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DEVI CE FOR TRANSPORTI NG PARTI CLES COF A MAGNETI C
MATERI AL AND TOOL COMPRI SI NG SUCH A DEVI CE The present

w0 noosnvizen rel ates to a device for transporti NBCT/EP2004/051407

particles of a magnetic material in a selected
direction. In a second aspect the invention relates to
a tool for excavating an object conprising such a
device. A device for transporting particles of a
magnetic material in a selected direction is described
in International publication WO 02/34653. The known
devi ce contains a cylindrical magnet concentrically

ar rangrd ow FbRNTRASSHIOIINGT®RRe N Cf 08 e DWAENETIC MATERIAL
cylindrical sleeve, of which sleeve theﬁpﬁggg? urface
h

forms a support 28 £R0E FOFFREMIE: 595 i cles.

The cylindrical magnet is fornmed of three snaller
magnet s stacked together in the axial dirﬁction f the

separ at of "FreRfifSeREAERCDE Phet S % ongHEY §-hak®”
di anetghepbivimppesedchNeands Sa pl@feti andtebeasnh | er
magnets are stacked in a manner that adjacent nagnets
haveSeppoestt lyrestii@Rred N- S directions. The nagnet

is at its eUisRicondr hagecprend dedrenittiBnarauabes of a tool
helical grooves, in order to locally increase the

radi APTAFEERFRE et ReRIPRE TalRetS Hitt T8 Sufipbrre
sur f ace A ci@ause rbegt oassebrionemparagaetiscof i #lthgnetic

strengt h. , Bet ween t hese r.eqions,_ of |.ower magnet.i ¢
1o GO R B R T s et et Rare finy i e TREPEY $hie
magnehtbasasi edlt ralbllieagibudivoad2 A3d65abahe Whbwh déeice

magnet is.rotatable relative to the s|eeve.
oper &PP6A " ey qf&’ éFFﬁcP@§n3Fec?%ﬁ%ﬁ%ﬁé%a%ggtﬁgrangEd
supperithsur f asepinrt rerbegnébirned iley dh galdnadrédabysiteve,

sl iy PR g RSk PR MR lBor: gyrrace
the Ifeld eabpgrooves:hwhere ttilké ernghet i ey firslrd ced magnet is
LSRR, B 058 iR LAkl Bty ug uhe
movi rgighadieattofn of the separator magnet. Each of the
smaller magnets has diametrically opposed N and S poles,
and the smaller magnets are stacked in a manner that
adjacent magnets have oppositely oriented N-5 directions.
The magnet is at its outer surface provided with a
number 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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magnetic field strength perpendicular to the helica
groove, which the particles will follow. In this way

WO b@spes7eé cl es are transported over the supporPCT/EP2004/051407

surface. It has been found that thereis alimt to
the nunber of particles per tine 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 the limip,_the transport of the
magneti c particles along the support surface has been

fou@@etQodgﬁhéferégﬁ$?5ﬂqo§tQHeCQ fﬁf%ﬁ’m%?%OVIdEﬂg to

a first aspect of e 1 nvention ere
devP@ENEEECt PaREoras mgrpaiehecbes wévingragretient of

mat ehidbthB 2iSeh escér%‘?l o E%EEQHdléEfaPeé’d G®e heljcal

conpri'sing: a support aving a support surface
f or 9¥Q@PF6rt Whyck hehpaaritdicdss vhelstippav. Sur thée way the

ext eadicng 60 Lhe @ﬂr%ﬁato%@egl BSEL! ORe sy %%O%Pi‘tf%e

magnet arranged to ate a magnefic
retaini A§ bpe ?ﬁﬁ&lﬁﬂ&&ﬁ shathéheuppbds ta siimfidc&onwhbeehymber

the d%ﬂ%%%tth&&%@r% %nsilﬂpEHF{: §H§fﬁ9&z %e%rlrc@nggdable
have a high - field band ield

rragrt@t it anisepat gfaxli i vien Zo§radPRNEr TR dYet Wehhe

sai ¢, el o Egrw&esf I @lag fi@”@%f@@@&ew de d!é%%%t b%ceeds
field stren t the high-field band is higher th

t hatthen 1Rty ﬁbeftreqrtﬁp@éﬁdofnﬁaﬁsm@@me%mtwlﬁﬁealong

hi gh e aRgpbew shi&lct hardpetal abiMg 9 dd1ei9PRRN bven
surface in a_direction having a conponent in the

di r &P FoBPLERe Ymgnetic fiel d gradient on the

support asdbl-aghg vhes ek sicthasbeah- of i ehdl Haneti®n, there
followed by the low, K field band; whereby along said

hi gh-=S eré’IVddﬁgnEI Ve drra HRPSPORBRG R Pl e saRd &

secopgnrgiehhecPOAE f 0RRASCtedPal asttyordr Ry Hanged
such that, a first magnetic path onthe support surface

fr oAFWEIFEFSE magnetic pole to the

- a support member having a support surface for
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
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 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;

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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second nmagnetic pole is shorter than a second magnetic
path on the support surface crossing the gradient zone

wo e@3i003766 f i r St magnetic pole to any ot her neaP€FEP2004/051407

magneti c pol e of opposite polarity. For the purpose of
the present specification, a magnetic pole is an area
on the separator magnet surface or the support surface
where nagnetic field Iines cross the separator magnet

surface or the support surfaee3thereby appearing as an
area of source or sink for magnetic field lines. It

has firerubpurd thataddeROREE ¢ PALLASIESHiWRIe to the
present in a hl%h abundance on the support surface,

t enFIETEr FRARETLASPRET Viss sShRTERAI RBaB M tIRCYhpeRetic

surface o endi Baopetwesn Aand SsRehEStIM dMRiient zone
magnetic field inpinging the support Surface. By

ar r digth§ 'ReitgRBEUFR RPN @S 561 @8y WP ERFH NefE itgh -
fielghfprnd & pobe grOBGIdLCAld Boahesey. to each ot her

than to poles of opposite polarity on the other side
of the §r&ditBft PRBER@SE tHe teiRaPKSBRT nBlfet§ Catdrti cPes

Wi | Inaes i@ poeter enge 4:2AldngdRnd EBphher b Ghrgridielkdrface
band agai nst the gradient zone. The magnetic particles
al i gHed-nissPReY EwPrTIane wheger merAeetifel 9t & imies gross

resulid nedadrefoi-hfagRENe U dfdeeld ghadkephoit dli&ace

advanci ng gradi ent zone. Chains of magnetic particles

cr osSSSHFIh 8PEFAd Bt 2% e F56mPE RBYAEEI o potd ifRS de

t he dH@letfiicelrd ebandih@s a magnetic pole outside the

high - field band are undesi.r g. Si nce, t hese chai ns

cross tHE GPEAPERR TORE Oty ther BRAPFULF yored e, when

nunefe fntpant iaCheghi sblhEarckaion whel sexpert encefddrg tend

force gradient %ssoc#ated.m%%p.the naggetic fiqéd

or adf @RI ANEGRSEIEFR Lot c RN hAE aRRGHCermi 2o

of tdriserzing deesennt Nedided ipodley dfaghtheagpasticlfdasld

in the chain 3Iong with it. The arrangenent of . i

g gt tGid] % on “HBRRF Gt iirh BYhe T AVEHRY JiP ey ring

t oavioi lehce refl esuehthbai tise ofigmgielidchpadt telles

Crosgéég%tically closer to each other than to poles of
opposite polarity on the other side of the gradient zone,
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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t he gradient zone. In accordance with the second
aspect of the invention, there is provided a tool for

we@aved7selg an obj ect, the tool conprising a jRCT/EPP04/051407

system arranged to i npinge the object to be excavated
with a jetted streanof a fluid m xed with abrasive
particles conprising a magnetic material, the jetting
system being provided with at | east an abrasive
particle inlet for allow ng entgrance of abrasive
particles into the jetting system the tool further

CONMpFiciidRBcd beCshen | Aldi S¥Shemhat{anged {8 s crossing
recircul ate at | east sone of the abrasive particles,
frohl® PERAARNEL F@B®n of the fluid mxed with the

abr asi venpaetbehesc4aynst keaMsLEBLAISNRM: fr the

jetted streamm th the object back to the jetting.
systeWeIERETy eENPERI B iRNPVEFietem bopbr T My v@dingean
i N agsecdaneBeW b1 ahsne 19y theepE v o%ﬁstt@na'a&ganged to

arranged with the support surface expose 0 sa

r et dFRiSERe RLT 8P eFlansh e iergavREed by bigh v Jditedc ségeamof
from ttheitehikBdSh{eRMEQ 8RR bakelc1dhecdnprantingna

w ll now he illustrated by way of exanple, wth .

r ef SPEREE 1CoMERET A2 tonlhyiStd L@gadl AECTMS gt Prioyided with
schermtiiee@h! ¥nSBENSs BvE Rss isaet i aneof Pard1 1fvidgt @Ak rance
for excavating an object; Fig. 2 schepatically shows a

sur 1 DTEFL8F RAFRGAEES Satear PARGRERSEaR,  the tool

accanganee WotPriBend nyeddiarul bk gon 3s (PR ardran@ed) to
shows hotgﬁraph f a tool as sgomn in Fig. 1 having
an i%ﬁﬁiﬁ%ﬁ §Cafbunt2dt WePishBE PRI HED RFhicdes, from

suppordetsithf acesaki gf he FAis aikedCyisieharatimalsiye
Phote, NALheUS Bl LeLnall Ve Mmanel pur{aGe, Y IANPTNLS sc
cal aiHeatdogrcaf bbbk tagites ijethiiekdsgoptéhe SUpp@dirculation
Surfé?% e%?c%m%%ggghgnao eé?geakndgéggpgghég(%g{h 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.

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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the magnetic axis;Fig. 6 schematically shows an
enbodi nent having a conical separator magnet and a

wa@oensoed7ecupport surface; Fig. 7 (parts a to CRCT/EP2004/051407

schematically shows a magnet arrangenent provided with
hel i cal grooves; Fig. 8 shows a cal cul ation of the
radi al decay of the magnetic field for various
magnets; and Fig. 9 shows a schematic view of a too
for excavating an object. In-thle-figures, |like parts
carry identical reference nunerals. Were, in the

fol | ow g (de$CEERthOP; ol 1Y) 8GO In OL b A ALdAN Heling a
specified, the direction of transport is each tinme the
vi eI Gilr S6PREATPR PRINAYT oMt 8 wAnEkal heupraryy ypurface;

direCtiQﬁgts7d?§hf€§-aHﬁf&ﬂogcﬁeﬁ99£c$£§ygﬁﬁﬁ%@%!Hﬁ @Bt
object is schenatlcaII% shown in [ ongitudinal sectlgn
in B argenenkePtabldeaiidd dehnecetedredvehie | ower end

of a drigily,sersAgws N9t cShawk 8%t 8RdiRNY fiaf%fadecay of the
borehol e forned_in _an object such as an earth
f or MGG icThe et Bof OF svakriaifgadoretpet and st r eam of

drillingify uiodsaby¥8da idHendRraskYewPaFtd cl&s agal nst
the object to be excavated and to recircul ate at | east
par tS%f2 ed ngbPRsPReSPplar ti cl es. The abrasive particles

nust be rragnet k$ahkesf ori kipark@0karFPei 4o id=S reference
provi ded with_a [ongitudinal drlLllng fluid passage |,
whi CHISC 345 -ofBSERd ther ot Il oML np ddedrrii &t on

W t hyiareddiloni 8g thuhdishannelpderiovbdedthd dhedridd of
string and at .the other end thereof I1n fluid ) _
co ERYEn 15 PACR W% g WarBerd 2dir sCE o i1 inggation
fluith iwHieth 3he Theanyxdiwedaiambes defsnadiso in fluid
connuniéption mﬁtg a br asi ve Egrticle inlet 4 for

abr asi ve 3par PEcPe§ O hnt Wi TIP3 A RE ng? iR e 5thavi ng

an adHestatiral 1ghewoyn att danged thdihel sesti®@amrofrig. 1.

dri tlog Lhuid.and sbrasiue artlel 63,0008 104 N goiny
string (not shown) extending into a borehole formed in an
object such as an earth formation. 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 fluid 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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with the drilling tool in the borehole. The m xing
chanber is provided with a body of magnetic materi al

wda 4006/0037h€ si de opposite fromthe abrasive parPCT/ER2004/051407

inlet 4, but this is optional. The m xing nozzle is
arranged inclined relative to the |ongitudina
direction of the drilling tool at an inclination angle
of 15- 30 relative to vertical, but other angles can
be used. Preferably the incli-ngtion angle is about 21
which is optimal for abrasively eroding the bottom of

t he bor QhI@Ofn@xbﬁ{%adhé}ﬁBé/r riQd @trbegd&@ewmm EHogjyt QQ

i nsi de the bore hole. The m xing chanber m Xi ng

noz 18NS tarFemar ek U tan tihe é&ﬁ?e?pmlﬂ% fiprderthiehe

samsaR@ive pAreides iwiach e%%toehwais agoel Al 1 on
of the agir%a& ve partic]es. The drilli ng fluid passage

1 is ar f3RgBYXLBY YREE ddevirergedf sRcl ¥natk pwlEtdge to

migrteid qOm@&t:u@m&lt@ﬂed&dm%lfu%g 8P 106 d AYo18St an
part a recircul ation systemfor the magnetic

abr a?é}q}é“ﬁ&ﬂppcﬁ%%lw%rﬂ P bEedkabave fte Heerficadi vdut

par tdttleas aggNtai Fad HRINALH .C P'?E@tf@'f:laﬁiy the 98MiiGRition
i ncl udes a sugport npnber in the formof a slightly

tap SEe?ROYE $br W disngPaigapptrt AHFHIELY

ext cmjdaglgarcaangoasz@s&prﬂnealﬂoxecmbwdﬁy %Llaﬁl%h%%%tlng
el ongat e separator magnet . The separator nmagnet

gen SOTRLIREENEPPL W%WP ftée petai heiyy- tThe ﬁ@gﬂ@g c

partdrﬁn@ﬁzroa bhe BUPDYS tnoidfaceats. aThendl |\.J:Lt|l‘pg:he outlet
fluid %SS%Q% is fixedly arranged relative to the

sup §8 7R KK A ERARPErC Achipye optimal
dri |aldd’dg.efrblﬁh.dnpﬁSS’T':lg@ dohas va b@%i%%@ arranged near

t he abrasiv tic inlet 4 . In the present

enbodi nﬁj Sﬁ5?3+?$|fw4 IR7iS§2g5sSahe afplf?‘?re&’r g bypass a
| nsidksrizer icdgeri trifepaxiialg dagaetionpawit Cdidd dgRt Ss

in protrudln tact with th pport surface 15. The
ari Y FFUPE paSoatl Frdy 241 Ber RatTver 5 b4 sugeam

fr ee@i::artdhlenglagnemdt heb saiper pastii Eaes Wil @h NMaineYe used if
Slrnlﬁg-abra51ve particles contain a magnetic material. The
device 6 includes a support member in the form of a
slightly tapered sleeve 15 for providing a support
surface extending around 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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to that shown and described in International
Publ i cati on WD 02/ 34653 with reference to Fig. 4

wo b@sedites or i n aoff-axial direction. The abr aBCTEP2004/051407

particle inlet 4 for abrasive particles is |ocated at
the |l ower end of the ridge. The cylindrical separator
magnet 7 is fornmed of four smaller magnets 7a, 7b 7c,
and 7d stacked together. A different nunber of the
smal |l er magnets can al so be usgd.- Each magnet 7a, 7b
7c, and 7d has dianetrically opposed N and S pol es,

and dﬂﬁldﬁ%ﬁﬂeﬁirééﬁhéﬁfﬂﬁﬁ%jdHia%lgénﬂ§ft$$¥E i 5&9%?Eor

magnets have N- S directions azi nut hall i/ rotated w
resr?eklﬁastléfeeﬁéﬁtb?h%? howcatiee eénthal Iowsgiandiofalthe
axi sri®iqaver an angle f such that two essentially

hel i cal dlanetrlcally opposi ng bands are each forned

by al t erf&t CHgIREBHRIS PoIFeatopuBagnet he ratigmmest of four

bi palnar 1mBIREEnet Be7aRONet i fighdrgt sendtdy 'e%gté%%er
regi ons between the N and S poles in each of tHe

smalderfersghepimbar ob the smadderdmpgneoheran palfd e used.

t he mmaug@levcym;el jsally, @ddgﬁadhaggawﬁe@rl%mg RepNsed
and pol es. In this way, the helical bands

al teN @aﬂ g PR &fd @deﬂz—% mMEGRts AFghsEe e Hdheﬁ genner

| ncrgased drReaati Radhal 4 e ngkhar ebat { ¥&s ta‘%lrnﬁﬂ:'h%"iﬁy
form nq% | owfield band di spl aced by about

azi MRS HiFBspREReto thar o @ﬁhPFeﬁ@O‘btarH‘e Cr‘Pntral
bet vx.eo%ﬂ;ltt*a%lmhamérf d L %ln {adancﬁ hel& iS,2

gradi ent zone where the magnet i c strengt
decresssed ifddm hakical rCéiaes@tI\iatladléyl oppdei g gjrandsf iagded each

band: 4.9, 449 vghggrﬁgtjf&rong@{d glg ?ggd The separat or

magnet 7/ a centr axis 8 and is
r ot at abl%ler glathe enatgineheofslaedipol 5r anabdinutt tehenagnetic

Centfl%lci %@Q"ehl;mhnﬁlx axd Sﬁ:e% ' %Etﬂ@ Stk‘?ét’ & ant%x Sd%%les

(not shown) to~drive axis d there ate
sepalrrate@rchw@én@e7Sm¢&3@@|nta¢met@l Békwvlse b covhtler 1s

cl ockwese thahat hophass S &lalad oot Nea $EPSE Andd&egions
around the N and S poles. In this way, the helical bands
of alternating N and S poles form a high-field band of
increased magnetic field strength relative to 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 wvalue 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 8. 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 advantageously be
provided in the form of an electric motor, which motor

may be controlled by a control system (not shown).



10

15

20

30

35

helical band. The drive neans nmay advant ageously be
provided in the formof an electric notor, which notor

woraysioes7eont rol | ed by a control system (not shp@IEP2004/051407

short tapered section 11 is provided at the | ower end
of magnet 7d. The sleeve 15 is provided with a
correspondi ng conical taper in a manner that the
abrasive particle inlet 4 for abrasive particles
provides fluid comuni cati on bed ween the support
surface 15 surrounding the tapered section 11 and the

m Xi ng chasihert Zapetha sosi tal taper Sﬁ%
t he sage(ﬁgnrgaeen aspt he above - di sc:ussp|rgvgﬁéél b8 t gﬂ)wer

m xi i & dfid A'Ri P A% 5 Prpﬁlgﬁér‘aﬁ}@rﬁ
t he toekey@wﬁaanyscb@hbgmstaﬁ@§ tﬁng ﬂé%n%QnEEQEegh%cébrasive

strlng that Is Inserte

the | ower drill
t he QﬁFFh%]g Hrﬂolc?ta 4pdPENBPEAS W tRahCIeSPEPYidgs fluid

f1 ui dommupLePEtbrbYelwssht el e o
Surfﬁé via the drel le [ ng fl ui annglltrf%fégmé %%r]fcfundlng

Stri antPTHE FeGitdOPat s aypd 1th%t“t}>%lﬁ§ ghampgr charer

2 . EUnic@n|ﬁuﬁeﬁﬂlspbaﬁtn@hséﬁ&nﬁ&ﬂﬁﬁ%ﬁh@ QﬁQYéd£Q the
| ow, concentrati on of abrasive particles of

mgn%??%e Tt TSS9 ARAL e Okt ke migngorharber grand mixing
The sbremn 3] ows fromthe m xi ng chanber 2 to the

m Xin zzle 5. and is etted agai nst the_borehol e
botto?n n]%i‘ etréi‘ﬁé%sl ‘;'zh% NP iM9TXSt AEngot 80V ot athel kel is

t hat cotueebioshtal ehbollbwst i snevenlay geradederfng et 1s
stream co C§ n| n%PFhe fluid,,K the abrasjve particles
on

and SXeavat SSEF RS TrD R PREERBEBhob oS istam At
t hr odighl 1 vey bidneldolie pﬂmﬁbdﬂﬂjﬂ&lswltE@QE b ?h@not shown)

S g, JELEDLoL B SLAY ot e pRses AlODR e,
of d$1|:timmgarfd mhe fthbdsmxﬁrmeorl magoethd mﬁxim adrfhber 2.
abou ukls §:8, Lh a di = di_ct at ed sense

%e‘% cal bands  wht X chq% nﬁﬁga& tlﬁePr%%{Jo%‘%‘%‘@éjbra
coun@@mcqntmﬁamogeofThblsﬁimgzpantunmglebf7ma@mkm3ﬁ5mhtellal
nagngﬁéﬁ as steel shot or steel grit.

The stream flows from 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
excavation debris, flows from the borehole bhottom 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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field extending to and beyond the outer surface of the
sl eeve 15. As the stream passes along the sleeve 15,

WO b@sabi7esi ve particles in the stream are sepaPEl/BE2004051407

fromthe stream by the nmagnetic forces fromthe
separatormagnet 7 which attract the particles onto the
outer surface of the sleeve 15. The streamof drilling
fluid, which is now substantially free from abrasive
magnetic particles, flows further- through the bore
hole to the punp at surface and is re-circul ated

t hr oggdndher diriildn Skkikag: aéﬂeerparm»igls eatggaa%rédéer

cuttings. The nagnetic forces 'exerted to t rasive
par t FeF ERCUre |1o\keslRAVEhES | ow field band than in the

high - fil dsthand oFhgrimong i A3 tiLahes [etalned on
the support surface 15 are attracted towards the band
havi PPt FRN i YHes £ rREghEeT calyasiye pagnesie opattiorl asf,

the seppd ot OFc HEBIRBodgh Neife didREH AR agapst
sense of the heli cal Obg\nds thel%(r:egpgc?igvléﬂ%a%%g?aantd

the FPWREARHEYorie FR-PeFNekH ek dhroaghotbe dvithestring

magneti&r padnidwelies sl 8ha @Hfectd anipgependi cular to the
gradi ent_zone, which_has a downward "conponent, thereby
forci ng THe TFaREdFe§o¥eet disswed kel Fhal eyramiwmaradticles

noVesent Lovise tie thar Lbel ese B R @hahhenabh@si Vg -rie1q
part.i Cl%-fg [ r}I}ﬁet A, %he streamof drilling fluid fTow ng

i nt P mLG AGIRREABePa Bt Liyas wetedarAsorhghe support
part$@&fﬁhesGED%rbnétﬂﬁaéﬁéﬁfﬂdﬁdﬂﬁscﬁﬁgbﬁéngghéJﬁhg_the
part,icles interaeé;ct, wi_ith the streamof drilling fluid

pasSH ST RIRSERE Mgty RifarSe o3 atiom oh Ee Feparator

i ;(im@grrfzﬂ e'_trﬁ_,a am?ebhm@%gaime har gitaﬁéé-esofvi ﬂ}%e_ bf1lical
entraln IS Slream rovi daed, e nmagneti C |
bodyPd Sdnb%wee r§i588c£b]6%sk??r?éj$ Ao the ghrakeRle zone in

par thelwedmleeterd aafsese Magneid talgnekdcl paesidned um »
L;o%tyeec%ioo\gle%e%g)ggéigg 1% eo( &zx%arg%ta Eeg?ggoeée’t owf}itzzihs has a
gneti ¢ body. :
downward component, thereby forcing the particles to
follow a helically downward movement.

As the particles arrive at the abrasive particle
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 mixzing chamber 2 from inlet 3 to mixing
nozzle 5, and thereby these particles will be entrained
by this stream.

If provided, the magnetic 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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magnetic field gradient fromthe support surface 15
towards the inside of the m xing chanber 2 becones

wo ems/08i76®ng, such that entry of the nagnetic BOT/AB100€051407

particles through abrasive particle inlet 4 into the
m xi ng chanber 2 is facilitated.In a next cycle the
abrasive particles are again jetted agai nst the

bor ehol e bottom and subsequently flow through the
annulus formed by the tool and ¢he borehole, in the
direction to the surface. The cycle is then repeated

continugyshynek L{ie WRANGL LE: LS ng&h} ee/l%ge, the Qggkh
string/ punpi ng equil pnment is substa |aJIy ree from
dan@@gtﬁgﬂ fHa1abt ashe doFsholel bethent dred esuisesueatéy flow

thr e e.dri j Ly, '
the%%??ﬁ%?nsh?rﬁ?% ci%gﬁ%g%gsb?hkgégﬁ$§%gggﬁgﬁ%eb??%bﬁle’
st riimg tasd dpurpF her deuithvesurfrnecatiee acwri |15 taeni on

of theRathl Ebﬁ%iﬂxh&m&.h&%UQHiEhﬁaéPRéPhP&ei dchieved the

surface, such fraction can again replaced via t
stréﬁﬁﬂdfSﬁF&P@/Pmmenq;qqm&@mghttﬁé debstansticildy. £The from
SePafAkoL BRORAL doiss ASPaROMIeLNaEl thede dikdiate
representati on wherein thée cy |n3r[cal surface 1Is

unr direagh| ahei hovere pimnefothehdrphpertrimusenly, while
ver tdfealdry 11 $ngek1 ot dihe Neicght tRtothe SRPaALALoL drill
magnet, which i's divided in smaller nagnets 7a, 7b, 7/c

and St ingna@nHoP3pit @l §3riHensur faceass alimadzi fgepsion of

bet weeN 3206136051 Swy ISR Gn A8 B8PRS S8 st ce, such
angle fin this case is 90 in respect of every one of

t he QGLOP FAENRERLIR P& HEPdRSER, VEa bERRIgS tHREm AfmfL Hid

angle Aiileranegghetyean-itine srehgeted N S directions
in two neighbouring smaller _magnefs. Alternativel

the angl@ef s&ﬁﬁr‘BTeg%aﬁ‘a}gé’d?fal7oﬁﬁ £hEC nBReIE & £ 20 in a

Ar easepl seelafabh Cahdyeimdineattg1nharechn dlergieadisent

Co SOt £y Ll sl entt b dec om0 carny

bandid adtheutakhe heidite dfowhef sepdrbasd.magnet, which is
divided in smaller magnets 7a, 7b, 7¢, and 7d, and
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 wvaried 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 6 with respect

to the plane perpendicular to the central longitudinal
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Dependi ng on both f and the axial height of the

smal l er magnets, each of the two high-field bands
wa@oosieites in a direction nmaking an angl e q w POT/EP2004/051407

respect to the plane perpendicular to the centra

| ongitudinalaxis as is indicated in Fig. 2 . The angle

g can vary along the magnetic stack. Magnetic

particles retained on the support surface by the

separator nagnet tend to arrange thenselves in

el ongate chains along a magnetic path fron10ne pole to

t he e I f t olari hai ns 45
are Srerore Th BelcdRRnEy G180 8T arh reds ot 3Ry
3B aﬁ@OEQZEHQI@hymmn@fstackeaSIng anDunts of stee

shot ret or sur hou3|n t he
hellcallﬁé 5%5%2 ag%l%ggg iggnsuPﬂg Stagrface by

shot theraerpsatiars @Ia‘gnuem thad nBo 4&:@1’@@4} tthbﬁshgbé@ain
hi gh S poles. The chains 43
betgvveé(r)llf’é{%éjlﬁ an%‘%%\&gﬂgsgu\!? r??%tc SR P& TSBppBELPOLe to

sur f Bke nearaaipsseofofshppositd heo Idrddlyve thanchIaDﬂis 545 are
Do EEb Lt At sl LG SHRROLY AN R Be ok oph 55 and

correspond to so r'cés or drains
| i nesC e Fhowt eft imegresing patdundrs tolfe sappl oxheBt &ddained

I I dj t . N.and. S- pole
S catt o s A B BERLECTs R ST nRAREar ey ator
Fi g. m2918t ddts edn b@esgen;sthﬁuﬂﬁeaﬂ Bh@m bhEaﬁ@®$tfﬁﬁelf in
pat hoRe! 95,4 EQO%gp[tﬁ_)é' pOI{ %QIJ[ Gyl hn—q:'rleigl P%g@f \éﬁng NNSS

bet ween a Spol e Ionn
fi el Bobahd THied th@énﬁeéﬁeb@t%erpdﬂ@ NSangoBepolesationtlat

in agethes gﬂﬁﬂ%rt h?&gcgafg cHM3vs %@esﬂggnfﬁ é%e middle

particles wi Il tend forma chain along I'ine
al i gifredt Midth Sapml@h stlf:keqndc sehdheFeuppetfer suctade since

dot t ek | ddR sl QdrselsPehaat £ds ha g L S9AE §§t$%qpetlc

length as dotted line 9 and it can be seen't
dot t BtF+9 NePEF i s too short to bridge the distance

from therd poleetieRtt Reghiatt pdtrelod bands %’% 5§‘ﬁnate1

nearéeit SJ.pJ.cae_L %lljltrgflagg %Jg‘swebeanndtw%r %%.?Ilagent I%— Egr?dlse—pole

Zzohe
locations within one high-field band, indicated in Fig. 2
by dotted line 9, is shorter than the shortest path
across the approximately cylindrical surface between a S-
pole (or N-pole) location in that high-~field band and the
nearest N-pole (S-pole) 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 g
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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The rel evant distances are determ ned on the support
surface,, since that is approximately the distance

we@@s/0vdTs€h t he chai ns of particles woul d gr owwCHEB®N4/051407

4a, 4b and 4c show alternative magnet arrangenents in
accordance with the invention, also forcounter

cl ockwi se rotation. The enbodi nent shown in Fig. 4a is
simlar to the one of Fig. 2, but with the snaller
magnets having a smaller size iy 1he stacking
direction along the |ongitudinal axis relative to the

otz e eeDr80g: RAL PR EHbBAhGL Nhoun in.

stacking direction. Since the bridging stan
par tFid e 4ehdisn sbBihesnte V@%@@SDIEGFPQL e3, withiwith the

hi ghga i8] QQB%@gs(ﬁﬁpgﬁiggt§Hél %rdgﬁESd {Eéjg@a%kﬁgg

much shorter than t i ng di'stances (reépresen
by ddtiestiomedorg she P@oitisthnalpekési nelafei it the

hi ghy st 48l diband,tena pol& ?er%@ﬁ@%%%fap%grﬁl{é/ stacking

t he other side of the gradi ent exp
t hatd¥tRetimn.i Siesewthe brishriclaidistantegnfon waatrttm:ée

hi ghchaifd @e@w‘%@ﬁdﬁwbnoﬁ%@sﬂé eehe@n, 9fnt hne h- T]{l%ld band

difference in these nces i s nore pronounc

in t EREASGatREnPY oot ed Hne 12)wilk| mpeh diboussedhan the
bel qywidry 1Ry @ilg%taﬁblast b@épr%dt%dhﬁ\r}reHStﬁQ&‘aiﬁég%136‘%%
ener content , Fgnet arran nt has a smaller

rea tH%%mkﬁePBﬁ@ bPS 9.this highrféebdpbriidrein @ofpole of

Fig frlae @@b@& bhi the &@ﬁt} 318eNOF &L apaed
altéﬁgﬁﬁﬁw p ggch smal | e nagngt but each f?ﬁ%

t wo weeswg itthéssﬁﬁﬁe?ﬁ% tehaé APPaRgEhL akeacehtl tigom

eachcrotihey aﬂah&ngnbeahn@m Hignt-rys18a586q9ni 4 he st ack
of the four smaller nets 7a, 7b, 7c, 7d, of Fig. 2

IS T PlfcéiLP‘én hathe £ f6reprg FoutheymIdigtances

magrtm Sndre @irvhdedceat @hémmrth@oéﬁbsaﬁrﬁemﬂf &fig. 2. It
magnet | e of Fi 4b t he four snal

ﬁ; in the exanp ,
magrBtlst &fe IAFTREEET RELOT it P& SRRPIErT %%5méﬁgifamav1ng
and @zl Ebheaadd7bﬁergﬁ|céﬁﬂénﬁQZch§|m@@ﬂeﬂd@ﬂréﬁgement
o e 30 shadadbBLoROLES, AR BRLTUENAL LY g1 spl aced
In the embodiment of Fig. 4b, the poles within a band
are not arranged alternatingly with each smaller magnet,
but each time two poles of the same type are arranged
adjacent to each other. This embodiment is thus based on
the stack of the four smaller magnets 7a, 7b, 7c¢, 7d, of
Fig. 2, with the modification that each of the four
smaller magnets is divided into 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
7Ja2; bl and 7bZ; 7cl 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



10

15

20

30

35

to each other. The magnetic poles (in the sense of an
area appearing as a source or a sink for magnetic

wo c@b@oizsees) are assenbl ed from groups of i ndPeT/g@pENN4/051407

pol es, whereby an individual pole is defined as a spot
within a magnetic pole where the field line density
reaches a maxi mum The individual poles are also
arranged in ahelically shaped manner, preferably
coincident with the helical arrangenent of the band,
so that the nmagnetic poles thenselves get a pseudo -

hel |kfé@'1c§ﬂ!ﬂ??a§1?é}5@i mﬂiﬁle%n‘og%@s%bﬁﬁ%d&o%n% g‘igh' Bhe

brid form conbini ng el'efrents from Fi 4a an
LRPA BRECHREINTH Hakde PREI neR Vi |tf1@ow@gnetlc

app%le's”th@ﬁs@l[@é‘%! it MS%M%ébLﬁélﬁk\!i\iS%l}ﬂ}!%armc% has

t he advantage that in the mddle portion of
separ at oPengfrRiineHe sheIds inoF ied ﬁ?iﬁéﬁbﬁb@ﬁﬂﬁnéoﬁm

N arbmBinSngOok Lot MO NS Al 82 PERUAR g. N8l GalthY n one
shaped i n conforn1ty Wi th the hel i cal arrangenent of

t he Nsdrngalabaite el tdivddiRe RaGRRIIRPT 69 fdenegder of

by tenkiskat oanskasinDf e A8l LR ABenatsyd rthtalf&em the
stack are smaller in the stacking direction than the

mag e SpBPESI P thehA d%ﬂpérﬁéP{fl BRORAL 1t Hr&s dppdedt dprmed
”agﬂginelah§oﬁ§§néhﬁﬂﬁ@#ﬁﬂ@ﬁ@epbmétc&ﬁﬁhﬁ&ﬂﬂﬁﬂé GRabBeudo-

fromthe top nost or, the bottom nost nagnetlc pole in

t he rl’ﬁjglﬁ'allf/l ERAP YA CoRioTHd tyt Wi At thetdgindt i ¢

pol &:ahngpRestt 6f palamnidna.in the same high- field
band, wh regs in the cas of Fi 4b this condition is

not 2l 81 77F de-Toort N BaPRFELC AT O TIRS Va5
pol esirsto aﬁﬂSﬂJéettch‘tﬁttHé‘lesn@atﬂérbﬁh@ﬁ@ﬁs tie ﬂﬂeargia%k are

oles wi.thin the high ie].d band is even snal
Phe FAETaA0 PR (SHOTS Sigeroronethtt o hs i agicapoles

st aclkh haweemadanal pert o alf helegbbphharot e gned | qmls has
ortion of the s at or

i oS efiGaB R cuTat 1 O IO e rBuot s o i £op most o

st r eftgt boBtomnmdes| ey grost itdhecdeppar ths igcef ikh dbaad can

i"g”'ﬁ%‘& X L AREL 80, SUPDALL, STPUBRL SWCh s i (8P 54eY in
the same high-field band, whereas in the case of Fig. 4b
this condition is 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 support 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 1s plotted against the
horizontal axis. The dimensional parameters are given in

Table I.
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Fig. 1, that is generated by a cylindrical separator
magnet 7 of which the smaller nagnets are arranged in

waewsnanee with Fig. 4c. The magnetic field sPCERBL04/051407

is plotted against the vertical axis, and the axi al
hei ght parallel to the nmagnet axis 8 is plotted

agai nst the horizontal axis. The dinensiona
paranmeters are given in Table |.Table | Part nane

Ref erence size nunber Axial Length of separator 7 120
nm magnet CQuter diameter of separator 7 29 nmm nmagnet
Dianeter in |ower part of 15 34 nmm support surface

D ameter in upper part of 15 52 mm support surface
Line 20 ¥aPls d. 5 corresponds to the nagnetic field
st r engtief | atong—a tetcat—pat it hin thes
high-?i%ﬁﬁfﬂﬂgﬁg of increased nagnet?%f?%%ﬁgf-5?%%%gth,
whi ch jpath is depicted by the dashpduhbers 17 in Fig.

4c. | U EARING FEEH bial fhmddetd phrengtir-genspathy
increases. This’is a result of the|{decreasing gap
wi dt h [J833%&dn t he outer magnet surface and the supporf

sur f acey i A A EvErt E P ot —tpa—onr—thehektca
hi gh-fr%lfl% ar%?n E?nebgls%a T%’.r 5 Zorresponjggt%ﬂt he
magnet|iradniedl d strength found along a helical path

WthinW&h H=-Ehts—exappke—i-s
di spl acec & rom pa‘f’ I71n a%irrut%l direc F%n p
whi ch |patdpdrs dgepifeted by the dashed lines 1B in Fi
4c. Thes ti¢-fHeldstrength—in-thetow—fie b
is foundlgto %Lé: %Bp{rlgélé‘ﬁaée yngfalf | %t of thasz'
field |bamborkhisghfrsea result of the nature pf

bi pol ar—smatter—magnets—tt—can—atso—be

Line 20 in Fig. 5 corresponds to 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 iz 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 approxzimately half
that of the high-field band, which 1s 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
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seen that the field strength generally increases. This
is aresult of the decreasing gap w dth between the

wonisnostagnet surface and the support surface RGI/ER20€051407

22 in Fig. 5 corresponds to the magnetic field
strength found al ong an anti-helical path, which path
is depicted by the dashed lines 19 in Fig. 4c. This
pat hcrosses the above-nenti oned paths 17 and 18, and
the magnetic field strength esasl ates between the
val ues given in the high - and low - field bands.

Ref ecessse silimeabdde-ndheabssd L 1 adi enly 20Nesng hale
exert the driving force that causes the desi red

t r anSporEtHY §4ﬁ§qﬂ§§ﬁépgéhp%??%%ﬂ%%@s\H%@Weﬁﬁet@?aE@%WﬁS

zZonegiaeg :h@”ﬂﬁa advancadqgr @bﬁlfl\/&& Cbatda% SR@@Q{»énce
surface. lar to lines 20 and 21, also |ine 22

Fig. n%mé% A TGEREERE| YhengFadistHy FrlGRethaty cEpHt the

strengihing tiosg@lthet axihabs hehdhles WL R rbfspot€S8E tehe
of the decreasin ap W dth between the outer magnet

surfﬁé%n%B%Ft9ﬂ§ ﬁértwgﬁPf%E%egnﬁﬁ%?ﬁﬁ'&Qpéésaée being

si gniabivgaséd aﬁ:&iatﬂﬁealtof ehE esEPRaNafiir falket he magneti c
dlrectlon whi ch enhances t he

particle i,al
transpor% IEJ’fnl gopgllﬂeél 28 pRdthbt aHiS%dEPEn2Zcihefig. 5
ways shewk Ngreaserding AagReksend ifd shlireFILNd08tfength with

traj ect al ong t he upport surface in_the selected
dlreéP?ngBf ?%H PO neReR TedudsTylthefnahe decreasing

t hi ckapssi@tn tﬂtﬁ:\@lémpﬂlhte sheey enagib nafrgasengnéhene
stren?th of the sgga tor gn t wi th dec i

easi ng axi al
ol GREPBREY e i Sr B AR S Tuidn canh fadtbhenal
by iﬁfreaSTé?pdﬂuhtD@hethdlﬁﬂ@ﬁfﬁl@ﬁadﬂﬁid&ﬁ&|hﬁrthe axial
magn ativ 0 sur f ace crea
the BRGREEHE T (1 s EF ERGEREOF1S Hehaidr Sabie: BaTticles

The hatteatodrrdﬂtumune by st acki ng nagnets of various
dlfferenét

01T et BANELE TRCRLLALS, Bl M Ta 04t B e on

i S choseajsaebieralfoog tthe soppdet smadgisetes ihhaheshoelddted

be SEE?QQ@IOn(gf transport include reducing the wall
thickness of the support sleeve and increasing 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
embodinent of Fig. 1, in that both the outer diameter of

the separator magnet 37 and the inner diameter of the
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course, a conbination of the above described neasures,
i ncludi ng the tapered support surface, can be applied.

wo2@s5/06578610Ws a device simlar to the device SPOWEP2M04/051407

Fig. 1 . The separator magnet 37 and the inside wal
35 of the support sleeve 15 are slightly different
fromthe enbodinent of Fig. 1, in that both the outer
di aneter of the separator magnet 37 and the inner

di anmeter of theinside wall 35 ygeduce with decreasing
axi al height. The smaller magnets 37a to 37d are of a

frug%gggglggilsy§. d Ogﬁﬁhnd De. 1 ang %ﬂuﬁhaﬂél fiethene
it o

separ at or magnet etmeen he ‘separato
wagﬁﬁBlQEIamdgm¢ﬁ§|3ﬁa d@ @dﬂlagg of atﬁ¥Qﬁﬂﬂ@@ﬂﬂCsﬂeehepe

dc%cr%gﬁ‘fﬁ tﬁ‘é e%ls shgg W?k' Rﬁ %ﬁ;ﬁgﬁ:o‘}f m"aiBiS%et 37.

support eeve. vantag
t halThtGh@a@abetIW@eﬂl eriyt Isererbéocsveagosie bl arde the inside

Sep%faﬁtloﬁsrﬁﬁnm?ﬁe a%g;{rpgognc%‘ie‘é%p% e&ieélcéa%?e% bake,aohe,

Mor eover e tot etic energy In the separ at or
magére vadlbshipknessad tthe seppasht $ hretsapthly @dvantage of

ef f 't@flesn%)ﬁboé%ﬁ@nts' :‘féi Mt kS eg phré slérggeaﬁ %p%eogvercome

t he optional magneti c na eri al her e
appé&fihﬁssapﬁéﬁt@tIMﬁﬁéﬂedSoﬁeﬂhéeél@@MEﬁﬁﬁbﬁpethﬁohpre

the yahrasivie BaEti ¢l 'eﬂt%tl haghbi $ct @@%@aqnalt%% be

utilized in an enbodi of the devi avin

cyl istihEiredbrsupanel drfamﬁ@wémcreme@lb%@n@éﬁ%ﬁa%yhe capture
mechagi;calo gyl di ng means on the support surface 15,

such as ri ges pr ot r udi é%fronwthe support surface 15,

the maghdeiocSpasRtLy ¢l Figiueah ashehe cabaRmtdf &hengPthenal

suppydy 4 haghet Nic andawnvar d4di LaEEH Ofe RETNgRAIGULEN a
to the hellcal bands . The downward axi al ggpponent of

t he RRVIGE tpcated  amsidyt 15498 PRSI oRad™ perasive

r ot %a&&ahesaﬁ@dt of . t'ftﬁLsSGt@@i’eatc@h HRgoehe titES AdN (@) an
times cos (q) ere g.is the angle between the helica
gr adPERSIIERE aﬁdt?%edep‘flé??e?ﬁé' néi Eutd ‘flocale!h@eé)%%‘tor

Oflﬁﬁgﬁéﬂﬂlwhlch coi nci des

In absence of any mechanical guiding means on the
support 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(@) times cos(B) where 0 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 0 = 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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with the central |ongitudinal axis of the separator
magnet 7 as is indicated in Fig. 2 . Thus the downward

wa@xooalowesrponent is maximal for g = 45 i n absePCEEP{004/051407

any mechani cal gui ding neans on the support surface
15. A good range for operating is 32 to 58, within

whi ch range the downward conponent of the velocity is
nore than 90% of the possi bl e maxi mum However, in the
enbodi nent shown in Fig. 1, theg drilling fluid bypass
guide 1 is forned in a ridge in the axial direction in

ContaCt}thQe&helﬁuQHQQﬁﬁﬁﬁﬁﬁ@ﬁ@ éﬁowHTuﬁ ﬁ 199 | the,

defl ects the magnetic particles noving e support
sur fHdd 1isg rflaldowmeﬁraj dudldiec al lpafhrm Jfroracecsdglaemn the

to noye i ral%bekoﬁ'{@ced %c%' QR t@ﬁeswgr;poorft e £ cgg?S

|nastra|gt pat towards the abrasive particle inl
opefitig &iset Hefhesti mg-hehamsaetic. pFhi scleey moviag on the

dri Ididpdb el Whdrpassage; 1 A -gnds 8 Qgiggan£ﬁ§1%9d forces

gui de nagﬁftlc abrasive particles retal ned on
suppore frere 15 apigheiggcidpneaparnyithe alnﬂeetof4the

f or xaibfg@'meap@’ﬁhhﬁ%@é atwt%w@&a@neﬁg%rM%et Rerticle
advantaegjgt at the ransp ort of the mag neti c pal‘tIC es

to tie F&@P&égpér@fdﬂéfﬂﬁ%é@goﬁéﬁmh§r42céﬂuﬁéwﬁdStéhe
t haraM@&n‘gh%mﬁgnﬁ&éﬁgf@fﬁ 'a‘%:lt%s akob! ?M&@%é%%@%r duide

helical trajectory. The downward axia onent of

t he RASINGGICy 2BF2 B} BRIl Glesn6RtpLBPBr 2 d?haﬂ FHPPOHE
rot alianRle 3peed fe tA5-S8RAS %59‘&15@9”%1@6 Vi geg %raswe

tan(qg). At the before -nentioned angl e of = 45
aX|éF“¥FéH§§ort is already a factor of two faster

Hi gher W%h%e%rigﬁgéhéﬂﬁﬂﬂ$saﬁh%Vﬁavﬁhggﬁé ﬁﬂthe transport
veIOC|Hxlconponent al ong the side of the rid

g PMAFRECHERPTIGTES et thReRPERFEYS d@q%rcg'té inlet
for dmﬁf.lclal@ca exﬁes@llmsiﬁ&f thhe tetal }:E&ﬁ?é‘%rﬁi’@ﬂb ehrtheles
reci ati on stem a result o rioction
ot Vi P AP RY AR HRT iy SEBSRFECRtr s Ao aaad
theziﬂikkécomponent of the velocity of transport is now

proportional to the rotational speed of the separator
magnet divided by tan(0). At the before-mentioned angle

of © = 45°, the axial transport is already a factor of

two faster. Higher values for 6 yield an even higher

axial velocity component along the side of the ridge.

However, it has been found that when 06 is too large, for
instance exceeding 607, the total efficiency 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, 6 should preferably be
within the range of 40° to 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
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For the enbodinment of Fig. 1 q should preferably be
within the range of 40 to 60, nore preferably between

wd 3004005760, and nost preferably between 45 andPGBHEPiM4/651407

preferred enbodi nent, the device for transporting
particles conprises one or nore relatively short
essentially axially oriented ridge sections are

provi ded onto the support surface whereby the support
surface extends beyond the ri-dge sections in
thedirection of the ridge sections. Herewth a nore

honUg@B@@@ﬁoﬂ'&ﬁﬁﬂﬁﬂ&h@@eoge&@ﬁxﬁﬁgﬁﬁk@%l@ﬁr5'ﬁb?@
over the Sug ort surface is achi eved as wel as an

i npr BYBARTRC DTS tHe tHiPHE 1PR apk pote mﬁéxn@&lf:ypéﬁtfﬁbes over

nmagnehk CsPgpdie| A5 faVRr 1E5h8cBUPRA tassWiefiaces éﬂ ﬁ%fbvement
of the gnets 7 descri bed above, the high -

| ow- PEeb e iatR! ie@ sporfedebyc ity tafe toe f“ﬁénﬁFéF dparticles

di st pi,but twe efpdimolsar-reyki ndrical nagnets. This
results |n bands of _increased %%ftlc field strength,.
Magnet i ¢ %a???QIQ£sqh§t§PH8@ an't gbeyef ablee high-

r eaCImHD.Sbwdfi@I?d Ibantd@ weeeaﬁlyﬂm@@wtvﬁﬁcubh@fgtﬂgl end1q
zone if the change in the magnetic field in the

gr adP&RE LRSS ‘?farb@é’Ol?B Sehi Byl 4 PAGRES) s results
fiel dnbpadapref erraiiansear negpepds £ie1al r2g¢eagtdl Magnetic

reduced netic perneabiljty of the separator ghet
and/ BAEEL GHpS bETVRIGIFL B SBEaF MPRAT meHieclndepRb most
SUppa.rLt:eauu‘/ac@ tﬂderawahbemeﬂ’@r@f &ﬂ{&@ra@iﬁ@dteﬁbnéoﬁﬁ the
bet we and | owfi el d i.s achi eved

n
S hone AR B b S, fiehe Tt Spasgacaand 1d
nagnehtgepewewuexxey ﬂhsspr aMé desh+ i d e bfa@ﬁnp@faferably

heli cal g :
CeparaForSHAGE " hHeeR OF oF SHECTT GHITErA g PpARRRPL LLEY

Due bﬁ the heg@mtcmagcra@hlet pedrfeabi |4y eftweke magnet
rial tha

nth tesas magnet mat eri Salr hcat. i!rls. D

he. PepsEese (i g R PHRGeugr oSl Bt necraibbRar move

nagnabmuptlgkddiem&smnme@ehwaanthygﬁfﬂdnmNHdmefﬂanerbamds is

of the,Tagngt

Fig. 7 shows an embodiment wherein the region of

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 magnetic permeability of the magnet material than
the less magnet material that fills up the recesses (a
gas, 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 pronounced.
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

bands of increased magnetic field strength.
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rather than the material contained in the recess. This
makes the high-field band of increased nagnetic field

wareosngi7she adj acent the recess 26, nore pronouPCEEP2004/051407

Fig. 7a shows a cross section of the separator magnet,
whi ch shows circular contours 24 around the

di anetrically opposi ng poles, connected by essentially
strai ght contours 25. The strai ght contours correspond
wth the recess 26 and the cirgglar contours with the
hi gh- field bands of increased magnetic field

strengt hed reilf 9. 707 8cheherBt i GAARYIGE UL Nk o i
provi ded of E%e sep argtor na netdq eﬁe ?thgﬁ%E%eglded

phan?%n?@?rﬂ§P§ﬁﬂ§FﬁaF@gPﬁ%'tW Y dRehEtLABERD t gantom

Ci rcul @és cpfmwtse and thenesseit irRlthest £8E0BY reular
contours. I rOVIdeS a schematic representatlon

of tﬁ@%%‘f??ea%rtﬁ"ﬁcés?ﬁn‘fh%l@érﬁw &s CPRtERES - X'ig. 7c

The gpgbedsk of ddenelicCabpresasstiond3s Phef erably surface
the recess reaches a depth with respect to the

cyl i bdrikal sane ol @senseldf. the Wepangter O nafnigte thwdtical
is sioilar ﬁ? Oy greater than the distance between the
gap between the nagnetic surface in the high - field

band andPréemaippor theuréaess tawmsthemd aoflephk widessepect

Comﬁia L9 Eﬁﬁ éa‘i‘ glgéurﬁPéféjncet e %th%a? ?%rgé‘&#%gnet

In the groo reci at ed
ar r ahlgerehs ofndlee @@Ies @$e$#gr thaganhiee diepincedodiyween

ot he{héUééﬁ%@cv%ér@%%@”ﬁ%ﬁet%{‘dsdﬁ & thoUha n el ese1g

the arrangenents as shown i n 4a an
wi | | bardcap@ e funprat ﬁ%@f%@®arator magnets as shown

in Figs. ydsteadt £nhOLeCOMN &7 GHQGKWHSE A r8£§t'fihféﬂbr

al so be prepared for clockw se rotation by nverting
t he 8ehs@ ofhefre d9el PeaVapawdsiy ridin Grgeves -to | eft

handed. Huiabl %é@%@&éﬁ@édtaﬁatdec\HeC%rfr%gement of the
transportlgg articles of a magnetic material and fo

t he BRLRFi Yecih @@maPﬁoﬁeRweéinbya@tB@rwaaet@%%

any Bighh¥ements, and in particular with the arrangements as
shown in Figs. 2 and 4a and 4b. It will also be clear
that the separator magnets as shown in Figs. 2, 4, and 7
for counter clockwise 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
recirculation system can bes made from any highly
magnetisable material, including NdFeB, SmCo and
AlNiCo~5, or a combination thereof.

Preferably the separator magnet also has a magnetic
energy content of at least 140 kJ/m3 at room temperature,

preferably more than 300 xJ/m3 at room temperature such
as 1s the case with NdFeB-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

advantageous for the axial transport rate. Also, less



magnet i sabl e material,, including NdFeB , SnCo and

AN Co - 5 or a conbination thereof. Preferably the
wa@epanei’es magnet al so has a magneti c energy cPOT/@P100€651407

at least 140 kJ/rn- at roomtenperature, preferably

nore than 300 kJ/m at roomtenperature such as is the

case with NdFeB - based magnets. A high energy content

all ows for shorter axial contact |ength of the support

surface with the return streamgand consequently a

stronger taper of the support surface which is

adv r t

esapine 1 AT b he PararToR of P et erator
sep_em%ﬁrtﬂt magnet . The sleeve 15 and the drilling
fluid byﬂ?ﬁ%l’ee%elﬁoéﬁ@' e %1% arhQig d A are
mat eri al hey are suitably mac ined out  of a singl
pi eceoiiat e mageepifap ongramettic @@ttﬁl‘rhaépt'l’w are
mechani €al, g &S & | QY d Beludi 88 @lﬁ&*}n fterial
st rengti‘f?A o}??%g?lohggegggt%frltaé nsgﬁl%y S %Ceitl c N - dteria
al | oy cpmemchm@b@ﬁens@p@mﬁﬂd@reqhﬁ@lﬁaﬁestﬁ%@%m Brgper
or haM g gPReam found, %‘é&bﬁufé‘éié’t t non-
sui ;%Jb}/%? g’ocr%é'\%\igl% ﬁf&gha pr ecglttgll ?:g)trl on har denabl an nen
al | oryamtxrg N €anpod PY$ ol udHing oaggesL1gi veder n'the name
Tabl ¢, +ne£1ﬂaa" dlﬁhﬁﬁbéésﬁaan rpq%éi%%@n rBehYdE Hg,BeCu.
Tabl & 1 osition [nconel in w.% El ement M n.
MBxX. pw@%@lamwé@lsebéessl@ccwlo A8 Bsl anpeeaBpLtagion
17. Ohgﬂdéhégﬁéséﬂld% ﬁQv@n%Qan%m@sﬂll 32 Qi18Rif. ﬂaﬂ@es given

0.65 1.15 .2 S 0.350 C
0. 08in. @qble II Other materials can be used, 1nclud1ng BeCu.

15

Table II: composition Inconel 718 in wt.%
Element Min. Max. Typical
Ni+Co 50.0 55.0 53.0
Fe Balance 18.5
Cr 17.0 21.0 18.6
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

Tn 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 pQcm. Herewith a sleeve can be

made, sufficiently thick for down-hole application,
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P S 0.015 - BO0.006 - Nb+Ta 4.75 5.5 5.0 In order to
avoid too high a reaction torque on the separator

woR@Imbs76éari ng rotation, the generation of eddpCYEPBN4/851407

in the sleeve 15 should be controlled. To this end the
electric resistivity of the material is preferably
hi gher than 50 nWm Herewith a sl eeve can be nade,
sufficiently thick for down - hol e application, whereby
the additional torque, up to-azfotary frequency of 10
Hz of the separator magnet 7, approaches the torque

NEC eSSt by Q:Y%V%B%Qgﬁoﬁgf £ e! 0'1!1 ok a5 n%%Mafwﬂ}emy

of abrasive particles on the t surface
pr ef ef all iz RE o seprasoy gnamn@lteﬂ,t RRArQ@OeANIHe ttorque

enabl&-&s U .ghels OQ%QH§QQY£Kg fﬁ%gﬂioﬁookha FO¥mal amount of
i nstance, | nconel has a resistivi t of

appr%&lrw‘@ W%zq%ﬂén?nmee HYEPOF Tt @@rrféﬁet Ho%s ze as
g' Ve éf‘egﬁplye tlheh§§:]§9§€%%%ffg %%%e?nghgﬁafb@dﬂ]&g to

In a torque o
a Iognabb@ Plratghtehre fecabceh ey et radahival 4deHay Eértinstance,
magneti c fleld for the separator magnet of Fig

(cur e T Toie o Epas BB HhGHoRPBFORI B aby (taf e,

31) whedd £i0ra the 1Sepatpt 0k JBANClyiQknFi . 74814 CHMES been
On the horizontal scale is plotted the radia

32)

di st &Rte ¥ A 3N AEGABFCANIS %ﬁ?dll&n ifhe Yergref 6 Ncm at
scal gestie. magnetic field. As can be seen, magnets
wi th, on_ average, |ar netic poles (a

ol e ,
ar rangentf - Suchioss p ?lﬁ@§:%H’§H@t4 PeoFagﬁ%l§§ﬁkxadlal
pol agééyy (4N td alagdieteet £0m)d hete thed @@gafaﬂagnﬁaq}met of

eoch,Ahel Tpgnets ¢ heshorier. manetl e pelep (0l

schemati¢e | ®1)0f aalct Q’@lr the de@a@ﬂe@bbecmg. 4a

7! BEary SEpC G hon: Bt 25 et LOSE. BN rasian
distance from the magnet axis and on the vertical scale
the magnetic field. As can be seen, magnets with, on
average, larger magnetic poles (a pole arrangement such
as in Figs. 4b and 4c) of the same polarity (in axial
direction) have a longer magnetic reach than magnets with
shorter magnetic poles (a pole arrangement such as in
Fig. 4a).

Fig. 9 shows a schematic view of a tool for

eAC

o

vating an object, including a recirculation system as
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 wvisgible in Fig. 3. The dimensions correspond to
those given in Table I.

Referring to Fig. 9 and Fig. 3, filtering means are
optionally 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

and the inside surface of skirt 43 define a passage
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surface 15 housing the separator magnet and the ridge
41 housing the bypassing drilling fluid passage. This

W0 2@gmoi7se al so visible in Fig. 3. The di mensi oPGT/EP2004/051407

correspond to those given in Table I . Referring to
Fig. 9 and Fig. 3 filtering neans are optionally
provided in the formof a skirt 43, shielding the
abrasive particle inlet 4 fromthe annul us and
creating an opening 44 in the FJprmof a slit between
the skirt 43 and support surface 15. The support

surfaeentd éBQnééélﬁaséﬁEEéEEEEQQS ggrékéfé 1.%IQ?Q|Q§t% the

passagechannel connectting the abrasive parti
4 wikarer helporenhbie. a’ﬁmﬁl $kirfhpsrakyenenyy raargeisethat

avoidg. it @%‘élﬁgckaﬂ &k ngnd Arger sthan t h@hé'fc,ececgs t\nﬁﬁldow of

access wi ndow of abrasive particle inlét 4 enter
pas§&§@3éﬁﬁnﬁéFthh$sl%kﬁaﬁbéﬁﬁﬁr thetprssade tchg@ngllso

gui des g sf hmﬂéeﬂéﬁﬁlafﬂ&hﬂ dhd £ om L he bﬁh‘%ﬂe@%ﬁe flow

annul us to _the n Xi ng chanber 2, along the support

sur fafc lrig 1ipgt heudd r@@@m dtheofoorRehaési 2rrn tusaisp e,
In %qﬁmgt eneRbERi B, syiéﬂg%%t s%bbkt nQuHélééj 1vy Ly khe

fl ow of magnetic articles, the vel ocity o
dri 19ineetica afi hhe Heepbras ﬁma@saﬁﬁm usn s%@ﬁla %o entrain

pr ef &rdloy ARt qeXeeely 3e 1 R eR8l EYow a&ﬂl:ﬁa@ﬁ{a‘lc

slots or openlg%s are provided in the skirt wal

t he RfifuICdPSsi 8BS wéogkwt0f4§h§sdirf-1éb@<éaﬂsuﬂrch i gde bore

3 angh12 iasintdbabheuf @rpMs@e dab1GORBENakb o8 V8 thky
count er, cl gckwi se rotatable separator magnet. It w ||

be QREECTEHAY: f BRIALEORAL il Sa O8I BERIFRES rtaRAfvEded in

sepafrad Akitre wskir bnnsé Lewfr-avisdad,on the other side
of the abrasive particle inlet. A jet, punp, nmechani,sm

in the e AELRbZIPe?S Herfdtards énsFF%ﬁg 31 of 1S

dri lddingHileuird rf hom iﬂecmmml@ﬂawb.eh 2 tSutther "dMise
arl

nozzle 5. The j mechani sm auxi | | I orts

(e TG0 SmabREE FEOpabtd iz Tnéd LthBerF xitg Eimtdr @

2 . #vdangen di anetrwieé tdeavdbliengeparator the skirt must
be provided on the other side of the abrasive particle
inlet.

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
well.

When excavating a bore hole in an earth formation,

the return stream of drilling fluid in the bore hole
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nozzle 5 conpared to a drilling fluid inlet nozzle
(between inlet 3 and the m xing chanber 2) results in

wad@goeizes ent rai nnent of drilling fluid and t hBCT/EP2004/051407

magneti c abrasive particles entering into the m xing
chanber via abrasive particle inlet 4. The interaction
between the entrained drilling fluid and the magnetic
particles contributes to the efficiency of the rel ease
of particles fromthe support smrface 15 into the

m xi ng chanber 2 as well . Wen excavating a bore hole

In an|ardd L Y. S 114y ;
fluid in théf%ogghhgpe%%ﬁ%% fogrenk%?%? ?%e%%rée}i%gﬁaémg
wal | tefld f9¢ ereavahbEngeebetylatdpnpagsteneat a velocity of

recis w)satarorév%whgghé}. arye! QG dhy foef tBe _"%ac'gﬁ’é%ﬂ & e1d

hi gher. The reach the magnetic field into the bore
hol eltfrthfihes bersuhglexerrukipiovig reeek anPeheing force

partégl @k Paffriehent by ons 110 RYbhgt BEMEDL them to the
support surface before they have passéd the device. At
t he WRORY melrfere hEGAEE I B 9bredepprEpag the device. At

par tcd essan@ttqubetheul;aw:ge@m;ﬁoqsc%epamh@w 8 pprticles

possible in order to mnimse friction forcCes ant
ponePn e dule EeEistaof sRovEE dts mF tied §6pRPatHPlemigharder to

The ADSiniSId trabl-@ is@Pab At oL JRINRIwclS rQRR1 FoRtnhaSF AN
as high as possible coefficient for the |l owest

doni FRm yngnitde geparahbRemynsini dihe Bopfpredtalla

Sepaé‘%ﬁaﬂ&gﬁ@tgnQ@V&ngﬁe diodd thafts %pa_lsehbgﬂaé/s QHssible

over a guadxupole begav our for a certaln,ener%%Ehlf

cont EATE LA TN FOFmEdChy O EF Y. WRARIE FeobastPALHT SRRt

in teiqolis avpbdkgenynt oépditdhordagner Batbfy a dominant

periodicjt f magnetic pol es of oppo |be olarjty is

hs POl S PRRTdSELL PET e IR O e B RGUE PBRERY that

the sagnetn caldngyneanesht MegNetdrripaled by PPPOSBf echis is

pola%|t¥ st be Lnskge the band. In o%der go acEievq

the Belt TAPIFE dff FEF R of " TAMGSIER T 861 At oncr vhere

systeme pdiei sEpdrat off magnetidc oqireaf efabbpokotatedlanity is

the gglg%affﬂggwES%%pEgglgo£§ $§£§lof the reguirement that
the magnetically nearest magnetic pole of opposite
polarity 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%
of the diameter of the excavation tocol is acceptable. The
embodiment shown in Fig. 9 has an axial 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.

The drilling £luid in the mixing mixing nozzle 5, or
in the abrasive Jjet, 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

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



In a typical bore hole, a small axial offset of up to
15% of the dianeter of the excavation tool is
waec@spvzbs e. The enbodi ment shown in Fig. 9 haBCHEP2004/051407
axi al offset of the separator magnet contained axially
i nside the support surface 15 of 10% or approxi mately
7 mmfor a targeted 70 mm di aneter bore hole. The
drilling fluid in the mxing mxing nozzle 5, or in
the abrasive jet, may contain 24 concentrati on of
typically up to 10% by vol ume of magnetic abrasive
part I |
Bor e AP s AR e P Phe ipdsteen 10
condid 4D Hizes between 0.1 and 1% by vol une. The
separator magnet istypically driven at a rotationa
frequency of between 10 and 40 Hz.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 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 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 support
surface in a direction having a conponent 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 al ong said
high - field band at |east a first
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magneti c pole and a second magnetic pole of opposite
polarity are arranged such that a first magnetic path
wWo2008@0F6epport surface fromthe first magneti CPEDER200€051407

t he

second magnetic pole is shorter than a second

magneti c path on the support surface crossing the
gradi ent zone fromthe first magnetic pole to any
ot her nearest nagnetic pole of opposite polarity. 2 .

The

device of claim1, whereiLnythe separator nmagnet is

a conposite magnet conprising a plurality of magnetic

bui |

di ng bl ocks stacked together in a sel ected

stacking direction.3 . The:dew gewok claim2, wherein

t he

magneti c buil ding bl ocks each—trave a projected NS

axis fornmed by a conponent of an internal magnetic

fiel

stacklng di rection.

t he
bui |
The
and
of i

nagnetl bui |.di n
wher &% Ehe?‘efllef%gd

f, alongacel ape 9§5w&%9a5atreﬁbgs S‘%r&c& \?vﬁLer %in

devi ce of claim3

MBS dake TRk s dfSlReteradhEaCHghetike device

@bﬁﬁkﬂgr@?ks intersect the high - field band. 5 .

device of claim4, wherein the first netic pole

T he % SCORATHERAEREE R % de SERBATE o?%%acz@ Ioups

e ol AU g Iﬁﬁbe%aﬁél@]f@s Ot HD s ppbrt h§u§f:?€é<eéi<tend1ng
| ocks. 6. The device of claim 4

aftFeFt 1Y second magnetic pol e

i s/ are forsepdrhyoa m&gﬂéﬂ|gﬁkdﬂ§e@t@@k§gn@@gﬁgnd(hagnetlc
bUIbg6%§i£ ocks . .7.. The device of any one of the

pre i ﬁ?ta%ﬂé?%l?P%HQquﬁﬁéﬁ§ PBrt%%v%HRRQﬁftﬁﬁiface
bandehe st ivhe haghbeisuppsrd o%ﬂﬁ:f}lécgupﬁoﬂhesﬁfaﬁ?é Fiely

havi
fiel

HEAEHERD BAVEre AprC L PPABens | LOBT A Hh@a, and

the £ Qlliafgrﬂiftlg:r Eyelm@f@dia{tl r1|@1t at lglirﬁdliéﬁ’lc S@c&@% HXMween said
et .aroun an el to_the selecte
st agﬁ% diedfl'o l‘?i‘fl tw&etlﬁgysﬁﬁﬁo‘?i‘g%ecﬁlfcacfele@

The

@m&mﬁ:mflnaﬂyeonfglo-ffiéﬂ&i MaeNMi QEShehaésthaedeith in
the low-field band;

- 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;

whereby along said high-field band at least a first
magnetic pole and a second magnetic pole of opposite
pelarity are arranged such that a first magnetic path on
the support surface from the first magnetic pole to the
second magnetic pole is shorter than a second magnetic
path on the support surface crossing the gradient zone
from the first magnetic pole to any other nearest
magnetic pole of opposite polarity.

2. The device of claim 1, wherein the separator magnet
is a composite magnet comprising a plurality of magnetic
building blocks stacked together in a selected stacking

direction.
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the gradient sone is helically arranged around the
separator magnet. 9. The device of any one of the

w@e@szioairse cl ai s , wherein the |ow field bandPCT/EP2004/051407

corresponds to a recess provided in the outer surface
of the separator magnet. 10. The device of any one of
the previous clains, wherein the magnetic field in the
gradi ent zone generally increases on a trajectory on
the support surface in the selggted direction of
transport. 11. The device of any one of the previous

cl aigrs, Mea@wcéhgfs&naqgﬁz sweée@ne%ﬁeer}%gnae& n%uaa‘%mg

magnet IeaV|ng di st anc et ween the su sur
and RiRcksucacsubfue ea dirairstedpdrat @mm@wqu \Julyeraeby

Sa'Qxﬁk%%@%%eoEnaﬁ {ﬁfégmipgéghgﬂlenfigﬁd%ﬂﬁﬁl 2 plane

surface is smaller than sai I Stance Iin a se
| ocargIHeEnsH cuharstppbre sireicied, Sthekih@sdllt&mmqmn

bei ng, dawasieeapti Oet %{3'3e%ﬁgrghﬁeﬁﬁé ggwﬂe N-S axes
respect to the second Tocation evice

cl aioff the wWheckef nagneiippdullddnpabéotks axrr‘@tgam:u fthe

t apey e fraghiiopaaqound the separator magnet . 13. Too

for excavating an object, the tool conprising a

j et t3ng THps deii 6 r ah gekh it 4 nphRgeirhehebfiett madpetic

XCRYALAM Lhoashebl e ST Ram 8018 LLUI catl Elkniid by

abr asi ve partlcl es COo rsing rragnetlc nmat eri al
j et tIERYLSy SfehnBéyHgn cmlcf@dqﬁn PRSaPT| BREE @ the stacked

abr Q@%\@tg@rbhghglhglﬁo@@ ow ng entrance of abrasive
partl es into the tettlng system _the tool further

conpti sithG 4SVEErretl ehaidh sy ¥henrar bhgeli ¥ and/or the

I eCi Lt @adhek@aSho OB Qfrd %rﬁaeagyvs ;pﬁhtallcit%;s of
froma return streamof. the fluid m xed with the

abr a5k SshMRPRRESC dohsd s mliofsengenent of the

jettrd sieeagwiithot henphirRClorbaak beetheud eiitding, wherein
system the recirculation systemconprising a devi c

t
in sttt dEOE WP AR OE &?‘et RePHFev bt & aﬁorrﬁzhe
arr anggshw tshirrheesuppeid SWdagenexposed €9 SHnbonent in

retu‘l'rhe direction of the magnetic 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 previous 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 previous 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



stream for transporting the abrasive particles from

the return streamto the inlet. 14. The tool of claim
wda3nosmesei n t he support surface i s provided We¢HER2004/051407

ri dge on the support surface guiding the abrasive

particles to the second inlet. 15. The tool of claim

13 or 14, wherein the jetting systemis fluidly

connected to a bypass conduit arranged inside the

ridge for supplying the jetting systemw th the fluid.

surface of the separator magnet, whereby said distance in
a first location on the support surface is smaller than
said distance in a second location on the support
surface, the first location 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 tool further comprising a
recirculation system arranged to 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 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 the jetting
system is fluidly connected to a bypass conduit arranged
inside the ridge for supplying the jetting system with
the fluid.



