SALTS OF ISOBUTYRIC ACID (1 R~ , 2R* , 4R* ) -2- (2-{ [3- (4 ,

7- Dl METHOXY-| H BENZO M DAZQOL- 2- YL) - PROPYL] - METHYL- AM NO J- ETHYL)

- 5- PHENYLWBIRGEUEB6B2 . 2 . 2 ] OCT-5- EN- 2-YL Salt For meT/IRBO0H/03464% | ON
relates to novel crystalline salt forns of isobutyric acid ( 1R* ,2R* ,4R*
)-2-(2-{[3- (4, 7-dinethoxy-1 1

H benzoi m dazol - 2-yl ) - propyl ] - net hyl - am no} - et hyl ) -5-phenyl - 5

bi cycl o[ 2. 2. 2] oct-5-en-2-yl ester (hereinafter also referred to as
"COVPOUND') or enantioners thereof, processes for the preparation thereof,
pharmaceutical conpositions containing said crystalline salt forns, and
their use as cal cium channel blockers in the treatnent or prevention of
chroni c stabl e angi na, hypertension, ischem a (renal and cardiac), cardiac
arrhythm as including atrial fibrillation, cardiac hypertrophy, or
congestive heart O failure. Said crystalline salt fornms of the present

i nvention may al so be used, alone or in pharmaceutical conpositions, for
the treatnment of renal diseases, diabetes and its conplications,

hyper al dost eroni sm epi |l epsy, neuropathic pain, or cancer in humans and

ot her mammal s. Background of the Invention 5 Many cardi ovascul ar di sorders
have been associated with a 'cal ciumoverload' resulting froman abnor mal
el evated cal ciuminflux through the plasnma nenbrane of cardiac and vascul ar
snooth nmuscle cells. There are 3 mmj or pathways through which extracel | ul ar
calciumcan enter these cells: 1) receptor- activated cal ci um channel s, 2)
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(Long-lastlng), T (Transi kinje cells), Q (after
P) and R (Rermaining or Resistant). L-type caIC|untchanneIs are responsi bl e
for the inward novenent of calciumthat initiates contraction in cardiac
and snooth muscle cells suggesting a putative application for bl ockers of
t hese channels in the cardiovascular field. In this view, L-type cal cium
‘channel bl ockers 5 have been used in clinic since the early 60s and are now
recomrended as a first line of treatnent for systolic-diastolic

hypert ensi on and angi na pectoris. T-type cal cium channels are found in
various tissues such as coronary and peripheral vascul ature, sinoatri al
node and Purkinje fibres, brain, adrenal glands and in the kidney. This
broad distribution suggests a T-type channel bl ocker to have a putative
cardi ovascul ar 0 protection, to have en effect on sleep disorders, nood

di sorders, g ression, mgraine, hyperal dosteroneem a, preterm | abor,
urinary |H@ nence, brain aging or neurodegenerative disorders such as

Al zhei mer sTKH fRaRAon MIBRIS RMUperPasd eapped ]nse’i’ﬂ@a‘of usétn btthyo ook and- t ype
cal ci um channel s bl ocker denobnstrated a superior fect over calcium

channel bl@diess. < rrwth@dtfmang@nm&wweﬂéwie|m<i9fe@|tﬁtlﬂaaﬁﬂnn§ﬁ parteslaldyi | was

used for th t f S egative
oi de- ef f edpBH AT Bk ERSRE BRI B %, UG this) B8 P

t gghycar d: Lli?seo\/%gﬁ? rrstngg;t Lurmeldtmgnnoad rcﬁ:lnsfr;aetlm gref ioj) ham@lgasdeln‘??g

Addi tional ly, mibefradil showe otentla y ca rotective effect
(Villane, ingvelriesie errcessor ¢§e %Ffﬁjg 01500'21&3"5@%0260% oRQL e 3 Mol
Cel | CardHﬂg 8, 30, 475- 83) a renal protectlve ef fect (Honda,

Hypert ensi on , 2031-37, 2001), and showed a positive effect in the
treatment of heart failure (Cl ozel, Proceedings Association Anerican

Physi ci ans #Eﬁ§3 ﬁ‘ 429-37). Despite the enornmous demand for a conpound
of this pr% R radil was withdrawn fromthe market in 1998 (one year
after its launch), due to unacceptable CYP 3A4 drug interactions. Moreover,

ECG abnormalities (i.e. ag prol ongations) and |nteract|on with the MDR-1
medi at ed dBguRg rintef theugarbris an signosigst Askvity in sBany: ANdustiies, PR @Sol  Ther

een f ound e 8 AHRES iy, MEsPRethe 28, ARG s A dief™r TR

, 2R, AR* Yarist ZJf{rhéH(o@s?amﬂ wetibos wifferent types of blts are available for this

H b d | - ethyl)- .
 raro) Mhpepere; Eastrbasid bbidaly IepuiEs X tﬁaﬁy broliep in &ither A BaeR i ons be
found. Saigl,g %Hﬁélﬁél'dwﬁﬁe§ei4émel? aP&utﬁﬁbg/rP Q§ pat t H@ﬁ’(%\‘ wWhilth fiBihdeay e

advant ageous properties, especfally co e free base (WO2008/1
32679) or ateeefiecthg dryooidamsi eferashiangaingOvedunBertsuhsame dindidral argy

i nclude better flow properties, better solubility, |ess hygroscopicity,
better reproducibiliy in manufacturing (for exanple better filtration
paranmeters, better reproducibility of formation, better sedinentation),
deflned nDrphoIogy and/ or better Iong terntstablllty Descrlptlon of the
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COVPOUND in a crystalline formas obtained from Reference Exanple S 1. The
X-ray diffraction diagram neasured with nmethod 1 shows peaks having a

rel ati ve wotengi46863 as conpared to the nost intense pealeCirnBriogoskoeigr am of
the follow ng percentages (relative peak intensitites given in parenthesis)
at the indicated angles of refraction?theta (2Q (selected peaks fromthe
range 2-40, 2theta with relative intensity larger then 10% are reported):
3.02 (100%, 9.19 4880_ . 9. 77 (813&, 10\.431 (1699, 12.50 (19%, {'LZ, 4 (21%,
13. 15 ( 30%gounied 2otq dgligbit. 13hear culling INvalvessINSEES remMpyInd raes7gpterigy og
(73%, 18,12 (469 : (1946 (459, .:-19. , 2 ; 9 . 199, 2
1.17 (299 b} ﬁ%ﬁg%m(tél% ,Qn‘gz’l.’srzl@?a” 9()9()&,1 "gézk.g%%"(zg%% 'r(gagqémh('%%%%,geg% 41
(5299, 26r&pediddByimmetiog ¢r8#e rodk ape qragbing ihndPereuskdorf 3TiNg iIBign 2 shows

the X-ray powder diffraction,diagramof the di-nethylsulfoni ci,d,salt of
CONPOND, EaRGE 8 thp 14t #1 ii SEAQN er “ritind Endpitrtad s, &4l 25

di ffracti Rl ABlcAHAEBRist GBIl For Seirhgd. 1 Inh@ifsrderakmilprhd paderringt i ve
intensity, as conpared to the nost intense peak in the di agram of the

f ol | owi ng degrasationgauck-ke atlagk k& orpisksi Mayebe guseth PnbigakeAdfesi s) at
the indi cated angl refraction 2theta (sel ected peaks fromthe range
2-40 2t het® nﬁfet%%%é?%ﬁ%e intensity larger then 10% are reported): 3.97
(100%, 7.21 (42%, 10.00 (39%, 14.09 (40%, 14.45 (29%, 15.99 (55%,
16. 38 (22%, 17.16 (51%, 18.12 (44%, 18.34 (539, 18.60 19%%, 19. 38
(25% , 20.Fedyqresiedlinediamgnd (P4dg) is 2 a_qpﬂﬁ(ai@cyéateﬂ | eompBgjny 2 PESBET (309

and 27.63; 9 i h - it f ii i of the
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f r om ExamBR@D EStypidadly Xnads byistibjeating an atignegated messuofatiamont greinedad 1 shows
peaks havi ng rel ative intensit as co red to the nost,ipten peak in
the di agr &Y 1e-hig TGP Y ﬁ%’%@@@‘é@es a}%ﬁ'ﬂt\wg@@pgﬁPaﬁm ﬂlhegﬁﬁ?es gi ven
In parent h%hsi?ce@tmhﬂ?%é Reteratied asalies opbindsr matdri_ 220Pt B ypRiaggt ed
peaks fromthe range” 2-40 2theta with relative intensity larger then 10%

are repor tiediped in §B pepEnce Bf ASiNtENDY)3id BULR a818¥Alt, 8/Mezh promgtes the 93

(19%, 11.51 (310 98 (34%., . 9., :18 9 209 ,

19. 39 (21%*?“9&9‘?‘%@ ?fsééé“,"?‘ﬁ’o%@s( 2%68 %&%@*39{%@5% CO%%’&@ﬁf%&gﬁﬁgﬁ%m t he
X-ray powdegoWehf I @atdlys datgiadforodiahiunds WwWing ite isciuthctian tof afisSCOVRPUND i n a
crystalline formas obtained from Exar%)le S4. The X-ray di ffrac%ti on di agram
measur ed WiamoRgdiesame eXeik ape SREIYHNG #g ra-Presin ?W-ié?@ﬁ%q% tly48€ conpar ed
to the moghiddieasfitmiahe! dnfohsd @@rﬁ&iu&f?{%h\ﬁhélﬂ} bP\tHa?l%llﬁeﬂiIFé%n@vﬁSes
(relative peak I1ntensitites given 1n parenthesis) "at the 1ndicated angl es

of refractresidual balvent(seadtalystohaberis Mostrtypically,d?@e i2-ad@n2iohmed om ah

0 50 ( 2a00obRR-oRmaos tingstesn cEibids SubkTiats. (il Pidviaes mamprea 2t s
(409 , 16-«{5%)??(%3&%6;nt]/7053%§?4§t3@%he B9l pdBused In 2Bwlat3Variety &f tdol6659)

and 27. 24 . Fig. 5 shows the X-ray powder diffraction diagramof the
di - mal ei ¢ factuttisg] machinb@VROUND ¢rrdegradipgthard onebrasiva aatesialasHelasr om

Exanple S5 . Th -ra i f.fract| iag 1 W th 1 ows
peaks havirﬂﬁk’aeﬁ?éﬁgt ¥%%'$'&%e%ém3ﬂé§ %@p@?@%%@%‘%é rrwét%él n 'ensF??peak in
the di agr aspangdle! PED wiskawidng wieslp emieageithi deil diitsuesegefak borihgristotthees gi ven
in parenthesis) at the indicated angles of refraction 2theta (selected
peaks frorgarifeinthagd and@podmbng ingusHYr el ative intensity |arger then 10%
are reported): 5.07 (26%, 8.19 (12%, 10.15 (93%, 15.26 (39%, 17.20
(129%9, 17.61 (18%, 20.39 (100%, 20.88 (12%, 22.63 (47%, 23.93 (43%,
24. 27 ( 26%elndchebdt 4/1@étroledmivisiortyv, 4@ and1DGINgy ecdolagy 129%) 19%hd 32. 93

16%, Fig. hows the X-r. diffracti i th
Sosan - f urh Pl Stdimesiin Safieh RRteRba el Rh)edR HlsABeR g PS8t Brned from
Exanpl & S& Ih¢ Igés ifing, (herGihi PPCH RYEATS S@amed &l aviibatraRd B phisingons

peaks having a relative intensity, as conpared tothe nbst intense peak in
t he di agr aardiaptondhimpregnaigidagr perreat, gels-uprearaponantpdhis annasertiffemes gi ven

in parenthesig) at the indi ng| f ' 21 he el.eqt ed
peaks fro%ﬁghg?argé%aé %nélgﬂ%§é'i%§h§n &ﬁ?rstggafjl%\ﬁ/{ean?ﬁyéﬁgisté% %rga'c(asr% taﬁgn 10%
are repor tgshrseld dsfrih@éd) , 8. 05 (1009, 12.93 (18%, 15.20 (10%, 15.50
(2099, 19.45 (14%, 20.31 (31%, 20.61 (62%, 2 1. 1 1 (27%, 22.77 (15%,
25.42 (1 1%, 26.22 ( 1 1%, and 3 1.27 (21%. Fig. 7 shows the X-ray
powder diffraction diagram of the di-hydrobromc acid salt of COMPOUND in a
crystalline formas obtained fromExanple S7. The X-ray diffraction di agram
measured with method 1 shows peaks having a relative intensity, as conpared
to the nost intense peak in the diagram of the foll ow ng percentages
(relative peak intensitites given in parenthesis) at the indicated angles
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Fig. 8 shows the X-ray powder diffraction diagram of the

sesqui - napht hal ene- 1, 5-di sul fonic acid salt of COMPOUND in a crystalline
form as owDannadefesom t he general procedure for salt foPocatBz/ A€ X-ray
diffraction diagram nmeasured with nethod 2 shows peaks having a rel ative
intensity, as conpared to the nost intdkense peak in the diagram of the
foll ow ng percentages (relative peak intensitites given in parenthesis) at

the indicated angles of refraction 2theta (sel ect ed@gergkfs fromthe range
8-26.5 2t lrarepedn Hpatentanumbern® 33 959 Agepsehan 1008hfar ragorkellf: 9. 9

(40%, 10. 9 8 9 1 9 indric 488 19
(549 | 20."%”&‘%@@9’, a%‘é’?&%’ﬁ%’&f’ &24,119%41( g%’iﬁde bgaf 'ﬁ@%a éz’ﬁ'.ngn% 14%%? and

26. 2 ( 22%endth @xtéhditpalonghe méjoragortiomdé thalinsertacltieorefelieage deadifest e

di - benzenesul fonjc acid salt of CUND i crystalline form as obtai ned
from the PEPRIEEFIVErRUEBETR I 65%@9%%3%?@8?\19'&@0&9? at{)a'?ﬁ'tfqr} ton

di agram ”%?H%ﬁ%d’éért DirEE e HignehE 5y P88 ise Banidwbady,ah driisetoi etigesi ty, as
conpared to the nost I ntense peak in the diagram of the follow ng

per cent agepallingl ati ve peak intensitites given in parenthesis) at the

i ndi cated angles of refraction 2theta (sel ected peaks fromthe range 8-26.5
2theta with relative intensity larger then 10%are reported): 8.1 (16%,
8.5 (189 ,urfdd9s atehl nfin{oE$%),81 1,808 disti¥des d Pock KiBitidert ih2luding22%) , 13. 4

559, 14.6 (32%, 15.3 (37%, 16.1 (27%, 17.5 (719, 17.9 (37%, 19.1
E 2202 , 19.pﬁlsgczw%,line@.iqmé)%@/gl[fatze en @(n(lg?f%/et body bak(émez%%?‘z QQF‘&“("E 89, 23.6

(18%, 24. 2099 , 5.5 21 %4~k 95nd0 t o i
diffracti Jﬁonéi agr am oﬂafh‘e’&gi -%It%gﬂg}suﬁpénit@g@élﬁld g?%%@%ﬁﬁsi n a
crystal | i nrivhatayeassiytthioreddof userirt theeg pesalf roclobits) laseweélbas & threer mat i on.
The X-ray diffr{act' n dia ragbrreaﬁured wi th nmethod 2 shows peaks having a
rel ati vei fyRPSPEKPC tSdB%%%W UGN {REHost i ntense peak in the diagram of
the foll owi ng percentages (relative peak intensitites given in parenthesis)
at the indicated angles of refraction 2theta (sel ected peaks fromthe range
8-26.5 2t Hénited\Btdies patent nember &304,942 disgessenithat igog avenanpbeatian.: 9.6

0,

(5309 1513 rabies to' piyig thd gstbresE desivls W4, berbbel (e 15 g
(67% ., 19.4{Hs8%, thasdoSRfith.a Righ-rhodEbSbf eRtibity, 67dfkby anidinZi2ing the 7% .

Fig. 11 shows the X-ray powder diffraction diagramof th ,

di - napht haleflestion sefl fh@ni'j(%[éc'ﬁme@aﬁf‘do'TedQGVQth%“kﬂl'fH)%’r Vgt%cplpi AU m as
obt ai ned f, t he. I alr '

it 1 acti diONpLe; (R TE S BF RIS iRiof Bld, b PREIRare It ek i ve

i ntensi ty,offdudegyeliag. to the nost intense peak in the diagram of the
follow ng percentages (relative peak intensitites given in parenthesis) at
the indicated angles of refraction 2theta (sel ected peaks fromthe range
8-26.5 2t ' latdntend ¥,558 189 98EclbBes 4 Pber pdlpigstmiAe: 9. 8
(989 , 11@&@%"%@@13?_pgté(ﬁ&rg/grf\b%g_ 7 120% , 1.6 (33%, 1 .6?&(?2000/‘(), 16. 9
(90% , 19.diatre6w) coraipact) (ithogn inteap Biaangrropre innthergubstrads; t@ipreyYidet i on

di agrams of Fj.g. ,1.to Fi,g.11 the angl.e o | O i$ plotted
on the hor?‘}‘gh&?ﬁl %@mé’ngn@rt%oégﬁehtq@e@nh{%g'@%? tlbclgl &aﬁﬂﬁ%&'ﬁﬁ%ﬁ’%";d

Descri pti onsef disB®skavienki PDCLwitfheni mtemial eartsies atare, twhieh ds ysitiblyi ne
salt, especially an essentially pure crystalline salt, of W?JNR

(i sobut yriencleserl py1fe dimmondimegipnoof the [PRE Lcutte; fR@yeid, Mgh tensile

H benzoi m dazgl - 2- - hyl - am noJ- et hy”- -phenyl - bi cycl o**"l oct -
-en”-yl es%g?ﬁs;esﬁﬂé¢%plﬁﬂié§%8§ﬁ{§t alline salt consists of: 1 equivalent of
COVPOUND; an acid conmponent consisting of 1 to 2 equivalents of an acid
selected fromthe group consi stjng, of hydrpbromic gcid, .sulfuyric . acid,

mal ei ¢ aci dheteufd F%e%gi NS lﬂkf’S%? 893‘69‘?{7h35§ﬁ3§?8?ﬂ'8r%wft8?1'i c acid,
benzenesul I 1 I < i i } istance.

napht hal en@gghguﬁ?@oﬁ?'}%ghﬁﬁéﬁ%g(&? htgzr?\?‘e/’ji:lff|é gﬁ?gin‘gclﬁg!\q%nr?g o (r)estl% 5

equi val ent $hisf isvespecialty importast fentiock msnpavasmente degedationyek Arillinge sal t
of COVPOUND acc rding to enbodinent 1) , wherein COVPOUND i s

enant i oner PRBIGRIOBPr i ched isobutyric acid ( 1 R 2R 4R)-2-(2-{[3-

(4, 7-di nmet hoxy-1

H benzoi m dazol - 2-yl ) - propyl ] - met hyl - am no} - et hyl ) - 5- phenyl bi cycl o
2.2.2]oct-5-en-2-yl ester. 3) Another enbodinent relates to a crystalline
salt of COVMPOUND according to enbodi nent 1) , wherein COMPOUND i s
enantionerically enriched isobutyric acid

(1S, 2S,4S)-2-(2-{[3-(4, 7-di net hoxy- 1

H benzoi m dazol - 2-yl ) - propyl ] - met hyl - am no} - et hyl ) - 5- phenyl bi cycl o]
2.2.2]oct-5-en-2-yl ester. 4) Another enbodinent relates to a crystalline
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enantionerically enriched form having negative optical rotation. 5) Another
enbodi nent relates to a crystalline salt of COVMPOUND according to any one
of enbodiwenor/yssBo 4), wherein said crystalline salt ®OmIB200%0D6490 3
(especially 0.5 to 3, notably 1 to 2) equivalents of water. 6) Another
enbodi ment relates to a crystalline sadt of COVWOUND according to any one
of enbodinents 1) to 4), wherein said crystalline salt contains O

equi val ents of water. 7) Another enbodinment relates to a crystalline salt
of COVPOUSYUMMARYI ng to any one of enbodinments 1) to 6), wherein the acid
component of said crystalline salt consists of 1 or 2 (especially 2)

equi val ents of hydrobromic acid, 1 or 2 equivalents of sulfuric acid, 1 or
2 (especi gldcordihgadu fist especiodf el imventiari therd is prévided pecinséit yorlab)

equi valents of fumaric acid, 1 or, 2 ées ecially a\% eﬂui val ents of
met hanesulgtiggkctogbi the iNsgft soMpE3Bg; &) FYPepasd (farananng gfvolume and
para-tolu a8 guﬁél%étjcg % a?l'e inferfS2P 8% 3Lipdr-Rardeelp MaliRglah &lera

e
benzenesultonic aci specl al lé 1.5) equival ents of naph?hal ene-1
, 5- di sul f ofpungge imbdulu of YréatepdoamiO0) GPaecand prdferably greater than 960

e hanoeur faaa: e siBsfaRotlamtlarssd nait 1 RatBrsts & rERHitPocPos
crystal i ngyrigh taso'éefrféra%'ﬁbr_céﬂﬂ’éh??s aOfeglore @i thal SUistraté prydnele ahec aci d,

1 or 2 equivalents of sulfuric ac 2 equivalents of maleic acid, 1 to 2
(especi al ligterfasy, Srureinfoseing bsfisterpartion Beying an agaiegate Npkineg that is

met hanesul f onj j i = F-élges ] 361 r 2

equi val ent%fgé’remﬁﬁég’%%é%’f%n%@ezﬁazﬁ’ %%Rp%{nog?l&lcegrvg S gh%gg’:sﬁrgﬁ?m@ts heg acid
conponent |ghsts60% thatysftiae lsuper-sald cgp.ef erably consists of 1 or 2
(especially 2) equivalents of maleic acid, or 1 to 2 (especially 1.5)

equi val ents of fumaric acid. 8) Another enbodinent relates to a crystalline
salt of CQVR rgl t ; gp@é@ ' ein the
acid conpone%g@tf&gg@dgggﬁrt g?'l%:&ﬁe S It%c(gnsi stdsT%g*a%SMech?\fgrl}lgtr?w;ﬁ%f

hydr obr omiioteafsicé. A sub-enbodi ment relates to a crystalline salt of
COVPOUND according to any one of enbodinents 1) to 5) or 7), wherein the
acid conponent of said crystalline salt consists of 2 equival ents of

hydr obr om | @fhé enitdimbatsSitie Fahfréiny Poribi pertisAlnkay aV&iansagireydte3
equi val ents of water.9) Another enbodinent relates to a crystalline salt of

COVPOUND avalame; ingt i abigash e fagtoe abdupadines greater, myreferabeiive timesaci d
conmponent i r |1 I i Y L f
cul Fur o odeatst gy StEHe oroRfaaf bn TREL phdat vt Gotlq' SUgespe’
COMPOUND aggyording to any one of enbodinents 1) to 7), wherein the acid
conponent of said crystalline salt consists of 2 equivalents of naleic
acid. 11) Another enbodiment relates to a crystalline salt of COVPOUND
accordi ng {0s503% é’rﬂﬁo&’ifne‘?ﬁ?,ot‘ﬂb“?é'#ﬁférc?ﬁg bBIstar pdMish §hay hageasi dvegaonent  of
said crysta TThe ealt consi'sts of 110 2 (especially 1.5) equival ents of
fumari ¢ acYdung@mdamduser atteastichtnthat ef dhe super-bardr gag, andrengreserablyof

COVPOUND rdi to any one of e iments 1) to 7 in aci d
conponent agég%ﬂﬁg%gﬁ9§?8¥q Prde@hly g@%?ﬂgt@%d}’ ® B%%R?QM%@?’OH’R e

met hanesul smb@indéitd thel AvertiBt YelinahrstuIe: bf kel adisforéing vty pattionne sal t
of COWPOUND according to any one of enbodi nents 1% to 7?, wherein the acid
conponent isfindhe angeyefiahqut 88 Ysta 80%dhat efitbe spper-Baid ¢al-ent s of |
par a-tol uenesul fonic acid. 14) Another enbodinent relates to a crystalline
salt of COMPOUND according to any one of enbodinments 1) to 7), wherein the
aci d conpopnebhe @misainhent, tae atinforeirgabolsteo pirtdrs nefy Goraprise sLipet-baralf

benzenesul foni ¢ acid. 15) Anot her enbodi nent rel ates crystalline salt
of COVPQJI\[ﬂaé%rdﬁirBiW@"Vd”le?n‘é'ﬁéoéfpaéWﬁt@HPs 58??@%%'%9\#%@@@'19% acid

conponent [ - | ' ' . 5)
equi val ent gglgférgbdﬁé%gpgwékgg@%ﬁgﬁﬁ?ﬂ%&g W%r%%)r@fgﬁﬁﬁgfécgh Iicgsdeijsment
rel at es t odmnwndt & loneessbbdinuent ChiePEiINDreing dotitergpodioanyay menarise
enbodi nment to 7), wherein the acid conponent of said crystalline salt
consists o ‘equi val ents of napht hal ene-2-sulfonic acid. 17) Another
enbodi nent relates to a crystalline salt of COVMPOUND according to any one

of enbodinents 1) to 7), wherein the acid conponent of said crystalline
salt consi ¥t 9nef embediment| e seivforeingabelsterfraftien 188y comprisgnbingsten

mbodi | . tall . i iall
Crystal 1 ngo@ift B i ReRoBRIREE ARl RatnE BT EAON Y 02 T0) * Wher o n

said crystalline salt consists of: 1 equivalent of COVPOUND, or of
enantionerically enriched COMPOUND as



defined in any one of enbodinents 2) to 4); 2 equivalents of maleic acid,
and 0 equivalents of water. 19) Another enbodinent relates to a crystalline
salt of GUMRQINEsssGcordi ng to enmbodi nent 10) or 18), chacaaBmoy/sididy t he
presence of peaks in the X-ray powder diffraction diagramat the foll ow ng
angl es of refraction 2Q 10.15, 20.39,5 and 22.63. 20) Another enbodi nent
relates to a crystalline salt of COMPOUND accordi ng to enbodi nent 10) or
18), characterised by the presence of peaks in the X-ray powder diffraction
di agram at the follow ng angl es of refraction 2Q 5.07, 8.19, 10.15, 15. 26,

17.61, 20 6 o) 1&‘3@? nt
rel ates tﬁ gfe(E%@g’t g‘lel‘ ?%g%igpé%cﬁ&&@%% nsagggfrarﬁg SE: odi me(rPlltg ‘T%Lrg) or
18), whi cimatesaintispelseds nihin Bhbinder aye’qahmsimh dsfcbotmhﬂ d‘?refmﬁblw theas

depicted in Fig.5, 22) Another enpodi nent | at es stalline salt of
COMPOUND AVEEH ﬁgete i SUPRENGI: Giaits 15 gt ieasbangdt FarmiRoRs,smfen ti ng

poi nt of %Pé’ﬂéh bl sfieatbgf %}g%i&)’oﬁ@fﬁ%F@%é@ratﬂ?%nlé&t%&ﬁ'T@”y

using the net scrl rein anot her enbodi nent the present
i nvention nmercatse$vleo moce yretdrablyeats last @cb@dt didfigmieronny asdeyalf me®odi ment s

10) or qux ti,0 ND (682
g, 84%W/\f9"ef%"§§2’ %%as?ﬁg QQ(S’%@C@nE eq ?(%{ggfgurger-l&%gdgag% c acid
(256 9, 2.nhAvBRhe effedt 6FincFEHY ﬂ@stiffhd&@@ﬁtlﬁ@%lnfﬁrmn bolsterpbrigasall 3.
stirring the resulting m xture under reflux for 15 m nutes and cooling to
65- 68C wielst beipg afualit es; 4. optional seeding with 0.04% w w of seeding
crystals; 5. cooling the mxture to 40C within 3 hours; 6. cooling the

m xture to 20C within 1 hour; 7. filtering the solid under 0.2 bar of

ni trogen amé siv@sange dhihesuiped-hard breOciUdESR the bobtér partiomesgy, band 8.
drying theal%gl i %@gr&jxgaw}%a&gtogl Pe{rﬁggén;q nj t@frggen If orltgzré}ggo% Bel%? Anot her
embodi ment ta r i fit 0 n

enbod! Menlapdht CHACRA! & ABEG M0 trﬁ@rcmsesefrﬁe Ghe RAALS dfthbhapkritir powder

di ffraction |agramat t oW ng |l es of refraction 2Q 9.3, 15.6,
and 17. 3. ¢2ainsAnciuted ierthediolsiat pDEﬂOemt mgytboe éorme)dsohmqraéh@ralqnewze:ovaND

accordi ng odi nent_8 r_ 24 teris peaks
T the. x-S BOeler o6 rppie: drash dirisor ARPAE ROAK TR S5 GOBRERERAE RS
refracti om@Rill 8izé. dt@tﬂﬁutldﬁo@fthd%uﬁer—ﬁ&dlgralnswAé,lea%ﬂ dhe enthe2@oles 26)
Anot her enbodi nent relates to a crystalline salt of COMPOUND according to

enmbodi nentmay hapa pn@vepae sighidigiriigtinnmef giepter dnmabeHOOMIEINHowder
diffraction pattern as depicted in Fig. 7. 27) Another enbodi nent rel ates
to a crystalline salt of COVWOUND accordi ng to enbodi ment 11) ,

char act er iFRdsiby diétﬁb@ﬂicﬂﬁehumm‘qudeakﬁe@ﬂowm d(anmﬁdpgradfsrlsdhédzsmedi on

di t the foll f t 1 5. 27, 05 d 20.61.
28) not ney BRBBRIHAasall REEoR G1ethGryRberer e Waifis e URRRSRBILA cor di ng
to enbodi ngjrkﬁ g}@umfar?d% ‘bhéélacﬁfﬁ%fchéﬁg)alﬁ)érﬂ t&eomamwd%cm@agmea t he

X-ray po raction |agramat th | owm ng angl'es of refraction 2Q
5.27, 8.0%ean?.a#3he Muspbnsigon. 6lhe liffractionl patiermislintarpreteyl aneemputer

embodi nent_rel at es ne .sal t of c

embodi mentSofyyare g}e §§fy§'\ﬁﬁbb‘h°@§§e%ﬂeaﬁ 5 B g\r\gg(ﬁ &ﬁ]?éagﬂﬁogb\ﬂgr
diffracti Qﬂaﬁr@lérer th éﬁe@ke Rhé tgainsnarkl Beatéd 3D beiigospiesricantzedi tensizeel at es
to a crystalline salt of OUND accor di n% to enbodi nent 11), or 27) to

29), whi cHdistibutionds expipsped it tefmspbat diskbotiar Oé@qgtwﬂ%cﬁlweéﬁrﬁf%enu al
scanni ng ¢ [ t ) her
enbodi nment aqh%r%{‘ésl& Mg%b'tcl’?zy%t al %tapé}g%ﬁfo ﬂ%%&?%ﬁg@%@?&% U%\'}QH

enbodi rrenthg)jorrphgya@é ased &t My pufpospr esence of peaks in the X-ray powder
diffraction diagramat the follow ng angles of refraction 2Q 7.21 and
10. 00. 32) Another enbodinent relates to a crystalline salt of COVMPOUND
accor di ng é%r% : ¢} qﬁgg,ngéqf peaks
in the X- r%@"‘gm %é%ﬁ'{b:?@gﬁ?g '?%%1;’ g’fbﬁ%2§%dum(;%§%§d E)g | es of

ref ract i onthe@rabs3ivera gike disttibutian tiﬁ i9rmed. afenoeenithap aneopeak, each

peak corresponding to a respective “mode”. Multimodal polycrystalline bodies

are typically made by providing more than one source of a plurality of grains,
each source comprising grains having a substantially different mean size, and

blending together the grains from the sources. Measurement of the size



33) Anot her enbodinment relates to a crystalline salt of COVMPOUND accordi ng
to enbodi nent 12), 31) or 32), which essentially shows the X-ray powder

di ffractiwo2panaessd as depicted in Fig. 2. 34) Anot her ecibaB2ooenisc4%el at es
to a crystalline salt of COMPOUND accordi ng to enbodi nent 13),
characterised by the presence of peak$in the X-ray powder diffraction
diagram at the follow ng angles of refraction 2Q 5.79 and 19.84. 35)

Anot her enbodi nent relates to a crystalline salt of COMPOUND according to
embodi mendist@yution 3af | therabiendad seminy tyricaesyealor diftiars PRakhe X-ray

5% 10, 5a16ba0RHR0 38 Ao Ak thifee,WEE e S8 shEriaibiaect 52
crystal l'i figrnsahé p@iyc@@zﬁﬁhbl[bcmwdﬂeir siyet distriotidn e furtid) alt@4y as tI85), whi ch
essentially shows the

wd diff t tt icted | Fig
3. 37) An&faes %ﬁb_‘é@“ﬁ@ﬁﬁe%r@ %‘Dégropgl ﬁ”ﬁ%g%& r%gtugé tFP&UﬂeEI c E! inFig
accor di nw(? %’ng?éﬂn ﬂw?szBf't?ﬁ%t@—gln%eC#\l?\g eriHtfedy %@H’ﬁﬁhrﬁ&dﬂﬁ?@ in the

X-ray po iagram at the fo wi ng angles of refraction 2Q
13.4, 17. The gnaing i4 . Buabpstilcigarlyr eddenidiromnimags analysiscofathersisiesed i ne sal t
of COVPClJND ccording to enbodi ment 14) or 37), characterised by the
presence @I"t‘g%aks in the X-ray powder diffraction diagramat the follow ng
angles of refraction 2Q 12.6, 13.4, 14.7, 17.5, 2 1.3, and 22.7. 39)

Anot her enbodi nent relates to a crystalline salt of COVPOUND accor d| ng to
enbodi mentln ofjier gy pbigin :aeyneaﬁnre; of e siresaPl Jiagrmgsgiains yithiy P

diffracti t Q)i Al elates

to a crys?ﬁ?‘ﬁgh 'S@Y’? WD@%@%%! [%eté )IS L!%tgdl r‘r%qﬁg 1&% 4

ghar acter Its@taﬁmln éilllaetrcm ﬁﬁ@r@g&apﬁ sgmuyfnag? bhe pehsayd pmvf?ze orﬂutmémﬂul og "
i agram a e follown es. 0 rerC|

Ano'?her eB@igriAkIf UsRd-at é‘@ 8’6‘98' ficaijan And; Eaﬁ%ghBP[dﬁ/ﬁ@ﬁzﬁﬁ?'igng @i ng to

enbodi nen??ésﬁ)se‘?/%rﬁg?und?mﬁ%ﬁ&ﬁd @fé’lﬂ%’ft’o tb'é%@ﬁt‘ﬁ%‘ﬁ/ﬁhiﬂ“th@ﬂﬁﬁ@e‘ nThae X- r9ay

powder diffraction diagramat the oW ng l es of refraction 2Q 9.
12.9, 14. 21|am6nd,gr2ms6¢ararmb distinguishey fmtmetallmbawmm thelimage @ao a

crystalline a t .0 accardi nbodi,nent 15 ,

whi ch ess&’ff; lgﬂ"%'ﬁaﬁg! ?'ﬁ% pd ?3@1 Mﬂ%‘r‘go‘?ef’?‘f’agtqrﬁw ?)aad pg ‘%‘%@'8% cted in
Fig. 8. 43y rﬁ@@h@@f cohtstiomanimage ahalysitGoRwelry.s Talel donectall diseibuiGiPOUND
according to enbodi nent 16), characterised by the presence of peaks in the

X-ray powd¥these cireles istheai evplugted statisticalby. IM%@%@‘P'@@”@W?@T gERi on 2Q
9.8, 11.2, | t
RAGERP T e Ok e

presence ab theaksan equihalent cinye dianaketer, d| ffractl on diagram at the follow ng
angles of refraction 2Q 9.8, 11.2, 15.6, 22.4, and 23.9.45) Anot her
enbodi nment reI ates to a crystalline salt of COVPOUND according to

enbodi ment, erﬂ%dlﬂ{erﬁﬂ‘ thu% Qcﬁ%%ﬁ@qﬁ\@rhlﬁnsm%de%a?‘d CaY rRayeer

diffraction pattern as depict e . Anot her enbodi nent rel ates
to a crysthmindedetcs the remfdrcivecbmlst&icmtldnr@ a lrehimarfmtthﬁ;;ubstrate

h t d by th th ff

G agr am SR PRI ARG peB s oy 2t ehgrersipnd sUBPOTpotdn g, s 4r)
Anot her e isTR enk e hivd ‘?émf&cihgcbm%ie?' portien Ssdifig HorldeiPidUiie aeppodi ng to
embodi ment '17) or 46), characterised by the presence of peaks in the X-ray

powder di fartien iaina diesgndnintarfacge P@eﬂe@ahlhdharfg'sbwt@rfae%fu? J@nplana  11. 2,

crystal i ek fetpeli e 48 s ARRARlyCIRAN, "Iherg 58P0, * i o

essent |) al Lpbrﬁb@%@ pirb@er?(— ltiaeyh a@emiely of fiie mppon pna'lmfnerandamlaje@nmedgn InI Fi g.
10. 49) The inventjon further re ates a crystalli sal t clally an
essent i al |83PIigF é’%‘t‘%ﬂsalr‘?fﬁf@ds@l s tog S@%Ws@i@l\é“(tpgo?fn&% Inselci @\H'(ergR* 2R
, 4R* 2-
) - 2- (Rfd % rfcflsgﬁ (51*&8?’1&1% é"\.ﬁ)‘%nyl giag%%lst of the reinforcin bolster

yO propyl I - rret et hy ycl oP* [ oct- -en”-yl ester);
wherein sapmj'tlomyiklrwl line salt consists of: 1 equivalent of COVPOUND, an
aci d conponent consisting of about 1 equivalent of sulfuric acid; and
about 6 equivalents of water.

in one embodiment, the reinforcing bolster portion comprises metal or metal
alloy-cemented metal carbide and diamond in granular or particulate form,

whereas the support portion of, if present, is substantially devoid of diamond.



50) Anot her enbodinment relates to a crystalline salt of COVMPOUND accordi ng
to enbodi nent 49), characterised by the presence of peaks in the X-ray
powder diwbranvi4e8s3di agram at the fol |l ow ng angl es of reCTaBliowns48€) 11. 78,
13.69, and 14.19. 51) Another enbodinment relates to a crystalline salt of
COVPOUND accordi ng to enbodi ment 49) dar 50), characterised by the presence
of peaks in the X-ray powder diffraction diagramat the follow ng angl es of
refraction 2Q 2.85, 8.50, 9.50, 11.78, 13.26, 13.69, and 14.19. 5%)
Anot her ehbathevwordsl desbalsten eanrisas dismerd-enbanesdveaiiee adder i ng t o
enbodi ment_ 49).,, 50) ) L sent: L al S e : er
diffracti Wﬁﬁﬁ?lt er rF rgiergglggi ép%\é\ﬁaﬁaﬁnﬁ% S%Ih‘lé—o%péav@%%ﬁ%g OS?S b%%t:ﬁ%t ,
whenever ﬁﬂmdy‘enbbaslgbwwgﬂmdihmeréiaforeiagebcblatelrypmﬁenof ThebdiEmend s 19),

8

20), 24), 25), 27), .3 1) , 32), 34), 35 37), 38), 40), 41),. 43),

4d), a5 cimS vy dhel reinforcingt eplsler POrARERY hAYhEmEIeIpOR Sp! Bt

diffracti ?%&izggrrﬁm s.the follow ngangles of refraction 2Q" , said X-ray
ra

powder di ctron diagramis obtained by using Cu Kal radiation (I =
1.5406 A); and it should be understood that the accuracy of the 2Qval ues as

i ded herein is in t f o +/- 0 1-0.2 i fyi
Pl e of taransoerbroBetils e S Endboiet montin, BB e R BT St o Sand
the cl ai mgy,chitg o%@@ré@hﬁiiy«ﬂnlwfrﬁanmg/ srBedGsdasthiastharsubstreteval from sai d

value mnus 0.2 to said value plus 0.2 (2Q+/ - 0.2); and preferably from
said value mnus 0.1 to said value plus 0.1 (2Q+/ - 0.1). For avoi dance of

any doubt . the relati i af i i rSad S

ol | ove:  TaBBTe0: o aPsR PakiedboleiMyih PoBAEOLRER dnd ol RER K HnET

H- EeP)ZOi msﬁ@émlateg(b/é.) ;cmalf @Im]bbbrtrrpbhiy)halm'mo}r}tegrally formed and bonded st

et -5-phenyl - bi cycl o[ 2. 2..2] oct - 5- en- 2- ester om nates i sobutyric
aci é (1 II%,OQ\FQ?{@R}S-@%@W%[@?'Q}"W& 'ﬁé‘ﬁfﬂl&?‘g’mam'ca‘?‘y A Y

H benzoi m dazol - 2-yl ) - propyl ] - met hyl am no} -

et hyl ) - 5- phenyl - bi cycl o[ 2. 2. 2] oct-5-en-2-yl ester, or isobutyric acid (
1S, 2S, 4S) Prefctably3hé avEratjenéolmgyly modulus of the super-hard cap is greater than

H benzoi m 0l.-2-yl)-propyl]-nethyl am no}-

et hyl )-5-p1 PBi cyclo[2.2.2]oct-5-en-2-yl ester, or mxtures of these two
enanti onmers such as for exanple the racemate. Enconpassed in the scope of
the present invention are the crystalline salt forms of COVWOUND, i.e.

i sobut yri PPraferably, iR supERhard rapcomprises Pelycaystalinggiaosid ¢°PCD).

H benzoi m dazol - 2- yO propyl J- et hyl - am noJ- et hyO S- phenyl - bi cycl o oct-S-en
-yl ester, described herein; wherein COWPOUND may be in racemic form in
enant i onerihcgid gmbbtinedetdtfeosumpearthdr capneorhprises PGD, alb $edsitomecportiogur at i on

1 R2R 4R); i ti icall ' d f f.th ti f
(oo 22 it rens b TS afetbt s Lo e S PRI o |10
enant | OMe! SrrgiaBly b 1685t die SU1ABh i ARl 4 WdPihb Spch o Th& Bubad

negative optical ‘rotation as determ ned using the fethod as descri bed
herein. Wieard cthp phdr eémbter rfrdns  thee dnfeoiace omiitbu thizs , suhsitnate. pHar eageut i cal

conposi tions i seasges d the like, this, is intende X ._al. a single
conpound, %‘Qp?&"lﬁ“?tﬁ@ ‘%iq?@.St Ffe "eHOP M, BRABRILT gr};lfd’?@glgﬁ?aﬂglﬁgh&%’s

under st 000 jdh LA bBNAg Wr (R BilRSENsud epiBddImehe MRENingsesithbl y t hat
at least 90, preferably at |east 95, and npbst preferably at |east 99 per
cent by wethgrmalstability mobepafaimanseef éhg insgrtf or m of one enantioner of the
COMPOUND. The term "essentially pure” is understood in the context of the
present invention to nean especially that at |east 90, preferably at |east
95, and nogtsdinélepitsddiments, eayouR§ sprodalestof biye veinfpintingtbalster portisnal s of a
COVPOUND are present in a crystalline form c%dinrrg to the &r.esent

i nvent i on, Iséfpeastabopt 6RO SR 9g1ak 19as) 0Kt ﬁﬁéq‘ R m'bFOMRLPPedigiants,

i nvention. i) s IdMi r er

i racti ohoay Sy Moliut OF (RE SERRTEIE oBar poich & Pkt AOLPANRET o) \
rati o (S =GPagraat, mdst=abuoit 86).GPRacdn domg erobodimeanis,ithe tYiovng'sumedulsisat i ng
that a peak has tq be sent _in an X-ray powder djffr I i m it is
under st oodoﬁwgtreirﬁ%rcﬂlég{l&? r QLG |1 %8\/(659%0{‘? ?é@t'ﬁ%?ﬁd %an%?ﬁs@ defi ned
by havi ng @60 8P4, lorin ther@ngeFtdii aboul\675 BR:S)aut 866@BR4. than x (x being a
nunerical value greater than 1) , usually greater than 2, especially
greater than 3. In the context with stating that the crystalline form
essentially shows an X-ray powder diffraction pattern as depicted in Fig. 1
to Fig. 11, respectively, the term"essentially" neans that at |east the
maj or peaks of the diagramdepicted in said figures, i.e. those having a
relative intensity of nore than 10% especially nore than 20% as conpared
to the nost intense peak in the diagram have to be present. However, the

o o - o, N o o - - "



10% of X, and preferably to an interval extending from X mnus 5%of X to X
plus 5% of X In the particular case of tenperatures, the term "about"

pl aced beWVonrelo4tssaperature "Y' refers in the current appliBz0Y/eF61%0 an
interval extending fromthe tenperature Y mnus 10 OCto Y plus 10 0C, and
preferably to an interval extending frfomY mnus 5 0OCto Y plus 5 0OC. Room
tenperature neans a tenperature of about 25 0C. Wien in the current
application the termn equivalent(s) is used wherein nis a nunber, it is
meant and Iniembadimestsybgee Hie stperdiard«ap AgpRYeRIEoYOUMAS MOYWUs & erri ng

to about the nunber r Y. n_ 1 ferkl: r n. The
crystalli r%e%tgr ﬂjga’n ag?)létg‘[’gbﬁy@tg%’e't ggés@r%% ?)ﬁ%f%f}&'%giotéqg% 3@'{” g[f??‘l‘;]ﬁe%sfa "ta s, of
COVPOUND aeeisrilic@orhpriges super-blare mzdiatitanolerttppd, drpdeamdbéoursgisl as

medi canments, e.g. in the formof pharnmaceutical conpositions for enteral or
par ent er alme@diisi schaas BeD aCBNeducti on of the phar maceuti cal
conpositions can be effected in a manner which will be famliar to any
person skilled in the art (see for exanple Rem ngton, The Science and
Practice dfrefrablyeibe, reifforcirgibolster p@tios)gonmanigessrefraptaiy raeialcathide

Manuf act uri ng" ubl i shed by Li ppincot i(llja Wlkingl). b Id: Ngi ng
the cryst a"?'i%ﬁeW%mf‘éa'o?e'f‘ﬂes%%gg%ﬁf"mW\é\ﬁlﬂ’it%?ﬁE&gM"or@r Ikﬁ’ ?Fr %’gﬁbél'nati on
wi th ot herbhepansibiyctld thetd bRy Sefdisd doREYV, SNbPTA thsl gainsabeing

adm ni stration formtogether wth suitable, non-toxic, inert, _

phar naceuthiaidtdgetbercpmasns of @ binder meia) @r @llewrwhish prefesabiyicempriges; f
desired, ual pharmaceutical adjuvants. The crystalline salts, especially
the essent?%l | y pure crystalline salts, of COVWOUND according to any one of
enbodi ments 1) to 51) may be used as single conponent or as m xtures with

other crystalline forns_ar the aporphous form of COVMPQUND. The crystalline
salts, espueferbly thee reni@igtndalboister, POrtqn, CORIAMSAE 7 fQn fo’u@:d% D
accordi ng =ggelohal S t _ ' ehard
preparati oéne?%cf{gée( f%i@émht alﬁgﬁgﬁl’ ﬁeﬁ?ﬁgﬁlgﬁfoyﬁﬁrﬁﬁi g%éér}rent or
prevent i orcap cofmptisés didrbhd, mogi pesfetaphe at gortionof the chinferaingr belgterand

cardi ac), cardiac arrgeﬁ hgi aé. }n I udiﬂ?q atrial fibri I#_\,ati on, cardi ac

hyper t r opHRPTieR PERHIFaLE thedIrREinteracs; Wiy the G3RCPDURes PPhe salts, especially
the essentially pure crystalline salts, of COMPOUND according to any one of
enbodi nents 1) to 5 1) are further also useful in the preparation of a

medi canentPrefierably dyath sthiet ainéoreing tietsteninastiemgandl sbas sUBPYLpROHPBne or in
any conbination: for it e n f di i abe its
conpl i cat i‘fﬂ@?”?ﬁ/ﬁbert%ll %%Q{drgr@%@mtthée)g? ‘?‘ggg{"}'” gns}ﬁé?%%g{f W?%@gh?rﬁ,srag?@%ancer in
humans andviet oer HREZATE snoref grefarablyabeantial belmgi $eletted ragétis Si or Ti,
anti-asthmatic agent, anti-atherosclerotic ggent addi tive to cabd'hopl egic

sol utions ther grginsrhakgy heldniegsther imaans oba pipdah a1sial o el af)!

. as
anti aggr eg : g MESHioR sbblise ansrena; for
the treat n@%ﬁer%rgﬁlgéoonaﬁ@?é}i?g' g‘ﬁ%{/ég@fp E&gﬁ%:bgﬁ’?é es peI(O:i 6r1r|1 él{y; porgt'lal

hyper t ensi than by@dyperofi carbigec dtréfargblyothier segragat mass lparegntagepefi 60i n and

| ow renin hypertensiop; . for use in.hypoxic or, ischem i ) r as
ant i ische‘ﬁ‘?{g'na {G'F@FC‘Pﬂeb?'?éétF?ﬂ{H?Xd? gwgr thap E}Fagwqﬁhgfﬁﬁga%pg r ebr al

i schem a ipgper fusion (e.g. occurring after cardiopul nonary bypass
surgery), coronary and cerebral vasospasm and the |ike, therapy for

pleri g_her?! vas_(I:_quar dihseas_es (e.qg. Raynftud' S e{di %_ease, inter m'gjttenjt Ciat

cl audi cati gn, Takayas Seas c sg@ﬁ u i iation
and/ or evoﬁhPPEﬂ? 8%1%{(19@%5§1Snﬁ% ?%)lj%&l %Eo?mt ﬁ*eytr%a rren?htggﬂlypr%\f) (;j/l(gflxi s of

di sorders gghrfot i© mMnedntaial dismontiaindathe cobsitrontdntcedy bé @b otosir
i ncluding acute and chronic renal failure Pi abetic &ﬁﬁhro

ath

hyper t ensi Wk ﬁﬂ_[ﬂ@é&i&%f/hr%@’leﬁy@t_r@@@rﬁﬂ’%-a N PANGSM Wﬁn?%ﬁ}%%%bar”_el at ed
to age or gééﬁﬁte}ﬁﬂns Qﬁgﬂfe{?z‘s@érﬁfdésbcﬁste?ﬁel‘lfoﬁtrﬂﬁg‘hbtéf 16t 3R, bPat BBSH Ng and
contrast ag@nt and £o cyclosporine, rehal 1schema, primry vesicoureteral
refl ux, or4gt%oerul osclerosis; for use in therapy for mnyocardi al
infarction, treatnent of cardiac hypertrophy, primary and secondary
pul nonary hypertension, therapy for congestive heart failure including
i nhi bi ti onppdrefdily ¥sé Teinfdtbingi BlsRr Porlicr Conibes ¢ofractod hstalt carbide
renodel | i ng and dysfunction, or restenosis follow 3\3 angi éﬁl asty or

8

stenting; gfains,tthe metaitheing selectasufoax¥hi B, da, Stkidviexth Bhoek angrSi
h hagi hock, | ACL A i
(orecti o TyapP gy tng MRGIIEBlcld PR, SfHAA 1 AEd sBeRRat T8

radi cal prostatectomny, psychogenic etiology and other causes) and wonen by
i mproving blood flowto the genitalia, especially corpus cavernosum for
the prevention and/or reduction of cancer or end-organ damage associ ated

- s, = r B T



and non insulin-dependent diabetes nellitus and their conplications (e.g.
neur opat hy, retinopathy), hyperal dosteronism bone renodelling, psoriasis,
arthritisworhsuastedi d arthritis, osteoarthritis sarcoi desirgB2009/0&6&% mat ous
dermatitis; for the treatnent of hepatotoxicity and sudden death, early
and advanced |iver disease and injury@ ncluding attendant conplication
(e.g. hepatotoxicity, fibrosis, cirrhosis), deleterious consequences of
tumors such as hypertension resulting from hemangi opericytoma, spastic

di seases afatehia, (prefeaallyt diaotondndypically amdmﬁicui@f@apbr%ﬂawlaﬁjﬂﬂﬁoﬁte,

i mmunol ogi cal di seases .i pvolving vascul ity pus, st.em

scl er osi sQrEi‘Wigbe'egylaépoB%qeiﬂ?%mgX, mtei%ﬁ?oéﬁ % gg‘?&éﬁi’? '(taal(:j gm?ta}qay’ewﬁ
dysfuncti ?%@Fﬁbl?%@ﬁiﬂ?ﬂs@%i@.t"ﬂﬁe rdiffor¢IAg Bdlstgﬁpbn’t'@hnha?tdonq:lriséi meases such
as ulcerative colitis, Crohn's disease, gastric nucosal damage, ul cer

i nfl ammat 130 poedIPepiseaiBideand i scheni ¢ bowel disease, gall bladder or bile
duct - based di seases such as cholangitis, pancratitis, regulation of cell
growt h, begning prostatic hypertrophy, or transplantation, or for use as
anti - di ar 1hepmaeaiicdimeats tHee rdinfoating rHolsibr giostiord eray comptisé mne or
bronchoconstriction or,_di sorders of chrPni c or acute infla i ﬂn .zuch as
obst r uct | veorgdhaB e ditieresk dpesRf materalsRrstBReSIEsH dYIRifeSPeTisAlY 4

al leviati qn, I%o‘?ﬁbﬁbé b tAgn nSHé%gbh'&f raﬁﬁérenm@égﬂ%falmaéﬁélsaad pai n

associ at ed vg) cancer such as paln associated with prostate cancer or

bone- canceompdsites; tre intedacambebiearethe dayarerhaing shpsp on difidee)l and
di d trok t ent |schem ] | R
Subar achndTRICALABR ARG B Boronr ha Ty bERSTEapaia e, S e dReRtte, |

treat nent phwESHEY idnfoRGhdg BbReerAlctien BRd tise d@p@rﬂiéra,ﬁtpmdpe denentia and

vascul ar denentia, epilepsy, or sleep disorders; or or reduction of
general norbidity and/or nortality as a result of above utilities. The

present | iy e nBhiRat el Gy BBk hdiBbn i ndt BRBLIDA TGt Sat ment

of a dise oned herern conprising admnistering t
subj ect a thhath@eapport Portioract theesubatrate aatl Fascary skposecheudade, whisheci al | y

of an essentially pure crystalline salt, of COVPOUND accordi ng tQ, any one
of enbodi raAY INpyiop @s wear fﬁﬁh’%"?%ﬁ*%ﬁ?@,w*ﬂ'ﬁg r%ﬁiig,geﬁgﬁﬁirﬁ %fda’r’?%’,"fg%eci ally
t he essenti},@éﬁy pure crystalline salts, of COVPOUND according to any one of

enbodi nment's to 5 1) may al so be used favourably in conbination with one
or nore agents selected fromlipid |owering agents such as statins,

anti coagul ants suc coungrins, .antithr tic.age C

cl opi dogr &N, OngFBJLhPZﬁ@?n gﬁ‘%fﬁ@”&ﬁ'ﬁd%@%&%ﬁe@%% é%%ﬂ?g {Pﬁ@%hroeuge_nt
i nvent i on @lpsearitliFtRs wheled/dhiMmeasihé sibétheepr eparation of COVPOUND in
racem c and enantionerically enriched form and to processes for the

preparation and characterization of crystalline salts of COMPOUND accordi ng
to any one o j ) . Sai i iyn the
experi rrenﬁal é%ﬁ%ﬁ%‘?@@”j@?@&Qéﬁﬁeﬁﬁ%’%‘@gglﬁ‘ﬁ‘g&?‘gﬁﬁﬁ %Sg@gr?lp{gﬁg or

i 11 ustrat enbhe thar enti diffeient tppee ofl@hatetial e cpmpasiie emdatherginay bienadegr ees
Cel sius. If not stated otherw se percentages, are given b i ght .

Abbr evi at i@ﬁ%n%s'ntﬁéﬁfeh@%’l"??rhzlaeirﬁ'ﬁ%ﬂ@"‘&gz’&lﬁ%ﬁi ipgﬁt'%d?\'/‘é: iQfg?q.%”Qaagous ca.
about CC ol R, G HEBURINARIK RIS oldded didlffdeM di chl or omethane DI PA

di i sopropyl -anm ne 11 sopropyl Zethyl am ne, Hnig's base,
et hyl - di i sopropyl am neDVAP 4- di met hyl am no- pyri di ne DMF di net hyl f or mam de

DSC differential scapning cal.orinetry eq. uival ent(s).E i | et her
Et OAc et hy h|§@§p§p§0’éﬁ@ﬁ@fﬁ,ﬁ\gﬂa|ma¥ © ?g\ﬁfﬁ%g%o%o r(\gs)e) M‘ﬁ%@ﬁ%?{ égen- 1
nucl ear MegaRLHE dr BreAR et edirRiAN ot XcdnerstBcadiBRilt and the like, by
1- hydr oxybenzotri azol e _ .

means involving repeated impact, such as may be the case for pick tool

inserts and percussion drilling inserts, but may also provide significant

benefits for tools using shear-type cutters and rotary drilling bits.

The invention may be of particular benefit where the super-hard cap
comprises PCD with Young’s modulus greater than about 960, or greater than

1,000 GPa, as may typically be used in the degradation, drilling, processing or



MEK 2- but anone MeCN acetonitrile MeOH net hanol NEt3 triethylamne Pd/C
pal I adi um on carbon 2-Pr OH i sopropanol Red-Al

sodi um biwQ2emaubsssyet hoxy) al um nunmhydri deRH rel ati ve hegirdB2op9/ni4e4900m
tenperature rpmrotations per mnute sat. saturated TBVE tert-butyl nethyl
ether tert. tertiary THF tetrahydrofudfin TsOH para (p)-tol uene sul fonic
acid XRPD X-ray powder diffraction X-ray powder diffraction analysis
(XRPD): Method 1: X-ray powder diffraction patterns were collected on a
Br uker D8 eXdawatiom Xf rragk,dcdmorate endt asphadiuifppexamipie, ia thenxiEpaddgaect or

with 3 windgw operated w th Karadiat.i on. | ecit ,
(Bragg-Br éﬁ'ﬁﬁﬂ% .'n‘F?pﬁrEj\é\ng'}f}rc&#Hé?%ﬁﬂggﬁ'b%@ d%@%&ﬁﬁﬁ%ﬁ@fﬁ%ﬁt&%% step

size of OHRAefiR{d appRcationlePphérentheOPCBY o8 @tharvsuper-terdrusppedriasge isf 2 - 50
in 2theta (2Q were applied. The div rrg%ce slit was set to variable V12 or

}j/ZO, hdepgrﬁ?@éﬁ@d da Epdst e herdidodyedr o i@”p‘_BV\}d%E?v SuBLap 'TSPWQ”?%JYG_Ol._l nm
t { : . . . Y
S hole cr yafid. efinBbipEpssbribie Mool e ubaBig B focyEhy, ™ B here

rotated in their own plane during the neasurenent. Sel ected sanples were
covered with Kapton foil. D ffraction data are reparted ysing Cu.Kal (I =
1.5406 A) ,'naﬁqr‘é%) %Qnﬁo%ﬁgﬂf“ﬁ%@ ‘E?ébﬁa§@r§%§8dlg i é‘ﬁntﬁﬂecqqﬁqqr ument
eval uat i O%ﬁﬁfﬁiﬁ@éﬁ aEEXAhe dxibl Ak of thBsupaEkarPsdsl asina e Bsingeen
renoved using the instrunment evaluation software (EVA), for sanples that
wer e coveriedhbyrakgpt@h1.ddriong.4dara, msyeipselarably TAdoadSufaey 1fSame

Gomor ai Ty STRECAHEN®. sPE I thickistsitind S0BFTerdangt B deRrtiny beldl o
patterns. |Mpéthesbud 0. Knfiray aprewdeabet 6 .anir, @ ¢t tadons OvEnen ooldventatd on a

Bruker D8 HTS X-ray diffractoneter equipped with a GADDS Hi Star detector
oper at ed vpast TINMRa-Ip seme eepopiments tae thisknegsomnay be atmpesicat PM. e X-r ay

tube was r V5 40, i i ing a
corti 1 od SBTLRTRSLE S o ARRY LEhgErat TothE HACKRAS e AR aA ot

condi t i onghesnterfacepaligaddasgittf tartrallaxtscofdhediseehis usi ng powder as recei ved.
Approximately 3 ng of the sanple was gently pressed on a m croscopy slide.
The data were coll ected over an angular range of 7.6 to 26.7 2Qin 1 frane
with an aqgtgo?hé bRbOdifBNE! thEBASSCRRY habk o raafid Srtutwitarabratrieastd.6d

wi t hout Ka2 conponent stripping and the background signal has been renoved
usi ng t he insor ahteast £3ahmatinsomsemnhedinemyAhe apexdvay havy adhdiusof2Qual ues

as provided herein.is in.th a +/, - - Q. it l.l.y the
case for cOHvENs 8?;5’?Imfsité”crg]r”ﬁiegggz-e?%?}y6’6%\%8%)(8}6‘%?2% '%’%r??gg tz‘élﬁslb Mel ting
poi nts werpefaa§E b8 d.3m Anfhchbrd3ptéradppiBabusmand are not corrected; or
were nmeasured, If explicitly stated, by differential scanning calorinetry
(DSC): DSC data were collected on a Perkin Elnmer DSC7. Typically 2-3 ng of
sanpl e, prgyi YARS b of : . e heated
in a cl ose’ge{%écwg]%tgné g% 8%%8%1(&1%? ﬁ%%qéﬁéhttﬁg%gé? E“I(/Il%,jlg%j :Hr)\g{eg%?drﬁ are
reported amapefdctirergoandnseresor aptatizak tool, divé onathedriecludiagupresliding a Jasco
P- 1030 apparatus at ropmtenperature using the D-1ine of sodium (|l = 589
T+ RUREWOITD o 3G CE BOIBIetiBOR Ry 2hets-oem 1ok B e PHER AR, ohit s
are given jnBoihelatd VoD Cdpltaskehiting H8¢ GontBdtingPlheC pid-RimsSi-asi ngl et ,
d = doublet,”t = triplet, q = quartet, p = pentuplet, hex = hexet, sept =
sept upl et , desirechednfigoration tarform doprieHermarssainbly anésubjeeting Breopi@-fosdupl i ng

i ot iyl ot RererdaY PRl Rl ROt gl ERb Rt oL B ARRRILTOE

scanned grguhERhbdhardiealy) stablept i on neasurements on a SPS1 1-100m (Proj ekt
Messt echni k, U m ‘Germany) (scan rate was 5% relative hum dity change per
hour, cycle started at 50%relative humdity followed by a scan to dryness

and an up % i el : N | G- 14RR ne
accor di ngm?éé*éhazﬁgﬁp ISB’B%?‘@ hgllr ﬂnggg@eg%ég f?])ly(%:"z]a? g&ﬁlﬁ %’:ab%ﬁggb&e%di ti oﬁ? (e.q.
slightly hypghelesdhestepsaft ease in nass is
e introducing diamond grains into the starting powders of a hard-metal,
which typically includes grains of refractory metal carbide, to form a

starting powder blend;



| ess than 2% and equal to or greater than 0.2% nmass/ mass). The mass change
between 40% relative humdity and 80%rel ative humdity in the upwards scan
was consiweren/04k863M5 were run using the foll ow ng condiPCIraRz09/p54a49 gan
Navi gator with HP 1100 Bi nary Punp and DAD, columm: 4.6x50 nm Zor bax
SB-AQ 5 nmm 120 A, gradient: 5-95% atétonitrile in water, 1 nmin, with
0.04%trifluoroacetic acid, flow 4.5 nL/mn, tRis given in mn. Conpounds
are purified by preparative HPLC (colum: X-terra RP18, 50x19 5 mm
gradi ent: 10» 9Mttmsﬁaﬂnngspmwdmblend@wnﬂeamﬁ nfgccwnaa%mmfa)ml taaci d) or
by col umm Chrﬁﬁt og % on siJica gel. Racemates can be separated into
their enanti om'En FLEAMRAPYe HPLC (preferred conditions: Daicel,

Chi r al Cel gﬁﬁ%‘ﬂw HrediNc a%’t@@'temgel’ﬁﬁ@@f gréster #ark@bebt min) . L
Preparation an ract erl zation of COMPOUND The preparation of COMPOUND i s
known from WoROGE0L d@@&‘z’gmql’ee@’@f%[ﬁbb’ngﬁﬁat@rnﬁ@médz(%(fé@g(%rﬂﬂcblat @bcedur es

for the preparatipn,o nd K2A
whi ch are bi cy@PB %dzgrffg%rﬁg 3%% cﬁ‘ncyc¢Plf‘3 rgog? ﬁ%@
derivatives ar @emtar@mgemblgt@r pontfibntpneéodmt ween the maj or racerrate haV| ng the
relative configuration (R* ,R* ,R* ) (i.e. the bridge -(CH2)2- of the

cycl ohexene noiety is cis to the group -OR2 bei ng hydroxy) and the m nor
racemat e Rayi iV nki , beerldd &hat lige bri dge
G2 JPteRan fefod e fechol Mt UtoapetiBaly, Boen Bodkried Ingt e

hydr oxy) . YBnmgfmnwduamllof tree mmﬁmcmgdmistee@octmﬂ depe@sanat @dlya@n degcri bed
for key interpedi ate reA15 The (o] i,s. 1 sol ated
and used aPsP eﬁP@ﬁ&F@ﬁ“&ﬁr %&‘Qﬂﬁﬁé@"ﬁaso%e '%th e%é%&ef&&n thie

R, 2R* 4R?%rn§@a5%an5h@@?ﬁ%ht Q!s@kfri %%@r@é@@tze%f&he&aﬁh&m@gﬁms acid
tert -butyI ester K 1A.'1 (Procedure A'1. 1 : rac- ([

VBi cvcl or mlaambmtant@ezpewdebﬁedzennﬁequgﬂtlwmcrrp Wvgthlmtbﬁylyclﬁter

, 3-cycl ohexadi eng, an r M

heat ed at gigg@%qd,;( P%Ipégtg&weis@ﬁ’saﬁgkﬂgﬁ%&% bt:nal n&@‘@a;ﬁz or an
vi scous Olma%\ﬂéndirt@w Migﬁe'r Wh208 thé .diarho Graindf drer ladyeypwF e eraltipts, on of a
sol uti on of of sodi um net hOXI de in e reaction

150 m . of Wgem %
m xt ure w@ha@pnd@th\anéed scarbide rwith b8y 8% rlisPersed wa1aaonth Prals: &t ed wi t h
DCM The q i si due
wes puri flée\%%&&%%ﬁo%ewwm(r&ﬁé %‘éd &Y&aﬁg@ aﬁBé‘ung%f(é'rbgg???@R* o
) - bi cycl adgRaZcthparednte- 2hdstdb8h &Pd rivis: s:mﬁﬁ—aﬂnc@c%pﬂsmg,&hg %@ﬁ@cedur e A

1 2 1 R .4R* \Spi b 2.2. 2l oct -5-
A “’"%c&amged(qorment Tk Wi i, Fudrats s dffs Latopi SreIh BrBa ot o
KlA 1) %&%ldréh ol20 m . of toluene, 1.7 m. of ethylene gI ycol and

0.27 g of wer e added and the solution was heated under vigorous
stirring to reflux for 3.5 h. The reaction m xture was cooled to rt,

uenched with saturat ani c
ghase wasVA 'rngtté)daetgﬁ@qacsrpgggggﬁ%d e”ﬁgéqgﬁpﬁ ié]gwdcg%etmga OQAc
(7:3) to yu@hg ah H’r%eﬁ sécording(tb e fidRaspect of the mventaon to degrade or
) - spirof bi cyc o[ 2. 2. 2] octane- 2 2' [1 3] di,oxol an]é 5-o0ne as éel l.ow oil.

LC MB: i R bregkdudigs: arfisesiandoranijons eemprgingfiard maiepals dhIectad o

M xt ure of * 2-

M X Ol BomerRfie kA0 a0 a8 S6R te?%efhé@’??f‘%@r‘%%%%p

of rac-(1 wcau@,mg thespipeojhard gap tg PnRa the bady-afidedr forn®tginoxol an] - 5 one
(internediate K1IA.2) in 80 m. Et20 14.5 nm . phenyl magnesi um brom de
solution (IMin Et20 was added dropw se over 10 mn. The reaction m xture
was stirred for 4 h at rt. Then, the m xture was quenched carefully with
ice, 8 mM. 2N HCI were added and the phases were separated. The organic
phase was BDRAWINGLABRONSe crude product was purified by CC with

Hept-Et OAC (7:3) to give 0.37 g of 7,10-(1, 2-ethyl en) - 8- phenyl -

, 4-di oxaspiro[ 4.5]decan-8-o0l as colorless oil. (Separation of the

di ast er eonerfpHIAMEREs WillPBs sdd¥ceibbdtbyvamynot npedifritime éxamptes), dr@ Mih t R =
0.84 mn; [MH20O+H] +: 243. 34. K1A4 (Procedure A 1.4): rac-(1 R* ,4R*

) - 5- Phenyl refprenep de theactqapamying d Eﬁvﬂﬁgs*fb Ecg'ol ution of 0.54 g of

7,10- (1, 2-ethyl en) - 8- phenyl - 1, 4-di oxa-spi ro[ 4. 5] decan-8-o0l (internedi ate
K1A.3) in 20 nl. acetone was added 200 ng of TsCOH and then the m xture was
stirred for 2 d at rt. The reaction m xture was quenched with sat. ag.
NaHCO3, extracted with Et OAC and t he organi ¢ phase was evaporated. The
crude product was purified by CCwth Hept-EtQAC (7:3) to give 0.34 g of
rac-(1 R* ,4R* )-5-phenyl -bicycl o[ 2. 2. 2] oct-5-en-2-one as colorless oil.



LCMS: tR=0.93 mn; [MHCH 3CNJ+: 240.1 1. KLIA 5 (Procedure A 1.5):
rac-(1 R* .2R* .4R* H2- Hvdr oxy- 5- phenyl - bi cvcl or 2. 2. 2] oct - 5- en- 2-vnacetic
aci d tertwobhuotodsessst er and rac-(1 R* ,2S* | 4R* PCT/IB2009/054649

H2- hvdr oxy- 5- phenyl - bi cvcl or 2. 2. 2l oct-5-en- 2-yl)-acetic acid tert.-butyl
ester To a solution of 0.51 nL of DIPAin 0.5 nL THF 2.2 nL of
n-butyllithium( 1.6Min Hex) were added dropwi se at -20 OC. After 10 m n,
0.5 L of toluene were added and the sol u élon was stirred for\,\éfo mn. The
m xt ure wiidwies &@)tand 5B) showoa Ashgmalic iagram i3 crogsseertionyeh MWAdded and
stirring 5 4R*
)-5- pheny¥'¥§%cyﬁ}tlnélt&{blzéﬁda §§$9'§”§%1¢S-gﬂ%%'?§§§?’r§%él%ﬂ% @Fesbﬁ?mg%gﬁrll ved in 1
nL of THFcoaprisddea supbrittaed smﬂmtaosupm Qortrcme@nelta ainfomlngzmcmtebver 2.5

h. Th d HCI h
Copar ot oq PoraindBPaRed SvaRBedatd forib phiB%;swiisprtaicfioBs T2 fiBMREr 7o
by CC wit *ﬂ)oH?cﬁg oﬁh@“iﬁséﬁ ﬂae)odtﬁho\ét Bbidh SOwBichfis the supéohardais Masea rac- (

1R | 2R* J4R* 2- hydr oxy- 5- phenyl - bi cycl o[ 2. 2. 2] oct-5-en-2-yl)-acetic acid
tert.-but wluréed@pnlcakfmm with €61 aREXantih® reinteicipg hakdenpagionafcditeerd rac- (1

R , 2 2- hydr.oxy. y o o} ) ic acid
tert -butﬁ bé)&dgp 9 §R§O$rgqﬁ?§§§ QP&RQL%%[NE?(%&%&&EQQ%%@F?F Mé tEQP‘?% mn;
[ M g %l %@Eﬁf@gkﬂ donfddial. with the MriBg(surfape ofatheneds)and B thel sOppart n; [ M+H|
+:

(1S. 2S. 4Svertion at asybstaptialy plapat inderéace ot an gppoging end. \Hherelpforcing g
tert.-but

R 2R, 4R) - S(G? ﬂl\é/'t ?oxy- IS( S%RO?G%IBEVSC tzer Cyh gg%alSPee _he_r?ll Sl-jrg%ceet |0 E: tg.%l d
tert.-butsubswbte: rac- (1 R* , 2R* ,4R*

) - (2- Hydr oxy- 5- phenyl - bi cycl o[ 2.2.2]oct-5-en-2-yl)-acetic acid tert.-butyl
ester was separated into the respective enantionmers using prep chiral HPLC
(col unm: ge?és b AP by Bhbly A0xcRimams dfa gexd drb§3E&&idh, b ow 16
mL/ m n) anal ytic HPLC (Daicel _Chiral Pak AD-H, 4,6x250 mm 5 nmm Hex/
Et OH 95 5, dlﬂfebr@wt eh@eﬂ_aﬁﬁaq{gtoot ingerts. This embodiment comprises a super-hard

R 2840 o BRI PRSI S e 161

(1S, 25, 4S)bdd8r¢Mﬂé@(bbsﬁ‘atéleWé-\mrkml odréiod dhmnn@remhéowtmeacmmon aci d
tert.-butyl ester: Enantioner B:

[3-(4,7- Dth@tq%@ fw%ﬁi@rwadﬁﬁa@ﬂw?g 596'59& fP"fﬁéf‘('HW” 8Rf%e BB. 1

3, 6- Di net hoxy- benzene-1 , 2-di am ne 3, 6- Di net hoxy- benzene-1 , 2-di am ne was
synt hesi zed by dissolving 6.0 g of 1, 4-dinmethoxy- 2,3-dinitro-benzene
(Eur. J. O Figaeen3 8006s a2d@bvieg of jan attadotanl ikedH, showaic partialy irs crogses wi t h

N2 and addi ng 60Q.ng of 10wt % Pd/ C. The reactign was Stir " a H2

at m)spheresqogam 3'5\? em&ﬁé{rﬂ@?ﬁwr}'ﬁﬁsoﬁ SYRSAE C'aﬁra(f/a@ wg%ﬁﬁ%&”@fﬁéﬁ 2 days
and the mxtEhf ¥Ry %lsfe?%rﬁ&{ d@E@bEGrln%mbddfelthéaiapOéh@w sapped of
celite and washi n% Et OH and i elded after concentration in vacuo

4.3 g of 33(Bildmm3' nouydmmm@rﬁ@npf the dnsm e qQutmesidiortion phwhiah isghet R =

0.48 mn; [ MtH| 9.

r3-(2-Am n%l a(gﬁi #&Jﬂrg%a/ Bﬁg 80%"38‘ f rj"n pr‘tgp?Pl ape Thecg?‘gg)rwlggaci d
benzyl eSt!ﬁlst‘é@ pdriist &t iope @’id 35 !bogd@d to the underside of the cap at a non-

4- (benzyl oxycar bonyl nmet hyl - am no wer.e, added 6.5

ric ac 854

nL of DI PEA2Nar mtgitage ﬁ@ét's gensry yoPO'@VBCfnﬁhM” ‘l‘Sﬁﬂerfdo ngHsRBac G dhest i rring
for 10mn f nze I in 20 nL
DCM were ad%e%” Q r%gn? tur%ﬂﬁ%{tsb‘gt|ér§lg3 mt%‘ll? g‘\%?ﬁl'gﬁﬁée}hﬁe?gactlon
was quenchgpbosindiesdt . agq. NaHCO3, the phases were separated and the

organi ¢ phase was washed with brine, dried over MgJSO4 and concentrated in
vacuo to yield the crude title conpound as black oil. LGMs: tR = 0.88 nmin;
[ MEH] +: 40g; EBSH"’O\R@ é4 %PR ﬂ’ﬁﬁ(’fé?t }ange of suitable average Young's

H benzoi m d I 2-yl) -car bam c acid benzyl ester To a
m xt ure of mpﬁgluabm}@e@ rfqrd@ relnforcmg bolster portion as a function of that of the

3-(2-am no- 3. 6-di r r

benzyl est%Lﬂpqrrha{g%%gqi%wggﬁzg\b\%?@bgggy? szp ?Ré‘{lﬂﬁ& éﬁﬁég%ﬁlwsa-land
the reacti pgDgdeeaysidallyoudad®Coif and Zas drillitd)é. enaboaw\m{bGR%ata abopt NaHCOB8
was added and the phases were_separat ed. T e or,gani ¢ ph ged W th
brine, dri&858vds RejBied %ncﬁ‘?r AES Qf VERuRg fmpglélr‘e‘gl‘sg‘\?e?erﬁwa'ﬁ rt pad
of silica Fu?%%r t (RS f wth

Et CAc vyi el g@bsgé% g o - ?gg%ﬁ%rr@q{%?y&‘is Hber?g%sl ?&dpacgﬂgq;?éér%naﬁwkﬁﬁ
2-yl)-propyl]-nethyl-carbam c acid benzyl ester as brown resin. LCGM: tR =

0.85 min; [M-H +: 384.62. BB.4 r3-(4,7-D nmethoxy-1
H-benzmmdazol 2 yI) propyll-rret hyI am ne. Asol utlon of 2 6 g of

o . o o,



wer e added. The reaction m xture was then stirred under a H2 atnosphere
(balloon) for 5 hat rt. Filtration over a pad of celite and washing with
Et OH yi elwoedorfiess3concentrati on in vacuo 1.7 g of 3-(4pcTdBroed/biasys- 1

H benzoi m dazol - 2-yl ) - propyl ] - net hyl -am ne as brown foam LCMs: tR = 0.57
mn; [M-H +: 250.13. Preparati on of C3/POUND Ref erence Exanple 1A
rac-lsobutyric acid (1R*, 2R, 4R*)-2-(2-{[3-(4, 7-di net hoxy- 1Hbenzoi m dazol -
2-yl)-propyl]-nethyl-am no}-ethyl)-5- phenyl bi cycl o[ 2. 2. 2] oct - 5- en- 2-vyl
ester 1. tob#it grades,awelllay the (@qred rgesrF cemented carbide grades
2?0%%?%56 é)heecg%llith%l_.\;%%?b%&ggl%l% Q&bareq iy Bt br& aRe sholh. @ sol ution of
) - (2- hydr oxy- 5- phenyl - bi cycl o[ 2. 2. 2]oct 5-en-2-yl)- acetic acid tert -butyI

t 25 nL Et OH dded
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are incubated for 60 mn at 37 Cin 5% C>®2 foll owed by washing with 2 x
50m per well using assay buffer leaving 50 m/well of this buffer for
equi | i br avpan1cauessoom t enperature (30-60 mn). Wt hin tRreTHB2OY/e3I66Nt

| magi ng Pl ate Reader (FLIPR, Ml ecul ar Devices), antagonists are added to
the plate in a volunme of 25 m/well, #fcubated for 3 mn and finally 25
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is measured for each well at 2second intervals for 8 mnutes, and the area
under t he Ther vermof “taa c mserlioase susadc depginkis stakt&mﬂar geano & Isemposgnbf t he
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For each &ﬂf’ﬁ’g‘émgsta mpﬁlgng(%g%ggi @@5( f%@r%vd%%fgn% dj)s%r% ﬁﬁ'lk/)%aﬁnéco?rpound
needed togyBPidY fo HB %Mectétﬁ df@chéﬂ%&@l@leﬁhu@@rmeo@mrwedthap to 10mM
is determ ned. |1C50 val ues of reference exanpl e conpounds 1A, 2A, ?nd 3A

have been Cﬁ'éi’@r Up s@mmwayr eltisnehiakearigdmply QBQUQQﬁﬁ@JPﬁmCUPﬁ 998 8T assay T
h | f
Exanples PATNSHOEAAAMAT M ¢ ot ihlo o aetorddEihg feedsl 0o ®

experinental nethod and data are shown in TabI e 1. Human enbryonic ki dney

(HEK293) cell s expressing the human Cav3. 1 channel ,

respect i vaing, teare getalic PHOY:UIOEUF‘@’%HVWM] @ d‘mdﬁc% %3{90'379%

heat - i nac c et opo/ M
strept owgﬁl%@gﬁgh%?&%ﬁﬁ %?g@gﬂ%ﬁg@t ?Isérgfgé%?erggﬂgmgf b%'gﬁ @Oeoécel | s/ wel |

i nt o 384- wetet-nidtaliik chbemterbdt may astditiariady gbatpsise (@oesrpmic ggmpeneiioat ed,

Bect on Di cki nson). The seeded plates are incubated overnight at 37Cin 5%
CQ2. The Ca2+ solution is prepared as 100 nM stock solution in 100 mM
tetraet hylﬁi@%ﬁhue@b'QéﬁrdesL(oEEha@b@;msI@u b takeN thifffisde 3. substdrfialy 2, 5 mM
KC, 1 nM 2, adjusted to pH 7.2 with TEA-hydroxide, for use in t he
assay at di d rﬂil ambirrdneenrdilions dke.100rponmiient sHi i Qk‘fae"pﬁaéfﬁ'ér%d Rs 10 nv

st ock solu then in
100" vt TEATERITER OGRSty gl AP bER oL B it B

adj ust ed tékaﬂhblé & protdet Hforh wesamdrde futationbasathe @mcspajodmkm@parhen day of

t he assay, 25 of . staininpng buffer é‘é??i?s ontainin HEPES (g 3759/ |
NaHCO 3 arfd tflemWQJf '&Sﬁét f | Dof@ daRd QRRPNR f’] MUgtutRy n

stock sol @' Bké'aﬁPPeo%mdﬂs%”!a%ré sf afdedrdly @iﬁ@kbmel | of

t he seede Iate he 384-Wwe cel | ates are’incubated for 60 mn at 37 C
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39(6), 481-504; Kligfield P, Homer H Brachfeld N, A nodel of_ graded
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40(6), 100 e £ e SHred
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procedure for salt formation wt ?OVP s. di ssol ved
in SO_VENT@lsteThEO';&nutfPWxS WA B\fq‘&ﬁ;h% %Jséfa%%oé‘e 25%‘\%&“8 58 oPCREi d

di ssol ved L g‘T?emet% AL dhe Tftr§t r’mémaé@ AR ot 'on&ds@rffaéﬁ%@ fher 5 min
and the healflng source was turned he m xture was allowed to cool to
rt wthin feitforoing Ibblsaerpp@ztlopll:tem@ema@se&be’ea\p@dlphh@l rukeruswfagesofi thet er ed
and the solid was isolated. In case that no solid was obtained the m xture
was evaporated to dryness and 6 vol unes of heptane were added. The m xture
was heated to reflux, 3 volunes of EtOAc were added until all dissolved. In
case that dissolution was not conplete further 3 volunmes Et OAc were added.
If d| ssol ut| on was stl II not conplete, as |less as possible MeOH was added

o, o



a spatula and was further cooled to OC. The m xture was filtered and the
sol ution was evaporated to dryness on the rotavapor. The term "vol unes" as
used her evo2eiogmbdedes 1L for 1kg of solid naterial.SOLVENTAB200803464UES
Et OAc for: benzensulfonic acid, benzoic acid, salicylic acid, saccharin,
par a-t ol uenesul foni ¢ acid, nalonic acil@, nethanesulfonic acid,
napht hal ene-2- sul foni c acid, naphthal ene-1, 5-di sul foni c aci d,

et hanesul fonic acid, malic aC|d glycolic acid, ketoglutaric aC|d and
fumaric asubstratel VENTInserthas a wiaikies epddhat has a F?W'@ﬁegb?f shigelike formyng
hydrochlor|§?a0|d SCLVEN&} 8 vol unes acetone for: sulfuric acid, and
phosphori & gt S§E[9@ﬁ$l 7 vol unmes acetone for: citric acid, succinic
acid, and tartarlc aci d. SCLVENTZ = 7 volunmes EtOAc for: citric acid;
SCLVENT?2 3 volunes EtCAc for: benzensulfonlc aci benzoi c ac

net hanesullm GMGc2 athedreiafgreing hokstar PArtiogn #4s 8 @RaeMROaF Rt of 3N, abaplﬁbl e);
SOLVENT?2 r5 n%:% i cid,
napht hal eg%aixgésr?j{?%r%%;cgle napht ﬁiqh ?éeﬁ@ﬂﬁég{ | su§?f§{r?:ug13a%‘?b@r$g?l?c aci d,
gl ycol i c dkatdof thetsm@burtqmmoaof the suhbtfaiern?,dhat matersbbgingrembedded ol unes

t f ) SA_VENT 1 I d;
SOLVENT2 ihis di6 SUpStrRGsbE o vbirae Gy sEmaring Rk Er el Cacia.
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above are summari zed 1 n Tab and 2. In case particul ar procedures have
been used votumpe efdhe rennwt:@gl bcﬂ@tes @Dﬂ'%‘ﬁr@'@ﬂaf@@\#ﬁihﬁiﬂ resiRst VOIBBRdur es

are described i.n Referenc h e

bel ow. Tabl‘%‘ﬁ'i: t%ﬁa‘?‘%@? zgﬁﬁ'{gdg? a% r?c(l)cfs’égr %/l'sl allﬁl)‘(igt@esg é%p%?Ynéz r(])S’?SCC]VPCIJND
gai ned accapdilng i at chst e@%eﬂhat opm@mqb@rmbmeaﬁ RO PIFAEBACKO%Oand VETHOD
FOR MAKI NG SAME AND TOOLS | ORATI NG SAVE FlI ELD Theéiﬁ? antl on relates to
super - har c/e¢ dppeed Prefeatls de‘r d:s]@ 2 rillugtales NoyoPae 4RaY SHSG 3 SUEARIEt hod f or
meking sa (HIBn | G ¥ tyR0lgPadidiaidas

pi cks, pe?ﬁﬁgeg.ﬂ\'/e ?'Irllel nBFOER‘{ %’S% r ot arf/j%grélﬁ?ilﬁlgng bits, asg$may be used in
t he m ni ngzoriseqoently the, Yomgjs cwmslusuefthersupathaid cmmagemldru I1ing
industries to process or degrade pavenents or rock formations, or to bore
into the earth. BACKGROUND Boring into the earth is an inportant activity
in many i ngdusidddpdial ﬁm'é?hn@?e;ﬁfbmxﬁgbo@tér p%ﬁﬁbrgnés #f qu stiffiiesspwhisheésahng and
tunnel construction. w de varie met hods and various different types
of bits armtanavdaaiw;eertwthattd@epdﬁpﬂ@é@NWE@lﬁtﬂﬁﬁ l@dﬁﬁtlﬁgC)ftW'&ﬂi IYOdUles)i r es
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Cotting orbd Ao s kbl ShaPRidhea: nirie rboGhR oISk RoriGE T thes near
r ock- engaginQentit @ drsiagtished (ﬁ@ﬂ‘&;ok@aﬂédt h@tbr-wy@nmmﬁttbel mercartinn thatbi t .
Shear cutting involves inserts renmoying rock mié)é‘ilal cuttin d to it
and shear i intprdayersamdichtypicgliy amryisendi@ingeef £ Q§ngéﬁ%@f’ﬂglt§f§] ﬁgactl ng
on the roc{&g@ﬂ%r?fﬁ%é‘%&fc malri %'r'é%l%ﬁvéig'th:'n' 13gersSdidPoSah i endtiatehe

|atter and in mhn nstruction, to drill bore holes
and bl ast aoludtra- hén;r cap anylthe undlenymgfc:emmied mamlmdg wbatrpm/eﬁbemnter-

d dat K- | tt t K,
RO L B Mg S e R R o SO
conpri si “gs@bé?Pai% C%épéd‘éw th@"rr%ﬂ'y md@eea%t@rsgltnét A bEULRTH besimgbieneen t he

di anond grai ns I's typically nade subj ecti ng an aggregated nmass of
di anond gr iised pmcbmt Laftarahlhhbkﬁlph%sgurgwhﬂﬁj knewse iterlayeravanay i kavewhol | y
or partly fil L' é@ﬁ@gﬁgc@gs qﬁ@&r@%ﬂrﬁé % ?@%éﬂ? t8§ shhdil £ prdliddl nder

mat eri al . Intering ard such

as cobalt, su‘ﬂﬂbi@ht Bflﬁrﬁ@éseén@ keppottdor ﬂfe)ultﬂaa h)irddmeqa”mnds@r él' hmsvoltime af nt eri ng
aid is comonl y referred to as a solvent / catal yﬁeu@fx&)erl f or  di anond,

owi ng to ithe framierctHy M'W%s@@ﬂﬁ%@fd’i%%ﬂit@%é @n@?dﬁa Ste Q1 ysi ng
its re-pre ed PCD
or oduct ar ey, Hipe RS PRPREN it thh ihid fibe bl e epRe Iber Uk
material . bt It yoistalsbyhaveGin asenaIQEeYDLfrtg’smtbdthaatha’( 80%ctmehobthet ungst en
car bi de substrate, whi VI des e of cobalt solvent / catalyst for

the PCD. Ppeya-Bardscap: |pﬁgf§P5{'/9 qu;ﬁrth%} gblé‘? t ool s



for cutting, machining, drilling or degrading hard or abrasive materials
such as rock, netal, ceram cs, conposites and wood-contai ning materials.
For exanpWwe,20RdBe¢senserts are widely used within drill biPCI/1BZ®034649 bori ng
into the earth in the oil and gas drilling industry. Delw che et al.
(Petroleum Division, v 40, and Drillitg Technol ogy 1992, 1992, p 51-60,
Aneri can Soci ety of Mechani cal Engi neers) disclose PCD inserts for oil and
gas drilling, wherein a PCD |ayer is secured to a substrate conprising a
di amond- i itpwitigbat appreciatéd rtpatketfie reiaficing bolsirine@rtion| MaysCYPPES®® from

Spar sel y. SPRRAIHIE: BIHLH GpBah A TR D BB RO, o

1;o|r_ a rpcgyaé'{h%rmé{eﬂang a pre-cenented tungsten carbide body having a
ylindrical grip I'ength extending along a nmajor portion of the insert. The

reference teaches a progressive decrease in the nodulus of elasticity

through transition r : 5 haTensg. {hay&ipdro the

car bi de bé)'?j)? ﬁrrc.’hp{ﬁé@%ﬁ@iﬂ@é@ﬂ%@@g%?r?feﬁf;%&[ﬁﬁa@ﬂgﬁgt es pat ent pnurrber 4,81

1, 801 di s@kesespastossmpiites POD tisithe imajonij nat piod ywhojes pattionn el Péridnd

f i t body havi head ti f jal with
ol st ol L panmavinerRaNoBasa RS Sy Mobesanay 2ot BF 15188 for use
in three Igﬁr‘iﬁs%os%@?éﬂ BiHeSsu -1l  capshada rbbhéé% Tc)bﬂ@i:?@‘fcﬁ bPPlintéd s made

wi th such msert's. United States patent nunber 5,304,3 scusses that for
a gi ven apipin aatiannapex, 365 thit bias abtieradiupebsurdeture in dieirengeof des¥ibl e We- Co

cenent ed carbi de substra that is it hi lLasticity,
Cher by nirmpo daceRsar: db Ao redge A has g, Be TRFkLHArP Las it ' ! 0
i kel i hoognhibrdiGDrdraidduafd bowestbro the siisstradulBas aif a efiratst nan-planias t oo

high, the inSerts are prone to break off duri ni% dri Ili%%. ,Unl'h%ed t at es
pat ent nuribierfage 253, atzwnditionsdgsier whithcdigpmnecisyiherned anicalho#aPEonpact )
with an internal di ne LRt Ul eb & BYHDR. addigritgaal

di anond fg‘ihee%%%rﬁﬁm%?ﬁ?ﬁgngggstp?gtée |sf6§'jti1® ib’g%ent Py eroded. Al so

di scl osed dupsaafDGt Whehfisst intdrisceabngd athei dzinfoocing bdisteh pertient ideliy

encl osed by the di anond regi on, of éhe PDC cutt.e{ to avoi@ hicﬂ%lﬁiﬁ sile
stresses iapnded 19 heosPRAEPERIONTREY 8t AsSEEORdRriRC: & HP'LaN Gl e ckness
of super- Lal i gck tool inserts and consequently their costs
whi |l e ach@é?%ﬁﬁghﬂ'ﬁ%% fatnrraesi stance. This is especially inportant for
rock or pavenent degradation or drilling applications. SUMARY According to

a first aspect .of the inventign there.is i i {0 attack
tool, the '?%é‘?'f‘Foégﬂgrt?%‘?’tﬁb pgag)u"p%c?mﬂﬂ%‘%? 5%&{ rglsg%@ghade\%%u%&a@dag%nded to
a substratfh&e 8 mBh¢HREeof DEC Rigeialdand many methods @f neaténggieertiioung’ s
nodul us of greater than 900 GPa and preferably greater than Q%S%i; t he
9%06(?! Y

substrat e thahaewellikewn i thﬁ’a@l_’tiqndc‘éﬁﬁ)Pﬁéﬁ?dae BeMASARY portion
as a means fgr%e ?é‘?"ﬁifgi?"@f@'rfdg‘ﬁé S h 8f u@@% heAt © ERAMPISRLE phibE art

i nt erface,fo{ I'ster portion having an aggregate vol une that
i s greaterinthae USitpatent hrirsbgrer 4{6057 46 parahd J36,488¢10bg eviveluingteachodul us

at | east 60% that of the super-hard cap..The rei nforlgf.i|n b Ishte)[)r rtion
may be di siethasdsalgr seadng compas ?@Wﬁ@'q%g'@m%@epal'ﬁegoﬁ&'aé &ﬁ% nts,
the reinf Of@i) gﬁad%Blteﬁ\?\gQ S 5 HRdEEYhARVRiel] (RIEH@ERIIE O®) URBUS Rfteits at

|l east a fa 0 times greater, preferably five tinmes greater, and
nor e pr ef enadnbgr 5463, 1 0B sthgr diamand: hemtenhaithist theh OEG pe greated hap 90 n some

enbodi ments, the reinforcing bolster rti X e..a ge feung' s

modul us of V@ltMEe %@nao'@hfﬂaﬁvfb?c tahgeg% er %ﬁp’g&}ég%mérrgr é@@%@r@b ;3/ 70%

yet even nprenphahficits,y86076aRe: Mescritysether syrthedts of DBE fon heaesink

enbodi ment, the average Young's nodul us of the reinforci r]_g)ht:)]ol.s%er portion
r a

f
is in the applgations.addBpase, iunbend 03140 sithlarly ypkes AR BIN&riNdone
nbodi t i nf or.ci j j
materi an bl i PlTtesis, B, A s$Hcrs W oR rSeBhGe nay Dt idher

rei nf or ci ngnproved by including a second metal within the binder, where the second

metal is a stronger carbide former than the primary binder metal. US patent
number 5,158,148 teaches an approach in which excess non-diamond carbon
is added to a carbide powder such that the overall carbon content of the final

powder mix is above the stochiometric level of the carbide powder. The



bol ster portion conprises dianond or c¢cBN, and nore preferably it conprises
di anond. I n one enbodinent, the reinforcing bolster portion may conprise
PCD. | n owe 2emuaeicaent, the reinforcing bol ster porti onPoCERYBUONRIH6EE
tungsten carbide, or it may conprise tungsten carbide and

di anond. Preferably, the reinforcing btdster portion conprises grains of a
super-hard material dispersed within a binder nmetal, such as cobalt.
Preferably, the average size of the super-hard grains is at |east about 15
m crons, rmxtarqoofa;bwd@lsylramel prasencehola nidalic @irtﬂ% phase cispubjastetbioy at

| east about 70

and yet nﬁr%orﬁ'ﬁg#@?%b%rbéq/ ﬁgag)(gﬁ‘%eesrfg%lnﬁn ﬁ} ons. ﬁgﬂﬁéf&ﬁgﬁm e ons:

super - har dogaNagdBmdiaes dfhﬁanecﬂnfmindodarbmrmenalg Thie sititefdchartisleof t he
rei nforcing bol ster portion, all else being equal. The SH. n e of t he
YR BN ogait

super - har & githsegsientiy sublegtachior :seeRiId: sigterpigr¢Yc unse

exanple, the,s b 1 mcron
t o about Méﬁgﬁﬂpﬂ%@%\g@%oﬁﬁg@e o?ﬁgﬁ%ﬁgﬁjﬁg?%r ﬂﬁ)gélgﬁir?ﬁl (r:Hfuded in
the bol Stﬂhalp;ﬁrbﬂuetrbdmgrlé& éarbmm dmmdpmﬁclea@asmerﬁedlbstametalilcbn and
nore than one "nodal' be evi dent Wlt in the Qv Si z

e
di st ri but PEWes af"ﬁe“"gﬂp‘érr ”HaF‘ n-giamerd carben, pasERe %Blé@gﬁ'éy have
an_aver age S£67¢libepdd thon ?nn@éleﬁ‘ﬁlﬂfatBhan @beumooaac@wma% infhea Si ze
di stributidn o d ee flowm ng dianond grains is neasured by
neans of alritameh; t:uutfmraus,l oarbida ody whieheisnsubreqgently Subiected dpetitied in a
fluid nedium.and an o cal dlf act I taln cting a
HsTBasRs S GrefT aBER Lo P e Bl by

| aser beafP ern I's interpreted by
conput er %@Fﬁdwse;mérté@«ﬂwt@ldmdn@Hurlhgmm@@yua expressed in terms of
equivalent circle dianeter. In effect, the grains are treated as being
spherical and the size distribution is expressed in terns of a distribution
of equi val t er f t m

Vel vern- g ufHeRE IO € pRREI prfsdte APt iicralhe SPRBRBAS bolAET

mul ti - nodahe gliatgosl stabilltythresholl requirss rrcefthmsafmsaresenin@emlsmmlanmg mean

that the grai ns have a si istribution that, is f re han one
peak, eac% %e@(‘V@ﬁ'?%s‘ﬁoﬁégﬁg ‘3‘6“’%9“?’ @ciend 'a”PﬂﬂfE gﬁl‘f
polycryst rbbél:.% QP&#b%n@f@eédaaﬁ@{ |V kiBWH td e RicRichted tBEDﬂﬁe plzeBnese source

of a plur rains, each source conprising grains having a
subst ant i adflme’adxia‘ twmcaaily weeshas ibirderavdthin S¥oC myatesigls, e straiegy 45 #& f r om

t he sources asurenent of .the.siz

typi cal |y 4 é‘\trgg? dignayd rﬁ)@trt'%%sa%t%c%%aéi%%ggﬁy?ﬁﬁgvéﬁﬁn@{'ee% Qs %%\hen t he
grains ar &rgh NéfeE&stabO BRtMAEEN ttﬁefd?féﬁﬁbhbestnfdde@r #ad ahbi iadbodyetal Itlerr si ze
distribution is further altered as the %cRﬂens are corrgacted agai nst one

anot her arexampietUS datentayunbenyd, 72a, tife P28 ﬂ”iélﬂ% SePatent RIS es of
the grain | i y still
clearly eﬁ’gﬁ%ﬁ? %ﬁﬁé’ég Q %Isllgé tesynglelfrllrt] ggttﬁ Ile%u“%g?r]%ler to
obt a| n a rgasond withih hheSJonamobftodJaahBIddatgimghrtemparaMeSDm a gelativélpd known
as "equi val ent C|rcle di anet er!

el ectron rﬁh?r"b rigch thesisly mmua@'reﬂ ‘t%tCBBY‘?@Wé‘dhtﬁf?fcz?@eb%lacﬁﬁgegnmqét eri al
|s used. e&gﬂgﬂé'ﬁ@be’baﬁ&l’ iRl ARSikicENiiterRe Tethhictiean(FAST), af | east
several hundr I'dnond grains to be identified Within the I nage. The

di anond gnwliok Smrktj%iaslnnat&;m(gﬂn@é&?ﬂ@rmmlhkm®wn;ﬂﬁ@me|fDFtéﬁ@mFPhge a

et or mi nadEbDRBCTA PG o, et Bk ik g e 0T 20 el BTl | oo o

di stribut 'é?ﬁte% gl Rafipls Usspatent h@rﬁb@ﬂ@BﬂéK@ﬂS)St atistically. \Werever
di anond nean gral n size within PCD material 1s referred to herein, it is

understood that this refers to the nmean equivalent circle dianeter. In one
enbodi nment, _of t . as . AV, I r be
B Rl S RES T e b dihent e FURRSHRBI S6PoREy
substrate comprides what medynfoer cciesgntbmj sgemenpahly iasn “atpencarkidel, amtilcbupport

portion at an gpposing end, the reinfarcin er portion bonded to
t he suppor$OTpBHEGSOPHRAr-hard SHaing GrR "?lﬁﬁé” %F}fsgﬁ‘ EP%BF Po[yl%y stal %? ?(%m erface

I s non- pl afyafns righ ét%ﬁ'dérltnﬁ@ aHRCP Rtbtalng Bfrfd@?%ubﬁ aSWobhANtTHal drgingl ginar .

Where a support por ron 1s present, the assenbly of the support portion and
t he reinf otnmga@n carbide may be pre-smtered or sintered in s;tu during the same

step in which the PCD cap is sintered. The super-hard grains preferably



bol ster portion is referred to as the substrate portion of the insert.
Where there is no support portion, the substrate may consi st of the

rei nf or ciwg 2bw/Eb6ss8 portion al one. I n one enbodi nent, tIR€TABOOS/OF464INQ

bol ster portion conprises nmetal or netal alloy-cenented netal carbide and
di anond in granular or particulate fol®y whereas the support portion of, if
present, is substantially devoid of dianond.ln other words, the bolster
conpri ses di anond- enhanced carbide (DEC) material. Preferably the di anond
grai ns ar eodipsiser sienanthsaltnugh Ithey gney dass uyeierabio ggrpiset 6BNr ef nf or ci ng
bol ster p 1.9n. ,The di apon ' 1.5 hi I pfar gl | st portion
may have g#%ﬁ‘er Ggggfiszgggsru%g?é%é@%t %{38']“ %}rto:&%ngo? r? oﬁ{ee{?glf olé'i%rrgﬁ?, t he
rei nf or ci ggsdRsyetttiArUS Patértmurmberses, 53,108, 69161040 and 7103340& rasawelbr e t hat
is fully or partially enbedded within the substrate .Fg;.eferabflé t%hfg
super - har @scagtain ef Kieoreieregces cep@n IR ef¢RIbjdesis BRNYTRBIUE st r at e

(i.e. the,supp koL it I i and. | qg@qitions
under whicC gi g’%ﬁggi@b?ﬁé?lﬁ%%nﬂn%ﬁfyygéjgg@ aPpg? gfr}ggﬁg l’?ﬁg. aver age
Young' s npessise eindt teenparatere lcanditioap at svhjetediaenondhisntheomodaramiceif er abl vy,

t he super-hard cap conprises. pplycrystalline dianond (P I n

embodi mentSta 'ﬁe%é‘g’ﬁé‘?ar}ﬁﬁfteoty[?ﬁ%ﬁ\‘:gﬁﬁﬁ tqggﬁ!lyéqw?%%%r{te%ﬁéf %{;}retr%%ﬁd of whi ch
may be SUt?ﬁét%Héi bh¥desaecoforFet BRNANA typadaalyYeds thahedbicut 10a6 1@ vngnd.
Preferably the at | east one portion is adjacent a working surface of the

super har d arapcansequenity thef suparhars phassr is 48uchiess inteegsaws tha B PER- one
enbodi nent, the at |e ne; | on 0 n. {n.a jcations,
such as eaﬁ%%r%%rgiq?g @%rgcg'éﬁﬁg{wi %@%sagh@rﬁ)@?th@%%%?@nm%% t he
thermal staichirbly and is Signifieahtly lessdaré bntifebrasiorrésisiant starePEEboks nent s,
t he Young's nodul us of the reinforci n%@gol\?ter, orti c1n i§ at&?{?ﬁ?} t about
650 GPa orshawn %E{Gaﬁoﬁﬂp%rm.m?)ﬁ freY @HbeimedKIds of Hresisy, 63% nmodul us
of the relgggodgg%r}getg,ghsder%tepméd 880 gpbAt nost about 900 GPa or at nost

a. I'n sone

about 850 odi ments, the Young's nodul us of the reinforcing
bol ster portion is in the range from about 650 GPa to about 900 GPa, or in

the range from about 675 GPa to about,K 850 GPa.l n. enbodi nents,.whe t he
super - har d”cﬁpsﬁ%@é\ﬁﬁg“d@(ﬁ&m@@%_&u&% FSF‘f%rlchtng%Q_ﬁjsttﬁ'érpoa%%%t'1;1_%}/000 GPa,
it may be deth Bbnfetited B&rbIdR, Préfefdbig alobsiteeniditéd aihdstore eamidese a
super-hard material of another type, grade and Young's nodul us, such as PCD

or P|CBN, . bVFi(tjlefaerkaMI@Ort’tﬁ@t pkimetallici bigdeol l@iteé@rabb'r lassnthasinSr s, M act ory
i i i.-06- f o 4 . Mo, Cr,
e S ahBB e WG ot i sihe rhaP Bl ShpHantafy abfbia 10 &

t he grai nsofbgipeg-H2ed @raipget Tieis ibyprafeaablyafseal ini corabinatibal with pedfergd whi ch
preferably conprises Co. Preferably the reinforcing bolster portion

conpri ses features Al hedipt prefered embodigentr om co, Fe, Mh and Ni, nore
preferably Co. Wien the super-hard cap conprises dianond, nost preferably a
portion of the reinforcing bolster portion proximate the first interface
with the caporengmnbsedisnddt. mBitefde ohbhanifacturingea rpriodtiolr acagrding 4o dheporti on

s 1 BTSSR L g P, Y B BT Bl . o
bei ng sel ﬁ;g(%rg nfARMY sapp6it pdrtioh fdeF ailRa-hRfH Peedtelrs! dreoesmgsraliremeans  of

a bi nder or alloy, which preferably conprises Co. The reinforcing
bol st er pothphdh congitioospvelk knewn dntthararbeé @rdfCBRr magefagtyres efBbl y t he

aver age mas efcenta f Lthin. i g 19N is
| ower thanat??fg(t {%?t'ﬂ?%?tq%g'f%%émb@%%]ﬁgf\e% P%giog{ﬁe%e%g%p}%rﬁé’n% Inhscel bol ster
portion meyedienshdifg anéisupppridsoition offthdi substrdteyrthbtsevandcisgingianprs-anond
and the cobalt content nay be at nost 10 wt% .at nost 8 w% or eyen at
mDst Gut % form elothe EHORTRG MOlSIEh BORIDRaaRT do taF DB 3 RIFHRIB P! REDI de
bol ster popHi e v iGd % adbYarkhe
rei nforci ngb%pgﬁﬁ%oﬁﬁ%#ﬁggrﬁméﬁg@m e? élgtet?gz}:c{/rtlénr‘é\% gT ”f:)éa?g?"gag gr%i ns, the
met al bei npreferabhyt pre-sinteretl byriconVentiddal dasbider sintefringzmeaasd efher as
separate entities or integrally. Where they are pre-sintered as separate
articles, they may be bonded together during the hphT sintering step during
which the PCD cap is formed by the sintering of diamond grains. The

average size of the diamond grains within the PCD pre form is typically in the



nore preferably the netal being selected fromW Si and Ti, and a
super-hardmaterial, preferably dianond, typically in particulate or

gr anul ar worzmo/mbss3gr ai ns bei ng hel d toget her by neans eCTaBWiosoae4net al or
all oy, which preferably conprises Co. The reinforcing bolster portion may
conprise nore than one type of carbi d20 I n sonme enbodi nents the reinforcing
bol ster portion may conprise one or nore than one different types of
materials or conposites. Mre specifically, it may conprise nore than one

| ayer of darideebeénto 6Qpwmicroms.ndn @ncag¢mbodinenipbeiavesage sizei ist@bftacty bet ween

the | ayers .being sharp. .or diffuse,. and_ typi ayi .0 hat may
be gener alM§O88nf offrﬂégd'\m% {h‘?e PoR{al} :‘jozgc%%bgﬂ \l}{é%?\tgt m&\rqe r?% gf‘%:’:eng" ol ster
portion apgekhee WPCIENRCD biapforn EaMprises eobalewbathereindn-gtdup nestalf or ci ng
bol ster portion is nore abrasion resistant than the support cg@ortlo‘n of the
subst r at e Wirieh i sapablexplb infiliratingr Hiee PChhipeeriomy Whenc Malienadnder, e

resi st ant ; i Sqi ; bi t one
ermbodi moncoNPHERE gl Stah RS ST e elR Uk M dihold Bkl 0 forh

subst ant i @bhgrenitlg bimaled RODumasaf ThaensapsulatedepreHorrmoneuld fypichllysre s, t he

reinforcing, bol ster portion my co | Se _one.or re than one different
type of méHiechfo B?a‘}c)'é?ﬁm@nf‘éo\é%’ &ﬁéf"@eﬁﬂygﬂ@p&%%ﬁ lPtfPﬁk“é‘? 0% pet ween
the reinforgl 0 bIPOduitaBle 36 UEBEINSHRPEBHT RAtEHAG apParhfusmaid be

i ndi scer n%l%g?g'grga%ie or%ﬂfuse. Thi s aspeg?éof t he ?%veﬁrﬂi on may be
advant agequecdsst use in tools used to degrade or break materials,
especially rock, concrete, asphalt and the |Iike, by means invol ving
repeated i mpact, such as may be the case for pick tool inserts and

per cussi omHY hftddkol ¥t 6f theuhvemtiorahsy by asédién phgenbntdegradetiedii ts for
tool s using shear-type cutters and rotary drilling bits. The. i \g:‘r)\{]i on may
Iﬁc% h

be of par tdrdmsaPeraissian dullieg ditshsheapbirentotary HHing Ris; used

Young's o r t eat as may
typical | ;’D%? @Ed‘”uﬁﬁg@e&g’gg@g@@ isoag’?ﬂ%r‘?{ P?“H@@ %E’é%@@gieﬁae%%é%%ti on of
rock, congjepingetdical fsphaf tthef ool eraymiiee substanéally thanshrgasasithdse of, i ni ng

and construction (tunnelling),industries. It imy be,of parti.cul ar benefit
in appli ceﬁqnﬂﬁﬁt'%?ér@ﬁqé“qﬁgﬂﬁﬁﬂﬁt H%‘?féﬁp@fagﬁa? 'E&HBB%! ?Téé_ftwc?“gd_cau_sed
to Inpact queﬁé@é@ bsl%gyb&rnédérsgagi g@ InBUHE &he SiAGBraSohtd BRs GBEE iHoRIeMs i | 11 ng,

m ni ng pi assenblies and roa ani ng, degradation or recycling. In sone
enmbodi nmentsubstandialiy géifferaatlyl tharp chagerdionsl adieer-ardonget s dalthewigba$ormer m wi t h

o0 2o, e ol WECHORof riehSp AP WA 5 Paigt g 1 he

enbodi mentgpmé Basasxi al thickness of the super-hard cap at the apex may be
at |east about 0.1 mm at |east about 0.2 mm at |east about 0.5 mmor even
at least 1 mMm In sonme enbodi ments the thickness nmay be at nost 2.4 mm or
even at nost 2.3 mm Axial thickness refers to the thickness neasured from
the interface, aligned with central axis of the insert. In sone

enbodi nentBEXAMRLE®ex nmay have a radius of curvature of at |least 0.5 nmm or
at least 1.3 mMm In sonme enbodi ments, the apex nmay have a radi us of
curvature of at nost 4 nm Preferably the apex has a radius of curvature in
the range gfa4 fet,o 4 mm nore preferably 1.3 to 4 mm According to a
second aspect 8 the invention there is provided a nethod for manufacturing
an insert Ametahsavermpick ool jnsents arsordidg ite dhe diesignpstwimgl@ wasf orm f or

a reinforcing b ter portipn, a,pre-f f u } a
pre-form f'@?gﬁ' Igjg%3 @HB,BFQQEGZ%W ﬁg @ﬁaq%:‘gpt %iq ?Vr% ?‘E’g&%dr g%@#ﬁb ?ﬁga
desired copfddamaitAnthkordiforbing PoRtéopoitianseabby trndubstratecd2.ngThee
pre-form assenbl’y to ultra-high pressure and teg‘gerature conditi ORS at

whi ch di ansirforcing Hsistetpatien gamprgesh diamendeapantsd qapideeaPddNEf naki ng
th i nf or.cj i fncl ;
ntr oduct e RRE L §o0r 8 PHEAE TR et iR cefiferfodiandlion, i cn

typically tarbldedes grains of refractory netal carbide, to forma starting
powder blend; formng the starting powder blend by neans of conpaction in a
nold to forma green conpact; sintering the green conpact at a tenperature

of greaterThHascBPEAS comprised sintered diamond grains having an average size
distribution in the range 1 to 20 microns and having a multi-modal size

distribution. This type of PCD grade and a method for making it is disclosed



1,000 deg.C, nore preferably greater than 1,200 deg.C and at an applied
pressure of less than about 1 GPa in order produce the reinforcing bolster
portion pve-2hwvasse¥hen this method is used, it has unexpetiBzioyoizeen
observed that the Young's nodul us of the reinforcing bolster portion
depends not only on the absolute cont@mt of incorporated di anond grains as
one m ght expect fromthe fornmulae known in the art, but also on the
average size of the dianond grains blended into the powder and consequently
i ncor por atired).8i paient applidatioss €0/50%373 lBody11/7 HR,p8T + Uging dechnalogyagntheen

observed th t he ung' s. nbdul Us sl i t i anond
grai ns ar&¢ Paéwe“gg\p%é‘k'aﬁﬁﬁea,fgdigﬁ%Xt&?‘gﬁﬁaﬁ8§‘§‘”§z§’? Eﬁ%g\&’ﬁg"%&ﬁ@”%%

di sper sed tgdirrRARinahai raagefofanB0a@e1 685 SrappThaithiekedss, BT, mf thePChad a
Young' s nodul us of about 660 GPa conpared t for,a simlar

0 about 580 GP
article coapratshagpexerssest. 86 awan@besheemm, B‘i‘f?t%@dé‘i‘%o REvale e size
of the di i l.crons. According to a third aspect of
t he invenﬁﬁ%ﬂ&f%ﬂeﬁ%%\@é%%pgggzérﬁnﬂét hod for using an insert according to
the first aspect of the invention to degrade or break bodies, articles or

f or mat i ori sing hard materials selected fromthe . i si
ok oncha BIATHAE BRI DA FOTRURST Sovt iyt BEas SRATERREE ¢ he'
super - har Cbiﬁé’mé’rl %rfabséﬁg%%%tm Greis, 1196 WElgPaiRs hboinGEEr AVerBFASIAGNGRETI ONS

Enbodi ment's escribed by way of non-limting exanples, and with
r ef er ence range Hetodk oucrpasy ilig dlamand giaing W@fﬁcﬁiﬂ:bﬁhj’glﬁ&)é hegoeagausly) show a

h [ ' f - ' L f I
noerts. AeoteabaeHanBIORE AR Rst Dol B BPERETaB RAK |20
cap, a suppgd itRQhé irdigeBFaBout0l 1 Z80ghidrohst The poungsmdidsisssidhe

intermedi ate the cap and the support portion. The working Igorti on of the
i nsert, t eindoncingsbolgtertiostiproivagiesiimated o desalpnuit 7081 20 @Panwhich i) unt ed

conical form.wi.th an apex, The.,gei 6,Ci ti . nd is
bonded to ‘?"EFH”Jhﬁéﬁ@g%lé’?gpoyﬂéd’é‘byiﬁA’a{rﬁgﬁ?gjll%tr’?glj f‘}% er acgélpﬁigﬁngs
general |y g@isteppdRionvinal & Rentigudug eegion fwithin die shbstate, amddhondetite suppor t
portion at a substantially planar interface at an opposin e

nd. T
r ei nf or ci rijefPRicap Fcr bermplanar dxXeHaee) and WaS Sxpese 91?@@%‘3@%@' BEEMpher al
surface of_ t.he.syb e i a) d i teagr am of
a cr oss-se%}{hpgrr'lé#v\%}rfl fgfr glﬁ?%@ﬁg%é% ag?’%cﬁéltgﬁqglsgf)m%rrtéﬁg T |56%%¥)€%di‘rrent
conpri ses portiopavadapgraxirpatedy shigpotot fiyeotimesnthah of dhe &GP azap, riberedy st er
portion enbedded within, he,t?o%}/ of the ?ub trate. ..The V}ﬁrkin bﬁlogti on of
t he insertf,U”PP@"Bglt%%tS“%d’lefrl QieinchsvrRAT f R eCaR; p dPeHEIHOING bRISE
bl unt ed copirigh &Y BbMbdd @t BaEpotiparich S Gi20uehsirals AienGutRadialigt ! ack
tool insert, shown partially in crosssection. This enbodi nent conprises a
super - har dpleagr interfageport portion and a reinforcing bol ster portion
di sposed internediate the cap and the support portion. The working portion
of the insert, the outnost portion of which is the super-hard tip, has a

bl unt ed conhé ahsdrbbfMi eRampleanes. mahefaciired dycsutgedtings prs-fopost dfotheat  one
end is bonded to the underside of the cap at a no‘?fgjt gggr interfﬂce that is

general | y C&hF eapvdhevpinforeing h@lsler pertian ang the,pup IoNARLAWIHARE suppor t
ortion at S Jal g q J i Sfdrh@ure 4

g hows a gr%ﬁhh&rﬁaét?ﬁlkﬁg 'ér/gﬁg(gq%ﬁhésrﬂl:o? gﬁ?\@ﬁzg\%rs gég;)éé)'%ﬁ%gtﬁgeig%ufdjgﬁval ues

for a rei nfvere menufedtstesr squaratedy aasheed coropooentsf whicit wefe aksersbiedr - har d

cap between 750 and 1,100, ,GPa. The, ran of Young's, noduli, of P rades
typically ﬁ%‘é@”Pﬁp%‘F'PfeQnW'tB'Qsa'ﬂrelnﬂqsﬂ'@,g gl?.e}é‘? O 58%?05‘9@0"@%' ‘P%Oratg& 1, 050,

i s poi nt ed,ont stdhe THRNEED pfe-MRHNEaS dIBEBEd Bf cdaSeRRAtRE rbivResingn
car bi de grg@?s S’E[in ceﬁél y usgde as substrates for PCD inserts and Itg%cobal t

grades, asbelstdr pastiarhpre-tgpior atdtie mangdanardntestasenaed thexrainfgeciog Aalséerenhanced

wi th super-hard graipns digpers ithin t 0 LAt 5 shows
the grain QP%”&E@? rdi'snﬂﬂsﬁaﬂnoqow\&ﬂ ﬂ‘eagggﬂ’@iﬁg‘@"qﬁgg%n%%%ﬁbgﬁéz@

di stributi gnaPRAsHASs] The prefernt absemblyrioerespoRGEY &0 thechenerdhforsi afe

di stribution can be resolved into at_ |east_four distinct substantially

normal or Hieesintesedrartics, shewmgshematicglly i S @ t han 80% of the di anond

grai ns havi ng



grain size |less than about 20 m crons. The overall average dianond grain
sizeis within the range 1 to 15 mcrons and there is a nmajor peak between
about 5 awo200/mb880Nns. Figure 6(a) shows a scanni ng el @eCTABWOMDBIHEYr aph
(SEM of a sanmple of a pre-formof a preferred reinforcing bolster portion
enbodi ment, conprising WC gains and p22tially reconverted di anond grai ns,
bonded by neans of cobalt binder. The dianond grains conprise dianond cores
(bl ack) surrounded by graphite (dark grey) that forned during a heat

t r eat ment Teoesisforeing t helstent portipor piesiesmotvashmagiufagtugd, by ad gefiocasanond

grains converted to graphi.te. The size of the.qiam i i t he
order of i@é'ﬂgmsﬂ%p& sPTepREN W?@%@ﬁ’o‘”%%ﬁ% %lt@r@%regp Oﬁ&s t he
hard met a'anﬂaﬁiziﬁintﬁahnﬁ-th@c?ﬂiei\i BOJJ S MEshsviof ha Gonweniwdridl chardndeta) Fi gur e
6(b) shows a sCanning el ec

ron m crograph (SEM of a sanple g)i@a, referred
rei nf or ci sinteding methpdr tihenpwpastioneat theTﬁértg@nRﬂ"’éd%smg&%‘& %’59
subj ecting.the pre-form o LQure 6 -4 ;
Ferpor at UFLABORBOr BRI 2 P g srenhe THndt REOCA S ERBOTRRIBN 1
di amond QWU”tT;r@ﬂTse\ﬁitlﬁ lak/ard?e sizs ididtebutiort inethprrange oimabosat $tto|3 mappas ent , but
the graphite that surrounded the cores in bhevge-f%r&wtha?i re onxerted to
di amond ( EndcrgbaltAPRWHBF oh&he e gndi9rade dBah Uy WRIGH K Rsn ST M ARS
m crograp ﬂweqaﬂﬁ-@g! in8A rt%n?ﬁa@ e éte®f cdrbRY reateriams. suTheundi ng
t he cores. € average~size of " the dianond cores is at |east an order of
magni t ude rgspedtive proportionat ofodiatroadd VéGrant Goapemder were@bprbfh wt.%,

i SPECI FI S PTI Th " i.al" d
ot el -1 3 AR M ol il dr 1 TS APCASG! Weas SREIIR L B8] el ol "Sbout
25GPa.  SUGHBfrEEticHa {mbMQﬁR@gﬁi@f@@ Toebé C MoKk O(RTIMY irdixer bandnan
sub- oxi de, gor on carbide, polycrystalline dianond (PCD), | ycrystalline
cubi ¢ bor mrganicrpreesin@EBNWamiatroduced inte 4heidend o Auaee %&H%h%’a égﬁ)?. The
t " PCBN' d. L0 i ;

erm frﬁﬁd #)3/311 @%ﬁ{a@é@g h%cﬂo%mhtegpd\rﬁ@é}ﬁ RVB I S Q&\&H@iec%clj?m on

nitride, rises grains of cubic boron nitri sper sed
within a bhree. Phasmenpirosinhdempeedtliec dhd dreen brelyawas piceskin aThe term
"PCD' as used herein is taken to nean erials conprijsing si nter.eﬁ di anond
in parti culEiaseoandsHpigckd top rﬁonf’ﬁ@fr‘%”r% %ﬁ%‘"&%ﬁ%%'gfﬂﬂ”& PTG Fﬁ%FWIB'B di ng
between ey ol aHRAAGH o Iekiperklifie! e fcaad coriranpefiod of bibdat 2 or DEC,

as used hereinis 0 nmean conpacts conprising di anond and a car bi de
phase, typhaasliy a vaquam.i Jhleatintesed graarubady fvasmemopmeddromytheifamecsed

it hi ti i ndi h . Ihe t p oy t ood
o' mean-a @6 coR el ExPREREor A ot SereaIeh i bt Horudes gy o
such as r O&iEmo‘h‘ar@g‘aﬁ{s%a@%ﬁ@édecﬁﬂﬂgﬁd’pﬁiﬂd ddbomhbeththaBshedignky portioinsy used
ng,

in mlling, mni earth boring, degradation and excavati onw%ﬂ})l i cations.
Attack toobscares thepeafahad, remsingdeds digmencs e pintaredt gheenal was

i npact -resj st ant ..as i bl | t hough the respective relative inportance
of these p‘r’%%cg?ﬂ%sb%ﬁﬁ?ﬁ%i%rgﬁd on the application. Attack tools include
pi cks, cutters, percussion drilling tools and rotary drilling tools. The
term"pick tool" is understood to nmean an attack togl that is adapted to
break or d&@e WPQ“MO%Pféhﬁaﬁl&s”ﬁécWé‘ﬁi %ﬁﬂrﬁ%’ﬂ?ﬁﬁﬁa tgng%t&pe(@r@q%e
penetratiopink ' Wi CEBInded tH WD ighsinghaling body.
The wor ki n§°ﬂgﬁh§"é@p‘?g§%’y¥v§89?}§? gﬁta?tp?i ca?ﬁ y pori] nted or clr%]i sel - sh@ged. The
term "t ool ahnserade aizeuetheheargenof 4 tcaRemiaronsre dihea supPE PORIOTC Y@Sr i si ng a
wor ki ng portion, .and i s provided.as,a djscrete upi i 1 to be
connect ed, ”Wgﬁﬂﬁ‘ér&gd’rs' _ ﬂ&o\wnvgrétny@&m%hofgsés Y5 |"E“8W3f‘r¥lé§ h%g(?ﬁeggl in some
way. |t iS;AQdndlRKRE ahfigrebarinYy soaRed fox FBD ingaHsasusmae eafthamrimgct i on or
attachment, such as insertion into an acconmodating recess. The term

"metal | i c uisedy'for the ailang gashdistral | oy", is understood to mean a nateri al
that conprises at |east one netal and has a netallic, sem-netallic or
inter-nmetallic character. It may additionally conprise a ceram c conponent.
The term "gaB"P@D dap prevpenh-doaistisedndiasbatiigraies thmkeedttogeéther byeneans

substantially rigid at anbient conditions_(j.e. non-conpliant,or, stiff)
outer |ayepf@n organie tkiepem oVa’%Wd@@qsooﬁ(%[gyPrefﬁﬁ?‘éggW/ REtORS Qhd of a
tool insert, 40 M 4Rbm SR known in the art, and the skilled person would know how

to use and adapt these to put this invention into effect.



exanple, to protect it fromwear or to function as the principal working
portion of the tool insert. A cap need not be honbgeneous in structure and
conposi t iw0,20emdessay, for exanple, conprise |ayers of sPCHABLOKDI4G49
different materials. A preferred enbodi nrent of an attack tool insert, 10,
of the invention shown in FIG 1 conpri8es a super-hard cap, 11, having a
vol une and bonded to a substrate, 12, at an interface, 13, the substrate

characterised in that it conprises a first reinforcing bol ster portl on, 14,
as a neand\ tomppsite pssfory chmpasEgGe RePr W@e@é’“d?'sgpﬁeélg'inoqprﬁﬁc tr Wigh

substrate éﬁ%&xgﬁ@%&%go Bi @%h%%?gteat n&r‘??ﬁatnapasrtfrfagg P@ {I;\%' Rlipordifg bol ster

portion b | eas portion o I nterface and

having a Wlﬁtéﬂmwwmrédmbdl Br g:bﬁtdoﬂwrtﬁtethettsmtpmf ndnmrsup'éhu&ard cap
and an average Young's nodul us at ?ast 80% t hat 8 %?r hard cap. In
t he enbodiasshmbied age maeeatedn the gre-for wascsyRigHe rjra %J?Ir © SPe%®hn i s a

single Co’tﬁ%@‘@@t r?@'(@ﬂa S adie e?HRﬁ% f%ﬂtétﬂidtymfdooﬂbgd fGrshbouit €0 f ace
proxi mate 't 0 a secon |nter ace W th a second supporting
portion, Xhinutds. tFﬁbesemnshdmrDes Wﬁnec$uafbtj@tt Idwmwnct ashihergiogyeamically bol st er

portronforms t he ubstrate |nt antially
renote frciARIBerqSUEg 'innt?@rmﬁﬁ‘é‘ga(ﬁ ﬁrwgééﬁggogﬁj ?éJmR @%cr ng

bol st er pasitdAng s e PED)%\?\G ied uﬂe@@llyﬂb’tﬁfcﬁhg QWﬂ'ﬁth@Mélh&ﬂ@lngf bolster

t hesubstrate. T%e insert has a working end that has a pointed or

chi sel - | i kiorfion.Mithe isamectinst therrelfescing Bolsier pertigmwasg mée@ra"mbene?ﬁg

bol ster portjan f @;m of an attack tool insert, 20,

conpri ses %pdnﬂpf@f?(iwtﬂ Bg%ﬁﬁﬁﬁ’% oung' s nodul us greater than that of the
support portion of the substrate, 25, that material bei ng enbedded within

t he substrate body. The vol une of the rebr{f or Ci ng bol st er, Fnortr on, 24, does
not neceséﬁ‘rﬂflm@mﬁ)hﬁéTﬁ”WWE steRs ther 9fanbIte SYERYREINgathe, Aigmond eores| une of
the reinf %‘fl’rlﬂq}ﬁé’%lo%tt@rr r@%ﬁ‘n%cbﬁvér?éﬁﬁ’\tcﬁﬁ%%&ﬁ ta'ltﬁarﬁrh%ﬁﬁféﬁ*er\t@bﬂﬁe wi thin
t he substrate t e encl osed suc at the averagre Young's nodul us is
at | east GOnt that off tttehedramped irrtbnoducaqb tonthree nﬂV@TGéSSab )he?@%mblﬁde%t mor e

preferably 80% FIG 2 ill QW one _nm eri al
for the rcdiAMONG; W@S%Igﬁ%ﬁ' otﬁeo%rﬁghﬁ'izﬁé qeﬁgb%éﬁbl yafésge ah
consequentht bithe'BoRE, %nﬂ%ﬂe\d&lyo%oirbﬁrcéﬂwarspbﬁéedi Qm&ndﬁherdoﬁtbs ahtl is
essential that the reinforcing bolster portion has high stiffness, which is

an ext ensi foemngopekind of kancepesaberieal ey Toe fasenkeEan ef graPhiey’ s .
g?d{‘Lgs, n\? %m%l(gﬁo r§§tﬁe§ffr}1v(th ”ﬁolgﬁt% Shame: ramﬁrdﬁd; t?éfe'rngoﬁ%%?rhgpo”' on

over so-calle | ayers o he prior
art in thatedudtby awams:ao%n ¢thist Mmdrmdtytoctahprthtsestgtrdqage iofo caacdwmte and
di anond bonded together by a rretalllc matrj X, rel at f}?gtﬁ t n Iayers

di sposed i wher rsapaiirg e fieinfocingr eplsieh PaRien Hée Ber§s car bi de
substrate. r i taicer f ace
bet ween t he %}ge 5@%%&;%@@%@{'@2@:'1@ g\é%g%rrt g?,rrsﬁqﬁ@; ?r%t ﬁﬁ?\f\égugvggmstth%ess t hat
may occur ﬂmannbdmg t ke i exdentt ofpthisl wotunad tsbrlnmgﬂ'cguldtbﬁileﬁi@matw |y known

Lypi cal Iy CUGuSHaR: Bt 5eaea BEetmiichLidnt o FrihedePSuas e 48 | he
ul tra-har dGRgel abdtﬁﬁe prE8icH&h Wikceft i$ Rt égdyniodirvnechiraslein advdricen of

this |nvent| on should be at [east two, preferably three and eferably nore
than thr eewhatrpstlmmt@tf the diareond grainhvolameayill canvieristo araphit ﬁaﬁﬁgmﬁn thever age
Young' s nodul ustat ‘I &r gogﬁhat of the ultra-hard cap, preferably nore
t han 80% | PONGHORR %{B% BOSIRd that the reinforci ng bol ster portion may
conprise a super-hard nmaterial ot her t han di anond or be devoid of dianond

or other super-hard material. In flr%;i‘ Preferred enbodi nent_ il | ystrated
schemat i cafftgr ithe ARk B, S‘@tﬁénguﬂgphﬁ\edl gleds inseri Was, reuevestiral fige naj or
if not the el us in
t he range 9%@&{]83@@%%35%&%& ﬁ@%ﬁg%m&%&rgi:&nﬁg%&% gs((ﬁggﬁrauﬁ'ard cap has
a rounded twnineediwap ;mocpssett’@cﬁrfablfrmsarahcatnlﬂpms 36,is knawnta#heaatti p radi us
of curvature in the range of 1.3 to 4 mm and thickness, 37, in the range
1.8 to 2.3 nm The super-hard cap is integrally forned and bonded to the
substrate, rﬁﬁat |ﬁ8rc§trc§rﬂ§ ﬁbm a8 18statpard thiaeiHcpertS 3nadd aceordiry fonthisunder

whi ch dianond is thernodynanically stable. The super-hard cap is bonded to
the reinf orexam@leadhsyeha@rtlgwﬁca@w highemdmpact resistance and’ effective



substrate at the first interface and the reinforcing bolster portion, 34,
is bonded to the support portion, 35, at a second interface, a portion of
whi ch nmaywbeosulstéanti al | y pl anar. The rei nforcing bol sPET/IROY/NTHA49

conpri ses di anond-enhanced carbide (DEC). There are many types of DEC
material s and nmany nethods of naking 2hemthat are well known in the art
and can be used, either as taught or adapted, for the reinforcing bol ster
portion of this enbodinent. Exanples of prior art_include US patent nunbers
4, 505, 746Wwankingdises Fnaspmaltfegrdation APRIkatoRs thap Pﬁg%lf}%&“é@gﬁ'g% PiRS
conprising _di anond particles, a hard phase (for exanple WC) and a bi nder
phase netal " (for exanple Co). In US patent nunber 5,453,105, the dianond
content within the DEC is greater than 50 volunme % and intergrown to a
degree. HphT sintering is enployed in US patent nunber 5,786,075 that

descri bes Et"l?é“%'ﬁrﬁ hesis of DEC for heat sink applications. US patent nunber
7,033, 408 E%('amvfgéﬁl Wa$ %?@eﬂe@,nei?é&b_f thaththerdiagodt dERssiHttbbesdd intdttte al so

t eaches t hat ar resistance may be further inproved by including a second
metal wi t ipowdens obithel seinfarhingebalsier periom hagtal averagessizeiydhe cangs de
former than th I opr i.nder netal. US patent nunber 5,158, 148 teaches an
approach ?er\ﬁseﬁt L(ggceé%%?{@%’%al anond carbon is added to a carbi de powder
such that the overall carbon content of the final powder mx is above the

stochionetric level of the carbide powder. Them xture of powders., in the
presence dixamingatien pf thepsintesed peitarcingbalsis] Bettion Q"SGB%@S’&\P@%{ ito¥a% car bi de
sintering i I i I oner at es
of non- di ARBRCa e SR E e REITDH o that SuBsERINRY B0 AR 1

subj ect ed diamend egraing hadtemvagedtol grapbitder Thgsinteediigréemodynved resul ts
in the conversion of the nop-di anond carbon into dianond. The final product
conpri ses Ltsﬁldtﬁsd@ej%%stﬁf B¥o6iPiMparticl es cemented by a netallic binder, and
little or no non-di anond carbon phases. US patent nunber 6,214,079 teaches
the chemcal infiltration of a carbonaceous gas into a sintered, but

por ous, cdbkandpldddy which is subsequently subjected to an hphT sintering

cycle. As in,US patent nunbe 3 onzgi : i
converted Ipntthbc‘ 8?85?85% %lﬁqrn@tquﬁgg%m %ﬁgaslﬂﬁgg?%go%ﬂ@%@n%rﬁ%ri al s at
pressure aifhstratae iidie ehe avhibilé iobnise Babsiratehfandiienezhds st bolsters havihgeshol d
requi res nethods for preventi ng or m nj m si ngll_'t he onveri'_sfi on of  added

p

di anond i ihe nesassA wsaPeilusapng stiffngss. phhsowetking suifackshal H&5F adat i on
is known t e: I t : n i . i as

bi nders vviltg(%anm%éggrr\g%%r ?gﬁ)égxn{éé]ng Q{aﬁéﬁeg?e??Iﬁéﬁ%gph?ﬁ%ﬁkgﬁgﬁggarti cles
with a barwéeer madgeusind dte pretheddesoribed duexampleel 4o anakd theodiearmandhet ween

t he di anond surfaces .and the binder. netal (for exanple nber

5, 723, 177,erﬁlﬂi‘cﬁazf&'rﬂ‘%'%&ol%rpa?gﬁf" Nﬂaﬁ%éﬁ”&%fégf %)bgﬁ)&ﬁﬁitﬁae&”cgépr oach
is to use il &b/ . tripat iveQsrop&igiofls aFEREAMd, IWC driteCeonpact
to be hel d‘ﬁgﬂ%isgﬁm{ag@&ggrg?éfrgﬁﬁgﬁrveﬁi??veﬁy short period, thereby

ni ni m si ngpowdercwarseabowin?. 1wl %, &t M4 % Endel-SaWiu%i nghe fdiameRd 5eBS t he

so-cal l ed Field Assisted Sinteri T i fﬂwgdl patk Pl asna
Sintering '( §)n pgerg%@ﬁaﬂ%ﬁﬁ%nlirg%&%%%ﬂ&% ﬁlébﬁﬁeéd;dr%pﬁ@eo Iticgl8 , g'},af%%%nd U
pat ent nunh@bsﬁne&&? al9hivens Mastérszer (RTM)Wale dianieerd powdéousekampl e US
pat ent nunber 6, 315, 066 In one version of the first preferred enbodi nent,

t he rei nf oEGMRNLISHX §f®*}cf)8ﬂﬁ8tﬂ$ HHpfPses what may be described generically

as "supercarbi de", which conprises super-hard grains or particles in
crystalline or polycrystalline form grains of tungsten carbide and a
met al | i ¢ bTRéeubstvaths arere oanufactlined by aiprecess inclngigethe dalldyidg stens: be

-sint d, i nt i it dyrj th i i PCD
rp Tssi nf /628, onABTsuL PonsRs Bpa atChrhavlerc AT JR0EP 12 MR ERWVES) Chougn
they may 'esﬁ]owo%fr%ﬁ#ahwvésogwﬂ@e BN-2RBEBING, Wak ipdtsd Rito suRsEeksoi de and

nmet hods for elr manufacture are disclosed in US patent numbers 5,453, 105,
6, 919, 040 andoyrogappogimatelynePPmbs certain of the references contained

therein. Syp r.bide | s t ess that includes a step of
subj ect i ngaa%ﬁ@g%tr%eh@rgfﬁu{gﬁﬁi%%I%gry&gassﬁ?@dégﬁd tenperature conditions at
whi ch di amgndriessitifrgwadyib@it cal |y stable. Supercarbide typically has a

substantially | ower content of super-ha]gﬁd terial than does PCD o PCBN,
and typi caftl yTheesiirpharasagsgd apdang pgokgn %Wn to soit agglomerates Wi

mortar and pestle;



and consequently the superhard phase is nmuch |l ess inter-grown than in PCD.
Supercarbide with a dianond phase is thus distinguished from PCD

struct ur avbyosrideses significantly | ess hard and abrasi oRCraB2m®/e5#64% han
PCD. As shown in FIG 4, supercarbide may have Young's nodul us of greater
than 800 GPa or even greater than 85028Pa. In a second preferred

enbodi nent, the reinforcing bolster portion may conprise a cenented
carbide, preferably a cobalt-cenmented tungsten carbide, with a | ow content
of metal | % bhadisied prwder wos placesk inip @ndie 31d 6PMPaEtedyioailMaBI9feeRss t han
6 w. % net al !)b bi nder, which may be substantially devoid of super-hard
grains. This IS 'preferably used in conbination with preferred features of
the first grehegresh botypdiasesiterdchinaneomventionakcerbidet diokdriog appatdtast uri ng a

duct di to the i ti t h - h is f d . int I
W U Cher oi AN RLPFRTBUFPBIAIS: | DR SRLP oe 125 SBBYTotRa R ey < Y

ultra-high p RpcataR SRfd et BREIFHEYE R BPBF@phﬁ@'IQytthigrﬁaq@Jét lkasigbrhe the art
of PCD or P manu?acture. An attack tool insert pre-tformconprising three
sections is pfdpeardigmont ini the disowdnscardainia kanylepord pepmPieieiBf t he
substrate, the sego dtbei %.s_pr formof the reinforcing bolster portion
and the t hi r ODETRY RF@PAEFHES t he PCD cap. The support and reinforcing
bol ster pop t TRESUBEtrafee whidisivagsabstaatiaihetdinhakital ipferns,iwasthet drpund
conventional carbide sintering neans, either as separate entities or
integral ly. ththesameputardignetesianddigightas separate articles, they may be
bonded together during the hphT sintering step during which the PCD cap is
formed by the sintering of dianond grains. The average size of the dianond
grai ns w tThe dnhanBsd substraty pre-sormypiveak| subistitutee rfangondestiomal 6Cai cr ons.

I n one enbodi ment the average size, is 0.5 to 20 mcrons, dirent the
portion ofcamentedyarbidesubs ?’fe&r'Gﬁhﬁﬁtl%S?ﬂ%efﬂfrm@PW%&ﬁ"wfoﬁ@'ﬁé“ ‘pre-form
conpri ses qi@?t j i I i {cedCabLe @fsing a
infiltrat i'érelg t éag%%ggﬁ}égﬁr%%g@%*ﬁgmﬁ eua_r?yeur;m%pdﬁ'?c_’condi tions e?nd
cat al yse tdmventienal hhidiapgrasicht hAsds dimomdn ty Bienartt 8is prasesscimelvedt | v

bonded PCD,nmass. The en | at ed e- . i.cal jact to
heat treat%ﬂ?s'?%dfﬁm?%(f?@j H&’éﬁ”ﬂﬁ{?’f‘h@%ﬁbw&g”‘gﬁ% 'ﬁ%tolrr]g%gﬁ%%Hpn 0 a
capsul e asgandipstrats e hWomisssiterprefolhTTise ptesfdrng wprassdernbladd
process. The attack tool _insert of the invention ma¥ be used in pavenent

degr adat i dntadroemyentianat RGP oins@rt Icapageni vged dae dyphily siteriica, 9ndirtne) i ng
bits used | il.a i hd y,a i 1 il [JsRg tools
For " exanpl EPHES Juereltie@aBsed eh prstarklérd | BbopS RGN Bl oS0 L e
as those oédvampawehfroantiensupkichhaere sutsequentis sdalied. t Ties €appyles segreons and

it | d ral | t b { t the i t he, t ool
hol dors. s Biacerip A stanaais @it ontering G used G menUadu aER flter ts
al t hough Sﬁ@én@?&%@ki&mm@fa&ﬂ%@ e %ixengt RIPESSFe ERBVEBbbRLBASPA spat i M se

performance 1n sonme cases. anpl e 1 A set of seven _Ei ck tool
i nserts acaotemperatwet lgeeatesi dpansabant | 1400°6)4 wRrinadthe Th s upkdle,har d

a1 o of PRSP T toRertphd Earior by Y sLBLFAER cofBpd BT

bol st er pogdiaihiyhdC @8M esathpfd #nond- enhanced carbi de and the support portion
35, of the substrate, 32, was cobalt-cenented tungsten carbide. The PCD cap
conprised sintered dianond grains having an average size distribution in

t he range égg§g4nicrons and having a nulti-nodal size distribution. This
type of P radé and a nmethod for making it is disclosedin U S. patent
applications 10/503,323 and 11/712,067, using technol ogy and net hods wel |

known in the art. The Young': us. of the PCO was found to be mithin the
range of 16ﬁlap§dm€@r@5§ﬁ%ﬁé%%%@s?mg% ﬁSY'”gﬁeg?‘&e&)éﬁsaﬁert apex or

crest, 36, "\@én%‘,n %Biilﬁtgu&ea.mn\ (ﬂé‘ﬁi\ohﬁetab%j$P’@D§’fwé"suédrﬂbblét;@d0fgorglh§ramw&ded apex

was about 2. reinforcing bolster portion conprised 9 w. % di anond
grains, 5. wititofgaGiz promdesingnaidgsihat wierss Wangdaefhriarie vigtefingi ndheavi ng an
average si é%rrl\c?ndt rt1aeble layer thickness and shape was defined by compacting with

appropriately shaped tooling.



range 1 to 3 mcrons. The di anond grains were substantially honbgeneously
di spersed t hroughout the reinforcing bolster portion and had an average
grai n si 280wnton4686@ r ange of about 200 to 250 mi crons. Phe/Bmesgs4s4anodul us
of the reinforcing bolster portion was estimted to be about 700 20 GPa,
which is within the range of about 648to 70%that of the PCD cap. The

rei nforcing bol ster portion was a contiguous region within the substrate

and bonded to the PCD cap at a non-pl a nt erface, and ex d at a
peri pher aWh@LdI@moawqomacwaSs%}m%r@@do@ QH@“&QIELW’&W@”% geh”ﬁ%ncgf t he
rei nf or ci garti%ﬂihéfzsrd. bl wies, Bm%rooeﬂum@déf \ﬁliﬁrﬁ@al@&nf‘thé%ﬁg@%rﬁ hat of
the PCD c ereby unctioning as a stiff reinforcing support for the
cap. The ebonf t0wnrig 45ahst dhedotal particlesize sanigel wes frame ~2uppler20yivr t i on of
the substrate at a substantially planar interface. The insert of the
exanpl e was manufactured by subjecting pre-fornms of the PCD cap, the

rei nfor ci rgchphSbRl RATEdPBoARhdd€oTsP K mQstq.f)‘nthrll?@rﬁfdtréleGnﬁlt}Of hphT,
at which dianond is thernodynam cally stable. The three pre-forns were

manuf act uuChnfrgapareaB@bsytr%tg anst belstanprrtientts acligvensiiarindas $BatcldteRnd
encapsul at W thin an 0 r ri o the
hphT step ﬁpg’ﬁg?%h] %%g‘d onse ﬁd’u@%n\&g?aﬁwl(?% ltelpprez?:] orcing
bol st er pelidrhend pgmdégmdatgbéie non- pl anar interface, and the reinforcing
bol ster portion was disposed in contact with the support portion at the
substantially planar interface. The pre-form assenbly corresponded to the
general fQig b s UWRLEAnid fibfe vBRBUDbCHABERD] Gd 3:1. N AThighdr The
rei nforcing BoFster portion pre-formwas manufactured by a process

i ncl udi ng Yidungs npslumfs |s)3xpeetpelmnt’fg1ﬂkretlpomders ii) formng a solid green
body, and iii) sintering the green body by neans of a conventi onal
hard-nmetal sintering nethod. The preparation of the starting powders

i nvol ved @&H%@gdﬂhﬁiﬁanﬁnﬁr@dlm‘erVieldrfbrﬁ\t,@hmt@v@el¢brh|b@ctéartggeﬂt|l@®ut 200
to 250 mcrons with WC grains with average size distribution in the range
of about Huring3ingl stages ehassaspklytto psdes agormplete pped hedveprdee tWat nay

typically be us r ed

car bi de nﬁ?%‘?rﬁa?&ﬁ%ﬁ%&%g@rggt ‘?%rgé%ﬁé Iongﬁ%ffod%ééﬁn@/r?g%‘f %gm powder
wer e aboutp rgcgg(.;"? afds. 6 Wt.% and 5.4 w.% The powders were bl ended dry by
means of a nultidirectional (Turbula)(Registered Trade Mark (RTM) m xer
and an organic pressing aid was introduced into the blend. A green body was
t hen for ny [ e igftiRe f

schemt | cat e ot SESIRRL AR Place e B o e R B, iy s
pl aced i n Ehié praxsitered VEIOG) eotrgubstte aaterbay arfirindvase dhring Iigh pressureer i ng

whi ch | ved h b
peri od o sneing Fciive pravided defipfenFERE Roltale 3R Broag oy MieS oy e
from the fuHiRace poRIdrPorE@Phhddlamb@mpigt i on of the body reveal ed that the

outer portions of the dianond grains had converted to graphitic carbon, but
that the |nner portions or cores thereof had remai ned as di anond. The

sintered g ol.st ortion
of "t he- surhfiidlen” Hie "Bipdiif0  BoecPRght bF EhneBidafl Shodiberd HRREREOL O
grains an%rb@u&ﬁor%r@@hckdm@ﬁd varioas \Whplications dfahemgcanaiaveaay epscifies, i n t he
range of 1 to m crons. The sup Ortn‘POrt on vvas {f\gf actured usjn

convent i oﬁéﬁsﬂﬁbﬁé@ aet be copstru presentinyentip; he art
f ts f
of prepari B Ih{juseiréﬂgwgcgag%%ﬁé oﬁ%@se%ﬁ;snanb%wmmmg s for

the oil an pre-form conpriséed di anond grains
bonded t ogsmmrlybmthmaembonﬂlmmt@p@am m\tanrlldermawdaa dergsed padctp tlopw

pre-forns an t ho o] arin mare known in t

skil | ed pe‘ﬁl@?ﬁ{pﬁm gﬁ%rﬁﬂwﬂh%'p ?%D%Qg% A PrERIS YRR tﬂ‘ep%FgP%aog%%ventl on
into effechy &W Hdrerdrs enbiRaBE aRP lihfiteB DBy Btdappendsd Blaiths ppged in
cont act vmth t ol ster pre-format the pointed non-pl|anar surface, and

the reinf omrdggﬁ(ﬂwxl‘éﬁlelp’@r rather thas ki thedoerpaing deseritionyi A'ha@‘ﬁ@‘)@%pport

porti on. s,.asse re-f.o a
pressure g‘? &ii %?S’t?{hdnﬁhﬁﬁ%t'g}?gqgﬁe ‘}‘zee”é afse(?'a I§§§ed o;épé'ﬁout %&%& deg
for about Wfihifil nHE esneatiesean@ndeopenst vibee ctamis tehat tali beorethbrased.

t hernodynamically stable, resulting in the nelting of the cobalt in the
pre-form conponents, the



sintering of the PCD and its integrally bonding with the reinforcing

bol ster portion. At the sane tine, the reinforcing bolster portion was

i nt egr al Iwokorvdaessand sintered with the support portionPCDUB20g0i46e hPhT
sintering step, the graphite surrounding the dianond cores within the

bol ster pre-formreconverted into di akbnd, albeit in a different form than
that of the dianond introduced to the powders. The reconverted di anond was
in granular form the grain sizes being substantially |less than that of the
cores, and generally isotropically dispersed around the cores and form ng a
kind of cencgmigi c spherical halo. The reconversion of graphite to dianond
resulted in the volunme of the reinforcing bolster portion being reduced by
about 30%, |} .i:S. r -l Ak i t

prepari ng 1t‘ h%”r"i?én or Ce?rﬁgﬁ%%lﬁotg%)gtt ﬁ%gr ??Toﬁ%k’@-g'ﬁ gfamé%% ﬁg;}%@ hrgwg@i red
shape and si ae/ohiméhand bomdext t0 mgsuimstsaie at @or intefaceahd superhardedami t hi n

the finish product. The extent of thi,s volunme shrinka cqoul d b stinat ed
by cal cul at PB@I‘{'”%&” é‘V@@rgeeg/OBf‘g_én'ﬁ‘ioF’P_[’:’ﬁl o#quagcpr m gﬁpo&#as@é ﬁ?\/as f ound
to allow a T'Pﬁlﬁ‘s&@éié‘éhéta‘:ctéﬁs%@' iﬁtthé‘ﬂ;i]g C?H@?igesta femfBRiNEBSster PofisNas

accurately in advance at potion iamond grain volume will convert
to graphite duméanp fonetifemingatregina ofdhatsabsiiatespreximate tlee intedage Hire

sintering ste he jacketed i.nsert. was f t t he
Paoket was r ER0BIG OITRERtiGR Pkt AETRERE 1O P REFRRIS . | "Vas
processed t ofHt dikhd EOpSLhaaccdpohsd ancerags YoangBanwodulosta deauttc0%ni ti al
indications fromfield testing are that the inserts nade according to this
exampl e may Wwhef heysipardiaid ICpPhi gher i npact resi stance and
effectiveworking lives in asphalt degradation applications than PCD inserts
of the prior art. Exanple 2 Exanple 1 was repeated, except that the di anond
gr ai ns i nta.oduciedeitdozotding fovelains 1oftvherain ribe meinfaricing bolstireponiontis on had
an average size in the range from about 10 to 50 microns. Exam nation of
the sinter eddﬁ@Pﬁ?‘?JPE‘?)ﬂ@aFfoﬁ ! t}er'Ig&GPti on green body after it was renoved
fromthe furnace (after cooling) reveal ed that substantially all of the

di anond grains had converted to graphite. The sintered green b0d¥| was used
as the bolZt An ipsert fascordimx dorplaém3! wherginsthexainioreingshelater arti@t hegpe

PCD- capped inserts re sin ._ont 3 [ aj: Q f the
substrate fuﬁ@tqqgﬁ%@aﬁ N U@%ﬁé?&ﬁ, g%'%@.gﬁ ﬁ{q?gﬁrﬁgge(ﬁggt;eg ﬂt\'?éc}ﬁ%g%s&fﬁggul us and
stiffness. Thgpaohdidneas Hhd areavarbge haamgRCddihey bf atvesast F0ks thatofal | y

pl anar. The di anond- enhanced substrates were made using the nethod

descri bed i ntf@(&lﬂﬁﬁ@aidtcéprrake t he di anondenhanced reinforcing bol ster
portion, with dianond grains being introduced into the starting powders.

The respective proportions of dianond, WC and Co powder were about 7.1

wt. % 86. 4.wAn%nser dccording%o drhe odeaofocidings di tos3 halterain theereigorgngi n si ze
in the range from abqut 60 to 80 m crons s. measured by a Mal vern

Mast er si zer PRIFGT POFHRN GPARHRES BBQ\%{élParas@ﬁé\RﬁgeEl enent Six product PDA878
240/ 270. The substrates were manufactured by a process including the
following steps: 1. 62g of di anond powder, 56g of Co powder and 750y 13 W %
Co WC powdzr Annimsert aecording pbi @y wherof-claings pEG, 3wilkerptiuthed reinfasciagvessel

of volume apprpxi mately 500m : 2. ffi Ci l. tQ Hrry was
added; 3. Th@ogﬁt?frﬁ’?)%aésmmg@&? g&gﬁ%oé %?ﬁﬁérmgﬂ%%r'ghgghggn@g%ﬁ%ﬂen down
to soft aggl emmnaéemetil! Suditdd asbain dviesinl the aveldi sivé of thvaiesr-iverd pl aced
into a die and conpacted to forma green body. 6. The green body was
sintered in grapaicartcatridhag JPBNGEORS - nt eri ng appar at us and
pressure-tenperature. After sintering, the substrates had a dull grey
appearance due to the presence of graphite (by this stage, at |east sone of
t he di anongl iAm insertdhcuondidgconam nhagfseaipised amdl velwarpinethel guperdvardt ed i nto

raphite); and . .
graphite) material comprises diamond.

7. An insert according to any one of claims 1 to 3 wherein the super-hard cap

is bonded to the reinforcing bolster portion at a first interface and the



7. The substrate, which was substantially cylindrical in form was then
ground to the sane outer dianeter and height. The enhanced substrate
pre-fornswoerw/aetsst i t uted for conventional, CocenentedPCanBrdgoswist rat es
in the subsequent nmanufacture of PCD 'bgserts. A PCD | ayer was integrally
sintered onto each enhanced substrate<tsing a conventional hphT approach.
As is known in the art, this process invol ved di sposing di anond PCD

pre-form conpri.sin i i n one_e of . subst forma
omposi te. prBnardie ArEEr eoflithi® rBg ke ARt PsiBhat A Refah o
insert capsuinesifatethd suppgurhfosiontcemprsingathardvenatalpsul es were out - gassed
using a standard process wherein air was evacuated fromthem which were
subsequent |y seal ed. The capsul es were subjected to a standard hphT

bl cat | G e Aot FaBIY B o TR | 67 WRTEI e pet Rl fap 11 10
gr eat er t hanhadaubuhdédOc)nveRying oy poirded o andl an apeb Hiaitasad rgdias | of t he
non- di anond cfa\r bon _in.the substrgt[ftsq,é:onverted into dianond, as in exanple
1. Exanpl e 40CWNalyEe intieapae efdy f'i"DEC bol ster portion having a
geonetry as per FIG 3 was constructed. A dianond table (PCD) was conpacted
fromgranules with organic processing aids that were burned off prior to
si nt eri ng.9. TAs insertraechrdingl te aryyane otglaikmed 4o Znvherripibevauperdardheap by

conpacting wth apprqgpriately shaped. ld ng. Th i.anmond cor S
compr | sed ot NS a 2HBHRC £ AePE R HoIhed fohE Abal et BRREe Hbut i on
was a broad tRd dupsrdiird ohp it BRRESex Beinben tisd ehderfesmab s 2U0mm.t o 45um  The
total particle size range was from ~2umto 50um The di anond conpact
contained Co as admi x but was primarily infiltrated with Co fromthe
Substrate b e j t Le j ' tion was
conpri sed 1@ﬂgnm§§h1 %C(g@’a&{ggﬁbm W%ﬁ‘?t pﬁl@%%\ﬁ: %&ﬂgzégﬁﬁ?g&n@%@%g%i cles
and cobal t. Nedrage Yaingsmodulss: afithersupembare cagr iseplediet teen980 GRend 3:1 . A
hi gher Young's nodulus is expected with 1: 1 ratio. Both the dianond and
bol ster portion conpacts were conpacted together during final stages of
assenbl y tﬂ.ﬂgsws;@r@ae@csf’alr@t@obémﬂo%t WERe L BrRcbYRg! A¥ARS - wHdYeh 8he0
ensured good densificationprior 'to renoval of the organic processing aids.
A pl anar i nt avérage ¥abxr's masiulussobihgceinfatcinghbolstes eastion Iseintbegasge por ti on.

This pre-sintere osite acted as a firmbase during high pressure
sintering anﬁgg\ @%d\ﬁg@? g%c??addi tional Co for infiltration and proper
sintering of both the bolster portion and di anond table. Although the

foregoi ng description of consolidated superhard material s, production

met hods, afdARainselsacgsdingato any @te Ohediaigdnt aton Inwhereipdber avesage hese
should not b St e AL ) t i i on, but
nerely as pr‘ZS,’?QQEgﬁﬁﬁﬁ'ﬁgﬁﬁgﬁ'%ﬁégﬂ?é@ﬁ?@%2@?%}%@92%6?3.@%3@'9@m- larly,
ot her enbodi okthiesredffotcirey boigtenipodiomiayin e chngesfeaim \@b0db 900 @GPa. depart from
the spirit or scope of the present invention. The scope of the invention
is, therefore, indicated and linmted only by the appended claims and their
| egal equiishgnhsert GetoiRing fAENPYNé BE tHOpRABHING Cl8PEs WRBHR thé\sLip&ddi ti ons,
del etions, and nodifications to the invention, "as disclosed herein, which
fall within hael sepntorgpriges BEbh@ndf thenesiniosging kolster gpopliore ebmprises CLAI V5

vavi ng. o vol TP AHoRE dals: 8% mela) Sty SO kel imalr #is et NEEMEREE, Shar o
cap having apifa¥ersiganddurtbies com@rbing & bitderadahprisiag a9H8nsion anstat, he

substrate characterised in that it conprises a reinforci rclgﬁgol ster portion
as a means f8nddliampadiingranvlagiospasticulaie s theseperaidedr borded

interface, t Rolt '@fmg%m TQP‘gs&O%tﬁP%MOW havi ng an aggregate yol une t hat
is greater than t’hat of the sdper-hafd cap and an average Young's nodul us
at least 60%that of the super-hard cap. 2. An insert according to claiml
e el L CRRoS RS RS AR AP ks ABAARG B B8RS bine
preceding claims, the method including providing a pre-form for a
reinforcing bolster portion, a pre-form for a support portion and a pre-form
for a PCD cap, assembling and contacting the pre-forms in a desired

configuration to form a pre-form assembly and subjecting the pre-form



3. An insert according to claim1l wherein the reinforcing bolster portion
has an aggregate volune that is at least three tinmes greater than that of
t he superwbant/@egs3and an average Young's nodul us of at PCe#aB200y0Ms4hat of
t he super-hard cap. 4. An insert accogging to any one of clainms 1 to 3
wherein the reinforcing bol ster porti conprises super-hard material. 5.
An insert according to any one of clains 1 to 3 wherein the reinforcing
bol ster port teri Wi t hin
a bi nder é%b gﬁ{dazﬁia'gaqﬂt rﬁvﬁeurrg g é&é’@% cgalrnggcloog ?ﬁ?@@ger- har d
grains is greaahmndibaherﬁﬁbdyrmmmﬂyﬁablén |nsert according to any one of
clains 4 or 5 wherein the super-hard material conprises dianond. 7. An

i nsert accordlng to any one of clainms 1 to 3 wherein the super-hard cap is

bonded t o rA m@ﬁh@ﬂap&uﬁggtﬁﬂ igpait ageprdingtaaanyof Flaies i1 ie &t tacdedade
thereinforci ﬁﬂb@%k%c%e@%hb@@ droRRAGHE &&nﬁnﬁl{]@ﬁ’%@ n?é%%hél%’be?éct@d second
i nterface, e support portion conprising a har nsert
accordi ng toﬁamytbaegmMpcban¢S$kmtGoékMMBneMmetamjsmnﬁmﬂhahé oagthbds a

ded, t ed f d t hat di f
curvatui e | KRG RGB! Eageing he oy Rand BoR 13 batbedhany bRy one of

clains 1 to grmﬁ@@gbﬁ_the super-hard cap has a rounded, converging or

poi nted form and an apex, the thickness of the super-hard cap at the apex
being in the range from1.4 to 2.4 nm 10.An insert according to any one of
the preceding clainms wherein the average Young' s nodul us of the super-hard
cap is greater than 960 GPa. 11.An insert according to any one of the
precedi ng clains wherein the average Young's nodul us of the reinforcing

bol ster portion is in the range from650 to 900 GPa. 12. An insert according
to any one of clains 1 to 9 wherein the average Young' s nodul us of the
super-hard cap is greater than 960 GPa and that of the reinforcing bolster
portion is in the range from 650 to 900 GPa. 13. An insert according to any
one of the preceding clains wherein the superhard cap conprises PCD and the
rei nforcing bol ster portion conprises netal carbide grains, the netal being
selected fromW Til1lTa, Nb, Mo, C, Hf, Zr, Si, and further conprising a

bi nder conprising a transition netal, and dianond in granul ar or
particulate form the super-hard cap bonded directly to the reinforcing

bol ster portion. 14. A nethod for manufacturing an insert according to any
one of the preceding clains, the nethod including providing a pre-formfor
a reinforcing bolster portion, a pre-formfor a support portion and a
pre-formfor a PCD cap, assenbling and contacting the pre-forns in a
desired configuration to forma pre-formassenbly and subjecting the
pre-formassenbly to ultra-high pressure and tenperature conditions at which
di anond is thernmodynamically stable. 15. A method for using an insert
according to any of clainms 1 to 13 to degrade or break bodies, articles or
formati ons conprising hard materials selected fromthe group conprising
rock, concrete and asphalt, the nethod including a step of causing the
super-hard cap to inpact the body, article or fornmation.



