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@ Improvements In decanting type centrifuges.

@ A method and apparatus for removing carrier liquid from
solids particles separated from a liquid slurry in a decanter-
type centrifuge, a further liguid is introduced into the bowl
which is both immiscible with and of higher specific gravity
than the carrier liquid to establish at the periphery of the bowl a
body (42) of this further liquid defining a transfer zone (46) dis-
posed radially outwardly of the body (48) of carrier liquid, the
solids separated from the carrier liquid by centrifugal action
moving into said transfer zone (46) where carrier liquid adher-
ing to the solids particles is displaced by the second liquid of
higher specific gravity, the solids particles being scrolled
through said transfer zone to the solids outlet of the bowl. For
isolating the body of carrier liquid (48) from the frusto-conical
portion (18) of the bowl, an annular disc (54) is mounted on the
conveyor (20) with its outside periphery extending into the
body of liquid (42) so that when the solids are scrolled from the
transfer zone up the frusto-conical portion of the bowl to the
solids discharge outlet. they are not recontaminated by carrier
liquid.
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DESCRIPTION

IMPROVEMENTS IN DECANTING-TYPE CENTRIFUGES

The present invention relates  to decanting-type
centrifuges.
Existing decanter-type Cenfrifuges of both solid

and'screen bowl type accept anfinflow’of slurry consisting

- of a mixture of solid particles- in a carrier liquid

which the centrifuge separates. Normally a small quantity

of the carriér‘liquid adheres to and contaminates the

separated solidé»and vqryAfine-solids remain to contaminate

the separated liquid (the cént;ateY. The'degree of -

contaminatigon is a measure of the inefficiency of the

separation. In some centrifuge applications the sub-

division of solids is required, i.e. removing the fine
solids (below the cut-size of the centrifuge) with the _

centrate, and separating ﬁhe-remaining solids from the

carrier liquid. - B T )

In the.application of some solid bowl decanting
centrifuges,1ﬁhe’contémination of the solids can be reduced
by applying a wash liquid to the solidé as they leave

the carrier liquid. This is relatively ineffective,

the wash liquid to solids contact time being short, the

wash liéuid,peing'lost in the centrate and solids tending

to be washed back into the carrier liquid.
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-In the application of some screen bowl decanting

" centrifuges, the contamination of the solids can be

feduced by -applying wash liquid to the solids whilst tﬁey

pass over the screen section. Although 'the contact time is

‘'short, efficient washing is poSsible but some fine solids”

~ and carrier liquid are washed through the screéen to

contaminate the wash liquid. This contaminated wash

liquid becomes an output of unseparated solids and liquids

that either requires a secondary separation process or is

re-circulated through the centrifuge, so increasing the

fine sdlids loading. .: _ T i

- It is” an object of the present invention to improve

the efficiency of the separation process. provided by the

aforegoing known techniques. . -

In accordance with the present invention, & further

liquid is introduced in;; the bowl which is both immiscible -
with and of~highér specific gravity than ﬁhé carrier liquid
E; establish atfthe periphef& of fhé,bowl a body of this
further liquid defining ‘a transfer zone disposed ;adially
outwardly of the body of carrier iiquid, the solids
-sepafated from the carrier liquid by centrifugal action ‘
moving into said transfer zone whére carrier liquid -
adhering to the solidé particles is displaced by the
second liquid of higher specific gravity, thg solids

particles being scrolled through said transfer zone

to the solids outlet>of the bowl.
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;¥eferably, means are provided édjacent the solids
discharge end of the bowl fbf isélating the body of

carrier liquid from the frusto-conical portion of‘}he

bowl, so that when the solids>aré scrolled froE the

transfer zone up the frusto—cbnical portion of the bowl

to the solids discharge outlet, they are not re-contaminated
by carrier liquid.

Conveniéntly, the latter means comprises a disc-
carried bxrthe"conveyof and disposed adjacgnt the solids
discharge end of the bowl, the outside diameter of-said
disc;ﬁeing such that it extends into said bo&y of further
liquid and the inside diameter being such that it extends
radially inwardlY’éf the radially inner éurface of>said;
body of carrier iiquid._ |
- The invention is described further hereinafég;; by
way of example only, with reference to théraccompanying
drawings, in which: .

Fig. l1-is a partial longitudinal secfion through
a known solid bowl decanting centrifugef

Fig. 2 is a partial longitudinal seciion through -

a known screen bowl decanting centrifuge:

Fig. 3 is a partial longitudinal seéfion through
a solid bowl decanting centrifuge embodying the present
invention:

Fig. 4 is a partial longitudinal Section through
a second embodiment of a solid bowl decanting centrifuge

in accordance with the invention:
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Fig. 5 is a partial longitudinal section through a
known concurrent flow decanter centrifuge; and

Fig. 6 is a partial longitudinal section through a

concurrent flow decanting centrifuge embodying this

invention.

Figures 1 and 2 show conventional decantiné

cehtrifuges in the solid bowl and screen bowl

configurations for solid liquid separafion duties

whepeih like parts are given the same reference numerals.

The centrifuge of Fig. 1 comprises eséentially a
solid bowl 10 which is.adapted to-be rotated about a
horizontal -axis lz?by drive means (not sﬁéwn). The bowl
10 has a radial end wall 14, a cylindrical side wall
portion 16 and a ffusto-éonical side wall porEion 18.
Coaxially mounfed within the bowl, for rota%ion at a
§light1y different speed thereto, is a helicai screw
éonveyor 20 which is adapted to scroll solids deposited
on the inner periphery of the bowl towards a solids

discharge outlet 22 disposed downstream 6f the frusto-

conical portion 18 in the conveying direction. The

radial wall 14 at the other end of the bowl contains a

liquid discharge orifice 24.

Liquid slurry to be_separated is introduced into
the interior of the bowl by way of a feed pipe 26 andi
apertures 28 in fhe conveyor 20.

The bowl of Fig. 2 is similar to that of Fig. 1

except that it contains a cylindrical screen portion 30
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between the frusto-conical portion and the solid discharge
outlet 22,

Both of these decanting centrifuges subject the
slurry to be separated to high radial”acceleration«or_
'G' forces,. thus Separating the heavier solids 32 (which

are moved to the periphery of the bowl by this ‘'G'

- force to be scrolled by the conveyor 20 to the solids

discharge outlet 22) from the lighter carrier liquid
that flows to the liquid outlet 24. )

| For the solid bowl décanting centrifuges (Fig. 1),
the present "state of the art" washing is applied-by a
wash feed pipe 34 to deliver wash liquid to a wash_
zone 36 via outlet pipes 38, witﬁ.the disadvantages
described above. ‘ -

For the screen bdwl decanting cénérifugé (Fig. 2)’~
the present "state of the art" washing is apblied by the
washifeed pipe 34 to deliver wash liquid via outlet
pipes 38a to the solids being scrolled across tﬁé screen
30, the contaminated wash liquid being collected in the
screen section 40a of the outer casing 40.

B _In the embodiment in accordance with the present
invention shown-iﬁ Fig. 3, on étart-up,_with the
centrifuge rotatipg and empty, wash liquid 42, which

is of a higher specific gravity than the carrier liquid
and immiscible therewith, is introduced via the wash feed
pipe 34 through wash inflow pipes 44 and, under the

resulting 'G!' force, fills the bowl until excess wash

liquid flows from the liquid outlet 24 (or is removed
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by a rotating collector trough and skimme; bipe, or
other known means). Thus with thé decanting centrifuge
rotating at or ﬂear design speed, a wash zone 46 is -
established at the periphery of the bowl. The slurry
is thén ﬁed to the centrifuge via the slurry feed Eipe
26 and feed ports 28, filling a slurry zone 48 to a
depth X and reducing the wash liquid depth to Y as the
centrate dischargés throﬁgh centrate outlet pipes 50

_(the depths X and Y being functions of the respective
specific grévities of the wash liquid and centrate).
A radial separating disc 52, rigidly mouted to the
conveyor trunnion for rotation therewith, has an outside
diameter greater than the diametér’of the bore of “the
cylindriggl bowl portion 16 minus Y, and an innerr
di;mefer.less than the bore diameter of the cylindrical
bowl portion minus (X + Y), in order to maintain the
separation ofAthe wash liquid and centrate at the
_liquid discharge end of tﬁe bowl. : -

- Solid particies in the slurry zone 48, éubjected
to the high 'G® f0{pes{ move radially outwards towagds
the bowl periphery and pass thrbggh the wash liquid
zone 46 to the bowl wall so as to be scrolled by the -

conveyor 20 through the wash zone 46 towards the solids
outlet 22 (not shown in Fig. 3). During this process,

the denser wash liquid 42 displaces some of the carrier

liquid held to the solids by surface tension - the
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lighter diépiaced carrier liquid moving radially inwards
to the‘slurry zone 48, eventually to be discharged as
centrate. By this means, the solids are washed _

thoroughly during the entire residence time in the
wash liquid 42 and ﬁ;e discharged réiatively-free of
carrier liquid, i.e. the degree of carrier liquid
contamination of the solids has been reduced and
replaced by an acceptable levél of contamination by
wash liquid. - _ ' -
-The wash'liquid zone level-is maintained by
providing the reqﬁired'flow of wash liduid to the wash
feed pipe 34 - the supply being either fresh wash
liquid or wash liquid reécircglated (by ténk, pump
VorAsimilaf known means) from used overflow wash liqﬁid

recovered from a wash section of the casing - or a

combination of both. “ -

This embodiment of the invention has the
dis;dvantage that the solids péss briefly through the
carrier liquid (slurry) zone 48 again as they are
scrolled through the conical bowl. section 18 to the _
solids discharge outlet 22 and some re—coﬁfamination
by the carrier liqhid can therefore occur. Tests shdw,
however, that this level of re-contamination is low and
a substantial improvement in washing occurs by this
method - which is added to the advantages that the wash

liquid does not mix with the carrier liquid, is not lost

to the centrate and can be re-circulated and re-used.
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Fig. 4 shows abpreferred embodiment in'aCCOrd;nce
"with this invention that overcomes the disadvantage of
re-contamination of the solids which can happen with the
embodiment of Fig. 3. A second liquid separating disc
54 again rigidiylattaéhed to the conveyof 20, is fitted
near to -the so;ids dischargé end of the centrifuge.
The disc 54 is dimensioned so that its outsidé diameter
is greatef than the diameter of the interface between
the wash and carrier liqﬁids in the bowl end and its o
inﬁe;,diaméter is less than the diamete?Aof the free
sufface of rotation of -the carrier liquid. - Wash'iiquid
riélintroducéd during start-up via the wash input pipes -
44 to the final wash zone 46a hear'fhé soiids di;éharge.

end_of the centrifuge as described above, to establish

the washing zoﬁes*46.and 46a. Slurry is then-introduced
to the slurry sepérétion zone 48 between the separating
discs 52 and 54, with the-liquid levels maintained as

_shown~ana as describé& above at levels X and Y. Separation_
andzthé diséﬁargg of centrate ié also és described
above,_but in addition the soiids are scrolled by the
conveyér between the liquid separatingrdisg 54 and the .
bowl through the final wash zone 46a to the éolids outlet
éZg The separating disc }4, by isolating the slurry zone_.
48 from the final wash zone 46a, avoids any re-contamination

of the solids and lengthens the contact period between

solids and wash liquid to a maximum.
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The descriptions above all refer to what are known
in the art as '"counter-current" solid and screen bowl
decanting centrifuges, i.e. centrifuges in which the flow
of the carrier liquid towards the liquid discharge end
of the bowl is in the opposite direction to the flow of
solids to the solids discharge énd of the bowl. An
alterngtive and known arrangement of con-current flow
decanting centrifuge, in which the solids and the carrier
liquid flow in the same direction during separation,
is shown in Fig: 5. 7

In this known apparatus, thebslurry passes via a
f;ed pipe 26 and feed ﬁért'ZB to the bowl near the liquid
dischagge end of thé'centrifuge,'with the carrier liquid
flowing (left to right) tqwa;ds the solids discharge end
con-curréntly with . the scfoliing:of the solids in the - _
same direction by the conveyor 20. After separation, the
centrate returns (right to leff) via-axial”channels 60 to
disbharge via the liquid'outlet 24. A separatiﬁé disc
62 separates the centraEe from the slurry zone 64.

This type of centrifuge in the solid bowl

configuration has, in the present "state of thé art", the
disadvantages of the counter current design shown in —
Fig. 1, pius further restrictions caused by the flow
pattern of the centrate to the axial channels when wash
liquid is applied to the wash zone.

The present invention is applicable also to this
type of con-current flow centrifugé and overcomes the

disadvantages of the present known methods of washing.
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Fig. 6 shows one embodiment in accordance with_this
invention applied to a con-current flow decanting centri-
fuge. As in Fig. 4, separating discs 52 and 54 are fitted

near the liquid discharge and solids discharge ends of the
decanter and are fixed to the conveyor 20 to dé;ine the
wash zone 46 and to isolate the final wash zone 46a from
the slurry zone 48. In the arrangement shown, a contain-
ment disc 66 is fitted to the bowl to provide compartmeﬁts
for the wash liquid 42 and centrate, the foémer diScharging
from the w;sh liquids outlet pipes-68 and the latter from
the quuid outlet 24 (the liquid outlets now having
opposite roles to-those shown im Fig. 4).

Start-up is as described above in connection with

Figs. 3 'and 4, with the wash zones 46 and 46a established

- by the introduction of wash liquid via the wash feed'pipe

34 and wash inflow pipes 44, followed by the introduction -~

of slurry.
Separation takes,placé—as described above, contacf

time between solids and wash liquid is a.maximum, the

wash liqu@d being recovered for re-use from the casing

section (not shown) and re-circulated if required, and

separation efficiency being increased by replacing carrier

liquid contamination of the solids by wash liquid

contamination. In addition, whilst the carrier liquid

and solids flow is con-current for separation, the
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wash liqdid énd sélidé fiow,iS'counter-current with

the inflowing wash:liquid washing the solids just

* prior to discharge - thus giving enhanced washing of

the solids. - =~

One applicétion for this invention is the washing

of cuttings from 0il and gas wells, particularly those

drilled with oil based drilling fluids., The disposal
of oil wet cuttings represents a loss of oil and an
environﬁéntél hazard (patticularly offshbre). 2he"
reﬁ;§al of the surplus 6il on-the surface of the
cuttings and the replacement—of this by-a wash liguid

(é.g. sea watet)‘is both economic aﬁd'énvironmentally'

sound.

' Thé afoéegoing—eﬁbodimenﬁs of'tﬁe present
in&entioq enable fundaméntal additioﬁs_to both soiid _
and screeﬁ bowl decanting cgntrifugeé to be obtained,
namely to:- _ )

(i) improve the efficiéncy of separation by
reducing the amount of car:ierlliquid that

(ii) apply wash liquid in the solid bowl
decanting centrifuge'%hat has a long contact time with
the solids, is recovered énd re-circulated without
mixing with, or being lost to, the carrier liquid,

(iii) apply wash liquid to the screen bowl

decanting centrifuge as (i) and (ii) above, either in

place of or in addition to the screen wash.
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CLAIMS

1. A method of removing carrief liquid
from solids particles separated from a liquid slurry
in a decanter-type centrifuge, characterised by introducing
a further liquid (42) into the bowl (10) which is both
immiscible with and of higher specific gravity than the
carrier liquid to establish at the periphery of the
bowl a body of this further liquid defining a transfer
zone (46) disposed radially outwardly of the body of
carrier liquid, the solids (32) separated from the
carrier liquid by centrifugal action moving into said
transfer zone (46) where carrier liquid adhering to the
solids partiéiés»is displaced by the second liquid (42)

of higher specific gravity, the solids particles (32)

being scrolled through said transfer zone (46) to the

2. A decanter-type centrifuge for performing

the method of claim 1, comprising a solid bowl having a
cylindrical p;ftion (16) and a frusto conical portion

(18) and adapted to be rotated about a horizontal axis,

a helicél conveyor (20) disposed coaxially within the

bowl for rotation at a different speed to the bowl, a
liquid discharge outlet (24) at the cylindrical end of

the bowl, and a solids discharge outlet (22) at the frusto-

conical end of the bowl, characterised by means (54)

disposed adjacent the solids discharge end of the bowl for
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isolating said body of carrier liquid from the frusto-
conical portion (18) of the bowl, so that when the
solids (32) are scrolled from the transfer zone (46) up
the frusto-conical portion (18) of the bowl to the solids
discharge outlet (22), they are not re-contaminated by
carrier liquid. |

3. A decanter-type centrifuge as claimed
in claim 2 wherein said isolating means comprises a
first annular disc (54) carried by the conveyor (20):
for coaxial ;otafion therewith and disposed adjacent
the solids discharge end of the bowl, the outside -
diameter of said first disc (54) being such that it
extends into said body of further liquid (42) and the.
inside diameter bging such that it extends radially
ipwardly qf theiradially inner surface of said body ;
of carrier liquid.

4. A decanter-type qgntrifuge as claimed
in claim 2 or 3 including a second annular disc (52)
carried by the conveyor (20) for coaxial rotation there-
with and disposed adjacent the iiquid discharge end of
the bowl, the outside diameter gf said second disc (525

being such that it extends into said body of further

" liquid (42) and the inside diameter ‘being such that it

extends radially inwardly of the radially inner surface

of said body of carrier liquid, and outlet pipe means (50)

for removing carrier liquid from the bowl and defining
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the radiallyyinnér Surfacerlevel of the body of carrier
liguid.

5: A decanter-type centrifuge for performiqg
the method of claim 1, comprising a solid bowl (10) having
a cy}ingrical portion (16) and a frusto-conical portion
(18) and adapteé to be rotated about a horizontal.axis,

a helical éonveyof (20) dispdsed coaxially within the

bowl for rotation at a different speed to the

bowl, a liquid discharge outlet (24) at the cylindrical

“end of the bowl, a solids discharge outlet (22) at the

frusto-conical end of the bowl, and an énnular disc

(52) carried by the conveyor for coaxial rotation
théfewith and dispoéed adjacent the liquid discharge end
of the bowl, the outside diameter of said disc (52) -
being such that it extends into said body of further.

liquid and the inside diameter being such that it extends

radially inwardly of the radially inner surface of said

body of carrier liquid, and outlet pipe means (50) for

removing carrier liquid from the bowl and defining

the radially inner surface level of the body of

carrier\liquid.
6. A decanter centrifuge as claimed in

claim 2 of_the con—curfent flow type, having passage

means (60) for leading separated carrier liquid from a

location adjacent the solids discharge end of the

cylindrical portion of the bowl to the liquids dischérge
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outlet at the other end of said cylindrical portion,

the liquid slurry being introduced to the cylindrical
portion of the bowl adjacent the liquids discharge
outlet end whereby solids and separated carrier liquid
move generally in the same direction along the
cylindrical portion of the bowl during the separation
process, characterised in that said isolating means
comprises a first solid annular disc (54) carried by the
conveyor (20) for coaxial rotation therewith and disposed
ad jacent the solids discharge end of said cylindrical
portion of the bowl, a second solid annular disc (52)
carried by the cdnveyor (20) for coaxial rotation
therewith and disposed adjacent the liquids discharge end
of said cylindrical portion of the bowl, the outside
diameters of.said first and second discs being such that
they extend into said body of further liquid (42), a
third annular disc (66) extending radially inwardly from
the periphery of said cylindrical portion of the bowl at
a location between said second annular disc (52) and

said liquid discharge end of the bowl, and outlet pipe
means (68) for fembving said further liquid (42) from the
bowl and defining the radially inner surface level of
said further liquid in the region between the second

and third annular discs (66, 52).
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