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Engineering Practice

Onperate Your Hitering

Gentrifuges Trouhlefre

William B. Eckstain
The Western States Machine Ca.

entrifuges isolate solids from lig-

uids, ar saparate ane liquid from

agnother, They bring abaout the

settling af a heavy phase aut ol a
light phase, or the fliration of sus-
pendaed solids from a liquid, by magni-
fying the forces of gravity. Althaugh
rentrifuge usage is widespread, thare
are (many miscarceplions as to proper
operation and maintenance af this
equipment, Misconceptions particu-
larly ariae with raspest Lo eentrifugal
filters (or filtering centrifuges’ that
operate in the bateh maode.

Filtering centrifuges provide filter-
ing action by forcing liquid through
the cake of solids as f builds up, and
an thraugh a filtratian medium, leay-
ing the solids on that medium. He-
caysc of the centrifugal forces — tvpi-
cally 800 to 1,000 times gravity
—assomated with centrifupes”  high
rotatianal speeds, liguid is driven
thraugh the cake faster than in any
other pype of mechanical separation.

Ohviously, centrifuges are not the
optimal choice for every filtration situ-
atign, In approaching any fOitration
Eask, the first eonsideration s the rel-
ative amount of solids to be iselated
and bBquid to be fltered away. The
smaller che propaztion of solids, the
larger the area required to handle the
hydraulic laads. Far small proportians
of solids, equipment such az sand fAl-
ters, filtar presses and rotary vacuum
drum filters should be zeriously con-
giderad, because they have large
aresas, upon those areas, thin cakes be-
earme formed during operation.

Conversely, i a large proportian of
solids must be iselated, filtering cen-
trifuges that have a high ratia of cake-
handling capacity ta filter valume area
are considercd. More specifically, fl-

Match the centrifuge operating parameters
to the characteristics of your feed.
And develop a working knowledge
of the design of the equipment

rering centrifupes are preferred (f the
s0lids eoncentration 15 10 to 80%, the
s0lid is ngncompeessible, cake washing
ig required, and the final moisture con-
et must he as low as pessible
Screening tests for applicatian te a
given alurry appear in the bax an p. 51

CENTRIFUGE OPERATION
During its operating cvele, a hateh
eentrifupe gaes through the fallowing
sedquence of steps:

1 Aceeteration to feed speed; although
that specd varics fram case to case,
up to 500 rpra is bypical

2 Feeding the slurry

3. A delay ar pause of abaut 39 s while
the contrifuge continues ta rotate ac
the same specd

4, Washing of the cake as it lorms

5. Acceleralion to spinning speed, typ-
ically 800 to abowt 1,100 rpm

&.8pinning for abaut 10 min, o ex-
tract flaid from the cake

7. Deceteration, ar braking, to the
plow speed, typically abaut 30 rpm

8. Cake plowing for about 3 min

8 Keturn Lo Step 1

From the standpoint of the feed slurmy

and of the filtrate and cake recovered,

several gurcessive activities (ake
place during that sequence:

Acceleration

Betare trying o introduee the feed
slurry into the centeifuge, the latter
shauld he accelerated from its plowing
speed up to a value above its critical
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rotacional speed (the speed at which
the maehinery would oscillate ab (s
first natural frequencyl; as a rute of
thumb, the acceleration should be to
about 350 rpm.

The typical feeding (loading) spaed to
be vsed with most slurdes is higher
than 350 rpm, a5 noted above. Bub it is
nyt necossary to walt unéil the cen-
trituge reaches this ingher spead before
trtraducing slury inte the centrifoge
basket. The centrifuge will cantinue Lo
accelerate up to the higher speed even
thouarh slurry is being fed into the bas-
ket, provided that the feading rate does
nat exceed the diive eapasiky.

Feeding
Therate at which a centrifuge can be fed
varies with the praduct handled. Mor-
mally, itisadvisahle bo feed the slurry at
a rate slightly greater than that at
whick it would begin o settle out (in
other words, slightly in exeess of its
drainage chavacteristie). This stravegy
will keep the load Nuid, s0 it may dis-
tobuta itzelf evenly in the hasket. There
are, of caurse, exceptions ta this rule; in
particular, poorly draining materials
are likely to requive special arranpge-
ments of feed-distribution nozzles,
Prablems with feeding are amang
the mast cammon type in aperating a
eentrifuge. A fow prohblems and sug-
gosted remedies are as fallows:
« Free-draining matertals may drain
tao f3st. This will cause unbalance,
as a result of the slurry being
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dewatered upon impact. Solids be-
enme deposited at the paint of im-
pact before the slurry has tims to
distribute itseli’ evenly up, down
and around the basket side wall.
Here are several remedies:
a. Use a more-dilute slumy
b. Increase the feed rate
¢. Reduece the eentrifuge speed
d. Increasze filter resistance by
using denser ar multiple layers
of filter medin or, in some cases,
by removing the backing scraen
entirely
» Conversely, slow-draining materi-
als may drain ton slowly and eanse
unbalance because of “liquid load"
shifts in the centrifuge bashket. Most
of the remedies in this event are
eanverses al thase above for fast-
draining material, Specifically,
a. Use a mare-concentratod slurry
b. Decrcase the fead rate
¢ Inerease the machine speed
d. Decregse the Alter resistance
by emnploying a more-open filter
medium and by using a backing
sCraen
e Rinse the A[lter mediom to
clean it of embedded solids
* (Mher gapges of imbalance in lnad
include; breaks in the hlter medinm,
causing excessive drainage in that
area; excesaive averlap on the back-
ing sereen {the screen ends should
nstead either abut or have a alight
gap between them); excessive over-
lap on filter screen or filtar cloth; in-

complete plawing out af the cake,
werfeeding the bashet; inadequate
feed system ingstalled;, and inade-
quate case draining, causing the lig-
uid to back up within the ease (this
results in excessive power demands,
slowing of basket speed, and leaks
into the solids discharpe chutel,
The last-named two inadequacies de-
serve more discusson. Likely cauges
of an inadequale feed systern are (1)
the pump ar head on the feed tank
being too small to provide a proper
feed rate to machine, (20 the feed lines
or feed valve being tao small, (3) re-
strietions, such as ethews ar reducers,
causing intermittent plugging of feed
lines. which in turn cause intermittent
feading, andfor (4) Linproper o inade-
quate agitation of the feed material,
resulting in feed that is nof uniferm.

The causes of inadequate case
draining may include the following:
i1} restrietian in the case outlet, due tn
use of a pipe or elbow smaller than the
case-autlet nozzle size, (2) the case
outlet being connected to an cuces-
sively long drain line with vestricting
elhows or valves, (3) lack of venting on
a closed tank into which the case out-
let is diseharging.

Mote that these inadequacies in the
fzad system or case-deaining systom
basieally amount to a failure, during
the design phase, to understand how
centrifuge installations aperate. They
demonstrate the need for betier un-

derstanding of centrifupe systemas,
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Washing

Abthough the cake of collected =alids
may need to be washed for any of sev-
eral reasonz, two very cornmon rea-
sara are sirnply to displace the mother
liguor in the ealee with the wash liquor
(displacement wash) or to dissolve im-
purities aut of the cake.

Narmally, washing takes place at
the same rotational speed as feeding,
and immadiately after feeding, This is
particularly the case if the cake is
compressible, because increasing the
speed or extracting the liquid in the
cake before washing would vesult in a
mare  dense ecake, reducing the
drainage rate. Anather possibility i3
that the cake may ¢rack, thus giving
the wash lquid a short-circuit path,
which wonld result in an inefficient
cake wash.

Fram a machine-operating stand-
point, impraper cake washing can en-
balance the load. Too high a wash
rate, resulting in slow liquid drainage,
can build up a liquid load nside the
cantrifuge.

The spray shnuld ke somewhat tan-
gential to the surface of the cake. lm-
properly positioned wash nouzles can
cul holes in the eake, as can improper
sizing of nozzles.

The wazhing lime should be a fune-
tion of drainage rate, and of the vol-
ume of wash liquer required ta aceam-
plish the desired results.

Moisture extraction fram cake
There is arn optimal time interval Tor
remmoval of rmoisture from the cake
during the high-speed rotation. The
length of this interval depends on not
only the degired final moisture con-
tent bat alse the iorce developed, the
size and type of crystal, and the vis-
casity of the liquid, and 1t should he
determined  experimentally.  The
graphical plat of moisture eontent as a
funection of extraction time iz asymp-
totic, and continwing the extrachion
beyond ihe optimal interval oaly
wiskes power and time.

Braking

The optimal time intecval for brak.
ing i5 & funckion af the inertial load,
the inherent friction and windage in
the system, and the power of the
drive. The inertial load is a function
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of the weight (mass) of the baghet
plusthat of the cake, and of the rota-
ttanal specd.

Unloading

Tlie time interval far unlsading is a
function af the cgke's resistance to
shear, the rate of movement of the
plow, the power of the drive, and the
ability of the solids to drop through
the discharge opening.

[n practice, the unloading time is
difiicult ta predict, becauss of the
widely varying differences in material
behaviar. For estimating purpnses,
the authar has caleulated an unboad-
ing time on the basis of plow mmowes
ment. For example, for a baskeb 48 in.
in diameter and 3¢ in. kigh rotating st
60 rpin and with a 1/10-in, depth of
eut per revolution, the rata of rainaval
af solids 1s 13.7 ft¥min,

Some materials are very sticky and
claylike, whereas others are hard as
chalk and difficult ta unload. If o cake
is particularly Jitficelt o unload, it
may be necessary to use 2 larger drive
ar Lo use an unlgsader jogging contral;
that is, a hydraulic-zystem leakage
compensator, which allows the ma-
¢hine to maintain high torgque and
constant low speed during unloading,

KEEPING BATCH
CENTRIFUGES RUNNING
Unbalaneed loads and vibrations in
centrifuges are very detrimental, and
ean drastically sharten the life of the
machine if ot remedied. UInhulanced
loads lead to a need for high mainte-
nance on what otherwise is a simple,
low-tnaintenance picce of egquipment,
Centrifuge  imbalance has many
canses, but the four mastlikety ones are:
+ Improper installation of the equip-
mgnk
* Inapprapriate Glter mediom, ar im-
proper installation of a suitable
medium
+ Poor ar irregular zupply of feed
slurry, due to poorly ptanned eycle
times [(see abavel or inappropriate
ratational speed for Lhe centrifuge
s Tmpreperiy or poorly maintained
equipment

What can go wrong
“T'o avoid imbalance ar acher prablems,
herz are the featuras most ikely to be

in need of review or replacement, ar
special attention during operation.
The drive: Whether the deive source
1% a hydraulic or, a3 usually preferred,
an slectric variable-feguoney drive, ik
requires inspectian.

[n hydrautic drives, 8 pump supplies
ail tn a hydraulic metor that either ro-
tates or brakes the centrifuge hasket.
This system requires a reservair of hy-
dravlic oit that must be conditioned for
hath eleanhness and temperaturo, &
water-caoled lieat exchanger keeps the
ail ab the Lrmperature that is optimal
with respect to viscosity and lubrica-
tion properties; a suction filter keeps
the oil ¢lean. Check the hydraulic
koses and coancctions fraquently for
leaks, which can lead ta 91l loss andfor
contaminaton.

The electric-drive version requires

only electrical power fram a remote
mounted control panel that, by means
of frequency changes, controls hoth
the speed and braking of the hasket
rptation. Electric motors are larger
and heavier than hvdravlic makors,
and therefore are side-mounted. The
electric matar 15 couled by an integral
[an or a separately driven fan. This
arrangement requires an adeguately
targe ventilated area that is clean and
frac of obstructions.
Drive-potwer  tronsmission: The
power fram the hydeaube or electric
molar 1z tracsmitled to the basket
spindle and bearing assambly by
sheaves and V-belts. Impavtant in this
regard are the sheave alignment and
the helt tension. Belts too loose will
lead ta unintanded rates of acceleration
and decelevation; they ate noisy; the
belt life 1s shartened. Conversely, tight-
ening the belts excessively will shorten
bath the bele Tife and the beadng life.

Above the boaring spindie sheave is

the speed pickup. Proper alignment of
tho pickup head with the ipindle
mounted disc ov gear is nocessary o
ensure corract speed,
Spindle and bearings: The spindle
and bearings canstitute the center
fram which, 2t a fixed radial distance,
the hasket and it load revalve. Typi-
cally, the bearing housing consists af
the upper and lower Bearings which
are shrink ft onto the spindle and
sealed from the euvironment by O-
rigs and o] seals,
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These pgressed hearings are typi-
cally designed with an L1G Jife of
30,000 h tthat is, ane can expect that
after 30,000 k, 80% of the bearings
will skil] be running, the ather 10%
having failed) At the author’s em-
ployver, each spindle snd  beaving
housing assembly must successfully
pass a 4-h test run with temperature
and vibration manitoring beforo boing
considered ready for ingtallation into
the centrifuge.

Access to the spindle and bearing-
assembly is through the eurb top ithe
curb is the ease of the centrifuge, and
its top is the gover, which is ysually
fully opening in today's cencrifuges).
With the curb top in the full open and
secured position, the spindle flange
cover and nut can be removed, fol-
lowad by ramoval af cap screws and
flat washers. Twa lifting eyes can then
lie threaded into the Lapped hale in the
basket hub; finally, 8 suitalile chaino
hoist can lift the assermbly off the ta-
pered spindle and qut of the machine.

Because the spindlz and bearing are
of maximum impartance to the opera-
tion and longevity af the centifuse,
only qualified personnel or shops
shauld atlempt to rebuild the spindle
and bearing housing assembly,
Centrifuge suppori: Contrifuges are
typically supported by a system al
three link-and-bulfer assemblies. The
rubber buffers restrict and dampen
the vertical and homzontal matiarn,
The amaunt af dampening imposed is
eontrolled by the compressian of the
buffera of the retaining plate.

In addition, the use of a ball-and-
socket design can allow the machine
ta find its ewn center of bhalancs
under uneven basket [oads. In such
a system, the spherical faces of the
ball joints are prease-lubricated ta
allow {or free movement of the cen-
trifuge ender unbalanced or process-
condition upsets. Normally, anly nc
casional relubrication of these jnintg
is necessary.

Adverse baskel gyration ar imbal-
ance can be conteolled by a side-
maunted, analsg wibealion monitar
angd a gyration-unbalance switch I
gyration of the basket curk exceeds
34 in., the switch can close the fred
valve or disconnect the power to the
main driver, or both,
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efare saﬁecring ar sp.ecl'f}ring a e:en+riﬁ.ige, il it Benaficial to run
B preliminary screening lests with tha Feed slurry, ko assess ik

setling bc.z«:l\-'for and to delerming wheter the uvse of o Rlter-
ing [perforcte bowl] centrifuge is feosible. I not, the allemative
may ke aither o sadimenlary {impedarate, solid-bowl} cenirifuge
or a separation metod other thon centrifugation.

A Preliminary setiling test:
1. Vigorously agilate a 750-ml sample of the slurry in a baaker ta
ensura guocr ricle distribution
2, Let the beoker stond on the bench for about 30 min, During this
perio-d, ohearve the fallawing:
a. The rale atwhich |iquli-3c|¢ﬂ.rs as the solids settle
b. The degree of clarity of the mather liquor abave the solids
if the solid rmakeriol does settle ard the mother liquor dees cdear
up, proceed with twa further lasts. The first one assesses the ap-
pﬁcubiiify af a fikering [perforated-bowl) centrifuge; the second
does the some with respect 1o o sedimentary (imperdfarate bowl)
warsion

B. Buchner funnel test [screening for perforated-

bowl application):

1. Insert inlo @ 4-in. Buchner funnel an all-purpase fitter disc with 2
medium 1o kasl drain rale. Then insert the flunngl in o vacuum
flask {diagram)

2.Pul snough feed 2olids into the furnel charaber 1o furnigh 1.5 10
28 in, of filter cake

3. Honk up the Buchner hunnel to the 10baratar}r VOCUUm Sysham.

4. Take o known quanlity af mother hiquor and invert it over The
surfare of the cake in the funnal

5.Record the time it tokes For all the mother liguar ta droin through
the cake ond inte the vacuum Aask. If the drain proves to be 0.5

SCREENING TESTS FOR BATGCH CENTRIFUGE APPLICATION

| conter oenlriﬁ.;ga should L considered, becaquse thal type can pra-

500 mi Valumatric flask

Huchnar funnal —— g §
Tor wa LUy

Further testing with the perforote howl cenlrifuge is indicated.

If the drain rate is instead lass than 0.5 {gol/min) 2, the in-
dicalion is that the slurry solids are more or less amorphous
[non-crystalline) or ver\_.v?i’ne. Sych sobds do net generolly hove
interfaces hetween which liquids can migrate easily and drain
well; rather, they blind off ory ovailable liquid passages. Solids
of this lype mi;ﬁl better be handled in an imperfarate- {sclid-|
bawd centrifuge; Rurlher testing as desceibad helow is recom-
mended.

€. Settling test to sereen for an imperfarate-bowl!
application
1. Flocs hwo 1.3-ml samples of the slurry in o benchtop imperforate-
bowl {test tube} contrituge
2.8pin for 30 s and chserve the solids baysr and liguid layer.
3. Spin the malerial for an addiional 80 s
IF, ot the end of tha First 30 s of spinning, there is o definite selid
phase, and liquid phase of good darity, there is a good chance
thal the material will saparate in an impadorate bowd cantrifuge,
IF, instead, the darity of the liquid phose is nat good evan after $0
5, more G-forces are needed to effed o separalion. Because mast
baskel centrifuges are limited io 1,300 G, o harizental-bowl de-

gal/min ar g}femer
poal of significan

r square foct of fiter area, and if na 1'!3:2&

Ik rarmaing an the coke ofter filleation,

f | duceupls 3,500 G

Tt is a good idea to take an initial

foatprint on eath new, ¢lean ma-
ehine upoen s installation, and io
record that footprint as & bench-
mark for future readings. Doing so
pravides an execllent haze point
frami which to track bearing failure
and process problems.
The discharger: The discharger is
thee means of removing the solids
from the basket wall. It can he a
preamatically ar hydraulieally actuo-
ated cylinder. Tt rotates on a lawer
sleeve bearing and twn bronze rings
that are sealed at top and bottom to
prevent damapging vapors fram enter-
ing the housing.

If the discharger were aut of ad-
justment, uneven cake removal and
imbalance in the next cycle could re-
sult, To forestall this pessibility, the
position of the discharger iz indicaked
by twa limit ar praximity switches. If

the discharger is notl iy the park or
rest position and the hasket zpeed is
not between 60 to 80 rpm, the dis-
charzer solenoid valves (DSVs) will
not energize.

Onee the limit switches and speed
requirements sre mel, the pneumatic
ar hydrautic cylinder beging to axtend,
rotating its cutting tip toward the
cake. The relative speed of the dis-
charger with respect to the basket is
typically contralled by a Ffeld-ad-
justable, hydraulic ¢hecking eylinder.

Thiz same checking cylinder ¢an be
gzt up to pive two-speed operation, as
well a5 freezing of the plow pasition.
While the eylinder eantrols the plow
speed, thers are Lwa mechanical stops
that limit the total plaw travel. The
inward stop is adjustable fur final
calie-haal thickness, normally 142 to |
in. It 15 & goad tdea to readjust this n-

ward travel stop after the instaliation
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of a new filtar meadium, to avaid plow-

ing it b an the first cut

[n this same vein, remember that
improper]y instziled media can caves
poor filtration, produet breakthrough
and uneven cake distribution, leading
to unbalanced loads. Indecd, improp-
erly installed fiiter media represent
the major cause of centrifuge break-
down.

With a heel-remaval system, 100% of
the praduct 15 recovered from the bas-
ket. There zre Lwo heel-removal op-
fins:

* A blowback system can be added to
the curb, whereby jets direct a spray
of gas or liguid through the perfa-
rated basket to assist in the re-
meowal afl residual cake

* An “air knife" system can be built
directly onta the discharge plow of
the centrifupe

{Cantinuey an p. 321
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Year-round attention

The following schedule is offered as a

guide for routine maintenance. It may

be varied to suit local conditions and

the service required of the centrifuge.

Daily:

1. Inspect for cleanliness

2 Vigunally inspect all oil lines and ex-
posed shaft seals for leakage

3. Check oil level in lube oil reservoir
and in air line lubricator

4, Check cooling water flow in lube oil
cooler

5. Check air flow in bearing air-purge
line if applicable

Weekly:

1.Check inside belt tunnel for oil
leaks and belt condition

2. Check lube-oil pressure readings
during & normal centrifuge cycle

3. Check orientation of loading pipe
with respect to basket

4, Check orientation of wash pipe with
respect to basket

Quarterly:

1. Remove pedestal covers and visu-
ally inspect links

2 Inspect lube-oil hoses for chafing or
other mechanical damage

3. Lubricate the pump drive motors

Annually:

1. Remove curb top and all accessories

2. Remove and inspect baskets

3. Inspect interior of curb for corrosion
ar mechanical damage

4. Inspeet belts and bottom bearing
seal

5. Inspect top seal

&. Inspect bearings

7. Disassemble pedestal assemblies;
inspect and lubricate. And during
reassembly, apply an anti-seizing
and lubricating compound to each
end of the link where the link ball
fits

Strict adherence to a schedule such as

this should go a long way toward

keeping a batch filtering centrifuge in

reliable operation. |
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