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5 January 2007 - 1 DEVICE FOR TRANSPORTI NG PARTI CLES
OF A MAGNETI C MATERI AL  AND TOOL COWPRI SI NG SUCH A

DEVI CE The present invention relates to a devifcj:ﬁ.for2007
transporting particles of a nagnetic material Pn®&?”

sel ected direction. In a second aspect the invention
relates to a tool 5 for excavating an object '
conprising such a device. A device for transporting
particles of a magnetic material in a selected
direction is described in Interrdational publication

WO 02/ 34653. The known device contains a cylindrica

magnet e ical it hi

reber e A0y g pRERR drrd Pl o B frQUARE loarra
sl eeve the out er ANDrT@ee COYPRESENG 3ppBrA DRAWICEce for
supporting the particles. The cylindrical magnet is
formed of three smaller nmagnets stacked together in

the axi afhelinresenbninfentienseplataeoko dfeiceEath of

t he 15, 90Bbb & i diRPRLE Sc13S ofli AMRidnietat | Matappasedn N and

S poles, and the spaller magnets are stacked in a
mannersetRgted £HiFSEERP ragnet s have oppositel y orient ed

N-S di r ecin ecnsecdie amgeet the iatvent somutedatearface tool
provided wi.th a. nuppe f..helical .qro vy | er
Po’t ocar Fenistand MR 3 (et "oiReidboUaT o B OEEET
the magned davdcehEOB FIBSPOrsing ROEL1GlefaRded redfniis
of !O%G:efﬁlgﬂeiﬂ Y Eéféfk_e%t ][d_QBlG&tIE"ionBQEV\ﬁ6§bﬂiEﬁ&Sin f
regions of |ower nmagnetic fie re.ar nds_of .
hi gherlnr&gRaENAY; Qﬁa%l%%aaﬁe?ﬂﬁ%%a Tendyigrn device
| ongi tdsditaahs axicylahduicathimagnehecamegnet i¢allys arranged
"ot at ghlg ihel Al ie -4 Gudfi S liBeYEy By1a0BFL ARl slceve,

magnet'i'Cc par dre retaine suppor t
surf ace wpichesinggrethe quterd syetraeatagmpya (pport surface

cyl i ndid:CalipSePandt @he 'BAcleb N MR tytUh@ficalh@agnet is

Dot veclP NG Hel TUEe 30k o088 aHb S e AgRareg L0 the

field dsianedatéstelon of richyerepabatean yagpeR0Fac of the
smaller magnets has diametrically opposed ¥ and S poles,
and the smaller magnets are stacked in a manner that
adjacent magnets have oppositely oriented N-S5 directions.

The magnet is at its outer surface provided with a

aumber of helical grooves, in order to locally increase
the radial distance between the magnet and the support
surface to cause regions of lower magnetic field
strength. Between these regions of lower magnetic field
there are bands of higher magnetic field. The magnet has
a central longitudinal axis about which the magnet is
rotatable relative to the sleeve.
In operation, magnetic particles are retained on the
support surface by the magnetic field generated by the
cylindrical separator magnet. In particular, the magnetic
particles are retained in the regions between the helical

grooves where the magnetic field is relatively stronger.
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Due to axial rotation of the separator magnet, the
magnetic particles experience a noving gradi ent of
magnetic field strength perpendicular to the helical
groove, which the parti cles will follow in th?ga’\}@&)’zow
the 5 particles are transported over the support
surface. It has been found that there is alimt to

the nunber of particles per time unit that the known
device is able to transport for a given rotation
frequency. If the nunber of “particles that is offered
to the device exceeds 10 the Iimt, the transport of

the nRghECH BX P HokRBECmIIn Fhet ArPaARY9S Pagifi atBehas
been e 1tOpsaGldiBe SfpeAM@Ace Si AL GAFPYLiEINt of
Accordlr]l% to a first aspect of the |nvent|%r:1q, t here

i s priRf§Edca 1A sbrerith PERBBBFITHGTpart 718 &&1F24

15 nepreetvie¢ WRidr ithk partdcebesirl fHlleet i on thtibeway the
devi gpeatrt‘i%ﬂgé'& N angBo AARP AL L - MBIDES, [38%} MWhrFace.
support surface r - supporting the palp I ¢l es, fhe
support Jir haeecasnt adithghatntharee sid acl dnitdioetbe ommber

20 - &r $RRRIBILS JHRIPShe AH1ANYRG L HENSHAI BB e is able
magnetic field for retaining the particles on th

. : e
suppor® EGRPRREE Affer eBlvathe OhALHIL iTTeAREIYY o it RBe
suppotimksitr bacgaits clasrigngedst ofhenel aohtd-ddvdkd exceeds

band,,.a l.owfiel.d band. and netic.field.qradie
Vot dRiE s Stk RS0 o RBRECS 5L G I 8Y: £ng
bandstivheupbyrt runfagadids beeal dound rtengepline heeven

hi gh-£i&] doRpngedis,.hi gher than that in the lowfield
and; - neans for “advanci ng the high- and lowfield

a
bands r&FEPF IS & Ret EiifpSrPeshrehddei Mt Bet FRTFE
havi nts pro3Qdednperetite | fod headspectimgnpettidies of a

whor PSRRI (£ b e SRR e TR cevice

| ow feamimFilsand: whereby al ong said high-field band at

| east.. a fi 5abpofRERAbLE MY i®gAR s RAGOBHr FRA @biC

pol e of opposite 35 ol_a:[i ty. are arrangegl ?éjgeh etxrt]:ghdfn

fi rsts‘fﬁiﬁ’r’r%lf‘g B l?agﬁl% ‘?Jsdnifgfays'éwt sur g
in the selected direction:
- a separator magnet arranged tc generate a magnetic
field for retaining the particles on the support surface
whereby the magnetic field on the support surface is
arranged to have a high-field band, a low-field band, and
a magnetic field gradient in a gradient zone between said
high- and low-field bands whereby the magnetic field
strength in the high-field band is higher than that in
the low-field band;
- means for advancing the high- and low-field bands
relative to the suppecrt surface in a direction having a
component in the direction of the magnetic field gradient
on the support surface, whereby the high-field band is
followed by the low-field band;
whereby along said high-field band at least a first
magnetic pole and a second magnetic pole of opposite

polarity are arranged such that a first magnetic path on
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3 the support surface fromthe first nmagnetic pole to
the second magnetic pole is shorter than a second
magneti ¢ path on the support surface crossinq5 he 2007
gradient zone fromthe first magnetic pole to %ﬂyaw

ot her nearest 5 magnetic pole of opposite polarity.

For the purpose of the present specification, a
magnetic pole is an area on the separator nagnet
surface or the support surface where nmagnetic field
lines cross the separator nﬁgﬁeT surface or the

support surface 10 thereby agpeayi ng as an area of
sour cEOSUBPAKE Fr Eagagheam &b BIEPY m3gRetiG PRag bR
f oundsddvald mBgneBigNebile NArdhbetes, thdhel sPERREMaghet B

hi gh ahundan on the, su rt surface end 1.0

arra i ﬁ@n%gfv%ﬂgﬁoﬁtc éﬁj eoﬁr??ﬁiqgh6b8r9r%§}FP50%99ﬁ5
ext entiiong thet feest Nagndt = pollestofartyhethagmetaresti el d

I mpi ngi .he f.ac @l rangi ng

nei gﬁg%d&%ttﬁlga Pﬁ#‘ﬁﬁ’?%?é%ﬁ% e e hi gh-fiel d band
to be mEgFeEhe pUBPOgE R theoreaeenioEker E4ratirs  pdl es
of  oppARtie pelarid ¥nOfkd@nothers&i-0atot hdtfet surface
gradi ent_zone, 20 the _chains of ma netlﬁ.giﬁtlﬁ|es

wil |l Favdea SHPBPET HEE2°T 0 R PRPMITH  Fa°H gHPPefHCsS
band agaigeparbher gisgtieensurfacreor THee magpett curface
parti ' t.hj i LI _al peLi & e

For colbray pRRSHRY S Y e of SonPAPBE; PGP ebE

gr adi BxAngtdct RéesYVidREPng gradi ent zone. 25 Chains of
magnetic Jﬁalhbis%&_&ld%eﬁgimtth h?ggﬁa}jﬂgﬁﬁg paaie1k6pMrken
magneti c e inside the-high-fie and to a
wagne????%ﬁ% &0oftlsh aFH%£%ﬁ%§h9Pi£ﬁ?iﬁﬁ?ﬁargriyrface’ tend
undests exkranSentieendedses chraiotsios oss tthiee syppalitesurface
zone, : |V &l I M @f I 85eid

t he cﬁgllmnrydv? % B%%@ée%?pgr %(%%CIQ%I{O%EH?%? ctg%gpg%?éeﬂnlp T2el
associEriew gt khe Herheagnetiface: ePy HitadPeRY 19ighReuring

gr adi @Ndnd @N@o188GH that thahigRcensd Hahdt b6 pezone

does not eff etitli chiél drﬁ thcﬁt og ([:{,i cAesti)nct) e %Qfai n

al ong™FRFF iR ¥ et W a ge nagiet P Ppaies in

accor dppeei hwi phléhityi ouebté arthkegassdes @b thangradiepgoFone,
the chains of magnetic particles will have a preference
to align with the high-field band against the gradient
zone. The magnetic particles aligned this way will all
experience the force field resulting from the magnetic
field gradient in the advancing gradient zone.

Chains of magnetic particles crossing the gradient

zone from a magnetic pole inside the -high-field band to a
magnetic pole outside the high-field band are undesired.
Since these chains cross the gradient zone, only a
relatively small number of particles in the chain will
experience the force gradient associated with the
magnetic field gradient in the gradient zone, such that
advancement of this zone does not effectively drag the
particles in the chain along with it. The arrangement of

magnetic poles in accordance with the invention leads to
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4 avoi dance of such chains of magnetic particles
crossing the gradient zone. In accordance with the
second aspect of the invention, there is provgjinuar2007
tool for excavating an 5 object, the tool conprisin
jetting systemarranged to inpinge the object to be
excavated with a jetted streanof a fluid mxed wth
abrasive particles conprising a magnetic material,

the jetting system bei ng provi?ed with at |east an
abrasive particle inIet for 5I oﬁrng entrance 10 of

abr asi ve, artlc%es fhe | ettln system the too

f urt h&¥° Pi 8 ity F 210% PEaPrEReEys PRAT B e §EaS LY
reci rche afraddent easte.sone of the abrasive particles,

from a rgf HEQoCﬁHn%%”h?{h téh% fsla% @%%Qt"‘éftkthe

abrasi ve " part es downstr t of
jett elerl*sqrrtéam wkhere] 3 st h@\@lﬁiedcﬁ b@aﬂk fog ereayadingngn

syst 88&34&%‘3 EREI 4l %tnﬁfhsﬁ%_é,s'éeﬂér@&'ﬂ%f E%% %z@%ﬁb&& to
in accordance with any one o irevrous cl ai ns

ar r anfERERGE f Fh%bjsel?ﬁpBPth%lﬁxFélféte ic8ed 1%F 1'3591 gtreamof

returf stuicanmked WHnanspfﬂdmwegphhfacxﬂerasmyfnsﬂmgtacles
fronrthe return str nlet. 20 The i nvent.

will B Pas MPhs fe&BOyJJP%1“ Sygken bF gvgqqyldeg with

exa
r ef er ehceeass ﬁheahnﬁaawpapgmﬁﬂ}leran@¢k;fowhelt9wnﬂq ghtgance

schengt i Gy ve NOMYS 12165 0SSt S @hbki Pak1afn pag&tenof trset p8b1
for excavating an, ob ect 25 Fi

g 2 schenatlca
shows TS SEEPH ‘?‘fﬁd:ﬁé’ll tLoR fsgéée%r?%r@@yﬁenfo
in accémihﬂmlatar&trIdaetlsmmﬁndfonhe dbrsiBe (paritislast ofrom

) Showe. RHQ! Q9F ABNS,0Lnd 40810 RS0 Bnkl fheabive

havrng an 1 ncreasing retained on
its sg@mrqleeudmt@:ree@ Pigingemephirefs thet pethed streamwith

schenmggd Callo¥:t SHONS t\éarthQufett%hbegﬁéﬂéﬂ/etﬁggf@ilrculatlon
surface arr angel’rent S In accor ance

s W N MBI A e LR SNPEPYRY.
fiel dipe pridve cas plodimss af fagedasith fihecisuppoof sifake

diStaQ§§%§gd3@% sgfhtﬂg%uggggﬁ¥ég& @éisﬁransporting the
abrasive particles from the return stream to the inlet.

The invention will now be illustrated by way of
example, with reference to the accompanying drawing
wherein

Fig. 1. schematically shows a cross section of part
of a tool for excavating an object:

Fig. 2 schematically shows a surface map of a magnet
surface arrangement in accordance with the invention;

Fig. 3 (parts a to c¢) shows photographs of a tool as
shown in Fig. 1 having an increasing amount of steel shot
retained on its support surface;

Fig. 4 {parts a to c¢) schematically shows various
alternative magnet surface arrangements in accordance
with the invention;

Fig. 5 shows a calculation of the magnetic field on
the support surface as a function of axial distance along

the magnetic axis:;
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5 January 2007 5 Fig. 6 schematically shows an

enbodi nent having a conical separator magnet and a
coni cal support surface; Fig. 7 (parts ato c
schematical |y shows a magnet arrangenent prov%d@ﬂaw2007
with helical grooves; 5 Fig. 8 shows a cal cul ati on of
the radial decay of the magnetic field for various
magnets; and Fig. 9 shows a schematic view of a too
for excavating an object. In the figures, like parts
carry identical reference 10 runerals. \Were, in the
follomdn%,des iéﬁlon a_._direction of rotation is
specifie PHERTHGAL LY Showgnan gboddment thavipg a
the veemicw) diepecdticn ma@né'elaatd ancoﬁmamsabpbﬂe Juifakey;

directio ef to r e avatln a

obj ect |;b fé gcf]‘l’é&g% &a yc)sr%:\%lﬁm?ﬁlcf ad IFﬁ%I Tat mesne
sect i arrangemieyt provified vooh hedachb mwest: ed to the

| over endriQf, 8 gidid a %Eibﬁt&t(ﬂagtoﬁh%ﬂ)raaﬁfr&agq of the

into a borehole formed in an object such as an eart
f or rra’f‘?‘iﬁ?tlﬁhgl?%lfqrs VAF} Ay ERIREES ] @nda stream of

drilling Ef:JgUI d mcxml avmst:hemtmasw@w?& patbbl! £

agalnst ava objegt £Q Qe excavated and to recircul ate
at | e&s ﬁpg 7 e 401 asi ve particles. The abrasive
particl esTrthbté begumegnel i saldegtbocathi sdeobicalThefeoehce

i's prRyhded oM ﬁﬂe?e | %gtﬁgdfcmaﬂow%g'ciég&lp&wﬁ d
passage 1, which is at one end thefeof in fluid 25

commuiti tedtion QF trPtatden 9 n?eFPEF%ch%H’?nQFr%?Wnd@é
i n theralidgddresisiegrrandmat thid eriet ey cﬁj:f@ctlﬂeﬁeﬁ{ rellation

fluid ni.catj ] im r 2 via a
e 111 oG R R W Rl DY SRR, 2 V2 3 s
in fluidRegenmafi zatdadn fosoemmtanqaﬁsr@bneetphﬂrti cle

i nl et sé‘hér@ti@@i@?'é’fﬁmﬂaﬁﬁ' f&r?g%tudilﬂéil Wl i8n MXIAG. 1.
nozzl e aV|ngPan outl et (nat shown) arranged to jet

a st r%wldr: Il?ﬁ‘wdf"F‘InﬁFEe%ﬁ%ﬂ’ &B% akWRE eagr?m grill
agai nstrire (@att fhdwannmektemiithy ingo di iddrieagle Widdmekdhén an

drillgﬂgbéﬁjghcknaétg% %gggpof§%mation. The tool is arranged

to jet a stream of drilling fluid mixed with abrasive
particles against the object to be excavated and to
recirculate at least part of the abrasive particles. The
abrasive particles must be magnetisable for this tool.

The tool is provided with a longitudinal drilling
fluid passage 1, which is at one end thereof in fluid
communication with a drilling fluid channel provided in
the drill string and at the other end thereof in fluid
communication with a mixing chamber 2 via a drilling
fluid inlet 3.

The mixing chamber 2 is also in fluld communication
with an abrasive particle inlet 4 for abrasive particles,
and with a mixing nozzle 5 having an outlet (not shown)

arranged to jet a stream of drilling fluid and abrasive

particles against the earth formation during drilling
with the drilling tool in the borehole.
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5 January 2007 - 6 The m xing chanber is provided
with a body of magnetic material 14 on the side
opposite fromthe abrasive particle inlet 4,

is optional. The mixing nozzle is arranged iné?ﬁﬁ@ﬂy5807
relative to 5 the longitudinal direction of the
drilling tool at an inclination angle of 15-30
relative to vertical, but other angles can be used.
Preferably the inclination angle is about 21 which is
optimal for abrasively erodihg the bottomof the bore

hol e by ially.rotati 10 the c¢onpl ete tool inside
the bor e% @ixﬁlﬁ% C?ﬂa%g%'g" l%IPéﬁ‘?Héiing Wil /i Redy Hozzl e
5 ar ema@rhsgne:dmaténamazmuhlt&te stiag zépasider fdete HRITe
angl e bf&%fvé ggréfh CHhﬁ%ﬁ gunbu ths Cele atl of

thearaswe art e dri Illngf gel
i s arrangdt méxbypawszde 15 aimwnged &ﬁdﬂnedarsmm«ango

mignet:hé Ilﬁ{gt:}tﬁliz?ﬁalt RatekBiod RE @9@%]}1&1&95 109l ASan
part recircul ati on i,gstem for the magnetic
h

abr asW%hﬂ?rtllPEI FalgodnleziP be?eﬂl%@d"q fto VRELHlasibuk
parti otiesr Goltlas ncaeh RIS C Erf&tf@r:wdy theein€BeMi8 of

inclu a .support nb in the for f a 20 slightly
tapergggs elesvggi%tfor “58%“&%3951%]3163?% abEﬁ:'fvaﬁ}g(

ext enei o ray @bﬁdbtartosssénthalldo;ecyblmdiyi eallhyly stvapedng
el ongghe éﬁ@%%(’iocﬁag%i +hEBosEARNAL Ofne RAA, 7

gener ates a magnetl C for retaini ng t etl C
par t i EPFROGN 2t AR JHpIALL N3t eadeals. alignerewiieh thengutlet

fl ui dnpassagedérithd iskedl yndild, anges-ddreltat hyRidwe h@imal
suppogécﬁ;ﬂf age 15 ndt e m arrber 2. The

Xin
drill iRy éonassahg T R %ﬁ%’r ©&fd arranged
near the Tisr eiﬂl/blqmrftlueﬁ@aaﬂaeb 4. id mrirhegedrissbypass a

enbodigpite tsh%oﬁrﬁﬂalds@grma %aeﬁé»éﬂgepa&taélé@rm% 34

inside a ridge in the axial direction whi dge is
in prRTHHEdN g i doPIwpE rp%q#eogu?)pfmlrgww pystem
The doi Iﬂhmgxa@hemcb Radsases bataychéd amhiahi ¥eh Yod@sed if

arr angﬁg §§§£ %qzltﬁgtleg o@antlg?.ns &P%rcr}etéégifna Ceerlla aThe

manner Si m I shown and
I nt erﬁ%ﬁ%él l%b#d&?:atal gwpport member in the form of a

slightly tapered sleeve 15 for providing a support
surface extending arocund an essentially cylindrically
shaped elongate separator magnet 7. The separator
magnet 7 generates a magnetic field for retaining the
magnetic particles on the support surface 15.

The drilling fluid passage 1 is fixedly arranged
relative to the support surface 15 and the mixing
chamber 2. The drilling fluid passage 1 has a lower end
arranged near the abrasive particle inlet 4. In the
present embodiment the drilling fluid passage 1 is formed
inside a ridge in the axial direction which ridge is in
protruding contact with the support surface 15. The
drilling fluid passage 1 may alternatively be arranged
freestanding from the support surface in a manner similar
to that shown and described in International Publication

WO 02/34653 with reference to Fig. 4 therein, or in a
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35 WD 02/ 34653 with reference to Fig. 4 therein, or in
a 5 January 2007 - 7 off-axial direction. The
abrasive particle inlet 4 for abrasive particéfs S

| ocated at the lower end of the ridge. The anuary 2007
cylindrical separator magnet 7 is fornmed of four 5
smal l er magnets 7a, 7b, 7c, and 7d stacked together. A
di fferent nunber of the snmaller magnets can al so be
used. Each magnet 7a, 7b, 7c, and 7d has

di anetrical ly opposed N and S poles and the magnets
are st?gked i.n_.a nner _that adjacent m nets have

NS dPFEcH s YasTTithal The RPTRSEER RPLRiChe r BalRict for
each ebh=sivaboputtidiescent IGtatddonyi tndilpabrasnd & QUer
an an? such that two essentially helical

di ane rl%a'lly opposi ng bands are each forned by

al t er nat i Hyp Nyahe:Sopdl espadiert vaghed [fatar Eomwfedaof four

bi pol gha RGNGhgnihe mgast 'fc Lidf #@lﬁaékﬁgnigéﬁﬂh%rt hg

regi ons_between the N and S poles 1in eac
smal | 8 EHIGRdt Bumker 7’6 tl?% sugdd ey uagnetisoar a3 benused.

t he esaehtrazfnky hel |7©al by, adricgnadnwgil@matrﬂwmd obpBsed

N andyS pol bt I
al ?gr na?ulpérigsi3 ﬁ%’ §n€5F}§B ’P%%g %‘F%}% © cha Jd'é\r?d H@Pnﬁﬁ
i ncr ebbed arggrent oudonekd BavemgBhdisicatioue 4nimagiadhg
f dj

or m PG4 Qi i h drdiad di 5 ﬁéaa%%ﬁ?'éﬁe}’? Rt ok Idkntral

azimuth wth respect tot
bet wedengitaidihpyhexiznd bosw faireladgban[issuChh’elnas: itgvoa

grad'@Qée&%yyglvhfgficaﬁhal Efl {?ﬁés§§ﬁeﬁgﬁd% are each

decreases fromthe |ncrease
hi gh- fPERef BAnalternapdngdf (and § P%esf-ow field band.

The Separmteorconﬂwt ?iak.)tﬁrbanl aat %@@b:t[@itrdﬁ%EiG}:I U@Héﬁ@dggnetic
S ror.at.a relatli ve 0 e eeve an
about §%%i;cg SEREPATT | &éﬁ?uﬁ?%ma&??‘e@n ﬁﬁ?ﬁ ﬁﬂ?&ﬁ‘s Pgres
30 prawicksth Efothsmad)er onapriete axi b8 dnd ddkrigbys
rot at owd NG HAAPES AHY BBEMELa1dy LD &Y esw&&%%ﬁ%ons

or counter clockw se rotation as dicta
sense?bfuthdhen|andh 5 Bates: FRethis \)f@yﬁeshg wcal bands
advanbagelaiishyt by N and § poles form a high-field band of

increased magnetic field strength relative tc regions
forming low-field band displaced by about 90° in azimuth
with respect to that high-field band. In between the
high- and low-field bands, there is a gradient zone where
the magnetic field strength decreases from the increased
value in the high-field band to the walue in the low-
field band.

The separator magnet 7 has a central longitudinal
axis 8 and is rotatable relative to the sleeve 15 and
about the central longitudinal axis B. Drive means are
provided (not shown) to drive axis 8 and thereby rotate
the separator magnet 7 into either clockwise or counter
clockwise rotation as dictated by the sense of the
helical band. The drive means may advantagecusly be
provided in the form of an electric motor, which motor

may be controlled by a control system {(not shown).
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provided in the formof an electric notor, which notor
35 may be controlled by a control system (not shovvn).

o January 2007 - 8 A short tapered section 11 07
provided at the lower end of nagnet 7d. The s‘?‘éaé‘%ryf%
is provided with a corresponding conical taper in a
manner that the abrasive particle inlet 4 for

abrasive particles provides fluid 5 contmuni cati on

bet ween the support surface 15 iqrroundi ng the

tapered section 11 and the m xihg chanber 2. The

coni cal p ase on the sane angl e, as the
above- di sgugtg%f(} g fsefﬁ% O%ildi A§ BRA 3tahkp lower
m Xi n@ndngﬁzﬂhiﬂgn@t 19. I'llheopéea‘te ars, J.tshlerchdmied\/\mLkls aas

f0||0W§rrg§§bﬁd¥ﬁb béhléginﬂ il § nerw?lr e@ ?rﬁinﬁlve

drill strlgf |nser rom Sur ace
bor eh&REEL %tlr“éﬁFn 6ff°rd|aPFF$1\=fge fplaari:ucl@s purepidedyrlaid

sui t akbamprightinat b@thﬂ;@ﬁ) that svgiﬂ frﬂcg%rfsﬁr% %geguxaro%dlng

drill |l uid ch | th

flrlw dltggsg " efcls%{:]tgle‘i”hg &‘?n‘ﬂ‘%ﬁ&ﬁb’é‘i chambpy (2 nFhe

i ni ti abnpoapitegert he tsstehaséds qcmr @Yk detheMablgla dHWhe
Conce%ﬁB@élégkdgng@r l%e Paiﬁ ?S Ofcggi et Ca@ﬂlqggﬁpg

material _such as ste Rot - o
f1 owsPPEBRE the i xi ng charrber 2 to the 20 m Xi ng

nozzle 5 md:pes:at.e&ﬁ eqdnagebsstudele DOrhalgs. bﬂ{icﬁ'@ol is
Si mul t aneousl drill string is rotated so that

The bePBRErEed 5t B Mover chid & BagaiLiA Setagrthar is

st r eadmpsevrdifmongtieheuikace, 1rtoe aabststiole . PAr §t:&Ja@S of
and ' fr bor.ehol e bott

t hr ougﬁfgiéﬂ%gﬁgore d ?’“"“%Lg%}a. rgc %ﬁ%ggwpt & o)

sur f aék. SUHEcEpyvia e Flé%hlfwgstfﬂéam@meé of org téll

sl eevetdfng aﬁdrruhé aNRAUSh¥s M d 1P AR NGheOhi kg %Haﬁagk 2.
of drbllln i,d, the, separator a“%net 7 is _rotated
r

about PEE? eb?ll gl HyFpAngy G taPEgvhbyed rEth a low
sensecofcertral@ohetfi @bh:abms.;amhcmés canmBgnetid@laterial

cl ockuwh s A SaNNtSIot he separator nmagnet
7 induces a r?agnet%:o %‘gﬂexten ing to and beyond

t he outer Q9J§F§@§p(ﬂiopﬁefrom the mixing chamber 2 to the
mixing nozzle 5 and is jetted against the borehole

bottom. Simultaneously the drill string is rotated so
that the borehole bottom is evenly eroded. A return
stream, containing the fluid, the abrasive particles and
gxcavation debris, flows from the borehole bottom through
the borehole in a direction back to the surface. Thereby,
the return stream passes along the sleeve 15.
Simultaneously with pumping of the stream of drilling
fluid, the separator magnet 7 is rotated about its
axis 8, in a direction dictated by the sense of the
helical bands, which can be either clockwise or counter
clockwise. The separator magnet 7 induces a magnetic
field extending to and beyond the outer surface of the
sleeve 15. As the stream passes along the sleeve 15, the
abrasive particles in the stream are separated out from

the stream by the magnetic forces from the separator
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sl eeve 15. As the stream passes along the sl eeve 15,
the abrasive particles in the stream are separated
out from 35 the stream by the nagnetic forces %romtlag07
separator 5 January 2007 9 magnet 7 which at®rREeY
the particles onto the outer surface of the sleeve
15. The streamof drilling fluid, which is now
substantially free from abrasive magnetic particles,

5 flows further through the bore hole to the punp at
surface and is re-circul ated 'H?rﬁugh the drill string
after rermv B drill cuttings, The magnetic

f or ceS2EREF ¢ e&’%lls t B RR6 L abhe PAFLAEL S cntogERe | Gifer | n
t he | surfaed dbibahd sheavel 05t he hi gh field 10 band. The

magneti c tJ:Gl t rt surface 15
are attra@t?%dé %8\%%%? c%ﬁgﬁ agfur]E T5ad n%?f.% “*hiPhest
magneirestartiglipuéres fronarheasioe mM%MParmcles,

megnete: dwé nf@:t‘#ﬂefre@ﬁf&ﬁ&hagﬁé NSt hSléeEbsecth
helical _bands, the respective bands and t 81 d—:\ ent

zone FHFIECHENRER %%(é‘tltrcﬂl?‘%ﬁ‘%éhffeu@hé:h%aéﬁb
parti elfesr ixemvadli dS:ECtIHeOBrDBI Ftﬁﬁdh.ﬁgléaf to the

adi ent
? rher Ieby f%}?e[:]?ﬂﬁ Whjﬁ %%?F%l %"ertt&\éafg%l"rc’bfir;/pgrﬁ%Jr‘fec&iaF;leCles
downware h@mem thﬁl\sILOtWhélgbd thacide sham riinvéhat hidgle-field
abr asp¥gd pafﬂe' ﬁﬁ@ne'@& pBkefcrhs EE%%&&@%‘E‘ Gﬁe dgdﬂplor@g

fluid fl info m Xi ng
entr ar"HEg af e c‘?@?acbﬁ% etqwﬂa eth$h é’%ﬁ*ﬂxhﬁ@l% &hBer
2, theigaest clagaetimtsieadt wd |'tot bet st 18a B of hélrdeplairBgor

fluid t mher. 2
5 Lo mEaRSL Man 1TOHEARA08 D] P8 RREe gk, (R, pRatas
will Bandnc rfé‘qenééspetgtlﬁhl bardds earth thé gregiededzorshén

Magnebi ewdif e xdst 00 M&eswetheoa@eﬁééfc @M LNG in a
abraS|ve a,rtlclel causes “magnetic field lines

Co r uHLFrdiam@eFremi ounar 150 gre AEs rdepaRay gfhich has a
magnetlovmwd i sonpomett,c thethby Asraing adsl parti®les to

magnekl e dy & dePiaH § ol hofid e akRRort surface 15

As the particles arrive at the abrasive particle

Sstring

inlet 4, the stream of drilling fluid flowing into the
mixing chamber 2 again entrains the particles.

Once inside the mixing chamber 2, the particles
interact with the stream of drilling fluid passing
through the mixing chamber 2 from inlet 3 to mixing
nozzle 5, and thereby these particles will be entrained
by this stream.

If provided, the magnstic body 14 on the side
opposite from the abrasive particle inlet 4 causes
magnetic field lines to run from the lower end 11 of the
separator magnet to this magnetic body. As a result, the
magnetic field gradient from the support surface 15
towards the inside of the mixing chamber 2 becomes less
strong, such that entry of the magnetic abrasive

particles through abrasive particle inlet 4 into the

mixing chamber 2 is facilitated,
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towards the inside of the m xi ng chanber 2 becones

| ess strong, such that entry of the magnetic abrasive
particles through abrasive particle inlet 4 [q% thezmﬁ
35 ni xi ng chanber 2 is facilitated. 5 January 7Y :

10 In a next cycle the abrasive particles are again
jetted agai nst the borehol e bottom and subsequently
flow through the annulus formed by the tool and the
borehole, in the direction to the surface. The cycle
Is then 5 repeated continuousﬂﬁ “In this manner it is
achieved the drill strlng/ npi ng equi pnent is

subst ant it& Py"¢¥eSyeLenthsy égﬁgél‘b%/ repéighpadinpeagain

p?r: Lﬂ'ﬁ%daﬁgﬁttheﬁf_ taier chb&e’:ﬂoQ_e I:Bﬂﬁi}zg f&nﬁhlﬁtlilb@/@ienﬁaf/tflow
0 i ring.,on ile drilli
ci rouf E%%ﬁh ﬁﬁ%L&ﬂﬁﬁ?Hs %#ﬁ@gaehﬁr?q? s???rgi hare ole,
punpi iy tguidpresition hoctise sarspatl TMreacycba iof thehe

arti folyo t 0:su
Fract syt Ry B e 1P S AP e
f | owi ¥l dlhssudho invepdng | saspmenty. iTrabsspatialdy fagpefrom

7 s @Aﬁ@;es BOWEnd rabl%bgiv@,palralalesl%g Qﬁé@é%ﬂr’&ﬂl@ﬁe
wher ej n glln rical surface is _.unrol

in
t he p’F%\’EPélg Pt PEFePAE T ils T8 45 |3§r1’|’% %&Y' otﬂ‘ile
t he hmngﬂuxxaﬂln@efkn&pabtmdulamagnﬁﬁ:ougm the | snticievddiil

in SHEQ} % gﬁg acégégﬁéﬁt aﬂg égée gn %mall fra8tion of

hori zont a ly Tt t al'l azimiths between
20 366he PAFTFhe. ﬂAs’ScH'FFCb’éhsé?éﬁ Jbauedoangte qurfpge, such

this £26&1icnSca ddélheﬁﬁ%gplgtzeéVﬂé/ toResfed®f fluid
snallgiﬁ:¥gp h thge st belng the azi muth
angl e i E%u t eﬂrl% ECted N-S directions
in two ndhghbepatratgprsmagiedr 7 :tagatﬂeacs shAkWbheimatiiguely,in a
t he I €g t ack.
%&s%ﬂgﬁg%‘?xp%‘é%h?gch% Qgﬂm@ééa'i Ht Elﬂa[l’?et

Areas 16 sc cat ere in gr adi ent
zonesURFrRd Ieggfiddt clir TBE Plante At BheiddPess eTipyertically
st eeply sdtr eatt fige iHRGHRESET thal E@Qaﬁhﬂdifemhlglgﬁb fiwahdn is

band 58405 ehE I hhs ALl S, bR, eRgad o
horizontally the surface at all azimuths between 0 and
360° is visible. As can be seen, the angle ¢ in this case
is 90° in respect of every one of the smaller magnets in
the stack, ¢ being the azimuth angle difference between
the projected N-S directions in two neighbouring smaller
magnets. Alternatively, the angle ¢ can be varied along

the magnet stack.

Areas 16 schematically indicate where in the gradient
zones the magnetic field strength decreases most steeply
from the increased value in the high-field band to the
value in the low-field band.

Depending on both ¢ and the axial height of the
smaller magnets, each of the two high-field bands
stretches in a direction making an angle © with respect

to the plane perpendicular to the central longitudinal
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smal | er magnets, each of the two high-field bands
stretches in a direction nmaking an angle 0 with

respect to the plane perpendicular to the ce

| ongi tudinal 5 January 2007 - 11 axis as |SQ§Lm“my2mﬁ
indicated in Fig. 2. The angle 0 can vary along the
magneti ¢ stack. Magnetic particles retained on the
support surface by the separator nagnet tend to

arrange thenselves in 5 el ongate chains along a

magneti c path from one pole tollthe nearest pol e of
opposite polarity. Such chains 45 are visible in Fig.

3, whé#ePn2% hredNPhGE bR 4phEigA 2.3Bhanangl3Charen skawn

of ingneagi vk Hgg§cq&a%§eel shot retained on the
support surface housi ng the helical separator 10
magnet . A3 Qﬂﬁ*lﬁepgéE&qushée%Q¥Rﬂd Shotharyuprges $unfelck by

in chaenSekaaﬂo@ngagﬁﬁt hehi ced dHrQH Elﬁﬂéﬁsﬁﬁegshﬁylng

NNSS 43 bet and pol es

e 1 eaphEte HIG IR0 2 BFeR veen the Nand S Poles

t he mtdél peaxgstapole opf Sppobetestpoalard)tlir uchhehsimpparst are
sur f agesshie e_‘Ln]-%'lbhe?PQJh§§e§19r{h oggo{ﬁ guﬂtrac.ﬁ% (geBt agd

dralns of tic [l nes
path df #Fe SgWPoRF n@epsipg | anegnte apf ﬁlefeécéh@etmemned

t wo adnaemﬁnsdﬁpoaﬁdséiﬂddeels|KBﬁ§ih§n§héwﬂéﬂiBa9n§b arator
hlgh flﬁ|d bq@d ng|cated 2 20 dotte l'ine

o s mafidt o A% kah "6 P teor i = it pofctc Ajsenpng Lesel? in
appr oxhatnel48 epbhadrbic dlelscal adghbét ek baadShapiolee NNSS
(or Nopole) Ilrfécﬁh!aﬂi‘s |45 bBRhed] Ahel yCdsh %ag,gﬁéé‘dh;eh%llat

near est U§E [ ocati on i n anot he
band. °%h St‘%ﬁ’é"’ﬁﬁgﬁ‘é‘f aéepéhufaawswflsnoénantﬁw oriddie

25 chaknamiorg ki pe1d dvical b@nentndi Sprd i ghrfd@ dince

band. f t ed 10 di cat ed
navi ngE oo Lo, 6 F RSO Ok (R 3Rt ciFaiico§ Bapatic

can béigkdnfimgst this dotted line 10 is too short to
bri dge thﬁledlsﬁbi\‘aé@t rrtarsgﬂg’ci@epal}:'hpghetﬂ@ aaag%olehmefl' el d

band to th rest outsid
cr ossFHHR aﬁ'l‘%?ﬂcez GREvasy Tﬁea?‘ﬁ%ﬂ%nfq d?%ﬁl areese
are débEHﬁmdmsdwmﬂhiﬁKbnﬁuhDgM{fleld band, indicated in Fig. 2

by dotted line 9, is shorter than the shortest path
across the approximately cylindrical surface between a §-
pole (or N-pole) location in that high~field band and the
nearest N-pole (S-pcle) location in another high-field
band. Thus, the magnetic particles will tend to form a
chain along line 9 in alignment with a high-field band.
For reference, dotted line 10 is indicated having the
same path length as dotted line 9 and it can be seen that
this dotted line 10 is too short to bridge the distance
from the N pole in the high-field band to the nearest $
pole outside the band crossing the gradient zone 16.

The relevant distances are determined on the support
surface, since that is approximately the distance over
which the chains of particles would grow.

Figs. 4a, 4b, and 4c show alternative magnet

arrangements in accordance with the invention, also for
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surface, since that is approximtely the di stance over
whi ch the chains of particles would grow. Figs. 4a,

4b, and 4c show alternative magnet 35 arrangengpts i 07
accordance with the invention, also for 5 Januar§ 3

- 12 counter clockw se rotation. The enbodi nent shown
in Fig. 4ais simlar to the one of Fig. 2, but with
the snmaller magnets having a smaller size in the
stacking direction along the Iongltudlnal axi s
relative to the 5 lateral siZel?mthe pl ane
perpendi cul ar to the stacking direction. Since the

bri dgFRY RS CAREE"F3 otphien cThe emkadimsatwelertt wo

oppOSE‘i@ pol e Mrﬁﬂaﬂ: aohtgh-drieebd lbﬂﬁdz (bﬁ@ﬁ?ﬁ@ﬁttﬁé
line 12) is nuch shorter than t bri dc%l?.)qg

d| st aﬁ%%]gle(rr SRR Y Y YotRdder e i3 SIH%{ 5t
from dipatieianngildiey tithies Lhhghtddiabtl e rtemaalwliﬁ: ﬂzhe

opposh b . pol af Ekyzﬁ”kﬁ41%1 ﬂ Ehggl 1 %h%og£$' ag%%ng

zone 16, 1t is expected that “t es W
chai néna?quwmngsww thige bl dringi é%ﬁtm¢d§ornatm€:ucle

dlreCEhé&h(ﬂéthéQE b dEBSs£HJ1b%ﬂSQCﬁiﬁH1ntBeﬁfbh~f1eld band
di st agces 15 nor e pronounced than i n_the enbodi nment

of Fi Slef"te% Ry dedtafsting éa) b:f W SHBF*eeJﬁé?PéFI the
t hat , bwixidimghdistmnceaq uabpsesmxtaddbgertmtgydcmntiﬁtm and

this arr ac than t

one o?ﬁg@om a he en’%h@ﬁnsgﬁti hlfildrg fhe Eotrﬂgsc’f
Wi t hi HP%P%%POW%F% Oﬁof—h%\rcrtélﬁ‘g‘eéll% toé'r ﬁhel aedientt h
each somd 68y, Hﬁgﬂﬁtexpeﬁﬂédeﬁﬁﬁi Eh@ﬁpéﬁﬂlcﬁekeﬁliﬁ ﬂfhﬁ

t d t h oth
embodrEMS PLERUES Jatsathh Hias et PLEbo0rS: fe Yo
snal | éiremgoet sf 7hine/l12. 7Che ‘td,ffefenda dn Zhese tdisthaces
I
de' figgﬁd(f%” S:B@émﬁ%ﬁ“ tRhn tHE tLQUSmI?%ﬁEEk Sf nﬂ?gg ?

di vi two or nore even
the eXahp e G#S@F@sech@etlﬁ% ¥ro§Prgndgadd thﬁbné’tfsll&r bavmg

di vi de@dlntsﬁzbm@nﬁ\/@&x@wérﬂ{enﬂﬁgﬂ@i:ﬁ mhdhe8Nglr raf@déinent
7bl 7b2; ggl and g‘z%ﬂ?ﬁ? and 7d2)...of ich the

i ndi vi dsl'uﬂ SH8I-ST %S & 7% YpIEGad4uni t h

respect 3@ ttbeeamvdmieei:ﬂﬂ' h’egnaghet‘am% poles Witthihhe band

sensezff R arranged alternatingly with each smaller magnet,
but each time two poles of the same type are arranged
adjacent to each cther. This embodiment is thus based on
the stack of the four smaller magnets 7a, Tb, 7¢, 7d, of
Fig. 2, with the modification that each of the four
smaller magnets is divided intc two or more even smaller
magnets (in the example of Fig. 4b the four smaller
magnets are divided into two even smaller magnets 7al and
7Jaz2; Thl and 7b2; 7c¢l and 7c2; 7dl and 7d2) of which the
individual poles are azimuthally displaced with respect
to each other, The magnetic poles (in the sense of an
area appearing as a source or a sink for magnetic field
lines) are assembled from groups of individual poles,
whereby an individual pole is defined as a spot within a
magnetic pole where the field line density reaches a

maximum. The individual poles are also arranged in a
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area appearing as a source or a sink for magnetic

field lines) are assenbled from groups of individua

pol es, whereby an individual pole is defined gz a_ . 5007
spot within a nmagnetic pole where the field |7 @Y
density reaches a 35 maxi num The individual poles are
al so arranged in a 5 January 2007 - 13 helically
shaped manner, preferably coincident with the helica
arrangenent of the band, so th the magnetic poles
thenmsel ves get a pseudo- helic 5ppearance The

enbo ho in Fig. 4c is _a brid,for

conbi PTG A EnEimest Poffies o PpEomRLIFCginalieny ith the
one Hne]ljmaal abeardheriehe ondihg deal, pa ekaappsamaghethe
order_ of I a advant age
that T tshgﬁ) éhg\%g}lge 88?1\%\5 n ONS o1 ‘gilsceariarggég%anc&ﬁ t,

t he pol eSheoemeetingptnehedrbdar Fhg- MNignd laltaflpblferm

conbi H&dieARg A FerR$RWd@ron rile! ks dd raBaPSS. Wl thin one
conformty with the helical arrangenment "of the band.

At thRelkingd PR (he ARGHEIRLpBPERS FBPRRA 1Y Wigeorder of

firstngsNidsSASbr (NNSSENS MBI ey haB Ot Sdvantige sihatkiAl the
smaller n the ftacg ég di rection than thgtlzer}m i
I

etl
pol es™ S PPRESH GTEHAFRTRF Jadle Sép es Formed
magnepy nﬁqubh‘alé;lnq Weuamm“ﬁgedﬁaaonﬁoheahatgmtar@ paetdo-

from {be; 198 ”a%péa’ int B8 ROLL QP WOSE tRBIRELi&apol e in
t he hi gh- erF band can find its nearest magnetic

pol e BFTBEBENt P& PEYdin the same high-field
band, whewe@Beisuneheinaseh®imaghgtidipod@st botmed g then
is no}‘ al A wayg iusl-,tf' [ %glefor ]%]%e first and Iast

PR TS Pach BT AT PRE

i ndi vi %aﬁ pol es. o ensur e
N andsrﬁlﬂcﬂresnvwhqﬁusmat:henmucymeptew thandthe magnetic poles

smal | e tﬂehﬁlﬁdiie?‘tpo%ﬁ;d}.o}\aé’f e 5BSa R ﬁﬁﬁﬁ@gn@lﬁs' Ras

the axial stack have a snall er axi al helg t than
sl | BFe ZSvARERER $1P% BheiHRANECH6 R TEPR Fae Cop most or
separ gh@mhatigiaiost Magnebishwie falihd aﬁgﬁﬂﬁl@]fd Iblaed can

rmoneti e e SR B{ 158} Byl DS HANSL 1

as i stiepagechighrfipilg, band¢ h\@?rP%S ge'héhat @@lseay:fa Fig. 4b

cyl i ngid £ }ondPAIAtiQ" not always fulfilled for the first and
last individual poles. To ensure that the path between
the N and S poles within the high-field band is even
smaller, the first and last of the smaller magnets in the
axial stack have a smaller axial height than the smaller
magnets in a middle portion of the separator magnet.

Fig. 5 shows calculations of the magnetic field

strength B (in Tesla) on the suppert surface 15 of a .
conically tapered support member such as is depicted in
Fig. 1, that is generated by a cylindrical separator
magnet 7 of which the smaller magnets are arranged in
accordance with Fig. 4c. The magnetic field strength is
plotted against the vertical axis, and the axial height
parallel to the magnet axis 8 is plotted against the
horizontal axis. The dimensicnal parameters are given in
Table I.
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30 magnet 7 of which the smaller nmagnets are arranged
in accordance with Fig. 4c. The nmagnetic field
strength is plotted against the vertical axis, and
the axial height parallel to the magnet axis 8paiery2007
pl otted agai nst the horizontal axis. The di nensiona
paraneters are given in 35 Table I. 5 January 2007 -
14 Table | Part nane Reference size nunber Axial

| ength of separator 7 120 mm npagnet Quter di aneter of
separator 7 29 mm nmagnet Di améter in | ower part of 15
34 mm support surface Di aneter in upper part of 15 52
nm support surface Line 20 in Fig. 5 corresponds to

t he magnetawsad ireld strength found al ong a helical

path w QEEE{EEﬁehigh ﬁL444i——bancL4n;43§§f£¥uuaifnqumaHic
field strength owhich path is depj t3&dFeBGe Fd28ashed
lines 1Y in Fig. 4c. It can be 5 speumddrat tlhe field
st rengt IpgErErahbn T IEreR Fhi-st+s—a—fregylt—ef—the
decreasing gap deth %é%%%gﬁt?%e oU?er nagrggbsﬂ?face
and t he @@ﬂﬁﬁ?t_surfapeI15 as a function oﬂ.positiop
on the NgLt&AGiEnEes 16 Wearabo i 2T T fizg

corresppnds to the magnetic field | 10 strength found
al ong a|fe¥9&%al path within the lowfield hand (whilch

in this[pkangdes 16 1bwad pacd o TrEmpath T34 fim

azinuthagudu;%gghgg evvhich path ifs depicted by the
dashed |PHes 18°I'h H 0. 4c. The magnetic field
st r engt hDiametelre ih owprfdarelpdrbamid i}:ﬁbund to|5@ mm

appr oxi et glrchalfrd& that of the high-field band,
which is_a.result of the nature the bipol ar

smal | er nagnets. It can also be seen that the field
strengt h ganeral by Fifr 8ag6sreshindsi 6o the magnetic field

strength found along a helical path within the high-field

band of increased magnetic field strength, which path is
depicted by the dashed lines 17 in Fig. 4c¢. It can be
seen that the field strength generally increases. This is
a result of the decreasing gap width between the outer
magnet surface and the support surface 15 as a function
of position on the helical high~field band.

Line 21 in Fig. 5 corresponds to the magnetic field
strength found along a helical path within the low-field
band (which in this example is displaced 90° from path 17
in azimuthal direction), which path is depicted by the
dashed lines 18 in Fig. 4c. The magnetic field strength
in the low-~field band is found to be approzimately half
that of the high-~field band, which is a result of the
nature of the bipolar smaller magnets. It can also be
seen that the field strength generally increases. This is
a result of the decreasing gap width between the outer
magnet surface and the support surface 15.

Line 22 in Fig. 5 corresponds to the magnetic field
strength found along an anti-helical path, which path is
depicted by the dashed lines 19 in Fig. 4c. This path



a result of the decreasing gap wi dth between the outer
magnet surface and the support surface 15. 20 Line 22
in Fig. 5 corresponds to the nagnetic field Skﬂgﬂ, o7
found al ong an anti-helical path, which path

depicted by the dashed lines 19 in Fig. 4c. ThIS pat h

5 January 2C07 - 15 crosses the above-nentioned
paths 17 and 18, and the nmagnetic field strength
oscil |l ates between the val ues iven in the high- and

| ow-field bands. Reference nurber 23 indicates the

gradle ZQones that _exert ,the 5 driving forgce that
causesr]:t §E%3eE1S R°TF ahdidrredPaths L ‘gt]i%c and the
part|oﬁagﬂﬁtmhefnaihesgrenhuhnbszt&&xtearbetm%engthadvaﬂmm&d

rel at Igae,e 0:4 %éﬂggﬂrt @J& acae]@ TL,LaL tf%felrgﬁs 20

and 271 so |1 ne OWS a genera
i ncre @rnﬁﬁrkﬂﬁléaFﬁﬁﬂﬁfesﬁréﬁﬁﬁﬂ$ EORAS qhﬁtsﬁﬁﬁrbrthe

saxi al diaiehl, coMteChnis @ds%%ut:ﬁe e diRed decdRas-000 £ G3R
wi dt h between the net surface and the support

sur f ad®9n¢hig &FS‘% gﬁt‘? | TG eRb gF IeSn afF e ?ﬂ“tﬁe
conpor&ﬂﬂancadtfuiamageeto(thpastpmﬂﬁfSSumf&&ua axi al

directi ong. h.en the transport . of
partiC|eSSl¥i?é%1t?hg?Q%§§%% |on£fh]?ﬁ3P llnet%% in Fig. 3
i ncr eawvwehe genpreiily ineedsing amgrietdn f:ae}tct a&teengrly with

102l O0Ng 4ifAG 1 8WPREATN RELERACE wnich NEs Saelrsgaf@l ofitttlgcaé@&asmg
of transport i ncl ude feducing the t hi ckness of

the siBortdsh é@t@esﬂdt%eﬂéaglwqeﬁeszaf%qer Engt Bhef
t he seppparbrsueigcet Mhih pdeew@es|mglgx1mcarﬂteagbitmnal

the sepgrat Qéné{rg%ﬂﬁt on Ttl.'})ee %n§§£§‘§i<% %@tr?fc ong by e?}clal

i ncreasl ng ter Ter magn
reIat|QA§GF51?WWEW&&Qbo?%h%ﬂﬂﬁﬁaéhﬁ ﬁﬁanﬁﬁ@r%a%&thﬁeparthleS
15 magnetinC +nkht edidkesti 86ROt h of the smal |l er magnets. The

| atter can be 25 done py stacking magnets of various
U1t or ont DRBERSBYE Caareare. LAY ToRAELe Fle1 ikt S on

hol e iangrdgettirery smah@ewhanagppbft(ﬁhrmhcetudlubedsah@ﬂuad
I s chopen SRl | & trBRépJﬂe iﬁ%éeerra%g% % teh%%ﬁhou' d

be stronger. nation o ove
descr|qﬂ§§kﬁ§%§uﬂﬁé§he support sleeve and 1ncrea51ng the

strength of the separator magnet with decreasing axial
height on the separator magnet. The latter can be done by
increasing the outer diameter of the smaller magnets
relative to the support surface, or increase the magnetic
field strength of the smaller magnets. The latter can be
done by stacking magnets of various different magnetic
materials, or by using an internal hole inside the
smaller magnets of which the diameter is chosen smaller
for the smaller magnets that should be stronger. Of
course, a combination of the above described measures,
including the tapered support surface, can be applied.
Fig. 6 shows a device similar to the device shown in
Fig. 1. The separator magnet 37 and the inside wall 35 of
the support sleeve 15 are slightly different from the
embodiment of Fig. 1, in that both the outer diameter of

the separator magnet 37 and the inner diameter of the
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30 including the tapered support surface, can be
applied. Fig. 6 shows a device simlar to the device
shown in Fig. 1. The separator nagnet 37 and %pe 007
inside wal | 35 of the support sleeve 15 are sPPYHEM?
different fromthe enbodinment of Fig. 1, in that both
the outer dianmeter of 35 the separator magnet 37 and
the inner dianeter of the 5 January 2007 16 inside
wal | 35 reduce with decreasing axial height. The
smal | er magnets 37a to 37d arel®f a frustoconica

shape to obtain the tapered shape of the separator
magneinside wyhk Hagedveqedith Hecsegrdmat riaadigdphy The

and t&gaiiRs! A8tk a 38 Of7dt Bee SMPROIEruSt &8 A2 shape
decr eases, t hi ckness of the

|l h I
suppor? %htgg?}egf%ﬁaggyg t%@é\l\gof’f T SeRAbbEReneE 37-
that tihe gappbateedrenpthsdpnrae opves@re 37bynd e inside
ﬁgfgr@{g 3@59964qe'hgsug>§$gfe§ie%%'pﬂ ed%ctc%aéé‘?e,nbu}%;gre% as

eover, ) magneti c ener
separ thowagdgheickigssbef | e eyppdrt ¢ les¥eeade adventage of

capt Uggi s @inbb QLAY 1AL SR HrledBhbtul TbREEN L] Dol BPercome
shape of the optional body of na%%gtl c material 34,

whi chPhehé appeEateraBagnetdis SpdpcRAhOFPBhSE HE Sifebore
opposhée: f MOBebHer ,akhastoall mapaeticledetrglein £heThi s

type geanar%!tsg bae nUtti Ic:i g de iir}lc%gaseeﬁ%diiggpéa oef th:lgecapture
devi ceé"havi ﬁg e %yel i fari cal Sépar at or magnesf. n

absenegfigfieany. mechani cal gui di ng neans on the

SUppor t Slishage; ghrl ySHER: Serit! @gegsh@rs@lta?gdw&ﬁer GFI\:i&?al
20 support surface 15, the na%netleaggf icles follow a
hel i cBPIHATh™ATVHY ¢ RBLeEifort  sERFHt &oFR PRAFRTWAF d2

di r echenretpeopetst el ahetwai dehepbetivalfrbantise abrasive

down axi_al Q?Qon th e ' o r
i's \é\ﬁ%%ol%ieo%réf o't ﬁgisr g{yé)tel gﬁ}a{llé%‘éeg g?%lﬁ%asgﬁ én
separ s ixenfaghdthet Bretcsiarinot @ s iedstyl veppeaior
is thgagnal.e between the helical gradient zone and

the plane perpendicular to the axis ,0f rotation jch
coi nci dest® \ﬂPFE“?%é’fcém’ rr&?cqaélﬁﬁf“fﬁ'} F‘ga??%nsofontwﬁbe

separ atgort surface 15, such as ridges protruding from the
support surface 15, the magnetic particles follow a
helical path along the support surface in a downward
direction perpendicular to the helical bands. The
downward axial component of the velocity of transport is
proportional to the rotational speed of the separator
magnet times sin(0@) times cos(8) where O is the angle
between the helical gradient zone and the plane
perpendicular to the axis of rotation which coincides
with the central longitudinal axis of the separator
magnet 7 as is indicated in Fig. 2. Thus the downward
axial component is maximal for B = 45° in absence of any
mechanical guiding means on the support surface 15. A
good range for operating is 32° to 58°, within which
range the downward component of the velocity is more than

90% of the possible maximum.
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magnet 7 as is indicated in Fig. 2. Thus the downward
30 axial conponent is nmaximal for 0O = 45 in absence of
any nechani cal guiding means on the support s rface
15. A good range for operating is 32 to 58, HUA"Y 2007
whi ch range the downward conponent of the veIOC|ty IS
nore than 90% of the possible maxi num 5 January 2007
- 17 However, in the enbodi mrent shown in Fig. 1, the
drilling f|UId bypass guide 1 is forned in a ridge in
the axial direction in contact’ wth the support
surface 15. This ridge deflects the magnetic
parti cl edl9WsVierg Bh thiseempadingsi-t SkewT d0eFiG. iIn &he

downwag g Teelg Q@hl@asﬁaasdgﬁﬂfecqslstf&metdolﬁoyenlda,e in the
axi al dlreé{lon al ong the side-o rid

n
strai JhtepatRerbhR 0 PR3 At “b%rst‘%Pé‘P £ sintace 15.
openi Tgis widgehde fledtagtbbandyprtic dhitdcley, mévitg on the

dri | l ?_%351!15’“3@13:99&5‘%%6 ll]l' gccso%n%ﬁr?es r:g.:%lrﬁ atn% ﬁ'orces

gui de magnetic abrasive partic eta
suppoFRen i fg¥e I axdal hizantienvaleng thel %14€r1|°§t the

for abiagd v apaffafdne,spamlmﬁ&aanaeér%&agﬁ% 8 ticle
advant age t hat trans ort . of netjc

parti tPE¥ Oé"af"ﬁ%ga"brogs Ry Ib’dﬁ”lgclcgaff‘l?ﬁre . T@l%ﬁ’é‘m'nﬁhﬂ
can bérirmmng'f&hﬂmlpdmaag§hb Jagnaeti g quﬂdeimé&ﬁsfud bumde
conpolliEGE BELA Al bRPLECIY berdlied AORL Guibs:?

pr opoB¥FEARE 1bote Hedher @bawbmlpagpe@hs ginlehed si;paﬁmteﬁive

nagnegag&ﬁay@%d by tan(s). At the before-nentioned
angl e 20 45, the axial trans ort i s alread

I a
fact or éklﬁmﬁrf%ﬂﬁﬁﬁe“tFF?ﬁnﬁhevapﬁ ?Qﬁ»tbayiQqutéﬁnsport
even hfgtna magxetalc palrotclys donpheecabirasiongpdiici dedénlet

of thgp{, q%e mvl@ev%rastéf 125 D H élgyglggb%.a{ gﬂ%glgles

is too I nst ance excee Ing 6

ef fi cFehksw thet ﬁ@vwrﬂebelcwlaftwémE@S@Ye nThe ofsmaare

resul §xof fddm@bh@rﬁt o&etmee&bltdﬁtpaéf | tla@Spard itshe\ow
support surface, 15 %ﬁf the rid t.he enbodi

of B BEoReE g BERL oy TP FaT iR e peed of thé separa

magnet divided by tan(f). At the before-mentioned angle
of @ = 45°, the axial transpoxt is already a factor of

two faster. Higher values for 0 yield an even higher
axial velocity component along the side of the ridge.
However, it has been found that when 0 is too large, for
instance exceeding 60°, the total efficlency of the
recirculation system drops as a result of friction
between the particles and the support surface 15 and the
ridge.

For the embodiment of Fig. 1, © should preferably be
within the range of 40° toc 60°, more preferably between
45° and 60°, and most preferably between 45° and 55°.

In a preferred embodiment, the device for
transporting particles comprises one or more relatively
short essentially axially oriented ridge sections are
provided onto the support surface whereby the support

surface extends beyond the ridge sections in the



within the range of 40 to 60, nore preferably between
30 45 and 60, and nost preferably between 45 and 55.
In a preferred enbodi nent, the device for
transporting particles conprises one or nore ©January2007
relatively short essentially axially oriented ridge
sections are provided onto the support surface

wher eby the support 35 surface extends beyond the

ridge sections in the 5 January 2007 - 18 direction

of the ridge sections. Herew't 82~ nor e honbgeneous
distrufut| n_of # % gnetlc articles over the

suppor f%%e IPECRFtfeGog5 okt 1 BrEeuhh FpPGYRnent

of t hehoawigahetusarEpartbmalonCbEytid rabaethgiRirticles over

partlQhE%SH§§8M§ g@gggqu%FELQUf %&Fwegfl ap, W%%ovement

ove
bands afe toef axiald t@*}neﬂnnmereéﬁcthe ofi shel matinsttichpriticles

50f bi RRlear taY! sdpfiorgabymgnets. This results in bands
of increased magnetic field strength. Mgnetic 10

particles Pe?%ﬁquﬁf BhetWﬂQ@?Gﬁpbrqe%ﬁfﬁPﬁéeaq4¥§etth%sqlgh“
di r ectdnga uom—ﬁﬁeﬁd\baﬁdsrmte @brihdte by @drend ForRei field

the c an in. the nef n.,the gr.adi ept zone
i s Iarge% %th |eve9# ar cyklné&ﬁﬁéﬂlg?%%%ghd%gls results
pr ef eriablbpnds oo f eslpasﬁalsed maanabgcp dhiedfl sbckngdd. Magnetic

10annetﬂé%tﬁﬁig§3¥3ﬂalh¥dléh(ﬂ%etQ@p sﬁ&?&cénHQQ%Ehmost

and/or a ag bet ween separat or magnet and
Ac

suppordireGEiycee ther é\?\ﬁq‘Fe&‘eﬁBr‘é‘f 5 GpRIHIHdiZeRe Yoride

bﬁt \Ne&fhaﬁlgﬁguéaﬂda lm@%ét:ﬁi d.’lbﬁﬂdﬁn Ithe geddmamedzofrkGis 7

SNOWsS .an e | nt relrn e, re

magnet]T & 98er mﬂf]lletv? oy § d]é%f’_gﬁji b?rb‘?rﬁrggera

hel i catonresperdPda B rmlcnmoér rrs@ﬁ@c@auﬁetm permeability
15 Separ g§¢0 Ehe%atéraﬂaé}?&ntanh%f flae gﬁbgﬂeéw@énd thand.

Due to the higher magnetic perneability of the nagnet

mat er i SAPAERAAT MafNStedRd Fhign EEPRRE e St Prattieamep B (fp moTe
t he r etaspesSgfadidmtgasne ddtwaied, hith-a agal 1al)-filk@d bands is
interr&iach g@ggetlc field lines predomnantly follow

the material "of the magnet rather than the material
cont ai nedFitg. t heshowsess emplgdgment wherein the region of

20 reduced magnetic permeability is provided in the form of
a helical recess 26 in the outer surface of the separator
magnet 7 adjacent to the high-field band. Due to the
higher magnetlc permeability of the magnet material than
the less magnet material that fills up the recesses (a

25 gag, a fluid, or a solid) the internal magnetic field
lines predominantly follow the material of the magnet
rather than the material contained in the recess. This
makes the high-field band of increased magnetic field
strength, adjacent the recess 26, more pronocunced.

30 Fig. 7a shows a cross section of the separator magnet,
which shows circular contours 24 around the diametrically
opposing poles, connected by essentially straight
contours 25. The straight contours correspond with the
recess 26 and the circular contours with the high-field

35 bands of increased magnetic field strength.



makes the high-field band of increased magnetic field
strength, adjacent the recess 26, nore pronounced. 30
Fig. 7a shows a cross section of the separ at or cnRgnet,, ..
whi ch shows circular contours 24 around the wary

di anetrically opposing poles, connected by

essentially straight contours 25. The straight

contours correspond with the recess 26 and the

circular contours with the high-field 35 bands of

i ncreased magnetic field strength. 5 January 2007 19

In Fig. 7b_a_sch tic.longitudi nal viewis provided,

of the segﬁrgt%‘r e’%ﬁnﬁ?]}e éFeg?}i%jfé‘dﬁgﬁntve‘r?wpﬁﬁn?%?ﬁlded
|'i nes ain¢theasepdead orr madidti, onhéetiveehet bbamiedc phanton
cont Otifi%egngn&%t%z %ﬁ@iﬁéddt%ﬁ adegc%eﬁ‘){‘ﬂi{ Lt{i%cuféﬂ:

7c 5 provides a schematic representation o € entire
sur f aGONtPRTE Mk dhe agserddalhy Firaight Teentovngise Biwf 7c

5the helrc&alesl£RmemheidIepPe8iRiAllon of Nend @G@3$e surface
reaches a depth with respect to the cylindrical

ci rcuriffeBAcB2BY “e28ehnFdtor 2 mekjife@ndie & o4t the helical
Sim| alec@ssOfs eater than the di stance between the
gap between the magnetic surface i.n the hitﬁ{;-field

band and fRETXARIrt *RErTeEES FRRANESd2ofeRHE EReERIRECE
cont aitd ngeacyrindrfilkdl deidfcumgeréte tdiekbe Cgpadratyachmet

10i n thettg[tog¥e$imil11%rl stu lg;?g]:_.gpp{k%%' %hgdd:t.gjc% ctehget een
arrangenent of the  poles 0 Q. can_ be replaced 5
ot her W¥\§ gabl ketwgerate masnetiannyiacgainitha adohrfeld
the and=3a08ABNtISe d%ippSPOWUrirAcEl 9S. 2 and 4a and 4b.

It will also be, cle that the separator magnets a
shown i n ERGESac 0% the FECPssBst conkalATer > Aabek i ats o

r ot at ismlidantibéso dae pe epared iortheclgmokwese rotati on

by invertkng e . I Ga|

15 Y ght~ o Foyiih LRoRRFr &t Bty thle SPRIGRRRR the  tne
for tredegorEi Hp- JaFeR degepiage ether mutidebade and
for thardagenéRes add [€GaredbaldPRiTHS RN £ARNEEmEREE a5

(1 om Al oh! ¥, JRI9eLh 33! SoTPdST 1A wit oL B cocan
that the separator magnets as shown in Figs. 2, 4, and 7

20 for counter c¢lockwise rotation can also be prepared for
clockwise rotation by inverting the sense of the helical
bands from right- to left handed.

Suitable magnets for the device for transporting

particles of a magnetic¢ material and for the described

25 recirculation system can be made from any highly
magnetisable material, including NdFeB, SmCo and
BAlNiCo~5, or a combination thereof.

Preferably the separator magnet also has a magnetic
energy content of at least 140 kJ/m3 at room temperature,
30 preferably more than 300 xJ/m3 at room temperature such
as 1s the case with NdPeB-based magnets. A high energy
content allows for shorter axial contact length of the
support surface with the return stream, and consequently

a stronger taper of the support surface which is

35 advantageous for the axial transport rate. Also, less
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Al'Ni Co-5, or a conbination thereof.
separator magnet also has a magnetic energy content
of at least 140 kJ/nB at roomtenperature, 30
preferably nore than 300 kJ/nB at room tenpera
such as is the case with NdFeB-based magnets. A high
energy content allows for shorter axial contact

| ength of the support surface with the return stream
and consequently a stronger taper of the support
surface which is 35 advantagéo% Tor the axi al
transport rate. Al so, less 5 January 2007 20 power

i s reBAFREFT diearheed drat Fon kitathen sehdibst SFP3 RkqTet .
The shegnet15 and the drilling fluid bypass 1 are
normal |y de .of _a non- netic.materral... The re 5
ool bl y TREiRea® I W ERE S AT ctfby, PIRs#C ke
mat er ngkmally arader of @ abhanagropticnaktemiclanlbay are

str enguﬂta %ach%é@ya%’t b@cé l'g'iin g.e_hb%lie?‘torfeeﬂ& hhaterial
magnet Ni - al I oys

Preferably the

t’) l:ll?r'ueuary 2007

corrosion resistant non- nagneti| ]
i ncl udPngréere twopktakeptinel mesbanigrb fdirenghh orSuper

Al lvag1749s, hiawa ubeed HigHnet fehdt® &0rpedfdnCbaiddant non-
suitabl e. | pcanel 7%§HIS a gi%ﬁ:pltathg_ har.denabl e

al | oy MREOFTF A CGRpdsi VPP IR PARGER G UPERT TP name
Tabl e Ihktoné€X HEIE rat Blliwles 7téNn Heereubedn fomidutipnige BeCu.
Tabl e . it co 8 i .0 ] .
Vo, C FOEFAEPIY, BhPLyRCOR o 118 YE 2 b EaBINaroR:

Cr 17hegrdenaphes agloxtharigg 3 awppsitiop witdsnoragpes given
Ti 0.68 1adbe 0 0&hed mbbePifbs ¥ Be3Dsdl,2 inSludinip BeCu.
0.3 CO0.08 0.04 P, S 0.015

Table II: composition Inconel 718 in wt.%

Element Min. Max. Typical
Ni+4Co 50.0 55.0 53.0
Fe Balance i8.5
Cr 17.0 21.0 18.06
Mo 2.80 3.30 3.1
Al 0.35 0.80 0.4
Ti 0.65 1.15 0.9
Cu 0.15 0.05
Mn 0.35 0.2
Si 0.35 0.3
C 0.08 0.04
P, S 0.015 —-=
B 0.006 -
Nb+Ta 4.75 5.5 5.0

In order to avoid too high a reaction torque on the
separator magnet during rotation, the generation of eddy-

currents in the sleeve 15 should be controlled. To this
end the electric resistivity of the material is
preferably higher than 50 pQecm. Herewith a sleeve can be

made, sufficiently thick for down-hole application,




B 0.006 -- Nb+Ta 4.75 5.5 5.0 In order to avoid too
hi gh a reaction torque on the separator magnet during
rotation, the generation of eddy- 15 currents Ln_t
sl eeve 15 should be controlled. To this end théUaanﬁzzqo? ,
electric resistivity of the material is preferably
hi gher than 50 LQcm Herewith a sl eeve can be nuade,
sufficiently thick for down-hole application, 5
January 2007 21 . whereby the ditional torque, up to
a rotary frequency of 10 Hz "of-~tThe separator nagnet
7, approaches the toprgue_ necessary to overcone the
frict"ORTEPY hfoAREE tiRSdn OBt e abiPatP VR TREREY cERRIUSRCY
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is higher_ than, Kl i.flc to._genable i_.gher
(7 equeREr ST hiBUE T aE R Thb T aRCaE o rHeBAb) et of
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ool curBees il MR R B ) BabRRL Sl 300 JRSn, 50
at 1@nabléza HigherSfzdmmpcpnof dbogtl 69 id.offorhénstance,
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10t he ndgnB&-axis and on the vertical scale the

magneti c lﬁ*i@l b gﬁ&wgatsn k'aelalgeibg @@Iﬁlet-.ﬁe Vb1t 18Ped radial
aver age, ar . magnetjC Q a e arrangenent
e oy RS HG BRoT3 Ak B S A RE ebnat, of
axi al F2@.d#bebtinye) 3bpy ox thagerparagpetnagneeach Fimn 4c
magnet it h h e et I .

gnet S WL h31Shahl ?o%@g%ééﬁ%ﬂo&fg&%&\gﬁgﬁl% 4a

arrangenment such as I'n . - .
15 schendhEvei ¥4 offnathgdiorigpntak capaei gy RPtéBPetle radial

i ncl udiiBgaicé eBddnC Yhathohety sk BMNAT oRSLEESREIDESL scale
above. . Vi sibl e ar e,Lhe cAoni cally shaped suppor t
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41 average, larger magnetic poles (a pole arrangement such
as in Figs. 4b and 4¢) of the same polarity (in axial

20 direction) have a longer magnetic reach than magnets with
shorter magnetic poles {a pole arrangement such as in
Fig. 4a).

Fig. 2 shows a schematic view of a tool for
excavating an object, including a recirculation system as

25 described above. Visible are the conically shaped support
surface 15 housing the separator magnet, and the ridge 41
housing the bypassing drilling fluid passage. This ridge
is also visible in Fig. 3. The dimensions correspond to
those given in Table I.

30 Referring to Fig. 2 and Fig. 3, filtering means are
opticnally provided in the form of a skirt 43, shielding
the abrasive particle inlet 4 from the annulus and
creating an opening 44 in the form of a slit between the
skirt 43 and support surface 15. The support surface 15

35 and the inside surface of skirt 43 define a passage
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housi ng the bypassing drilling fluid passage. This

ridge is also visible in Fig. 3. The dinensions
correspond to those given in Table |I. 30 Referrjng t
Fig. 9 and Fig. 3, filtering neans are optloneﬁ“{ Shry 2007
provided in the formof a skirt 43, shielding the
abrasive particle inlet 4 fromthe annul us and

creating an opening 44 in the formof a slit between

the skirt 43 and support surface 15. The support
surface 15 35 and the inside %ﬁrface of skirt 43

defi ne passage 5 January 2u07 - channe
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A jet pump mechanism in the mixing nozzle 5 generates

a strong flow of drilling fluid from the mixing chamber 2
to the mixing nozzle 5. The jet pump mechanism
auxiliarily supports the flow of magnetic particles into
the mixing chamber 2. A larger diameter of the mixing
nozzle 5 compared to a drilling fluid inlet nozzle
(between inlet 3 and the mixing chamber 2) results in
adequate entrainment of drilling fluid and the magnetic
abrasive particles entering into the mixing chamber via
abrasive particle inlet 4. The interaction between the
entrained drilling fluid and the magnetic particles
contributes to the efficiency of the release of particles
from the support surface 15 into the mixing chamber 2 as
wall.

When excavating a bore hole in an earth formation,

the return stream of drilling fluid in the bore hole



(between inlet 3 and the m xing chanber 2) results in
adequate entrainnment of drilling fluid and the

magneti ¢ abrasive particles entering into the gixin -
chamber via abrasive particle inlet 4. The °Januayz00
interaction between the 30 entrained drilling fluid

and the magnetic particles contributes to the
efficiency of the release of particles fromthe

support surface 15 into the n1X|ng chanber 2 as well.
When excavating a bore hole in 23n"earth formation, 35
the return streamaof drilling fluid in the bore hole 5
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20UP 10 Ja%rity must be inside the band.

In order to achieve the best capture efficiency of
the recirculation system, the separator magnet is
preferably located in the axial centre of the bore hole.
In a typical bore hole, a small axial offset of up to 15%

25 of the diameter of the excavation tool is acceptable. The
embodiment shown in Fig. 9 has an axzial offset of the
separator magnet contained axially inside the support
surface 15 of 10%, or approximately 7 mm for a targeted
70 mm diameter bore hole.

30 The drilling fluid in the mixing mixing nozzle 5, ox
in the abrasive jet, may contain a concentration of
typically up to 10% by volume of magnetic abrasive
particles. A typical concentration of magnetic abrasive
particles that is supplied via the bypass conduit 1 lies

35 between 0.1 and 1% by volume. The separator magnet is



25 of the dianeter of the excavation tool is
acceptable. The enbodi nent shown in Fig. 9 has an
axi al offset of the separator nagnet containeg
axially inside the support surface 15 of 109 °dfnuary 2007
approximately 7 mmfor a targeted 70 nm dianeter bore
hole. 30 The drilling fluid in the m xing m xing
nozzle 5, or in the abrasive jet, nmay contai nea
concentration of typically up.to 10% by vol une of
magneti c abrasive particles” %ﬂfypical concentration
of magnetic _abrasive particles that is supplied via
the blRIcRIdFndHen ati 2srolstiapak i UEngH P Rasyeen 10
vol ungnd HWeenseparator magnet is 5 January 2007 24
typically driven at a rotational frequency of between
10 and 40 Hz. 5 January 2007 -25 CL Al MS 1 A
device for transporting particles containing a
magnetic material in a selected direction, the device
conprising: a support menber having a support surface
for 5 supporting the particles, the support surface
extending in the selected direction;' a separator
magnet arranged to generate a magnetic field for
retaining the particles on the support surface

whereby the magnetic field on the support surface is
10 arranged to have a high-field band, a lowfield
band, and a magnetic field gradient in a gradient
zone between said high- and lowfield bands whereby
the magnetic field strength in the high-field band is
hi gher than that in the lowfield band;. 15 - neans
for advancing the high- and lowfield bands relative
to the support surface in a direction having a
conponent in the direction of the nagnetic field

gradi ent on the support surface, whereby the

hi gh-field band, is
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gradient zone fromthe first magnetic pole to any

followed by the lowfield band; characterized in that
20 along said high-field band at |east a first

magneti c pole and a second magnetic pol e of osi t
polarity are arranged such that a first nagngﬁgem%%%w7
on the support surface fromthe first nmagnetic pole

to the second nagnetic pole i"s28horter than a second
magneti c path on 25 the support surface crossing the

ot her nearest magnetic pole of opposite polarity. 2.

The device of claiml, mher@pﬁz§q§MsEparator magnet

IS a conposite nmagnet conpr urality of
magnetic 30 building bl ocks stacked together in a
sel ected RtRKiGey fogi ErensrArt ipg\ DAY THElUSE RON LANERDED:
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wherein the magnetic building blocks ea
proj eEPBRF NS %Hxis fornmed by a conponent of an
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to the selected stacking direction. vice of
cl ai nPSPPAETE AhehRApE HF’RredhR- SupRest wfrfiage extending

stacked oRontlcethYi heias Riacks intersect the
high-field band. 5. The device of claim4, wherein the

first” mgh&EPEraier engREY R raaged dtordpreriat epsl vagnetic
"orh LEETRE rEOMRONE S SR ROy 0O e
devi cERFeRy & maonpei@ifialdeoni FRe sumbont sheface is
Stackeqd panterPoREVE & PLBRTE SRE e, B U Tuet Bgpd, end
any chd@anste predd ouradiientndn aneyadientsgogenbaheeen said
for aduanciadg 1Be-BaOMHS HAlaat WHerldy e YRROLL field
surface in the direction having the conponent I n t%e
di r ecti SIS £RetRAJHINCEld| Bagd okl dvighen than that in
SUpporHe SWW-Es81d1 Bafiiovi ded in the formof drive
Teans_ means for advancing the high- and low-field bands
relative to the support surface in a direction having a’
component in the direction of the magnetic field gradient.
on the support surface, whereby the high-field band is
followed by the low-field band; cﬁaracterized in that
‘along said high-field band at least a First magnefic pole
and a second magnetic pole of opposite polarity are
arranged such that a first magnetic path. on the support
surface from the first‘magnetic pole to the seécond
magnetic pole is shorter than a second magnetic path on
the support surface crossing the gradient zdne from the
first magnetic pole to any other nearest maghetic pole of
opposite polarity. o
2. The device of claim 1, wherein the separator magnet
is a-composite magnet comprising a plurality of magnetic
bullding blocks stacked together in a selected stacking

direction.
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20 for rotating the separator magnet around an axis
parallel to the selected stacking direction relative

to the support surface. 8. The device of any of
the previous clains, wherein the gradient zongjn“{%guaryzow
helically arranged around the 25 separator magnet. 9.
The device of any one of the previous clains, wherein
the lowfield band corresponds to a recess provided in
the outer surface of the separator magnet. 10. The

devi ce of any one of the preVi%@s‘ clainms, wherein 30
the magnetic field in the gradient zone genera_ll% o
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Tool for ‘excavating an_object, e tool conprisin

10 j ePRYBRF i Budlaidis RAGekS < 0 i npi nge the object to be
e>k<)caV_at edrne u_lavlacé it edash rgammetesn fuhel Q‘iﬂéﬁ(%dl%ﬁ:htﬁhe
abrasive particles conprisin magnetic materi.al, e
Tott) RSSO HEoAPobt (AR APERCALY aBI SR ALY of

abr aspveckqshmegoéeid muéldatd dliorgsent rance of abrasive
parti gl esprld 4bhi&s tdie eh§l&Ad G oYL &MBeviiRGst Ol srlslr LHEEein
conprising a recirculation system arran\%ged to

reci r et AMeaRe FRadvagehpd dinet Ranaddp rigdivkévp i itdees,

from gupdtt Bugti@amnOthe tdierdotiibf Maveed Whé hednpRnent in
abr aSLl\_llg J.arretcitg!‘)gsofd%wgsrtnargnae@ic field gradient on the
support surface, is provided in the form of drive means
for rotating the separator magnet around an axis parallel
to the selected stacking direction relative to the
support surface.
8. The device of any one of the previous claims, wherein
the gradient zone is helically arranged around the
separator magnet.
9. The device of any one of the previcus claims, wherein
the low-field band corresponds to a recess provided in
the outer surface of the separator magnet.
10. The device of any one of the previcus claims, wherein
the magnetic field in the gradient zone generally
increases on a trajectory on the support surface in the
selected direction of transport,
11. The device of any one of the previous claims, wherein
the support surface extends around the magnet leaving

distance between the support surface and the outer
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I mpi ngenent of the jetted streamw th the object back
to 20 the jetting system the recirculation system
conprising a device in accordance with any o Jamm%g&n
previous clains arranged with the support surtace
exposed to said return streamfor transporting the
abrasive particles fromthe return streamto the
inlet. 25 14. The tool of claim 13, wherein the

support surface is provided with a ridge on the
support surface guiding the ~abrasive particles to the
second inlet. 15. The tool of claim 13 or 14, wherein

t he Jett ystemis quidI conn to a b

conduf 't aarraﬂg %‘ §5pFﬁ%‘?‘?femF BeF4 d‘é@ gi‘f Idégﬁ@me in

the jetiinsg $ysddmnnbhhthd mpbbot dsurface is smaller than
said distance in a second location on the support
surface, the first locaticn being downstream in the
selected direction with respect to the second location.
12. The device of claim 11, wherein the support surface
is arranged in a tapered fashion around the separator
magnet.
13. Tool for excavating an object, the tool comprising a
jetting system arranged to impinge the object to be
excavated with a jetted stream of a fluid mixed with
abrasive particles comprising a magnetic material, the
jetting system being provided with at least an abrasive
particle inlet allowing entrance of abrasive particles
into the jetting system, the tocl further comprising a
recirculation system arranged teo recirculate at least
some of the abrasive particles, from a return stream of
the fluid mixed with the abrasive particles downstream
impingement of the jetted stream with the object back to
the jetting system, the recirculation system comprising a
device in accordance with any one of the previous claims
arranged with the support surface exposed to said return
stream for transporting the abrasive particles from the
return stream to the inlet.
14. The tooul of claim 13, wherein the support surface is
provided with a ridge on the support surface guiding the
abrasive particles to the second inlet.
15. The tcol of claim 13 cr 14, wherein the jetting
system is fluldly connected to a bypass conduit arranged
inside the ridge for supplying the jetting system with
the fluid.



