors in d1scuss1ons

of e]ectrok1net1c theory Those aspects of the def1n1t1on

of, zeta potent1a1 wh1ch are of most interest are:
i) The 1ocat1on of the slipping plane w1th1h the double
'ﬁayer since this w111 be a factor in the magn1tude of the
zeta potentia] and, ii) The magn1tude and” sign of the
surface potent1a1 since in a g1ven aqueous so1ut1on\the
zeta potent1a1 depewds on this value * The zeta potent1a]
~is a complex functxon of all the species present in the
medium. | »
F1gune 1 deserves further exp1anat1on . Basicaf1y
there are four areas which can be looked at separate]y
Firstly, the surface of the solid and its chemical )
compos1t10n determ1ne which are the- c]ass1cal'* potentia]
determ1n1nd ions that may spec1f1ca11y adsorb to the
surface in such a manner as to actually become the new

/\
surface ‘and hence determ1ne the solid surface potent1al

*For example OH™ and H30 are classical P.D. ions fop 5102.

since they interact_ with the surface but it will be
: shown 1ater that C] from KC] can act as a P. D ion.

+
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"This qua]1f1cat1on 1s made to- d1st159u1sh the 1ons whi

.F1gure 2. Th1s second area, t g _inner layer, may appear

are ‘'classically’ def1ned as be1ng potent1a1 determi ing .-

’at first g]ance to be 1ncorrect from F1gure 1 sinc

. - ~‘ ‘ ‘ ) . o E |
) ‘ ‘_on : ' o meme - / ) R ’ ’ ° ]5

~ -~ -
. —

from those potential dete~mining 1pns wh1ch spec1f‘

ally

~— ‘.
K

is electrostat1ca11y unfavourab]e ‘to have an1ons

fon a negat1ve surface (th1s will be d1scussed in some detall

o

- Van der Waa1s) chem1ca1 forces Th1s layer may be thought

later). The comb1nat1on of the class1ca1 and non- c]ass1ca1

R

spec1f1ca11y adsorbed 1ons,4then determines the. potent1a1 e

e

“which can now be,def1ned as the surface potential and it

s this value upon which the zeta potent1a1 depends ‘The ¥

> th1rd area is the . R%% holtz layeﬂ which cons1sts of

r
non- spec1f1cal]y ad§brbed hydrated 1ons, oppos1te in-

I

charge to the surface Tbey are held in this Tayer by

- fairly strong e1ectrostat1c and nonspec1f1c (e.g.

of as be1ng rather 1mmob11e in the sense of mob1]1ty )

fnorma] to the surface, s1nce, 1f the adsorpt1on forces

-of the s]1pp1ng p]ane Loosely held ions can result;in

are strong, the 11fet1me of the ion in the 1ayer w111 be
rather-long. The mob11fty of these ions, normal to the

surface, is important sincé it determines the Ypcation

the- s]1pp1ng plane bekng 1ocated in the Helmholtz 1a&er

wh11e strong]y held 10%? w111 cause the p]ane of shear

xVE T e

to be 1ocated out@ﬁde tﬂYﬁ 1ayer F1na11y there is thiu#

A - Tt
- Gouy or. dlffuse 1ayer§%h1ch is popu]ated by a diffuse

‘. l@_

2
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k\dtxstmbutxon of posgt1ve and- negat1ve .ions, those hav1ng

Lt N

'a charge’ oppos1te the\surface potent1a1 be1ng\1n ‘eXCess.
'.'F‘“ure 2 shows the potent1a1 var1at1on w1th dwstance for
~a:-system having the shear p]ane 1ocated in tﬁe d1ffuse
'1ayer In the .-interests of semantlcs th12 shou}d then ‘
be called the e]ectrlcal tr1p1e layer theory but 51nCE«¥q
this definition is of 11tt1e 1mpd¥tance 1n the current
.research the name e]ectr1ca1 double ]ayer will be reta1ned.s
It was prev1ous1y mentioned that F1guresl m1ght be
interpreted to e in error by show1ng anions spec1f1ca11y
adsorbed to a negatlvely charged surface The exp]anat1on
.'for this inner layer format1on is based on the hydrat1on
of ions. (Ref 15 5!5) mr11y hydrated ions - those
whlch are a%soctated dur1ng transport w1th a def1n1te
number of water mo]ecules - tend to be 1855 spec1f1ca11y
adsorbed than those whlch an% not-so hydrated It has Jﬁj’
been shown14 that for aIkaT1 meta]s, a]l the monovalent
cations from L1 to Rb possess prlmary hydrat1on shel]s,
Awhiie C§+and Frt do not. S1m11ar11y,_¢ is hydrated to'
a degree s1m;1ar to that of af alka11 meta] cat1on‘1
possess1ng a prxmary hydratton she]] ~but, 1arger halide
anions can be regarded as not belng hydrated
i In summary,-1ons tend to be spec1f1ca11y adsorbed 1f
they are bereft of a pr1mary hydrat16n sheath for ions -
“of a g1ven famlly {e.q-. ha11des), the spec1f:c adsorbtion
is greater as the ionic rad1us 1ncreases Spec1f1c adsorb- &

tion is not a phenomenon restr1cted to anions and-pnov1ded E



. the cationm is sUfficiently Jarge it adserbs to a super |

: equ1va1ent extent

e

<

Thus, ik 1ons have suff.c1ent1y stable primary
hydpat+on she]ls they w1}1 not be spec1f1ca11y adsorbed.
_/uch nonspec1f1c adsorbt1on of ions intg the Hxﬁh\p1tz

1ayer as frequent]y ca]led equ1va1ent :’If the 1on ~ _
¢ ' ‘w .
possesses no pr1mary hydrat1on water, it can ga1n energy

\’AGZ by rep]ac1ng the surrounding water dielectric with the

[

d1e1ectr1c of the surface (provided thevsurtace die]ectric

b 4

approaches 1nf1n1ty)' and move out of solution 1nto contact

©

with the_surface. The tendency to do. so is not dependent
. C}‘ A :‘
(primari]y) upon:'the charge of the surface and may occur

aga1nst 1t if suff1cy nt energy is to be gained. Such
adsorbt1on is best termed - “super equ1va1ent" 16
The surface chemistry of the 1nterface can be repre-

) ~sented to a good qualitative approximation byfthe Bockris,

Devanathan and Muller (B.D.M.) model of the electrical

v

double 1ayer

s
3

Zeta Potent1a1 and Part1c1e Mobility

In th1s work the magn1tude of the zeta potent1a1 is

»1mportant because it determlnes the rate .of migration
: o
und n app11ed D.C. voltage- grad1ent¢éﬁThe zeta potential

as defined, cannot be directly measured and must be calcula-
ted from mathemat1ca1 equat1onsfwh1ch conta1n var1ab1es
tnat can be_measured. _an,such.equat1on, (1) wh1ch is

ecommonly used and is.derived e1seWhere,]7 is the Smoluchowski

o

°
e



equatibn'which relates the_measured particle mobi]ityitb

_the zeta potential.: égs = AVUNUR e e L0173
‘where (55' = zeta potential ' ,
- n = viscosity of the bulk solution
D = dielectric of the bulk solution
up = the particle velocity
E = vo]tage gradient.

>

The mob1]1ty of the part1c1es, as determ1ned by the
magnitude of both, the zeta potent1a1 and the vo1tage
gradient is 1mportant Since the mobility is the essential
factor in this research aTll d1scuss1ons will concern

‘the mob111ty thhout ca]cu]at1ng zeta potential. The meanél

2@

-~

of determ1n1ng mob1]1t1es is the_m1croe]ectropheresis»ce]],

hhich is described in the experimenta1;apparatus; A‘particle
. is placed under a known vo]tage'gradien3>and the time it

takes to travel .a certain distance is recorded. From this

a

data the mobility isvea1cu1ated and a typica] va]ue woulq
be; —3 x 1074 cm/sec volt/cm, where the sign is determined
by which electrode it migrates towahd; in this case the
amode.

The Effects of Electrolytes on Zeta Potential

The effecfs of different electrolytes on zeta*potentiail
and, censewuent]y mobiiity, are extremely importaht in.natU—
rai SYStems.where the medium is dther tHan-dist:1Ted water.
In the way of an exp]anatioh,of these effects an illustra-

tive examp]e'taken,from'actual tests will be given.

Figufe 3 shows the relationship of a dilute suspension

v

- o o .
\ ' : o
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\\
of minus five micron silica in the&presence‘of differeht
-electro1ytes at vdfious concentratidﬁs. At a concentration
of 3ppm of the é]eqto]yte; thé'ﬁeasured zeta aotentials
réf]éc; some interesting re]atﬁonskipé bethén the
electrolytes, specifi-ally, t&é‘Vaﬁengg\gj\fhe cation

: : B S
and the zgia potential. Even as the ratio of'the number -

.
of cations to anions decreases in the going ffom NaCl to
CaC]z.to'A1013 the zeta potehtiél decreases. (Calculations f
show.that there are fé&er catiqns per unit volume fn»thé
sequence A1C1a<<.CaC12<: NaCl). A1l of these_catibns
_pOSSess primary hydration sheaths and are,a]l_equivaTently
adsorbed. Therefpre, in the ability to compress ﬁhé. |
doub]e tayer and hence reduce zeta potential, trivalent
cagions are‘much Strongér than divalent which'in‘tﬁrn are

)

much stronger than'monovalent cations.‘ (Compfeséion of fhe
double layer means that there is a 1a;§;;'potentia1 drop
across theﬁHe1m%01tz plane as i11ustréted ih Figure 2).
Schulze and Hardy'demdnstrated this trend in 1880 when
studying the flocculation of pu]pé by reducfng zeta p0£ent-
ial and a]]owinQ’éggJomération~to occur. . ,They found that .
divalent cétions were.25 to 75 times as.e?fective-as mono-
-valent cations fn‘coagulating electronegatﬁve colloids,

and ~that friva]ent cations were mofe effective than dival-
ent, in this ratio. Thus, even though the superequivalent’

Do

adsorption of €17 results in greater absolute surfage'
. 34 ,

’

| potential in the AlClq dispérsion the A1°T ion is far more
effective in 'shieriﬂg' this pofentia] with'respett to the

s
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other two dispersions. The same holds for Ca2+'as'apﬂoéed
to Na®. In conc]us1on the valence of the cat1on is
extreme]y 1mportant in determ1n1ng ‘the magn1tude of the
zeta potent1a1 There appears to be 11tt1e d1fference-1n
szta potent1a1 if the e]ectro]ytes have the same stoichio-
metry as demonstrated by the curve(s) for NaC] and KC] .
Another yery interest1ng feature of Figure 3 are the
curves'tor'the.e1ecto1ytes'with monova]ent cations and
po]de]ent_anions} It is evident'that»as the anion charge
increaees the zeta potsntja] dECreaées for electrolyte
concentrations less than SOppm.' This is a re§u1t$of tne
suoerequiva]ent adsorption of thevanions, of~wh1eh, those
with the largest valence -result in the largest absolute
value of the .surface potentda1t This trend is easily
~und;rstood using-the BtD.M.vmodel of the‘doub1e‘Tayer.

‘ Perhdps; what is more interesting, is the shape of B
those curves for elecrre . ytes nith monova1entioationsf
'They ell show,an initial increase in the absolutebvalue
-of the zeta potential, followed by a 'plateau’ ‘which in
turn is fol]owed by a decrease in the absolute va]ue of
the ;eta potent1a1._ ‘This character1st1c-shape 1ed
Riddick 18 to dostu1ate the 'Bulk Stress' theory; In tts
most-simp]ified form this theory states that'for'di1ute

. SuspensionS’(s;IO% solids by neight) pneferential adsorb-

tion (superequiva]ent) of the anions ta esvplace until a

‘monolayer is formed around the particle. *After monolayer
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formation, the cé]]oid'can then gainfully, as far as zeta

%)
?otential is concerned, accept no more of the»énion-bf.dis—
persant. . Hence, fufthér additions of fhe reagent resu1t_

in its build uff solely in the bulk of t_he‘svo]uiio'n. Since
zeta potentia1'is defined as the'potential bétwgen the

pfgne of shear and.the bulk of the solution, a build up in
the bulk will cause é’decréasé in thé absolute value of

the zeta potential. The plateau during build up, is common
only to di]uté suspensions and far canentrated slurries

é peék.fs reached wifh.immedi&tg réversél (se§\17,-Fig. 25
and pg.-1]0). | T |

' jThgse”are”the effects of¥§1ectr6]ytes on zeta potential

and mobility whicﬁ are of most importance in the current

research.

-—



Equilibration of the Zero Point of-Chafgé

F1gure 3 shows that at some va]ﬁe of electro]yte

vconcentrat1on, there rs no measurab]e zeta Qotentla]. This
is éa]]ed the zero poxﬁt‘of~charge (Z.P.C)Adf the ;SOélec- o
'trOnic’Po?nt'(I:P.). It’isfcommon‘to find Z.P.C. quoted
-a#’a tértafn.pH; for e;ample} if silica is imhersedtin' |
distilled waterrfbr one day the Z.P.C. occurs at pH_=_2.8!9
It requires some time fof‘the double Tayer to'equilfbrate
with the bulk.of the‘so]ution and as a re5u1t’a Qariation

£ Z.P.C. with aging time in water is obsérved.]g _Fof '
Szilica, the equiTibratidn is esséntia]Ty complete in 24 hours
(18 Fig. 3). Tiz Z.P.C. equilibration time for zeolite ™.

“type silicates uld not be found in the literature and

a value of 24 hours was arbitrari]y~chbsen for these minerals.

The theory'contained in the preceeding_discussfon'of.’
~ the electrical double layer is sufficient tolratidnalize

the éXperimentaX results. There are several excel]entz'

14,20,21

publications which deal with the compTexitiés-of

the double layer, 1nc1ud1ng the effect of surface curvature

13,22,23,24

and the mathemat1cs, Pub11cat1ons which g1ve

the ‘basics of double ]ayer theory are also ava11ab1e ‘ a]'“

23



C: The Principles of'tataphoresis

The magnifude of the zeta potential determines the.
migration rate of the colloid under an apb]ied'D;C. voltage

gradient, this migration procesé is known as cataphoresis.

Génera]]y, the term e]ectrophores1s is used to describe

' m1grat1on process ‘where a charged part1c1e moves, relative
to a stat1onary 11qu1d, under an app]1ed voltage gradient.
The process.1s usually g1ven different names depending

on the‘size and/or type of particle involved. If-the

partic]es are small ions tﬁe phenomena is known as ionic

agonductance, if they are ]arger molecu1es, such as proteins, .

1t.may be called e]ectrophores1s, and, -if they are . of
) cb]ioidal.size, it hay be called CataphoreSJs.

| The basic principles of cataphoreeis are re]ative]y
simple. When a gmarged part1c1e 1s‘p3aced in an eJectr1c
field created by an app11ed vo]tage it w111 m1grate
toward the electrode w§1ch has:the oppOSjte charge of

the zeta potentia];? fhe ions within the slipping plane
"will remain attached to the particle, that is to say the
~zeta potehtia].wi]] remain constant dUrfng migration,
whi1e the ions in the layer Qutside of the slipping plane
will be partia]]y swept away causing a distorfion of -
this 1ayef. va the same,charging mechanism was at work
on all the exposed-surface of the particle the m%gfation

rate will be independent.of size. This is evident from

£

24



h phoretic retardatlonv. These ions entrain so]vent w1th

equation 1, since no part1c1e d1ameter term 15 1nc]uded

- WL

If, however, the charg1ng mechan1sms are d1fferent andh, qu~

"‘

—

have acted on approxxmate]y the same amount of 5urface,tf

'then different zeta potent1a1s are obta1ned w1th reSpect ‘-;?; j;

to a particle where one charging sechanism domqnates 1j 12 B ¥
There are, of course, a 'number of comp11cat1ons ln the ‘%

more detailed theory of 'electrophoretic' motion. 23, 26 iti%ff%y

3

The effective viscosity in the diffuse double Tayer is
_ affected by the fact that the ions in it are: also mov1ng
due to thf e]ectr1c field; s1nce the ‘ions which are 1n

excess in th]S 1ayer are those which are 0ppos1te1y.us )

charged to the zeta potential, this gives rise to ”e]ectro-
U

them (e.g. through‘their hydration shells and ion atmos-
pheres), so that there is a local motion of the medium
voppos1ng the motion of the charged part1c1es There is
a1so a re]axation,effect in that, due to the motion of the
part1c1e, the doub]e 1ayer lags somewhat behind, and,
vaga1n, the effect 1is one of retard1ng the motion of the
particle. Another'conSIderat1on is €%at the double layer
fegion’is a source of conductance as is the surface of

the particle itself. The 1a$t comp]ication is difficult
to evaluate and for reliable zeta potentlal measurements
nonconduct1ng surfaces or particles are necessary

| ) These three'comp]icatingﬁfactorsvare difficult to

assess in a system:such as that being used in these tests,

_although, the relaxation effeCt is ‘thought to be the largest



:contrﬁbdtdr since the othefvtwo)arg dependent, to some
extent, on the ionic strehgth of the medium and fhe |
‘te§ts are performed with Tow ion COntehtl There are many
in depth reviews.of 'electrophoretic! theory and i?ﬁ, -
.méasurement, tecthidue§ and app}iEations, avaiTaEﬂe in

the ]itérature.6’22’23’24

’

o)
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D: Basic Tnickener_Theorl'

Thelthickenér, from outnard'appearances, seems a
simple mach1ne for concentrating: solids in a so11d f1u1d
-feed but the mathematlcs of particle sett11ng within a
thickener are exceedingly complex and not we]l_understood.
At present;(thickenerodesign is carried out by running
: laboratory batch tests and then us1ng these.resu]ts‘and
“the method of either Coe and C] venger27 or Ta]madge and
F1tch28, to determ1ne the s1ze of th1ckener required for
a given app11cat1on These metnods are of obvxous value
. because ‘they a110w “the eng1neer to size the thickener
from a few simple 1aboratory tests but they do not work
in all cases. Many sk111fu1 researchers have worked on ’ &
the problem and a great deal more is known about sed1menta—‘
tion than in the past, but, as yet, there is no one
- theoret1ca11y solid and satisfying way of pred1ct1ng
thickener performance comp]ete]y anﬁ accurately from
measurements made on laboratory batch tests At present,
most of the stud1es are be1ng done on the 1aboratory batch
.testsz9 (sett11ng in a tall cyllnder) and mathemat1ca*
models of snbs}dencerates30 have been developed. Unfortu-
nateTy,~Titt1e is known about the internal workings of a
cont1nuou%%§h1ckener

& The particle velocity w1th1n a cont1nuous'thickener

has four,contr1but1ng components. These .are:

S
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i) The gravitational settling velocity component:

This‘fs detdrmined by a force ba1ance where the gravitation—

("§$ ‘force causing the part1c1e to settle is offset to some
.pdegree, by the buegyancy effect resu1t1ng from d1sp1acement
v:-of 11qu1d by the particle, and, the fr1ct1ona]-res1stance
vfrop the relative motion of' thé part1c1e and the lTiquid.
It 1s a]so a function of the local part1c1e concentrat1on

ii) The velocity component due to the upward movement

of water to the overf]ow d1scharge Th1s component 1s a
'funct1on of both depth and rad1a1 E%s1t1on in the th1ckener
(depend1ng on where the zones are ]ocated) It 1s further

comp11cated in the equ1pment used in the research by
replacing the convent1ona1 cont1nuous r1m launder fon«over—
‘f]ow,oo]]ect1on by four d1screte'd1scharge ports.

11ﬁ) .The veToc1ty .correction component: This
component is used"to account for all other contributors
to the net ve]ooity. -These contributors will inc]ude
short circuiting, thermal curﬁ%nts, currents created.g&g
d density gmadient between the feed+in the wéll and the
'clear’ watervouts1de (thos presupposes the clear water
]ayer to be be]ow the 1eve]aof the first. feedxwell \
d1scharge port) . W

Ih a8 conventional thickener these three terms compr1se

the net velocity of a partit]e sett11ng within aé?hlckener

Thus it can be seen that the velocity of a. particle is

complex three dimensional function of-position in thickeneg.

<



When cataphoresis is used to aid gravitatienal sedimentation
a furthe® component is added: | | " | |

:iv) The cataphoretic ve10c1ty component .Thts is .
a funct1on of the magn1tude of botH the zeta. potent1a1 and
the app11ed vo1tage gradient in the th1ckener

_The comp]ex1ty of the net ve]oc1ty of a part1c1e in

"% the system d1ssa11ows any mathemat1ca] treatment of

~

sed1mentattbn in th1s work The f]ow patterns w1th1n a \\:;;>

:';: are ill- def1ned but depend on the feed rate and
Xl .

1ocat1db?of the zones.

Tge purpose of this prOJect is to apply cataphores1s
to 1ncréase the- sett11ng ve]oc1ty of the colloidal part1c1es,
1n th?“f1oc bed zone, such that they report to the underflow

' whlch they wou]d otherw1se not do.. In the absence of a
.sound mathemat1ca1 treatment this qualitative th1ckener
theory adequately describes nhat occurs in the system. "

A more comp]ete d1scu551on is. ava11ab1e in the‘
11terature,3] but a great1y s1mp]1f1ed qua]1tat1ve shmmary
of'th1ckener behaviour can be stated as: The norma]
condeptlon of th1cken1ng is probab]y thqﬁgthe pulp enters
the feed well where. turbu]ence is. qu1eted nd then emerges
to assume a rad1at1ng path on its way to theloverflow
discharge, dropp1ng out the so]1ds under the 1nf1uence

., of -free settlement. Thereafter the mechan1sm of thickening
is supposed to follow the pattern of behav1our of stat1onary

- pulps din ta'l] Cyhnder.s 27,28.29-



30

a

) .ni‘

.ZO:.<~:.ZmUZOu .N _

“NOILIVIWOD v —

'NOISSIYIWOD wml

.

Q334

-

JILVM ¥V 't —

3INOZ

-0

P

: _ x.ﬁ.ummmu cEﬁz vmpm;wao ;wcmxupﬁ

snonupjuo). e ul Burauandg sauoz EYIN

~

v wm:aE

Joans

a3ini3s

.q3g D014

4

JILYM



- ) . ' ;
-

T, .
Throughout th]s d1sc»ss1or the term "zones™" has been

-~

gsedg To c]ar1fy what 1s meant by thTS term, F1gure 4a

,is-presented AS 1ong as a th1ckener 15 operated we]l

~

w1th1n its des1gned capac1ty there estt three d1st1nct

zones. w1th a sharply def1ned boundary between floc bed

‘and Settled s]udge.&]

settling is supposed to occur actording to laboratory tests

. The” floc bed is the areavin which

in taill cylijaers, The floc bedvactuallyVCOnsists of two.

. ‘/—\ . . :
~zones as shown on Figure 4b3 As the second and third

¢-zones. .This second zone of feed concentration is extremely-

thinhand fredueht]y it-cannot be detected.
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EXPERIMENTAL

A: Materials. . .

There weré three J{%féfeht materié]s,used in fhe test
program. S111ca, benton1te and a sample from the Great
Canadian'011,Sands-(G.C.O.S.) p]ant at Fort MacMurray in
northern Alberta were obtained. The G.C.0.S. sample will
be descr1bed under the- exper1menta1 results and discussion
for that test. Table 1 gives. the maJor characterlst1cs _
of both the silica and bentonite used 1n»test1ng.

P N I

Tabﬁe 1: lChaFacterjstics.of Si]ica and Bentonite.

]
. SILICA BENTONITE
Brand Name -400 Mesh Silica Alberta Band
Flour Canadian Bentonite
-\ . -
Source ] - Ottawa Silica | Baroid of Canada
Company, Ottawa Onoway, Alberta
1111no1s, U.S.A. Canada
. " . (33 )
Dry Density 2.59 gm/cc 2.7 gm/c
Density in Water 2.59 gm/cc - 2.07 gm/cc
Specific Surface o~
Mean Spherical 4.4 microns 6.2 microns
Diameter . . -
Chemical Formhfaﬂ Si0. 33
. . ‘ 2} v A]25140]0(0H)2 xH20

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

The wet dens1t1esowere determined from pyknometer
measurements and the s1ze data obtained by Fisher Sub
Sieve Ana]ys1s (air permeab111ty) The other character-

1st1cs, spec1f1ca11y mob111ty in water and s]urry concent-

rat1ons w111 be included with the test resu]ts

, 32



B: - Experimental Apparatus

The th1ckener apparatus wh1ch was des1gnej and built
for this project %?2111ustrated both schemat1ca11y and in
pictures in Appen x 1, Figure 22 and Plates 1 throdgh 4.

Thickener System

The apoaratus consists of a two foot diameter lucite
thickener tank with'an~adjustab1e overfTow withdrawal.
system, at discrete levels, through four spigots. The
feed well Q%s fabricated from Fourﬁinch I.D. polyvinyl
ch1or1de-(P.VlCT) tubtng. It has forty-four one inch holes
dr%]ied tn it which allow the feed slurry to enter the
thickener tank. (This pqrtiCular design Was adopted from
the Cross4.theory which says that wells of this design
increase the thickener capacity.)‘ Tﬁb thickehed slurry is
removedkfrom the bottom of the thickener tank by means of
a set of.rakes rotating et one R.P.M. The rakes were
also constructed'froh P.V.C. and feature blades which are
’at a 65 degree angle to the 1on§itudina] axis of the rake
arm,‘and,.ate rubber-tippeo to minfmize damage to the tank-
bottom during cont1nuous operatwon wfthin‘the thiekener,
the cataphoret1c action is obta1ned by .the 1nsta1]at10n of
two e]ectrodes The bottom of the thickener tank is a
paraffjn-graph1te mixture (area 3000 cmz) and, for the solid

" materials used in test1ng, served as the anode The upper

e]ectrode (cathode total area 2500 cm ) was made from a

¢
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fourteen mesh brass w1re screen. The, .cathode is held r1g1d ”////

by a P. V C coTTar with six, rad1a1 arms. to wh#¥ch the screen

E‘-j,—?{: i

.15 attached by a. brass wire.
& The cathode is suspended in the th1ckener by - 1nsu]ated ' -

th1n guage copper wires which are attached to the coTTar ‘

arms ;::;an appropriate overfTow sp1got The essent1aT_

eratures are the transparency of the ‘tank and that between lé}

the . eTectrodes, all parts are non- conduct1ng pTast1cs 'A.‘

_thermometer with a reading accuracy of f 0. 03 C is suspended

with‘the bulb- just above the cathode There is a Tuc1te

t\%ti€g, caTTed the consolidation chamber, wh1ch reduces

the “Three inch discharge port in the anode‘to half inch,

‘ wh1ch’as suitable for attachment to the tygon tubing used ”fiiv

in . the under flow pump1ng system. The four sp1gots, being

used to collect overfTow,?are connected ‘to the samp]wng

tray by jayon tub1ng and aTT other sp1gots are. stopped

w1th‘corks. Through two of - these carks there are sta1nTess i

steel wires which Tie in the'same vert1ca1 pTane. A |

' voTtmeter_is connected to these'probes such that anyh-

internal change in the thicEener, when the.pouer is‘on,'is f's

ﬂnot1ced 1mmed1ate1y

9
‘ [

The feed is withdrawn from the reservo1r tank under ' ,".:
4 gravity head w1th the flowrate be1ng controTTed by the.
primary control valve. The feed 11ne 1s ‘one inch I. D T ;
jayon tubing and it discharges to the feed.tank. Both the
reservoir and feed tanks are equ1pped w1th m1xers to ensure

~good part1c1e size representat1on in the feed sTurry : Once

- . . . ?

.
3 E . . . y



ﬁtnﬁthe feed tank the slurry either by-passes to:theareturn
bump on:fs pumped through a.Varﬁable‘speed~pehista]tic pump
 to the Eeed well. The unaerflon pumh‘is also a varﬁab1e
| speed perfsta]tit pump with itts dfscharge in the samp]ing
tray The'oﬁétf]ow, underfiow»and by-pass atreams are. |
recomb1ned 1n the centrifugal return pump and "go to the .-
reserv01r tank Up%ngd1scharge to the reservo1r tank the -
\return s]urry passes through a 48 mesh bucket screen to
remove scale and other 1arge obJects, wh1ch apbear 1n—_
frequently. The reservoir tank is f1tted W1th a refr1g-
erat1on system wh1ch attempts to offset the heat 1nput to
- the s]urry from the mixews and pumps (=8.5 h p.) and the
-res1stance 1osses in the th1ckener tank {==250" watts) An
'antifreeze water mjxture is cooled by freon and pampe&
through 50 féet'of 3/8 inch f.D. copper.tubing'Tocated
near the reservo1r d1scharge / |

The power source used to apply the vo]tage gradient
;across the e]ectrodes has maximum 1nput va]ues of 150 vo]ts
; and/or two amps, wh1chever comes first. <%he source is
'f1tted with two "Selectest“ mu1t1funct1ona1 meters one
of which measures current and the other voltage.

This is the system used for continuqus clarification
tests. o - |

Batch Testing

The apparatus'for“batch testing was simply a 1000 ml

beaker f1tted with the same e]ectrode conf1gurat1on as
.

described above. ‘In this case the brass screen cathode

v

b,
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was attached 10 a p1ece of. styrofoam and a]]owed -to float

]

near the suspens1on surface The power source ‘was a r

constant voltage D.C. supp]y qapab]e of--up to 500 vo]ts

‘with a maximum current of 500’m4t41amps.

Mobility Measuremént

The apparatus used for mob111ty measurement is shown

in Append1x 1 Figure 23 and is f&11y descr1bed elsewhere.

K
There is one d1fférence, that be1ng, 1n th1s case, the

power source .used 1n batch testing, rep]aced the electro-

\!

phoretic mass transport analyser ' o S

ER
-

- 36
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C: Experfmenta] Procedure

¥ S o . ‘ .

The basic experimental procedure is outlined below
while minor procedural changes in the clarification tests
are'inc1uded with the discussion. of experimental results.

C]ar1f1cat1on Tests

A s]urry of the des1red solids content was m1xed in
450 pounds of water, e1ther tap water or dem1nera11zed
water as recorded in the results. The slurry was mixed
for approximately one-half hour and then the mixer turned
off and the mixture a1lowed to sit for 24 hours If any
chem1cals were to beradded to the system thxs was done so
dur1ng the mixing.

At the beg1nn1ng of a run the reservoir tank mixer and'
.refrigeration equ1pment were turned on and allowed to run
" for about one half hour before feed was w1thdrawn from
the tank. To fill the th1ckener, the rakes, underflow
‘pump; and return pump were. turned on and the feed line
" from the ‘reservoir was p1aced on the thickener. ‘when an -
' 0verf1ow was obta1ned the primary contro] ‘valve was shut
of f and the feed line dra1ned and transferred to the feed
tank (In some tests the. power was turned on 1mmed1ate1y
after the slurry leve] in the th1ckener ‘was above the cath-
~ ode). The primary contro1 va1ve was opened and the feed
,pump -and feed tank mixer were turned on. .Us1ng the pr]mary
control va]ve 2 sultable by-pass*stream was obta1ned This

prepared the sysbem»for testing.



To initiate a test an overflow flowrate (Qo) was

chosen along with an underflow solids concentration (Su).

Adjustment(ﬁ?both the feed flowrate (Qf) and the underflow

" flowrate (Qu) allowed these.chosen values to be attained.
During this ‘run-in' period the four variables above and

the temperature in the thickener were monitored“as.a func-

» t1on of time from the t1me of test initiation. When both

Qo and Su had régched the des1red values, the actual
'test1ng was begun. At this time the overflow solids
concentration (S0) wasrmonttored. The determination

of So was done at a minimum of bne—ha]f_hoUr intervals.
Three consecutdve So va]ues which were of‘about‘the same
‘magnitude and showed no trend meant the system had reached
steady state (typ1ca11y - 0.02 per cent so]1ds by weight).

When steady state was reached then, according to the
":object of the test, a charnge was made to one of the major
independent operat1ona1 var1ab1es Monitoring of all
'var1ab1es was cont1nued and the system was followed to
steady state by the procedure above. (The monitored

variables provide the record of the system performance )

After reaching steady state another change to the indepen-

dent 'variable under investigation was made. ‘When the test

was completed the'primary‘eontro1 valve was shut’off and
d .

the slurry allowed to return to the reservo1r tank. The

»slurry was then fed to severa] tubs where the solids were

allowed to settle for 24 hours. The water was then

. 38



decanted to the drain and the solids discarded. After
.drg%hing the whole system eyérything was cleaned with tap
water and all the_eqhipmént turned off. Motors were oiled

and the apparatus prepared for the next test.

Determining Variéble*VaTues
A\ The methods for determfnfng Qo, Qu,'Qf,4Su and So

are described in this seciion.

Flowrates were the eaSiest.to measﬁre To determ1ne
Qo. and Qu the appropr1ate discharge lines were a]]owed
to drain into a graduated cylinder for one»m1nute.' Qf was
detérmined byusumming the values for Qo and Qup The
"time'reqdired to determjne;a11@¢hree variables waﬁ-about
five minutes éince in most cases two readings for'each
of Qo and Qu were taken an% the mathemat1ca1 averages
reported. _

The determination of $o was perﬁgps the most Comp]ex

operation. Invest1gat1on ?f 1lght transm1ttance and

)

we1gh ing techn1ques for determ1n1ng the sol1ds concentra-

- tion by weight in the overf1g%&proved the latter to be the
most'accuratg The metﬂod of Saﬁpie pneparation was as
fo]loWS' Samples of the overflo; were w1thdrawn into two

100 m111111tre vo]umetr1c ‘flasks 1nsur1ng that the pulp Tevel
was above.the mark. The fhﬁskC were removed to a sink a~d
;stoppered. One flask was,éhen shaken v1gorous]y while be1ng
inver%ed. The stopper was 1mmed1ate1y removed and a 20
’miT]i]itre pipette passed down thr0ugh_the pu]p and back

during which it is Qithdrawing some s]urﬁy. The pipette was



\

then raised and enough slurry allowed to return to the ?TaSk
to make up to the.mark. Thfs complete operation takes approx-
imately oneﬂninute to comp1ete.~ The procedure was repeated
tor‘the second flask and then hoth were stoppered and‘tme
outside thoroughly cleaned. Once complete, the flasks were
taken to the balance room. A cotton swab wrapped with
absorbent tissue was inserted invthe neck of -the flask and
the neck dried. One flask was weighed and immediately there-
after the temperature. was tahen with'a thermometer which is
accurate to’ T 0.25 degrees centigrade. The second f]ask was
then weighed, both be1ng done on a Sagg1tar1us Mode1l 2642
balance with a reading accuracy to 0.0001 gram. The pulp
dens1t1es were determ1ned ‘and together with the temperature
were recorded. The actua1 calculation for determ1n1ng So is
given following the next section.

The determination of Su was done in'different ways
for different tests. In‘general if Su was less than 18 per

cent the techn1que descrlbed for So above was used however

if Su was in excess of th1s value a s1mp]1f1ed technique

was applied. A sample of the underflow was obtained in a
graduated cy]inder such that ihe slurry volume and_weight
cou]d be reported almost directly. -p1eaning precautions
were taken with this fechnique as well but the balance

used was of the Torsion type and accurate to -0.05 gram “The
correspond1ng temperature was obta1ned from the thermometer

in the system although the calculations arée re]at1ve]y

_temperature 1nsens1t1ve when dealing w1th Su values in .

Nty
.

Vo

";l/' .
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~in excess of 18 per cent.

The equaiion for determinﬁng the percentage solids by

we1ght 1n a- thickener d1scharge is derived below.

Let X,= mass f]owrate of water in the d1scharge

hav1ng a temperature sens1t1ve density

= Pw

Y = mass flowrate of solids in the discharge

having. a density = Ps

7 = mass flowrate of the discharge pulp hav1ng

a reported. dens1ty Pp
then Z

1t is required to find (Y/Z) 100%

by rearrang1ng [2] and subst1tut1ng into [3] to elimin-

ate: X the fo110w1ng equation is obtained.

(Y/Z) 106% = (Pp -“Pw)/(Ps_- Pw) +#Ps/Pp)

X + Y is the mass balance_

and 7/Pp = X/Pw + Y/Ps is the volume balance ...

100%

.....

(4]

Since for any giVen so]id-wéter-system Ps is known and

Pw can be determined when the temperature is known the

answer is easily obtained.

In summary, tests were run under these conditions and

usually requ1red from e1ght to thirty hours to complete

“depend1ng on the number of changes required to be-made to

the independent variable under ]nvest1gat1on.

41
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EXPERIMENTAL RESULTS AND DISCUSSION S ‘ &\\

A: Batch Tests

In. order to establish the operability of the thickener
system pfeviously described, several batch tests'were‘done
with both bentonite‘and'si]ica.' Theﬂsuspensfons were

prepared in‘dem%ﬂETalized'water (D W.) at 0.5 per cent. eOIids

(
~ .

by weight. In a]] cases the suspension was vigorously m1xed_w
before sett]1ng was a]]owed to beg1n A b]ank test (i.e. ' '©
no vo]tage) was run concurrently with the cataphoretic. , =
assistance test to 1]]ustrate the d1fference 1npsubs1dence :
retes The suspens1on character1st1cs are presented in

~ Table 2.

Table 2: Suspension Character1st1cs for Batch Test1ng

VARIABLE - SILICA - BENTONITE
% Solids by o ' e
Height 0.5% o 0.5%
Suspension | 600 cc D.W. 600 cc D.W.
Medium : : S )
o 6.0 %10°% 1.18 x 107*
Particle Mobility T - R U
(Average) - em? volt-sec em? / volt-sec

-

The rates of subsidencé!éére difficult to. follew in
the blank tests Because a.clear wafer pulp inter%ace never
deve]oped Thws 1nterface did develop in the systems with

a@tached e]ectrodes as. would be expected s1nce the lmparted

cataphoret1c velgc1ty wou]d be the m1n1pum settljng velocity

iy




‘Ef of ény.peftfc]e The, tests with the silica fiour revealed
E;the sed1mentat1on to be comp]ete in approx1mate]y two ‘hours
while the blank test requ1red " matter of days for comp1ete
Ased1mentat1o“ Thls-ww_as also seen ‘to- be the case for the
bentoﬁite éuspehsions although the-sedimentdtibn_in»fhe o
cataphoretica]]yeassisted system was somewhat sﬂowef then
for tts ;i1ice‘cpunterpart as woe1d_be expected/from the : .
relative mobi]fties given in Tabie 2. | ] -
These qua11tat1ve/resu]ts'conf1rmed that such a sys%em
shou]d work in a cont1nuous th1ckener if the part1c1e '

mob111ty, app11§% DCW.avoltageAgrad1ent and the rate of

overflow removal could be controlled. As a consequence
of these‘resu]ts the cdntinuous.thickenerlsystem was design-
ed and built and testing was begun.

]



Elucidation of the Ope}ating'tharacteristic f the
Continuous Thickener With Cataphoretic Assﬁnce'
_ 7 _ . — — . . 3

It was desirable to inveStigate how changes . in certain

‘ .
S ! T
e oA :
. . . .
L . ’ L. B °

i

1ndependent operat1ona1 var1ab1es would -effect the c]ar1-f’
f1cat1on in the th1ckener An exper1menta1 program was
~devised to Iook'at these retationships. _The program was

as follows: _

<

i) The initial study to determlne the effect1veness
of cataphoret1c a351stance in & cont1nu0us
thickener. | ot :

ii) The effect of th€ v01tage grad1ent and u1t1mate1y
the power 1nput on the ovenf]ow c]ar1ty

’ ~

ii1) The effect of the overflow flowrate on the’ over-
flow clarity. .

wiv)' Theveffect of the.ionic strencth of the sTurry on
T the overf]ow c1ar1ty o -,

v) The effect of electrode separat1on on overf]ow
v clar1ty

N

S vi) The effect of the solids concentrat1on 1n the
feed on the overflow c]ar1ty :

Theoabove tests were conducted fo]]ow1ng the 'one ‘
variable ‘at a time' test1ng procedure ahd in a]] ‘cases the
other 1ndependent operat1ona1 var1ab1es were he]d as A
const&nt ascposs1b1e Once ;he prdgram’had been set, it

e
was necessary to determ1ne Whac sol jshould be used to

make the suspens1ons The'$¢u§{ “fﬁﬁfl11ca f]our, a common
A 25

‘“‘}}

;constituent in ores or ta1]1ngs %wiwﬁghosen becaus? it 1s

c]ean, re]at1ve1y 1nexpens1ve and because of its kurge
mobi]jty in water it will form a 1yoph1ljc sq1.94

4



It was confirmed* that this material receivés no chemical

(dispersant) treatment prior to packaging. It was also

'decided thai, in- the inferests of‘pkactica]ity,;Edmontqhf
city fap water wbuid be;uséd in.forming¥£he‘suspension,
as opposed to demineralized water.  The decision was made
bquuse the tap water, due to.its higher\ionic content,

more closely approximates the prote§s water wh-ch may be.
: | : Se J
found in suchlanﬁapp1ication. A water analysis was

obta1ned from the Power P]ant Department and it 1s

presented in Tab]e 3. Aw arb1trary cho1ce of 8 per cent

3 E]

solids by weight in the slurry.was made, éxcept for Test 6.
Having decided ph the test program and'the~slurryrtb¢%e

used testing was begun. '

Preliminary Tests,

i) Beforé‘proceeding with the actual clarification’
tests it was necessafy fo do some pre]iminafy.work._ The
. 'first tesf was,to.iqvestigate the mobility vs pH“relation—
ship fpr the sf]ica colloid,. The results of_thfé test
are presented’in Figgfe Sf*; .There are-twbucurves, ]abe{]ed
[1] and [2] draQn“through the data points oﬁ_Figure 5.
Curve [1] 35'jdst alsmootn type'curye which;éttempt; to
relate mob111ty to pH a@s a non- 11near func£1on while

'curve [2] is the type wh1ch Was 111ustrated in Figure 3

showing the plateau gnd_r%versa1 obtained 1n anionic

~*. Communication with Mr. J. Stukel, Process En§>, 0ttawa
Silica Company, Feb. 15, 1973 ‘ :

** A1l data and cgmments for the figures to be pr« ted in 5
this and the succeedlng sections’ are contair in ) '
Appendix 2.

4
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Table 3

The C1ty of Edmonton ]

47

Power Plant Department

Aver;ge Water Ana]ys1s*

Summer : Months
May to. Sept.

";;;~.A%? -fInclusive)

5
- v,o...

\Me; s
» 29 5 ‘p.p.m.

.W1nter Months
Oct. to April
“(Inclusive)

Dry Residue 15. P.p.m.
Silica L . |
Aluminum and :

" Ferric hydroxide = - , -

'_deium chloride 5. p.p.m,: t;~e ;: 5. p.p.m.
Ca]piumosulpﬁate‘ 18. __;ﬁ;‘ﬂ.  .’{-, 12. i
Magnesfum sg}thate 19. V_ffu;;ue‘ ' 24. : A
Calcium bicarbonate 54. e 42, k ’
Magnesium‘ | | - ARSI

Bicarbonate - N ‘27v," " - B 4. "
 sodium sulphate -~ 10.°7 N o 51, "
~Total solids - 137. -pfbxmi\;\l . 153. pupﬂm.

- Total hardness - 81. v | - 75. "

PH value _‘ " 8. " . 8.8 -H‘E”
Bacteria count ~ R : ;
per c.c. . ' 3. - 0. f;wﬁ
Bacteria Coli Ni M1 ”
Total cation o ; 33% j .
conc. fa;v - 28. p.p,m '38" p.p.m.
Total anion ' N ” , ' ;wﬁf B
conc. .o 80 Mty 2100, "
[cat10n]/[an1on] ‘ 0.35 'if?hr  0.38

* Obta1ned October

1973, with erroﬂ estimated at & 1

p.p.m: . and peak1ng expected to octur in the middle of

R"v

~the §tated tlme per1od

f‘?

Y
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i
dispersion curves. In the pH rahge from 5 to 9 w1th1n
wh1ch many 1ndustr1a1 operat1ons run, there is 11tt1e
change in the mob111ty A max1mum dev1at10n of ~ 2. 7 per

cert based on the mathemat1ca11y averaged mob111ty of -2.59
-4 .

x 107 cm /vo]t sec, is ca]cu]ated. Th1s wou]d 1nd1cate R

that w1th1n this" range,,changes in pH$w111 do little to
alter the mobi rt;tthe major concern be1ng changes in the
suspension con:hhfd*1 which’ 1n turn w111 effect power
input. A point of spec1a1 1nterest is the region of"
natural f]occuTat1on observed when the pH was 11, a (This
was not observed at pH equa]s T or pH equa1s 2 wh1ch m1ght
be expected based on the Z P. C g1ven earlier. ) In prep-
aring the samples for mob111ty measurements f]ocques were
observed to form at pH equa]s 11 and pH equa]s 12 - w1th s
those for the latter pH ya]ue appear1ng to be : 1arger than
in the case of the former. S1nce mob111ty measurements

. could not be made on these two samp]es thewr mob111t1es

can only be est1mated using R1dd1ck s»c]ass1f1ca;1on (18~

pg. 2). The'c1assification‘scheme is presented below.

Suspension Stability ~ Average Z.P.in . ;
Characteristics . - . o M1111vo]ts ‘
™

-Maximum agglomeration and ' . 0 to +3
precipitation ,

~ Range of strong agglomeration +5 to'-S
and precipitation ,

Threshold of agglomeration o -10 to -15

Threshold .of delicate |

dispersion ,']6 to:-30.'

48
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& i
Moderate Stab111ty ‘ | o - =31 to -40
¢ Fairly Good” Stab111ty -4 to -60
;;Very Good Stab111ty | - -61 to -80
fExtreme]y Good Stability .81 to - 100

Y

,'although the reagent dosage and hence corrosive power of

1at1ve f]occule size the zeta potential at a pH of ]2 is

App1y1ng the Smo]uchowsk1 equat1on []] to the mobility
data from F1gure 5 (th1s is the equat1on used by R1dd1ck)

ca1culat1ons show«xhe zeta potent1als of the 5111ca

NG »

suspensionsfto range from™—27.9 mv at pH eQuals 3 to -37.6

at a pH'ofv5'O ‘these being the extrema. Thus, under the

above classﬁ§1cat10n these suspens1ons shou1d have moderate

stabh11ty and they are #8bserved to behave in th1s manner.

]

It fol]ows, from observat1ons, on the samples with the pH
greater than or equal to 11 that the zeta potent1als of the
co1101d must He greater than -15 mv. and because of the re-" -
o \
greater-than for pH equals_11. It would appear that th1s ‘ Y

offers another method for clarifying silica suspens1ons N

the s1urry wou]d probably warrant the use of something like

;A]C] ‘as 1ts effect1veness in the flocculation of silica is

j‘quite high (Fig. 3). The shape of curve [2] is as expected

'from botential‘determining jons, in this case OH™, under

,‘Riddicsz bulk stress theory and the B.D.M. model of the

*double.layer

In summary. m1nor pH fluctuat1ons would mpt be expected

- -
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to‘chanoe the particle mobility although some effect on
power input may be observed _ '

ii). The second pre11m1nary test was to determine the-
effect of s111ca concentrat1on on the pH of the sturry.
Th1s test was done to ensure th%é 1arge pH variations,
depend1ng on so11ds concentratgpn, would*not effect the
system. The resu]ts showed ‘that a]though 1n1t1a11y, after
'mixing, there was a slight dffferenCe-in.the measured. pH
| Vva]uei@for sol1ds concent&atfons rang1ng from 0 per cent
to 20 per cent hy we1ght there was very Tittie d1fference
: after the 24 hour equ111brat1on perfod (pH equa]s 8.0 for
~the slurries and pH equals 7.97 for tap water) The pH
change from 8.9 as measured or 8.8 from Tab1e 3 to 7. 97
iafter stand1ng for 24 hours is most probably due to carbon
d1ox1de d1sso]ut1on in the water. Under the cond1t1ons of
samp]e preparat1on, CO2 solubility is about 0 03 mo1es/11tre
and aqueous so1ut1ons can have an acid pH of 4. 35

The results of th1s test allow the conc]us1on that
_ with the test procedure followed there w111 be no pH
f]uctuat1on in the system as a reguT% of vary1ng the so]1ds
concentratlon The effect of con%éﬁtrat1on on mob111ty
.will be d1scussed under the results for Test vi.

jii) The third pre11m1nary test was the determination
of the size analys1s of the s1]1ca flour. Two'methods were
used in this determ1nat1on both the ‘Warman Cyclos1zer and
the Hydrometer sed1mentatlon analys1s F1gure 6 shows the
resu1t1ng curves and 1nd1cates good agreement between the |
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two methods. '
' _ ‘ ‘ ‘ 4 ' '
iv)’ A relationship between water.density as a
function of temperature was required but rather than deter-
mine this experimentally the data was-\found in the B

1iferature; and the curve is pfesented in Figure 7. This -

relationship is‘neceséary to solve equation [4] and

determine fhe solids content of a th ckener discharge.
"With the preliminary tests complete testing was
begun in the continuous system. |
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~Test # 1 - The Initial Study to Determ1ne the Effectiveness

of Cataphoretic Assistance to the Grav1tat1onal

Sett1ing of Silica in a Cont1nuous Thickener

The resu]ts of ‘this test were mostsgratifying. They
are presented in F1gures '8, 9, and 10 with the~other

pert1nent 1nformat1on about the test being g1ven in Table 4.

Table 4: Conditions for Test # 1
" VARLABLE ~ TEST \iALUE

- VARIABLE o TEST VALUE v
‘ S]urry mix ' ‘<7 5% -400 m S50, in tap
2y  water

Electrode Separat1on _ 14 inch/ 35.6 cm .

Chemica]s Added None -

Depth of First :
Feed Well-Discharge 1 inch
Below Cathode: .

Thickener Pulp

40 . )
Temperature Rang 21.17°¢C to 23.8'C

& _ .
~° Ave. Voltage Gradient 3.4 volt/cmw -
Ave. Power Input , 250 ‘watts L
Ave.‘Feed Flowrate ’ v."820 cc/min
Ave. Overflow Flowrate_ 690 cc/miﬁ ]
*

Figure 8 is included to show the_éffectiveness of
the refrjgeration equipment in maintaining a constant feed
siurry temperature. Although the temperature does Eise
slightly when the power t6 the electrodes is switched on,
.the equipment operates well enough to suit thé purposeé
of these tests.  Thi§ particular plot was done for

several of the tests to ensure that the performance of
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o . &0
‘the fé%%iger5£iaﬁ equipment did.nothehange. This was
_found to ‘he true and in later tests mon@tor1ng of the
feed s]urry temperature was d1scont1nued The temperature
of the ¢n1ckener pu]p was mon1tored in all cases to

enabld uater dens1t1es-to be found in the calculation

of the so]ads content 6f the underf]ow (Su}

E.

The contemté of tab]e 4 plus the 1nformat1on on :
R Qv
f1gures 9 and 10 a11ow a mass ba]ance to be performed

3.\\,

around th@’th “er c]ar1f1er to calculate the so11ds
conte%é in the o d s1urry (Sf) It was expected that at .
steady state the value .of Sf would d1ffer, in some degree,
hfrom the quoted va]ue for ‘the or1gwna1 s1urry mix of" 5

per cent solids. 'Unfortunately, in thise test, 1t was
‘found that the torsion ba]ance used in Su determinations.
was fau]ty, resulting in h1gh readings. This error was

‘found only after the power had been turned on and Was

?

probab1y the resu]t of a Tack of 1ubr1cant in the beam
shaft s]eeves ‘In any event -re11ab1e\:fad1ngs were

_obtained after the power had been turned on. “Calculations,
ﬂ
using average values for So and Su, 1nd1cated the value of ,

Sf to be 9.2 per cent uéﬂer ‘these cond1t1ons Since
comp]ete data for St determ1nat1ons éE?&tnot available in

 th1s test the ana1y51s of var1at1ons in ST w111 be 1eft to
the dxscuss1onﬂof resu]ts fmr test 2. The trends ev1dent

g "-

on the curve in f1gure 9 are real, however,*and require
g . R .

a e p]anat1on o P
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F1gure 9 shows how the Su varies as a functian .
of t1me both with and w1thout cataphoret1c assistance.
When there is-no asswstgnce the Su is reasonab]y constant
at someth1ng 1ess than 43 per cent. when the poﬁ%r is .
turned on, ‘the curve then c]1mbs to 53, per cent. (At this
-po1nt the underf]ow pump speed was 1ncreased to Tower JSu,
"because prev1ous exper1ence had shown thatsva1ues in excess

of 55 per cent 1ed ta plugging in the underf]ow dwscharge

J1ne.) The reverse ‘trend-1s 111ustrated when the power gt

§hdt off. This‘increase in the so]ids content of -the unden-?

flow 1is due, for the most part, tou e?ectro-osmosis."“The
°phenomehon of electro osmos1s is the reverse process of.

part1c]e depos1t1on by cataphores1s, and, it causes a

gradual- dewater1ng of the depos1t and therefore an . 1ncrease,

in Su. Mathemat1Cd11y this process can be descrtbed by
equat1on [5] be]ow o B

For s1mp11c1ty, cons1der a s1ng]e cap111ary tube,
(the depos1t may . be cons1dered as bundles of such tubes

connected in d1verse ways). The formula for the electro-

osmot1c veToc1ty is: 13 , v ]
R v o=Ee8& (51
Tt » ‘ 4run '
‘where = iV__= eTectro-osmotic'velocity
- S E. = magnftude’ofVapplied e]ecfric field
' e = dielectric constant | | :
- n = viscosity | |

. fjé ‘= zeta potential
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Thus when the power is turned on.and.E ec ab ished,
the e]ectro-osmptic velocity 1is proportional tc th= zeta
potentIal in a g1ven med1um Tde direction of micration

»
.of the water is upwards since water 1is pos1t1ve1y charged

“with respect to the s]]1ca ([347 A 111, pg. 58): Remova]

of "the water and cations from the deposit serves to 1pcrease
its resistance.’ Ohm's law, equation [6] 1nd1cates,tﬁat
' : i,

current must increase to give the same voltage gradient

across the floc zone and thereby increase totaT'power input,r

Vs IR oeeeigeeenns ... [6]
where Vo= vo]tﬁge _
"1 = current in amps R t' i
R = |

resistance in ohms

It may or may not be economically advantagedus to

"'ihé§Ease the underflow withdrawal rate to hold the resist-

ance at @a-lower value and hence minimize power input.

Figure 10 indicates the effect on So when power is

applied. Without power the avetage gpfe:fals_0.9;perfeent._'°

while with power th1s va]ue is reduced t¢d 0.04 per cent.
This represents a;c]ar1ftmat1on of (0.9 - 0‘04)/(0 g)* 100
per'cent equals ‘96 per cent. Figure 8 showed a temperature
rise in the thickener when the power was on due to resist-

.ance heat 1osses,‘(IZR) This temperature increase is a

K

des11ab]e side effect of the cataphorbtﬁ% ass1stance, since

it tends ta increase the sett11ng VeJofwfy Unfortunately

¢

this effect is only beneficial to the larger partieles

:which\wdu1d most probably settle any-
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way bdt;the probability is increased as a result of this

neffé?t:_'The_fact that the temperature increase is

unimportant in the‘c]arification.obseﬁved, can be "illust-

;atég ih;aﬁsimb1e calculation using Stokes' law, equation

s

By
Vi = g{Ps-Pw

18n. e . [7]
where V{A = the terminal settling velocity
D = the equivalent spher1ca1 diameter of |
: -the particle. \
g = the grav1tat1ona1 constant ) . )

¢ 5

Ps = the solid density in the 11qu1d
Pw = the liquid density |
n = the Yiquid viscosity
This calculation is meant etrictly as an i]]ustration-

and the dpp]icébiTity_of.Stokes' law is dubious since the

sett]1ng Ve]OCTty is a function of solids concentrat1on

t’accord1ng to Coejgnd C]evenger Thus,,Stokes Taw will ¢

’ pred1ct the maxwmum sett]wng ve]oc1ty for these part]c]es

and consequent]y the maximum contr1but1on that temperature
will make to the\gwera]] sedimentatton rate. |
Qost of the tests conducted have a temperature range
of 20°¢C to'éﬁoc “ae;shown on Figure 8. .It was determined,
using Fisher Sub S1eve Size Analys1s, that the average

equ1va1ent spherwca] part1c1e diameter in the overflow,

w1thout power, was 1.3 microns. TableaS presents the data -

needed. to solve ‘equation [7] at the two temperatures with

| the soﬂuf@ons and the velocity rat1os (Note: The Einstein



viscosityqéaﬁrection formulia for dilute suspensions, has
not been applied since it will cancel out in the ratio and
makes negligible difference in the absolute value of Vt.);'

Further, the average p%rtic1e mopility‘¥er this'suspension
4

" was found to be -2. 56 x 10'4’cm/vo1t sec from gggxre 5. °©

J

The voltage grad1ent was 3.35 vo1ts/cm whkgg means an

imparted cataphoretic velocity of 8.57 x 10 -4 cm/sec.

Table 5: Solution to Stokes' Equation for Samp]e'ta1tu1atton

TEMPERATURE 20°c 26°C
D 1.3x 10 %m 1.3 x 107 %cm
g 980 cm/sec2 1980 cm/secv2
Fs  2.59 g'rp/cc o . 2.59 gm/cc
n 1 x 1072 _gnm 0.877 x 1072 _qm

cm.sec » Cm.-SEC
Pw 0.99823 gm/cc 0.9968]‘gm/cc. :
vt 1.46 x 10°% cm/sec 1.68 x 107% cm/sec
Ratio . V. (26°C) /'vt’(zoot:)j 1.15

Tab1e 5 shows a L5 per cent incr- aie in the sett11ng

~velocity with the temperature 1ncrease»but, q]v1d1ng th1s g

. increase with the total settling velocity, tnc]udihg the -

cataphoretic velocity, the net contribution is‘6n1y 2.5,;.“
per cent. Since this ié a maximum value, it ig safe bo |
assume that temperature increase g%ays on]y a very m1nor

role in the clarification of the overflow, when. the power S

is on.
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Thé"iliustrative'ca]cu}ation shows -that the cata-

phoretic.assisgtance -in the thickengr,-undér-the test
conditidns, is an effective meané”of clarifying the

overflow.
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© Test # 2 - The Effect of the Vo]tage Gradient on*Overflow

' Clari&i, ’ oy

- This ‘test was designed to determine the effect of the

applied D.C. voltage gradient and u]timate]y the'pOWer

input, on the overflow clarity. The results are presented

in FigUres;T1,‘i2, and 13 aé well as in Table 6. The
prbceduyglfo11owed was to begin without power and when
steady sgate Qas reached:full pdwer=wés épplied (accorQing'
to the source‘{imits), thereafteh power. reductions wer\z\(5

made by appropriately adjusting the app]ded vo1fage‘unti1

the test was comp]ete.

Caoh

Table'6: Conditions for Test # 2

VARIABLE  * % ‘ TEST VALUE
Slurry ' : 5% -400 M in tap water
Electrode Separation. 14 inch/35.6 cm

_Chemicals Added None
Depth of First Feed :

Well Discharge Port 1 inch
Be]ow_Cathode ‘ ~

Thickener Pulp

0. 0
Temperature Range 22.0 Clto ZQ'OrC

Ave. Vokt Gradient. - - Under Test

Ave; Power Iﬁputc Under‘Test. _
Ave. Feed Flowrate 900 cc/min
~ Ave. Overflow Flowrate , | 760 cc/ming
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Figure 11 1]1ustrates the Jresponse of the overflow
clarity td the app]ied power. It g&ou]d be noted that the
% g

po1nts which 1ie on the lines. 1nd1ca%gng power changes,

in Figure 11, are averages of the lqgi three (or four

~where app11cab]e) So readings before ‘ k,change was

»made. These-are the ordinate values Yf 1n the construc-
tion of F1gures 12 and 13. The 1mportaﬁ§ﬂ§eature of
Figure 11 ts. th “curve when the power 1s“§ ﬁi off. The

curve is climbing toward the steady state va]ue of So

that was initially’.observed, without power. This indicates

I3

that there are no flocculation effects in this system.
Thus, if any agg1omerat1on 1s present ‘the shear forces
provided by the pumping and m1x1ng mach1nery are enough
to destroy the flocs and restore partlc]e s1ngu1ar1ty to#
-the th1ckener feed.

Figures 12 and 13 111usﬁrate the re]at1onsh1p between
So and both voltage and power* respectively. The curves
are somenhat simi]an in shape, exhibiting maxima when the
absc1ssa va]ue is zero and then fa111ng in an exponent1a]
manner to some 11m1t1ng So as the absc1ssa value increases.

The shape of the curves is of particular economic interest

since they show a point beyond which negligible increese in

'vclgrity is realized for large increases in power or .voltage.

(This is most evident -for the So vs power input curve.) As

an example, if the system were run at 82 volts (127 watts)

* Power is ca]cu]ated by mu1t1p1y1ng the applied vo]tage
by the measured current, i.e. P = VI.

A
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an increase to 119 volts (266 watts) 1mprovés-the clarity

by. 42 per cent but the “power increases by 110 per cent. It

must also be remembered that the cjarity at 82 volts is -
quite good such that a 42 per ceht improvement does not

represent much of a change. These curves-or at least that

~which relates So to power are important in determining, in

part, the economic viabi1ity of such an app1ication as
well as providing operating Timits. ) ' -

It was mentioned that the curves had a similar shape.

Y max whea X = 0

"

The boundary conditions are: Y

“and: Y = Y min 45 X — oo
The general equation, [8], for thegcurve is:
Y o= Ymaxe KX oL [8]

when, as in this caségY min- = 0 as X— o> . Two variable

K done for .both data sets and the

>

7.

]

Table 7: Regressionlbﬁ Equation [8] fof So vs Both
Power and Vol®age S

VARIABLE VALUE So vs VOLTAGE So vs POWER
Y max - 0.91% 0.913 7

kT S 0.04 £ 0.015
Y intercept (= 0 '

. ) |
theoretically) -0. 0&1 - -0.951
Correlation Coefficient*  -0.98 -0.902
Upper and Lower k limits**  -0.03 . . -0.002
. -0.05 -0.029

* A correlation coefficient of « 1.0 indicates a perfect
_ fit. :
** Calculated from a two sided t ~statistic test at 95%
confidence limits. . :
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Tab1e17 illustrates that equation [8] can be used to

predict the So response to voltage to a good approximation

whﬁggjthe correlation is not as good for Figure 13, The

reason'for this observation is that although voltage can

~be held constant the system resistance'and hence current

11_(\’

and power change as some funct1on of vo1tage (e.g. elect-
rogsmot1c effect.) These changes are not 1arge enough to
pnﬁvent the system from:reaching steady state but they
result in the use of average-pewer values for curve
construction which resu1ts in the ]arger eviation when -

attempt1ng to fit the power data to equatyion [8]

Another interesting feature of F1gu\e 12, 1s that most

of the clarification is done oter_the,inltial voltage range.

;

Since, according to Smo]ochowski's equat%on (11, ‘mobi1ity

iy

is d1rid/1y proport1ona1 to the voltage: grad1en , all

other things be1ng equa] 1t wou1d appear that the majorlty

~of part1c1es are dep051ted when the net upward ve10c1ty is

a minimum. That is, if smatll vo1tages show marked resu]ts,
the particles must have a neg]tg1b1e-upward ve]oc1tyl The

very fine particles act as part. of the fluid and'can'oniy

be removed by large app1ied voltage whichvwou1d account forp

the limiting value evidenced 1in Fidures«]Z and 13. A

detailed discussion of this offservation is beyond the scope .

‘of this work.

It was mentioned in the discussion of results for

test 1, that the value of Sf was expected to differ from

“the 5 per cent value of thé original mix. Using data from
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tab]e 6 and f1gure 11 a1ong wx;w Su data conta1ned tn
append1x 2. for figure 11 mass ba]ances were performed
These ba]ances were done at the d1ffer1ng power 1eve1s In
fthe first case, with no power 1nput the value of Sf was
j‘found to be 8.1 per cent Th1s s1mp1y means that of the
or1g1na] s]urry wa, at steady state operat]on, a greater
percentage of 11qu1d is retained in the thickener- c]ar1f1er
relative to the'so11ds.. The effect of power on Sf is as '%’;n
foi]ows: For the powen;inputs‘quoted'on figure 11 the '
cornesponding values of Sf in pe? cent are 8.1, 971,

8.4, and 8.0. " There wae, of touree,r some.érror associated
with the measurement of the variables usedlfn the mass
ba]ancevcalculations never the less a trend 1stevidente
That is, as powek increases so‘does the value of Sf, a]d
other independent operationa1 variabiesfbeing constant.>
This can be exp]a1ned by applying the theory of electro-
osmosis 1in the anode depos1t ‘as d1scd§sed ear11er The
rate of e]ectro osmosis is d1rect1y proport1ona] to the
app]1ed e]ectr1c field, also, the vaTue of Su is proport-
ional to the rate of electro-osmosis as was evidenced‘
earlier and hence Su 1is proportional to the applied
électric field. The result, iS‘that'as power input in-
creases the value of Su ;pcreasesmaking‘ﬁt egasier for the
rakes to remove solids from the anode This happens because
the depos1t becomes less 1nc11ned to fluid flow and can bew

more easily control1ed and dlrected to the dlscharge by

the rakes. JThe increase of Sf, although inadvertent, makes



-
@

Fc]atification increasingly difficult as will be discussed

¢ ‘ ' ' : ' e
in test 6. This serves te reduce the clarification ‘

efficiency, fo'some degree, -as. power input increases. The

\magnitude of the effect cannot be determined”as it is a
complex funétion of the independent opehationa] variables
but it is to be kept in mind that if anyth1ng, the c1ar1f—
ication poss1b]e w1th cataphoret1c ass1stance S§L1d be
s11ght1y better than that observed in these tests

. In summary, the overf]ow clarity responds to app]1ed
voltage in a manner as mathematically descr1bed by

equat1on [8] and Figure_ 12 To a 1esser extent the

overflow clarity responds to power 1nput also accord1ng to

A

.equat1on [8] but it is a more‘comp1ex function because

42 aed

of time resistance changes.” Figure 13, or ongfisdbn
-Nanges

aan application for'eperating puypdses. o
_ < -~ . -

&
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R The’Effect of Overflow Flowrate on Overflow
A C]ar1tx ‘

This test was designed to determine the effect of-

.
.

1ncreas1ng the overf1ow f]owrate (Qo) on the overflow

1

clarity. The resu1ts are presented in F1gure 14 and Tab]e
8;‘ The procedure fo]]bwed was to br\ng ‘the system‘to
steady state then turn the power on, and once steady state
had aga1n been reached the feed rate'(Qf) was increased,

td This

at Constant underf]ow f]owrate (Qu), increase Qo.

1ncrease in Qf was done three times umt11 the data for

6’_ o . f 2
F1gure 14 had been obta1ned e T Pe
TabTe 8.: Conditiohs'for Test # 3
: VARIABLE " TEST VALUE
CSlurry” 5% -400, M. in tap water

MY

“Electrode Separation" “* 14 inch / 35.6 cm

" Chemicals.Added - "L“'Noni
8:$%thitFé£§gwrgiihode7 ! TnCh
o Thaikﬂ'Pu]p Temp.~Range j‘;_ 21 3§£§t0 27. 3 C
LAye;SV01t Ghadtent | .3 9 vo1ts/cm ' ’
) Ave. Power tnput' - 246 watts
Ave. ?eed‘F]ohrate ‘Undeh-Test e

BRI

peﬂﬁmln the EY: equals O 5 per cent

”

5 /l &
\ .

Ave

Ov@tf1ow F]ow”tD ¥

Under Test =

',F1gute 14 1nd1cates,_w1th-a stra1ght Tine para]]e]

- . v

s

x

' to the absc1ssa, that w1thout power and Qo equa]s 826 €cy

¢

/

’ when the power wag
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SYs em~without drastic loss of efficiency. S
. o Lo '
ga1n,‘a5rfor Test No Zg'two'vaniab]e’regression was -

—.'eetqtting the data for Qf serves on1y to<if§ft the dqwa;~ﬁ

turned on this value dropped toJ0.51.perfcent at the same
.Qo. (The .reason why this.resuTt does not match that of

Test Noi ],'in terms. of cT@rification will befdiscussed

in Test No. 4;) Incﬁeases in the feed rate and hence over- -

, flow rate served to increase’ both So and Su, altheugh- E e

1atter is not shown, since Qu‘was constant th1s‘was to‘be
expected. Further, the results show'that the Qterfdow flow-
rete,vwith%bOWerx,c§n>Be inereesed to “155 per cent of its
orginal value (Qf to I@&ﬁpeh;geht‘of its original valqe)
without power, and the .same c]arﬁty can be echieved\ih/both -
cases. Thié'isihot a tatorable reTatTOnshih though, because
increasing Qo by 155 per cent incxeaseé So by T76bper cent,
which does not give al:l correspondehce which wou]d.be the
minimum desired in a bracttcél dpplication.'“ln any ehent,
this result shqws .that as long as'the thickener -is ruhning
farfeheugh below the feed rate which ihduceé eliming?

surges in the feed rdte can be handled by ‘the cataphoretic

¢

done on, the data//%F?n,(ha\power was on. Thg ddta.wdé'

p]otted accord1ng to. equatlon [9]

" Y S MK A D e (97
’ . A .
The re¢u1ts of the regress1on on So s Qo was equation ’
;[Qa] whgch had a. corre]at1on coeff1cxent of O 98 “iﬁf ,
\io, (875, ¥ 1074 qos 0.15° ;w....;:"...-&\LQa] e

A‘L‘ "

&
- .

/ ' * A\

. ] . . L
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to larger X co—ordfnates resulting in t'e same equation‘
only with y intercept now equal to %é.?S. i
"The effect of varying feed f]onrate on Sf-gave some
pecu]iar“reSUIts in this test. Combining the data from
append1x 2 for figure 14 withsthat of table no. 8, mass’
wbalances were calculated to allow ca]cu]atlon of St
“values. The results were that w1thout power ande equal .
to 970 cc/min the Sf value was 8.6 pes—cent. Under these
conditionslwith the power gn Sf équalled 9. 2~5er cent as
_would be expected considering the electrosmotic effect on
Su and 1nd1rect]y Sf Increasing Qo, with the power on,
to 1130 cc/m1n or groater served on]y to drop the St x

value to 8.1 per cent where it rema1ned 1e1atJveTy const-

ant. A gradual decrease in Sf- from 9.2 per cent mayfhave

been eypected as Qo was 1ncreased from 970 cc/m1n It is *
¥ "L o o ¥

dlff1cu1t to speculate on-~*‘<' .'»fsm whereby thes&,eff—

‘ects on Sf are observed 'ﬁ~say that it will make

the curve for, figure 14 depart frdm 11neara y a 11tt1e
more.byAlower1ng the ordinate So value for the left most

oint. . " _ " o S
p .o - . . : f - L. . et
In summary, there is a 11near response of overflow 'f b
'@ .
c]ar1ty to oveﬂﬁlow«flowrate and althOuoh the response,

is unfavourable, 1t does not 1nd1cate drast1c changes
, [

1n So w1th surglrg in the thwcPener feedc '

. N ‘

. - ~ N f . - - N -
r N 1 4 - N . - ~ .
h % . : . . S N TR I ol
PRI - 3 . -, % E s - e _..é’ L \"\\ [ .
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Test ¢ 4 ~The Effect of Idnic Strength on Overflow
Clarity

This test’provedﬁto Se of'grejp practica&.impoptdnce
1n¥}he test{%§1th 5111ca as the suspended c0T11od Before
consfder1ng the actual c]ar1f1cat1on test in the th]Ckener

: some’ other results, d1rect1y related to th1s test /;re
\discdssed. As was mentioned ear]%%r, tap water was used
td sfurry the s111ca both because of its avai]abi]ity and’
its simf]arity tp'indpstrial process ater. Tpe c]arifi-
.. cation testing in the‘thiekener:eommenced in mid June of
1973, and as testing proceeded through to Septepber of
1973, the results of the tests, under the conditions which
Test no. 1 was>xyn, becaﬁe increasingly poorer; {This was
pointed out jn tﬁehdiSCpSSion of Fest no. 3.) Fira]ly, on
&n aborted test run onSSeptepbe} 4th, 1973, under these
cond1t1ons, the c]ar1f1cat1fn was only 13.5 per cent as

opposed to the 96 per cent obta1ned in Test no. 1} Tpe'

-_reason for these obseﬁygtions is.easily,exp1icab1é with

P
bl

the.use of Tab]e'3} From Teblelﬁbit 55 shownuthat in the
sum@er there is a buw]d up of divalent cat1ons in the *
water wh1le 1n the w1nter it is &he monova1ent cation con/

W'

centrat1on wh1ch increases. »'Tab1e 9, wh1ch res%1ts from -

<

- ca]cu]at1ons per%ormed on the entr1es 1n Tab1e 3, %1]ust~
T

Voo
rates these ﬂespect1ve 1ncrease9\// ’
. b -
- Y ’ r
-~ 1 ~‘L
q - ’
L - >, o * ,
. w7 N
4 - ) : "~ . * . L 1
P R AJ ..
& ’ vy i t ot
t r ~ ; ',‘/4 v
. B T, ’ R - N <
- 'y - s
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’ potenttaT (absencz

l:ﬂa] more effect1ve1y 4

remain 1n col1o1da1 suspens1on ~

v‘ . WF . ' - §
Table. 9: Sa]t Conc. Buildup. as.a Function of &eason
SALT TYPE SUMMER : HINTER'
“{cation) CONCENTRATION CONCENTRATION
Divalent 22.9 ppm 19.4 ppm
“Monovalent 5.2 ppm ' 18.3 ppm
% increase 18% -
lower value - 252.%
v

7'“'Thus, in the summer, the absence of SO4='(spécifi-
cal]y Na2504) and the presence of Ca * oand Mg++ tend to

]ower the zeta p”3s'f” lrboth by reduc1ng the surface

X

. the w1nter the reVérsEJeffect ho]ds,‘caus1ng an tncre ‘

e

in zeta potent1a1 These effects wqu dlscussed i
e]ectr1ca1 doub]e layer theory - It is of, note that 3*f
though sh1e;d1ng'1s.an important c0nstder%tion for
SUSpensigesvof htnefa]s Tike SiOé'it is much 1ess pre-
nounced in-clay systéms.36 Unfortunatew:}3 n- these tests;
the f]occu]ation—effect n the summer wés :ot st}ong

w ~u

enough #o be benef1c1a1 tb ﬁhe c]ar1f1c&t1on s1nce,

.a]though 1t Huwered the zeta potent1a]eand ﬁence the

- ‘Au\'%’

cataphoret1%§§05111ty,7§he part1c1es were ‘able to-

-

o

wlth'these resu]ts 1t Was dec1ded to run future tests

- -

us1ng dem1nera11zed water to s]urry the s111ca aﬂd sod1um

KO -

‘i,,chJor1de to adgust the 1on1c cnntent of the suspenswon
L

3

';Before_proceeQ1ng w1th the a;tga] c]qnlfmcatlon test in

. - e -+
N '

78



Rt N

“3:’:7"\ ’

i R ) ]

A

I

the thtckener, twd pre]imtnary‘tests were dene. First, a
Talmadge and Fitch test 28 was set up for both 5 ner,eent
silica in demdneral§ied'water and for the same mixture at
175‘ppmvNaC1.' This was done to estah]ish whether the
substdence‘rate of the col]odda] particles would be af{;

ected.by the salt. There was no observable increase, in

the settling rate in the salt test, c©n§equent]y, any
related observations in the clarification tests are due

: PR
to changes in either particle zeta potential and/or

)

1fquid'conductivity and not flocculation. Secondjy, a
plot was constructed to show the relationship.-between
mobi]ity and Na+ conCentratidn for the NaC] electrolyte.

Thtﬂ curve is presented in Figure 15.

-J‘.—

* "The curvb.for the 5 per cent silica slurry has the
shape expected; from the double layer theory The import-
. ant feature ofythﬁs7cuhve is that abave a sod1um ion

concentration of abd;;/24 ppm, the mobiiity -ofi the

N
Vo,

cd]]oide ehanges very little, up to the limit of tne
plot (65 ppm). , '_" ; P

with'theée pYe1im1nahy tests Conpleted the clariftQ;
catlon test in the thickener was: undertalen : The procedune

was as follows: thie -poyer source Was. turned on when the
1w ‘

tank Waé~fi111ng. ~After steady state had been reached-a'

Ynohn amount of NaCl was added to the‘syétemlin_the‘teed”
‘tank and using’ both Su and changes 1n metehreading$\ the"a.f
. l . 1 P
LR ,ystem Wwas fo]]owed to steady state , Thls procedure' a

repeated unt11 .the: reéu]ts for soddum ion poncentrat1ons

FETRNE N ’-y. s

-

s
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of 0, 19, 29, 48, and 66 ppm had been obtained. he
resu]ts of th1s test are presented n Flgure 16 and

Table 10.

Table 10: Conditions for Test # 4
Experimental Data: Test 4 J S

r

VARIABLE S TEST VALUE
Slurry “ 3': ' 5% Sj bz in
K . dem1nera11zed uater

Electrode Separtation 14 1nches v i
Chemicals | NaCl (according to &

_ . "test requirements) Y
Depth of Feed Well _ , - B
Discharge Port 1 inch ) o g
Below Cathode ‘ v T

Temperature Range

0 0.
during test ]8-7 ¢ to 26.4°C.

Ave. Volt Gradient ' Change During Test
ﬂve..Powef Input ‘ Change'During Test
‘Average Qf 985 cc/min
“Average Qof ‘ 840,cc/m;n

Flgure 16 includes both the re]atlonshn S of voltage
“and power ‘to overF1ow c1ar1ty The vo%fage cnrve is
parf1cu1ar1y 1ntetest1ng as it 11]ugtrates thé 1mportance
ofvmobjllty an zeta,potentla]. At a hlgh vo]tbge gradlent ?

and“1ow mobility the clarification in the overf]ow is

P [y . L S . o
qu1te poor but as the mob111ty 1ncreases, even w1tﬂ
‘-_‘decrea51ng voltage grad1ent the c]ar1ty 1nproves g Attempts ,;

to corre]ate 1mparted cataphoret1c veloc1ty with‘the

L
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_ , , %)
clarity, by combining the data from Figures 15 and 16

would seem to indicate that.clafity is a-veryAcomp1ex
~function of the mobility. Good correlations could not be
obtained for the equations upbh which regression Was done,
probably due inT"some part with the error in intetpolation
Ato find the appropriate mobility %rom Figure-15. Neverthe-
'1ess,.a simple reWét{bnShip between mobi]iiy and clarity
under a given vo]tége gradieni is not available probably
_Jdue~to the complex mechanisms\invo1ved in the cataphoretic
deposition, as deCUsséd in.thejresults_for Tést no. 2.
| in the region o7 constant mobility, (i.e. [Na+]

25 ppm) both the power and voltage curves fésemb]e their
counterparts in Test no. 2. u |

Anofher, and reoccuring inconsistency, here, is the.
fa11ure‘to'reproduce the ‘results of. Test no. 1. The same
clarification as was achieved in Test no. 1 with«tép water
was not obtainéd in this test even though the_mobilities
 Aare.apDarent1y Targer in this case. This wquﬁg;feem:to 
indicate-that the mobility in Ehe 5-per cent suspension
useglin Test fo. 1 is somewﬁét larger than the 2}56 X

-4 cmz/vo]t-sec quoted in the iilustrative cdlculation.

In effect-th1s 1ncrease ih

83 -



' mob1]1t1es

.0

"

effective shielding and larger zeta poténtia]é‘br

The effeéiéaf NaC] concentrat1on on Sf in this test

is more compiex thah those prev1ous]y d1scussed.' With

the exceptlon of the case where there was no NaCl added

.vl

o ?gewég%ﬁem, resu1t1ng in-a low §; the. part1c1e é;

was approximate1y constant. Thus, accord]ng to equation

5‘changes in e]ectro—osmo¢1c velocity are proportional to

changes in the e1ectric field : Ca]cu]ations show -that

St eQUals 6.9 per cent when the NaCl concentrat1on is a

minimum and that. Sf equa]s 7.6 per cent in all the other

cages. This means one of two th%&gs, either i) that’the_

w’

changes in the app]ied e]ectric ‘ﬁer'are sma 11l résult-
ing in a cohstant e]ectro osmot1c{fe1oc1ty and hence a
rnstant 1ncreased value of Sfy or. i) that e]ectro-

o
“

osmos1s is on]y one mechan1sm whereby the rak1ng eff1c1—

ency and consequent]y the value of Sf is determ1hed.f~}n@j

SO
e 5

this tase some other mechanism jelpr;dohinant beeéuéé_' 
changing'e1ec£ric fields produce no changes in Sf at’
constant f;.' Since the voltage gradient in those tests
where Sf was observed to be constant, varies'fhom a
m%nimum-of'2.04 volts/cm to a maximum of 3.76 vo{?Z7cm,
a1ternativefii) must be Selected -'Tﬁe exact, mechaniSm

respons1b1e for the noted behav1our of Sf is a matter

- of specu1at1on and w11f=Be cons1dered as,a characteristic

I

of the exper1menta1-systemr

. 84
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'In summary, the ionic strength of‘thg ;Qspension is
very i&portanttsince it p]ays an 1mporfant fd]e.in deter-
m%ning‘the power input- to achieve the required Vo]fage
gradient and it also determines theipgrticié mobifity.

For systéms similar to the si]italogéféeiﬂg tested, the
concentration of divalent cations is'extremely important
’-1n‘determﬁning the c]érif{Catidn efficiency while for clay

systems this consideration is less important.
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Test # 5 - Thé‘BTfect of Electrdﬁe Separétion on Overflow -
Clarity ) '

This test was designed- to determine tHevefféct of
electrod;.separation on the QVerf]owlclarit}. The
procedure followed was td begin with the Towest séparatioﬁ‘
‘possiblie and once steadyvstate had beeh réached 'the) L
é]ectrodé was raised, us1ng a ru]er to insure para?@e]ness

-0f the electrodes.  The ﬁbsulus of th1s test ‘are presented

in Figure 17 and fab1e 11.

‘ v ~ . 7 . Con § . . . . .
Table 11: .Conditions foKvTest #5 S .
VARIABEE, - o TEST VALUE , ”
STurry | ) 5% 5107 in

© demineralized water

‘Electrode Separation o ﬂIIO”/]2“/14“~§' | g
y Chem1ca]s Added ;' >-NaC1 to 19. 5 ppm j
' a0 . ' : ~ Na* dincslurny o o »
Depgﬁ of;”*ﬁ?’* i - i o ’ SR ’ /; ’
7 lell il S o 4v/6v/8" :
,Below .C AR 7 /
Thig ) 3 ;@;51: - 20%C to 241 c N /_
Ay 23-“,A 5. 39/4 56/3.97 |
A o .237/2]6/199 watts . ‘/ t
- AQ . N 1000 cc/min | /-
Ave:;;‘”: ﬁ~ F€:f” Afwf : 840 cc/min |
Figure 17'has.two~d1ffereht'ordiﬁate scales which
represent thé'samg'variable?'ljhe neason;%or this is that 'fh 
- : : : ‘ e

* Determ1ned by . Atom1c Absorbt1on Spectroscopy
G!'

-
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the left most sca]e shows negatwve valu®s of’ So wh1ch is

phjswca1]y 1mposs§b1e Y &mese negative mesu]ts arose from g
x ‘%

amp]oyiﬁg equa#ion 4] where the so]ut1on bu]k dens1ty
»’% -
was less than that for water as determ1ned from ngure 7. .

~—

'S1nce,'exper1menta1 data for dens1ty vVS. temperature for

- was subjecte

| was,reca1cu1ated for all the So calculat1ons done and

N
water§1s not available, the following method was used te

'correct( thesekﬁegatiVe‘g@1ues&V The )data from Figure 7

toiregregsion under equation- [9] with a -

¥ . B .
resulting cérrelation coefficient of -1.00. Assuming the

-

slope to remain constant, a new y intercept was calculated
. . i ~ ’ . .

ych that the most negative value of So could be set

4

al to zero. Ué1ng this equation, the dens1ty of water.

the r Sults are those determ1néd by the r1ght most ord1nate
sca]e in EJguref17. The va11d1;y ofvth1s transformat1on

ts‘jUStified by th2 fact that, provided it is the so]ub]e

‘salts which ré§u1t in this density dlfference and these.

sa]ts are un1f0rm.y d1str1b&ted in the water than it
shou]d fo%]ow the'samevcurve, being only slightly displaced
on_the'ordin%?efs;ale,'as is shown in~Figure 7..

"This tranéformation has only the effect of adding 0.2

. per Qent to.the values of the left most scale,‘ps shown;

’tn Figure 17, the Vo]tage gradiEnt shows a non]inea%
re]ationship with So and as the voltage gradient increases,
So doee as well. S1nce there is no change in particle -
mobi]ity‘it would ! vxoﬂcted that the ‘reverse shou]d be

true (i.e. as?vo .ge gfadfent increases; So should



‘ Test\:oé 2, the ove;f]ow c]arlty may be sonewhat -2

4

‘decrease) [t was ihown in. F1gure’72 that most of the

-

c]ar1f1hat$on is done in the Tow vo]tage ranges and

\

therefore it might be suggested that s1hce all of the .

uvoltagepgrad1ents used in this test exceed that used in

v

/-5

sen31t1ve to voltage but it still wou}d not exhlblt the a

trend shown .in F1gure 17 The exp]anatlon for this
. B

observat1on 1s based on the separat1og between the cathode

-and. the first feed we]] d1scharge port as a'funct1on of

depth-ln the th]ckener For exiﬁple with the m1n1mum"—
e]eqtrode separation the cUmxents created in” the th1ckener
(see Fig. 4a) cause the suspen51on ‘to be carr1ed¢up
through the cathode anJ\consequent]y out of the app11ed

vo]tage gradtent further, part1c1es above‘the cathode
. . - . ,’

“are repel]ed upward to'some extent. ' In gny event, the

partlcles do not have’ 2 re]at1ve1y long retentlon t1me
in the applied’ f1e1d'and as a consequence the finer

cb]]oid;-can:report'to the overf]ow}' IncreasingQihe

y

¢

electrode separation’, while holding the level of the
! & R Lo ' . )

first feed well disCharge port constant, serves tohiné]ude'

more of the currents withtn the e1ectrodes and'hence-”

increase partlcle retentwon time in th1s area and 1ncrease

the probab111ty of depos1t10n Therefore 1t is des1rable

4

A
to have an optxmum electrode separat1on with 1ow Jevel

discharge in the thnckener; The.res1stance of the4upper

v e

. . ) : - /
- levels in the thjckener is constant .and exceeds that of

I

the- lpwer 1eve].,‘(This is‘Qased_on,the 10 inches 'of slurry

v “ ¥

.
T

.
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d
“ T

below the cathode,  in the first part of tﬁe test, and ‘the’
U - [ ’d e . ) .

9 inches above it.) ' Therefore an increase fg.separation

) . . ’ < "_‘ - . [} . P

shows a decrease in power -input with better clarification.
& . . " , Y B . -

‘ There musgd’of course, be a Timit to the separation whera

“'the vo{pagg,gpadiekt falls below that wh%?ﬁfis,:equjred

v
'

* for.good c9arification. *, --. PR S

In this test, very litdle change in Sf was observed
and the change was probabl 'due to experimental weighing

errors . ‘This follows when the electro-esmotic effect’

~

on Sf, indirettly through Su, is considered, W1thA§he

relatively sma11.change$ in power and'3bltage used dn

this test. T
ih’éumméfy, there is a éritité] or;dptfmﬁm e]eci}dde
separaiion and flevel qf feé@ diSchéhge”té £hé.thfc£ener,
;whicsﬁ'wi]ﬂ minimize power input but résult in the desired.
v_qvebf]Jw é]a#ity%

~
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R
Test # 6 - The Effect of Solids Concentrat1on in the Feed
on Overflow C]ar1ty ' )

o .
Tn1s test was des1gned to give the re]at13¥sh1p
" between omerf]ow c]ar1ty and the SO]]dS concentrat1on'in:.

the feed. The procedure fo]]owed was to run three ' .

“\

o

separate tests at various SO]ldS concentrat1ons The -

resu]ts are presented in F1gure 18 and Tab]e 12.

Table 12: Conditions for Test # 6

VARIABLE °  TESTA - TEST B - TEST C
Slurry ~ 5% S102° 10% S702 15% S102
: % in DLW in D.W. . in D.W.
' SR ' - ‘ RS
Electrode ... " . . . . .
Separation” 14 1nch‘.' 14 inch 14 inch
Al : s . 1
Chemicals ' . NaC] to , .
Added ». ‘10 ppm | As for A As for.A
Depth of Flrst" - S L
Feed Well S g : coa - L
Discharge ng .. 8 inch + As for A As for A
Below Cathc ' o B B
4ff’ C o e e T
Thick Pu]p g 17.3°C to: 22.1°C to 21<97°C to .
~Temp. Rangef T 22.50C 25.190C L\\ES,ISOCV
éxgé}:ﬁi v 4.19v/cm’ \4.]6_v/cm 4.13 V/CW’

8

Ave, Powe 121 wagts 135 watts 147 watts'

~

1970 cc/min 1200 cc/min 1440 cc/mtygi\\v ,

835 cc/min_ 835 cc/min sso’cc/n%n,\'

' Av€71Feed
F]owrate

, éAve« Oxerflow

w{}z kowra te v f‘“ E '

RN (\‘ :. - L ot y S , N 5 ‘ . o
& ? oo ‘o . . s G L

The results for the 5 per cent s1urry w1th ‘the power

]

on gave negativs va]ues of So at steady state “The

transformatlon des§r1bed in Test no. 5 was used to cornect'“
’ A ‘ . ) : ’

. - l‘ ,;’ ~» ‘i.

-~
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IGU&E 18: Overflow CTar1ty as a Function of Solids Feed-
rate Both w1th and W1thout Cataphoret1c ASS1stance, Test 6

N



reduct1on 1n\%ﬁ

.‘ ) ',:

a]] the resu]ts ' F1gure 18 shnws the re]at10nsh1ps s

between the corrected So va]ues as a funct1on*of the mass

| f]owrate ‘of solids to the th1ckener; both w1 h and w1th—

;".k

out cataphoretic ass1stance.'i_ N |
e B
The FE]atTO"ShWPS of thts curve are- d1ff1cu1t to

1ntarpret quaht1tat1ve1y There are two maJor reasons

T RS
for thlS i) at constahﬁ medmum71on1c strength an

increase in so]1ds con@eatﬁatwon causes,_xn th1s case, a

e‘welght rat1o of the
s

"potent1a1 d term1n1ng‘CT~ ion

)J‘g)".“’. I

,S111ca 1s.great]y reduced

and ii) the 1ncngase 1n Feed fdte causes a change in the

i

rate of c1rCu1at1on of. 6ﬂe ‘”%p w;thun theth1ckeher, the

: b R _
effect of wh1ch cannot be e%@&mﬁ% dﬁsynce 1t is furthgr

compi cated by changlng the sob;ds chﬂcentratlon The
4

c]ar1f1cat10n eff1c1enc1es for the 5 per cent » 10 per
. .

cent and 15 per cent nom1na] s]urrles &We 9 Per cent,

‘ r‘.’-‘, W

75 per.cent and = per cent reSpectﬂvaTy.; Ihédcarves show
L

_that 1ncreas1ng the so]1ds feed rate to the thickener .

~produces different efﬁ@xts deyendihgv@n whether cataphor-

etic ass1stgnce 1s emglcy@ﬂ nr %ot 2 F?gure 18 shows
that for thg case where tighe rs no cataphobet1c assist-
ance, So is 11near w1th so]1ds 1nput to the thickener.
(The m1&or vaplatlon in Qo for Test C is assumed to have

neg]1g1b1e effect on the final .esults ) The slope of

‘curve 1 on f1gure 18 1is very close to 1. 0 wdgchégeans that,

under the chd1t1ons of these tests doub11ng sotids. ipput
\ \ - o~

to-the thickener will double So or nearly douple So.. This

bow T

Vs



o

4 2

]afteh.remark'may indicate that the thickener is more
efficient at higher solids inputs, in the range studied,

i
¢

“but. the magn1tude “of the ratio change is small. In the"

/
second\case, where cataphor¥t1c asshstance was employed

the. Qprve 2 on f1gure 18 shows an exponent1a1 increase

.’1n So w1th 1ncreas1ng solids ‘imput. = This is due, in part

o to the’ reduct19n in zeta potent1a1 caused by the reduct1gn

£

in %he C1 /S102 rat1o as ev1dencea in Test no. 4. U§1ng
3 v

data .from appendl& 2 for Figure 18 it can be seen that when
;

“power was app11ed to a given s]urry the value of Sf

o

,1ncreased a5y u]d be expected [
¢ - -
nIn sumﬁzfi, the so11ds feed to such a- system would

3Tbe predeterm]ned by the suspens1on to be treated The

&

<

c]ar1f1cat1on poss1b1e wgu]d be determined by,.') the size

of the thlckener and 11) the vo]tage grad1ent and iii)

the - part1c]e mob111ty, the 1atter of whwch it may be
poss1b1e t? man1pulate to a ]arger value w1thout causing

large power input increases.

* . -
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C: rBentonite Tests

This test was.desigrged to sfudy the effeétiﬂgneéa of

caé&phoreti% clarification on'a~§]urr§~thch'conta1héd -
a so]id»less_émenable to- this c]@ri%iﬁation(proces; thqﬁ;“
~the silica uséd in thelprngous tests. The soiid-éhgsgn
to Qse ‘the slurry wés-bentonite becausé“of ifs abi]ft}>tof
form a stable colloidal §uspehsion. &
" The pre1iq1nary'test WOrk comp]éted before ;c“uai
runs {n t@e*thﬁckengr apparatus‘ﬁére begun, consfstﬂd of
) Vestvabli,shlihg p@rtiéle »mobﬁ&'ties in both,tap and demineral-
ized water. The vé]Qes,obtained were -1.48 x 1077

. ' - - . )
sec and -2.6 x 10 4 cm2/vo1t.sec respectively. "It was

-~ decided to run clarification tests with slurries made from

EET .
both types of.liquid.

The .clarification tests gave same fnsight:intd;;he
operabiTity of the thickener apparatus. The f}rst test,
'run'hﬂder the conditions. listed for Test no. 1, silica,

. R . .j;/
using tap water to make up the slurry resulted.in no

detectable diffe}enpe between the,ovérf]ow and undeff]ow
With respect to solids content. Rgduct}on of the Qo/Qf
~ ratio showed no impfovément in the overflow clarity and as
a éonsequence'it was decided thét the particTe mobiiity,
achieyéd,in ﬁap w;ter, was not large enough to allow a
cataphoretic effect to také place within the: thickener.
The second testiwas designed to study'the gétaphor:tic

effect in demineralized water with a sfall Qo/Qf ratid}tﬂ\

‘cmz/vp1ﬁ.~

'/
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the change 1nyoverf:ow clarlty

>

are presented in F1gure 19 and Tab]e 13 below. )

Table 13' Conditions for Bentonite Test # ?'

i

Experimental Data for Bentonlte Test

Ave. V¢lt CGradient

Ave. Feed Flowrate

VARIA TEST VALUEK\\
S]urry

Electrode Separatioé* ]4.in;/35"6 cm

. : A S .
Chemicals Added - Hfone
Depth of First Feed Well .
Discharge Port Be]ow ' 8 inches
* Cathode -

Thick. Pulp Temp. Range  20.7°C to 22.95°C
| 2.4 volts/cm
Ave. Power Input B '*,' 195 wette

780 ce/min

Ave. Overflow Flowrate 620 cc/min

F1gure 19 illustrates the effect of cataphoretlc é

a551stance on. c]ar1f1cat10n when the power is turned on.

It is of 1mportance to note at th1s point the extremely

‘a ste%ﬁe vo]dmetr1c feed flow cannot be ma1nta1ned Th:
requ1red that in order 'to ach1eve an overf]ow rate which

resu]ted in a rnet water f]ux upward

afarge Qu/Qoa ratio

PR T
-

‘The proced;re was to run w1thout power unt11 steady

The resu]ts -0f this test

2-1/2% Bentonite by wt...
in demineralized water -

| The design of the thickener apparatus

staté Wwas . reached and then tu;n on the power and determ1ne

"~has an ﬁnherent 1imit to the minimum feed rate below whlch

whwch cou]d ‘be overcome

“
iy

96
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Aset at 40 per cent solids - and the f]owrates Qu and Qf

 /T1.8 per cent while with silica the E{ariftéation was 96 -

by the 1mparted cataphoret1c ve]oc1ty, the underf]ow'

flowrate‘?ad to be abnormally 1arge To 111ustrate the

q;fference in resu]ts for s111ca and benton1t§\the fo1low-
1ng calculation will be done F1gure 20 shows the sp11t
accomp.lished in the th1ckener apparatus In the caqu]at-

1on the spec1{>c grav1ty of: waEEE}has been assumed tg beV//

equal to one and a]so, it is assumed that” the underf]ow E

'f1owtate has neg]1g1b1e effects on the mot1on in zone 2 of

the th1ckener The last assumpt1on a]]ows ca]cu]at1on of

-the underf]ow f]owrate wh1ch wiltl y1e]d 40 per cent so11ds

in the underf]ow for bentonite for the purposes of th]S
111ustrat1ve ca}culat1on (The data'used jn the gslculat- th

jons was taken from Table 4 and Table 13 the”undert]ow was .,

.ca]cu]ated )y P \ N .

' The. clar1f1cat1on ach1eved With the benton1te, shown. .~ >
on Figure 19, is (1.65 --0.96)/1.65 x 100 per cent = -
per cent, Further; the silica was s]urried’in tap water aty
5 per cent solids while the bentonite was mixed in;deminera4
lized water‘at 2-1/2 per cent §§lﬁds.* The unit area ratio :

shows

_ehat to achieve 41.8 per cent c1ar1ftrat1on of

bentonit®under the cond1t1ons of the test .requires a

' thhckener~w1th.9.5 . '-__‘ ST

*The benton1te'was slurried at a lower solids content than

the silica to reduce v1scouszeffects resulting f
s#e111ng and: a1so to. ease hafidling
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R} ) 5 .
times the area of one which could treat the saﬁb silica

N

. 1 . \
tonnage with fiuch better results.

‘It has,been shown that such a system-as was used for

~

expérfmentatfon in this project, is able to treat a -~ >
bentqnite-suspensimnﬁto some degree, but,“to'obtain

godd:élarifjcdxion @&96 per cent), the capital and power

would most probably be so uﬁéconomic as to make such an

-

industrial application impractical:

~
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D Great Canadian 0il Sanas Test

Thié, the'ffnai test, was conducted with G Samp]e

of theita1]1ng product obtained from the Great Canad1an

}
0i1 Sands (G c.0.S. ) plant in Fort MacMurray in north-

eastern Alberta, during July of 1973. A~biief 1n&<2i35319n-‘ 1

is necessary before giving the exper1menta1 results.

'ff’ fThe stimulus for.approach1ng the proaec; dlscussed .

' \ - ' %
11, this work was provided by the problems presently-being 3
encountered. by the G.C.0.S5. plant. G.C,0.S. wag the first

p’ant to begin producing synthetic crude oil from the
s - .

bitimen sands of the“area. Thesc 'tar sands' consist of

P

sand, heavy crude oil and clay mincrals. After substantial
removal of the crude oil 'the sand and clay STJ;ry is pump-
ed to a tailing pond ere the coarse sand particles s

settle and the fine clay remains in suSpension“ The pres-
v ."f;,l,' -

froe of the clay fraction, in the water precludes recycl1ng

as this leads to procegslng prob]ems the most notable of

whi.  .re:

w

i) $ou]1ng of the: heat exchangers,_the pre11m1nary

step in extraction requ1res a :225} temperature of approxa-
. : 4

mately 180°C;f The fouling lowe the overa]l heat transfer
IS . "‘\ .
efficient between the chambers ‘and requires frequent

~
?

cleaning of the exchah@ers ahd'thus Targe groduction
losses; and, . . .o : \ =

ii) Afbhi]dup_oﬁ clay 1in the recycTe water.seeves toi
increase the vichsity.o¥ th suspensioh. T0'eqab1e good
\ . ) - . .

¥
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i
{

operation of the flotation cells in tte plant the middling

v1scos1¢y must be Timited to about four cent1po1se * Theh
_
v1scos1ty changes very rapldly beyon the c]ay loading

-

Timit of the water wh1ch results in ‘the sudden change from
=an operab1e to an@1noperab1e cond1t1gn

The net resu’ of these prob]ems is that the consump-
t1on of river water lnanases and the area of ta111ngs
impoundment. exceeds design expectatlons It has recently
been stated that thé present Alberta government expects
three‘p1ants_to be producing synthetic crude on thev'tar
.sands' by 1982 and that by the year 2000 there w111 be'
twenty p]ants in product1on Many of these plants will be
1arger than the. present G.F.O.S. plant and “thus there is
a strong possibility that the clay ;aspension problem will
greatly nanifest ftself assuming no major technological.
advance in the extractfon flowsheet s forthcoming.

The research staff at G.C.0.S. have 1nvest1gafed many

xd1fferent clar1f1catlon techn1ques to reduce the solids

i concéntratlon of the ta111ngs pond water, but, as yet,

those which have been seen to work are economically
prohibitive. Some of Ehe techniques which have been
-studied include flocculation, x—rayfbonoardment,*centrifug-
idg, freezing out, and an app]ication.of the cataphoretic

technique. It was,obvioué that a cheap reliable method was

*A more comp]ete discussion of the flotation p ob]em can .
be found in Clay Mineral Concentration i, Tailings of
G.C.0.S., B.W. Raymond M.Sc. thesis Montana Coll. of

Sc1._&“Tech. -May 1969. :

102
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needed»for solution to this problém and this initiated .the

investigation of cataphoretic assistance in the clarific-,

ation of ;\co]1oida1 suspension, in a thickener.

‘The results of theTtest work conducted with,the .

., G.C.I1.S. sample are shown in Figure 21 and Table 14.

Table 14: G.C.0.S, Test Data

VARIABLE - -
".
Slurry
.Eleétrode Sebaration
Chemicals Added
Depth of First Feed
Well Port Below
Cathode

Temperature §ange

“Ave. Volt. Gradient

Ave. Power Input
Ave.'Feed Flowrate

 Ave. Overflow Flowrate

_None o %‘;

‘165 cc/min’

TEST VALUE

G.£.0.S. sample at A
2.4% sglids* r

14 in./35.6 cm.

8 inches

19.8°C to 26.4°C

oy v
7.43 volts/in -
2.93 volts/cm

250 watts
735 cc/min A ;

Figqre 21 illustrates that a 52.5 per cent clarifying

efficiency is achieved under the test conditions. Since

power costs were desirable for this test relative resistance

‘measurements were taken on centrifuged aliquots of both the

thickener overflow and the G.C.0.S5. sample. These‘va1ues'

*The physical nature of the sample required it be trans--
ported in slurry form to the mixing reservoir. The
sample solids density was taken as 2.45 and the solids
content of the slurry measured, using this-value, ~

"allowing the appropriate dilution for testing.
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were 3, OOO‘Oth aﬁd-] 650 ohmé respactive]j (i.e . the R
G.C.0. S sample. is 1. 82 t1mes more conduct1ve than the |
test 11qu1d and this w11] require- 1 82 t1mes the power: L\
ma1nta1n the same voltage grad1ent based on equation (6).
Ca]cu]at1ons show that to treat 1000 u. S ga]]ons on thé

test apparatus the cost wéu]d be 0. 85 do]]ars, assuming a
power cost of 0.005 dollars per k11lowatt hour. This js

a high unlt cost for a re]at1ve1ydgoor clar1f1cat1on This,”
coupled with the 1n1t1a1 cap1ta1 cost to fabr1cate an in ~\\

ustrial model of the g]ar1f1catlon.appara;us wou]d appe r \

to make this an economically undesirable means of‘cdmbating

3

the c1ay_$uspensi0n probfem. It is of interest to.note
that the ion content df’the water is particularly impoftant
for power'caasiderations buf the cation conéenfhatjon does- .
not show an effect on partit]e mobi1ity'near the magnitude
of that exh1b1ted in the silica tests.

In summary, a]though this method does not appear to v
be 1ndustr1a1]y app11cab1e to the G.C.:0.S. problem in itg.
present form, 1t_may be the least expensive means of »

clarifying when éompared with those methods préviously

mentioned.



———a

. CONCLUSIONS: * . . L

R . ) !

\\\\;Iiirigparatu: &5<igned to clafjﬁy co[loid31 Sus-

pensions ‘using cataphoresis to assist gravitational

-

sedimentation was demonstrated to work .in principle.

The cop€lusions which can be drawn with respect to

tion of a system of this nature, as were deter-
. .. L. v |
._m1ned iAn the silica tests, are: . | _
if Theré is gu_ﬁpt*ﬁUm\ngtage grag{ent‘(or power

input), which is determined by the characteristics.

the oper

of‘the Suspgnsion._ For a given sqspeﬁsiOn the

overflow clarity will increasevin an exponential

mannef.as.either¢§o1tage or power is intreasedl
ii) The rate of treatment of a suspension Should be

held to the'lowest.practicai value to minmiZe?
- . v 3.

overflow flowrate -and hence maximize clarity.

L) .
.

iii). Thé-ionic strength of the suspension should be
cohtfol]ed, whefe possible to optimjze_the
. combination of minimizing power input and
gvf";maximizingvparticle mobility. |
jV) The separation between the upper eiectroﬁe and the
| feed well discharge level should be large enough
to prevent particles from reporting to the overflow
"by short circuiting due to.ihterna1 curren%s"
while keepfng a sufficiént]y"]arge Qo]tage
\gradient. _ - ‘
V)' The solids.fiux or feedrate must be held to the

~
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lowest practical value. : - » |

‘The electro-osmotic effec . which aggiéts in ‘the
deWatering of the underflow deposit {s benéficia1 with
resbect to thickening theisuspension. Thig effect waé
detremental to the results in this test since the
equipment was operatingvin a continuous closed ¢ircuft
5uththat increases in SJ causedrsub§equént increase§ in
' Sf'and to some extént masked the effeét~bf cataphoretic
'1assjstance. |

The abpératus was'aTSo shown'tq‘work iﬁﬂzge clafif¥
ication of two c1ay suspens1ons,‘a1though because of )

- the power restr1ct1on> in th1s test1ng, good clarifi-
cation.could not be achieved. ' |

To compare ‘the c1€Y1fy1ng eff1c1ency,_0perat1ng costs
for systems to treat. the three suspens1ons used in this .
testwork, Table no. 15 is presented.

This tab]e,fé subject tow%ﬁgﬂfol1ow1ng/conditi0ns; i)
The':;ZEEIE of tests no. 1, C-and D and ii) A pdwer<co t
of 0.005 dollars per kw-hr 1{ii) A solids flow to the - |
c]ar1fycat1on process of 3100 t.p.d* iv) 40 per cent

A,so]1ds by weight 1n the underflow v) The cost is taken
. from (36) with 50 per cent added on for electrodes, suit--
~able tank lining and instrumentation.

.The'tab]e shows the silica to have thebbest economics

and effiCiehcy while the othér two suspensions are relat-

*Typical .of the f]ow of solids in the recycle water at
G.C.0.S. -
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ively sfmi1iar., Based_on‘these comparative studies it

would have to be concluded that the proh1b1t1ve economics

and poor app11iat1on ach1eved with the clay suspen51ons
would preclude any industrial app11cat1on of a cataphoreti-'
celly assisted thickener tor clarification at the oresent_
tlme ’

w1th regard to the G.C.0.S. suspension, this method
worki/to some extent to both clarify liquid through
catophores1s and compact sludge through electro-osmois.

These are the desired aims of a process to treat s]udge,

- but in this case the solids content of thegfeed was well

v \

below that which would have to be treated in practice
(Sf equals 5 to 30 per cent). The‘}ncrease in Sf coulo
have a.de1eterious effect on system performance ahd
hence make industrial app]ieation an‘even less likely
prospect. | _ L |

. vThe.epquétus has been‘ﬂemonstrated to work_in the

clarification of colloidal suspensions, although, with

the present design, the results obtained rule out practica]

"applications based on performance and econaomic consider-

ations.
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. APPENDIX ‘1 . -
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ILLUSTRATION OF THE CONTINUOUS
CATAPHQRETICALLY ASSISTED
. THICKENER SYSTEM -
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. Figure 22: Sco.hve'ma‘ti“(: of the\\Catapﬁd‘.reticaily
" Assisted Thickener Clarifier Apparatus
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¢ Feed System

The:Slurry

PLATE 2:



It G
7777777117}

PLATE 3: The Thickener and

Power -Source



PLATE 4; . The Underflow an’d Slurry Retur)n Pumps



CSECTION A-A

119

2 - S
SLURRY

RESERYOIR

1

MICROSCOPE |
(x100) - || I

\,/

Pt
ELECTRODES

g

SAMPLE |

CONSTANT-AMPERAGE |
POWER SUPPLY [ . .

DISCHARGE -

FIGURE 23: Schematic.Illustration of
Mobility Measurement Apparatus



)

APPENDIX 2

DATA FOR FIGURES

120




121

[
Figure #5
_ Mobility -4 _ -
_cm-/volt-sec x 10 "«  pH Value
-1.98 | 3.1
-2.45 3.91
-2.66 5.06
-2.55 6.0 Comments: 2500 ppm |
~2.62 | 7.0 ;gzﬁegiaghiﬁf -400 -
-2.58 ‘ 8.05  Edmonton tap water.
-2.53 cf 9.
-2.25 10.01
Natural 11.02 °
“locculation 11.98
~ Figure #6
q%.A. Cyclosizer Data B. Hydrometer Data
v Cummulative 'Passing Size Cummulative éaSSing Size
% Passing . _in Microns  %-Passing in ‘Microns = >
99.9 49 99.9 59.6
97.8 35.2 195.9 42,7
87.2 27.2 86. 9 -
65.0 17.8 74.3 '22.8
52.8 13.5 61.7 17.9
- 56. 5 14.5
| i 49.2 12.2
Comments: Cyclosizer used with 41.0 9.9
the compliments of Brenda Mines 32.9 7.2
Ltd., Peachiand, B.C. Canada. v
' » e 27.6 5.4
24.8 - 4.7
21.5 3.9
11.0 - 1.6
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. ) . ‘ . . . RO,
Figure f#7 L _ RTINS I
. . Jempefature °c 'Density;QfVWater . . 'aﬁ;i‘; :’% ﬁ¥
18°¢ 0.99862 gn/cc - . . oidT
19 0.99843 gm/cc . .7 o TTaan
20 0.99823 gn/ ¢ f!f R
21 0.99802 gm/cc g
22 .0.99780 'gm/cc . . o3
23 0.99757 gm/ec L. U
24 0.99733 gm/cc : R
25 0.99708 gm/cc kS
26 0.99682 gm/cc
_ 27 »0.99655 gri/cc
) 28 10.99627 gm/cc
29 0.99598 gm/cc L
30 0.99568 gm/cc . "
31 0.99537 gm/cc il
32 0.99506 gm/cc-
33 0.99473 gm/cc
34 0.99440 gm/cc
35 0.99406 gm/cc
36 0.99371 gm/cc

Figure #8

Time (hrs) Feed - S]ukgx Temp.(OC) - €Thick. Pulp Temp.(OC)

0.1 ' 21.4 | - 21T

0.4 21.55 | 21.2

0.6 21.65 : 21.2

1.04 21.80 | : 21.3 _
o 1.26 21.9 | 21.4

V.54 21.82 - T 21.45

‘1.86 "21:82 21.55

2.02 21.82 ‘ 21.6

2.24 . 21.82 | 217



'Figuré #8 (cont'd)

Time (hrs) Feed

2

2.
3.
3.
3.
4.

|
§

4.
4.
5.
5.
5.
6.
6.
6.

7.
7.
7.
8.
8.
9.
9.
9.
2.

1
{

Comments:

64

99
25
59
76
'l'] ’
66
93 .
25
64
97
24 -

08

59

92

42

84

31

6%,

99

89 e

40
78 ,%%Qﬁé_'

Slurry Temp.(PC)

21.
.90
.20
‘ .90
.90
.90
.95
.95
.97
22.

22.

22.

22.

22.

@ 22
.25
.35
22.

v 22.
- 22.

22.

, 22,

22.

21

21
21
21
21
21
21

22
22

85

90

00
02

02

02
05
10

50
52
61
80
95
75

. /';‘/

-

S
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Thick. Pulp Temp.(°C)

21

21
21

21

24

.8
21.
21.
.95
.95
21.95
- 21,
.95
21,
21.
22.
22.
22.
22.
23.
23,95
.30.
24,
25.
25,
25,
25.
23.

8
9

95
95

95

95

05
3

46
87
25
95

60
00
35

50

70
80

Y

Test begins at 3.33 hrs, power on at 6. 0 hrs,
power off at ‘10.0 hrs :



~Figure #9

Ti

—t
3
[¢]

.38
.82
14
.68
.28
.70
‘42
.70
.00
.08
.52
.59
.04
.57

.94
.91

— .
N W OV W WK~ U GRS W W

Figure #10

hrs

.89 .

7.
o

O 0O 0 00000 oo
*

|

43.8

44.8

44.5
44.8
43.1
44.7
42.2
49.6

53.0
T37.1

42.4 .
42,4

45.7

33.6

—
o
3
12/

—

N- WO W O~ ;1 ;o

w

A
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“Underflow Pump‘Speed

3
3
3
3
3
3
3
3
3.
8
8
7
7
7
7
8.

(hr

.89
.76
.11
.50
.76
.97
.89
.43
.78
.92

.64
.64
.64
.64
.64
.64
.64
.64

64

.7
.7
.32
.32
.32
.32

7

r.

.M.

-
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| S .
“Figure #11. » ) . ] : |
S Time (hrs) S0 - - Time (_h'rs)
0.0 3.0 '0.01 | 12.13
YUot.04 3.43 0.01 12.61
0.90" 4.02 0.02 o 14.02
392 _ 4.40 *0.02(Su-= 44.8%) 14.22 .
0.90 5.36 0.09 1511
‘ 0.93 5.83 0.12° - - 15.56- .
0.91 : 6.11 0.07 ©16.20 ,
£0.92(Su = 38.2%) 6.40 - *0.09(Su = 42.1%) 16.40
0.12 - 7.28 0.20 S 722
0.04 ~7.83 083 1767
0.01 8.43 0.18 - 18.00
0.01 8.89 %0.20(Su_= 40.13) 18.15 .
0.01 « 9.35 0.23 - 19.00
< 0.0T 9.83 0.50 T 19.83.
*0.01(Su = 50.2%" 10.0 0.72 .- 21.08
0.05 11.55 |
*Mi‘érage values when power changes are made,\a's\di‘scussed? .
-earlier. : . '
. : ’ ’ . :
Figure #12 » Figure #13 -
Applied . - ~ Power
So -~ Voltage “50 in Watts - o
0.92 0 . 0.92 0
0.01. (RE: . | 0.0V 266
0.02 = 82 | ' 0.02 127
0.09 60 009 - 60
0.20 41 0.20 . 28

LAY
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“Figure £14 . i
o . . ~ s}
So Qo_cc/min . Su
:_075] e 820 - 398 Comment: .
10.72 i 980 - 43.3. Qo = 820 cc/min with.
. _ ‘ , no power;-So” = 0.90.
SREo. 1110 467 Sy < 36.5% with no
0.90 o 1270 = 50.2 power
' . o ‘ - Qu = 150 cc/min in
B _ _ - all tests |
" Figure #15 o o | k:;:)
ad Mobility Na® Conc. o = %
(c’ﬂ@gplt—sec) x 10 ~in p.p.m, » ‘ :
i =25 \ : 0 -~ Comment: Samples of
. -2.76 - 3.4 5% $102 prepared by
T 2313 65 technique described
oo : . . N in (18) pg. 30 with
s =3.47 4' 11.9 the exception that
g’ _ ‘ . centrifuging replaced
o7 3'75 . 23.8 filtration. :
. -3.83 . o 65.0 : |
. Figure #16
.50 o Applied ' Power
== -~ Voltage (watts)
1 0.60 149 33
0.17 o143 186
0.1 136 243
'C 0.13 -« 106 Y832
0. o
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*The ‘equation used to reca1cu1ate water density for

.Test begins at 0.83 hrs. Pover of f at 8.17 hrs.

(‘ ‘ . ‘v 5‘2. | | ‘- ]27
Figure #17 S R . | 7

'Vditége_" Electrode

o S Gradient  Separation ) .
Measured So  *Corrected So .volts/cm inches
0.04 . 0.24 ¢ 5.39 10 _
. -0. 07 .- . 0.13 . - 4.56_ 2 T
,-o 20 0.0 3.97 14 .
-,*Equatlon to correct water dens1ty is:
(H 0) = ~0. 000236 1% + 1. 001763'
Figure #18 A ) » - . . : '
' . - . | Solids . S /X
~'Solids Flowrate So -~ . Flowrate So with .
to Thickener Without ‘. to Thickener Cataphoretic
(gm/min) - . °~ Assistance gm/min : Assistance
68.8 0.8 . k,' 97.15 " 0,01 s
770 2.10 223.08 . 0,55 €7
320.1  3.66 ~ 40667 . 2,45 "‘

tvansformat1ons was:
ﬂﬁz )= -0.000236 T°C + 1 002509
- &

 Figure #19 . -
Time (hr So Time (hr ‘S0
1,33 - 1.65 5.8 - 1.08
1.83 - 1.66 6.08 .08
.2.33 .64 6.58 . 1.02 ’
4,08:  1.37 7.08 . 0.98 |
4.58 1.28 7.58 0.96 A S \ .
5.08 . 1.19 8708 0,97 . S ~

Fower on at'Z.SB hrs.

!

°
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Figure #21

-

Time -

.77
.30
.80
.00
.58
.08

Yy U OwWw W N

‘Test beginS‘]fZS hrs.
Power on at 4.00 hrs.

hr

b

.
1
] .
1.

R
0

. 98-

iiﬁe,(h"§
.58
.08
.58
.08
.58

o 0NN O

s
0.93

0.86
0478
0.74
0.76

- Test endslat 8.75 hrs.
LS . o

o~
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