Chapger III

PELLET FLOCCULATION
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had historical 2 ' 'to the discovery of

flotation. The, :35; s ' v A.E. Cattermole

(Gaudin, 1939; Yusa of his procedures,
acidified ore pulp waé%é%%égf hough quantity of fatty acid
to fill the pores betﬁééﬁkﬁ ns of valuable mineral

The objective -was t6 for v -'u,lcompact association
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of mineral parE;cigg ; couldﬂye gathered as a heavy

sediment in clas$ifiers.
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spherical agglomerates of o0il with coal and separation of these
spherical agglomerates from unagglomerated waste by screening or
classification. It resulted in very good recovery of coal, in
comparative tests, it had a better grade concentration than
flotation.

In the Christensen process, the aggiomeration technique

was extended to very finely ground oxidized minerals, the
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separation of the spherical agglomerates from unagglomerated
particles being effected by frgth flotation (Yusa et al.,).

Stock (1952) reported that when dried barium sulphate was
suspended in dry benzene in stoppered Nessler tube and was
horizontally mechanical shaked in automatic shaker. After 24
hours the solid completely aggfegated, produced discrete sphere

0.5-1 mm. in diameter. It was‘téggfzgyely suggested that the

phenomenon was caused by the-fact th;éQbarium sulphate had a

a—""ﬂ-‘_ o - .
hydrophilic suriiggxﬂﬁ cons#iuencely tend to aggregate so as to

presented to the, ' ﬁpbic enzene the minimum surface per unit
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volume. Expecter h i;cai agglomeration would not occur in

a solvent which i

Smith and
sﬁggestion. Condu
that spherical agglbggfgigbn diiiigﬁ;took place when the system

contained no;xite;{”mfbggLfthéWmeghanica;fé;glomeration of barium

- i e :
sulphate suspended in organic media into spherical agglomeration

took place wheﬁzthe system contained a smzil quantity of water as
a secondgliquid, which was necessary for used as interparticle
bridging agent. -
ivaofe history Qeré ébout organo-pellet |[flocculation,

. which pellet flocs were produced in an organic dispersion. In
the case of aqua-pellet flocculation, in which pellet flocs were
produced in water dispersion had introduced in following review.

Yusa and Gaudin (1964) presented formation of pellet-like
flocs of kaolinite by polymer chains, direct pelletizing from
aqueous suspension. The tecnique had been developéd by insertion

of a flocculant consisted of long molecules in pulp of kaolinite
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and mechanical work given to pulp. It was found that large and
compact kaolinite flocs, pellet-like in appearance, could be
produced from a suspension under-special conditions, on the basis
of the experiment of a pelletizing machine was constructed. The
machine consisted of a horizontally mounted drum, the drum was
rotated at a peripheral speed 6? 2.3 meters per minute. Prior to
the rotation partially hydrolyzed.ﬁéiyagrylamide was add to

-t -
kaolinite suspensioy, L=t wasnfound that pellet-like flocs could
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be readily wet scmpe® g 13

The wetgpellétizing engineering, offered a basic of the

new scientific brang yﬂsa:et;al., 1975). Compact floc was
produced by a third o gulgﬁioéa known as pellet flocculation, as
“ g # 4l ,-i,;f:a #

mal ¢oagulation and flocculation. The
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device, horizontal-cylindrical drum, or

distinguished from n

pellet-flocculating

aquapelletizer had been{ilreadyéZhlﬁbmmercial used in Japan. In
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this device, " ' '}fticle-bridging
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agent. Inside the pelletizing device, voluminous flocs formed by

flocculation rolk over or collide, against the wall as the drum:
was revolved. The wmater was exuded ffqm flo¢s by external force
distributed unevenly on surface of the flocs. ThéJresults vere
pellet flocs and separated water, thelwater fromipellets flew
through slits in the wall of the consolidating section and pellet
flocs were finely discharged from the end of the cylindrical drum
as low water content cakes. The following sludges were tested by
pelletizer such as, clay sludge exhausted from gravel pit,
bentonite sludge exhausted from a construction field where shield
tunneling was under way, activated sludge containing oily'sludge

that exhagsted from an automobile manufacturing plant, sludge
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dredged out of seabeds or riverbeds.

Granulo-dehydrator was one of pellet sludge dewatering
machine had been use in Japan‘(Japan Water Works Association,
1978), which was a gravity system dehydrator of revolving drum
style. When the raw sludge was fed with high molecule coagulant
and stirred slowly,_the sludge{particles gathered together and
conglomerated. Gently rolling'éggfép Was given to these
particles in the y@ter, they*peca;é'péflgt—likg flocs and the
icdes Aemoved as result and agglomerated

water between t?j:ggét.

into lumps. f fhis Ehenomenon took place, further

moisture separéte_ jié'df:tﬁe pressure by the thick sludge.
v ancéntsation was too low or less than 2 %
N

Y JIlJ !
seem that the cong omeration con;d not be achieved, separatlon of

Therefore, when siud

solids from liquid came*d1ffxdgi£ The moisture elements that

iy
removed from patlcles were dlsdﬁiige through the slit provided on
_r,d;_( _|J!“‘il-l-—.
the drum and ceke carried to the open1ng oﬁfthe end of the drum.

"-_s

Although the g{anulo—dewaterlng method was“féferlor in
.dehydrablllty tb vacuum filter, pressure f’lter, centrifugal
separator bat| the mechanisniwas=simplé land Fareély got defective.
The rate ®f solids substancé tréatment in granulo—dehydrator was
60-130 kgx/m.zby and“the 65-85"% water ‘content ofthe cake was
diséharged from the machine. This machine éften operated in
combination with sludge drying process.

A new fluidized bed pellet separator was presented by
Tambo and Matsui (1987a), the separator was experimental for
separation of h;gh turbidity suspensions, ranging from hundreds
to thousands mg./l. concentration, with very high upflow rate of

30 cm./min. (5 minutes detention time). The experiment began by
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addition of coagulant as aluminum salt at neutral pH to charge
destabilize of clay particles_%n flash mixer. After that,
anionic polymer flocculant was added to coagulated particles, to
gave strong binding force to microfloés, before they were sent to-
the bottom of the fluidized bed pellet separator, which was
consisted of multiple-stage pa¢%}gsragitator. Thus the separator

produced denser pellets around lUﬁ;%:in size and good effluent

as results. = et -
a— . |

Innovat{x;;sff 5é—pelSetizing thickener, a new ultra

compact sludge

atment /system has been developed (Watanabe
i §-a <8 e :

et. al., 1990), the e/was Ball-shaped Effective Sludge

=g ! d-:
). -{n’éyis system, primary plus secondary

Thickening System (
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sludge was direct a sludge conditioning tank, where it was
i - e
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nLgfgqagulanffﬁnd mixed to neutralize the

e ——

dosed with an inor

surface charge of thg;§l§§ge paii&é}es- This conditioned sludge

\7 "
amphoteric polyfler was added to conditionéd sludge, in order to
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was sent to & eylindrical n9119f171ng'f%7rkgjer, where an
s

pelletizing the sludge. This results in pellets having a
diameterfof |8/ te |20 mm. Thevretention timel of sludge in the
system was only 10 to 20 minutes, compared to about: 12 hours when
conyentional ithickeners weré.ﬁsed. Firther, thehsoluble
phoéphorus could be converted to an insoluble substance by
additional of inorganic coagulant and entraped in the pellet
slnge. And because of the short retention time of the sludge

in the system, there was less opportunity for the sludge to
became septic and to released phosphorus into the supernatant

which normally was returned to the wastewater flow.
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3.2 Mechanism of pellet flocculation for moderate-high and high

concentration susgension i

Because pellet flocculation tecnique is a new branch of

flocculating science and engineering, there are many aspects of

mechanism for explain the w\ of pellet flocculation.
Some aspects of the et o ‘& mechanism for morderately

..’

high and high co@n sspe@ shown &s follow :
3.2.1 Ths .‘-Ao,: t" ‘ et flocculation
| PEETY A\ AN
2.1 ispel sec "" e of fine solid particles
r‘ b=J -ﬁ A \ \
(in a flocculatedsystem, cles were connected randomly

to form loose, bu

se bulky floc, before

sedimentation

(A ,
al? 0 T LR DY o t—pell -{ 6c produced by uneven

force given on Hoé SU

quid 1@ floc was exuded at
points where the external force wyere weak, the floc became more

conpact ﬁ}l S IS FE) A T Jorien enis

phenomenon: ¢
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a plane or curved surface;

b) The collision technique, to imple the flocs to

collide with each other, or with a plane or curved surface (Yusa

et. al.,1975).
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3.2.2 Pellet flocculation mechanism stated bv Tambo and

Matsui

The pellet flocculation mechanism had been shown
that pellet flocs were happen by mode of one by one attachment of
the elementary particles onto the solids in the metastable state.

The metastable state produ tsd’e e considered as the system which

had already an elementary s the final aggregate but

did not have enoug.h_i.u.e-.-andﬂr cmtlon to make instant

aggregate by thy'

which have the s

When the elemenf
system, very qui
active-solid surf
one by one attachﬁe

This kind of aggregathg;sgang y caused bulky agglomerates. Thus
et S .

the aggregatg&&result would let, consisted of

(Tambo and Matsul 1987a).
‘a 'Y

U and others ¢
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flocculation mechanism that there were 3 steps to produced pellet

sludge.

3.2.3.1 Sludge conditioning by usinéthétal
coagulant such as aluminum or iron salt to charge neutralization
of‘sludge

3.2.3.2 Formation of large, strong flocs with

amphoteric polymer flocculant. The flocculation reation was
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considered to proceed in ;he following manner :
_a) The cationig portion of the amphoteric polymer
- molecule adhered to the anionic bortion of conditioned-sludge

surface;

b) The cationic portion of the amphoteric polymer

molecule then combined wi

ree anionic portion of the

%s. Thus the undissociated

vmer m@ dissociated and

mi Wi sludge;

molecule to form ap

anionic portion

»m;A]<{j*' dge the particles of
the conditione& : _:}.:a%u '\\;:
r_"\qQ\m flocs into pellets‘by
rolling pellets a ﬁhﬁ#ré-‘i,: :E %\ The rolling action

required for parti gropth was , ought about by both a verticle
and a horizontal circ,lﬁﬂ,.f,‘é‘ ong the reactor wall.

separating from ed sludge as result.
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