WO 01/ 81354 PCT/ US01/ 05417 METHOD FOR PREPARI NG A CONTACT MASS BACKGROUND
OF THE I NVENTI ON The present invention relates to a nethod for preparing a
contact mQe1/8MBre particularly, the present invention reCRUSE/Se17a net hod
for preparing a contact mass for the direction reaction of powdered
silicon, alkylhalide and copper catalyst. Rochow, U S. Pat. 2,380, 995

di scl oses preparing a m xture of alkyl halosilanes 5 by a direct reaction
bet ween powdered silicon and an al kyl halide in the presence of a

copper-si licon all oy. METEODEROR IPRERAR INGTADDONTAEIEMASS t 0 as the "direct
met hod" or "direct process.” The reaction can be summarized as fol |l ows:

(1) Me2si %é I\éfg& Cl3 Si_+ McCl Me3SiCl McHSIi Cl2 Me2HSIi Cl 10 where Me is
met hyl . %HNI%O%H{%@HV@N{HDW chl orosil anes, "residue" is also

f or med durl ng the production of methylchlorosilane crude. Residue neans

products in_t herndiplebom Weﬁﬁ&?fe'lzﬁ&eco%rrﬂgﬁo&'f"o‘f'p aﬁn 9ichhiag: rH?ésntM&reeat er

t han about 70C, at at nospheric pressure. Resid nsists of materials
such as di B&I’llaliﬂ@@y,ftbfr plemmventhlﬁre@}mmwrmdhbd ﬂo,r:preparmg a contact mass for

2,2-tetrac rodlrret | di si |l ane | orotrineth si | ane;

di sil oxanegL bregll(fnnrg?% ﬁ 88’;?8 Sgltcﬂlé’ratl léﬂ&@ 20 CPPREY gtﬁb'éf es for exanple,
trisilanes; trisi onanes tI’ISI | met hyl enes; etc. 1 WO 01/81354

PCT/ US01/ 05417 Rochow, U.S. Pat. 2,380,995 discloses preparing a mixture of alkylhalosilanes

5 by a direct reaction between powdered silicon and an alkylhalide in the presence of a

i

copper-silicon alloy. This reaction is commonly referred to as the “direct method” or

“direct process.” The reaction can be summarized as follows:
@
Me,SiCl,
MeSiCl,
Si+MeCl — Me;SiCl
MeHSiCl,

Me,HSiCl

10 where Me is methyl.

In addition to the above methylchlorosilanes, "residue" is also formed during
the production of methylchlorosilane crude. Residue means products in the
methylchlorosilane crude having a boiling point greater than about 70°C, at
atmospheric pressure. Residue consists of materials such as disilanes for example,

15 symmetrical 1,1, 2,2-tetrachlorodimethyldisilane; 1,1,2-trichlorotrimethydisilane;
disiloxanes; disilmethylenes; and other higher boiling species for example,

trisilanes; trisiloxanes; trisilmethylenes; etc.



As shown, the al kyl hal osil anes forned by the direct reaction include

di met hyl di chl orosil ane referred to as "D' or "Di" and

met hyl trive@boswssd | ane, referred to as "T" or "Tri". ThesBCHUSOIIS¢17M8] Or
products of the reaction, which typically produces dinmethyldichlorosilane
in a range between about 80% and about 88% and 5 nethyltrichlorosilane in a
range between about 5% and about 10% D net hyl di chl orosi |l ane has the

hi ghest commercial interest. AT/Dratiois the weight ratio of

met hyl trichl or osd itRme, tie dikyleilbsiladectohfedby thenrebivebionGheldge
nethylchlo_osilgPe reaction product. An increase in the T/D ratio indicates

that ~t her elimediyidichlerosiane refermed do a5y dofuert Iy n 2pd methyltpicklprgsilagg, referred

di et hyl di 0§} ppe. , : gg% tL0: hSo: tant and is
t he objecfsg%ezuﬁ%{gﬂé'¥¥%€gsgﬁéﬁ%§&?g)ﬁﬁggﬁ |re%tk®ég§F|§WhE@ﬁ{lian1 u. S.
Pat. 2, 464rodgesilsudtindéshlososiigne inncrange bawbemationo80%iant abow#86 amht al yst as
a propoter_t chieve . a higher selectivity ]é,fgpi met hyl di chl or osi | ane.
Glliam di@@ﬁ@%@l‘?rﬂﬁ%anﬁ “b?é%i&efbrewepﬁg%utéﬁ(ﬁ %@% about 2% and about
50% by 15 meicaifidichlofRRREY hdsth&hi@ABA bathnleRidNiNkreds A NPDRAkA denor oxide, and
preferably 5 to 20% and zinc in a range between about 0.03% and about
0. 75% by \wsighitratioof methybrighlefosilanerte dim¢thyldichiiresilao indtae cordezi nc netal , or
m xture t f . el f . L .and-zinc.are b on the
mxture UIEERLyGMAN KRSISIOALS, R0 RORRET jANILAL NG GBI P
substi t ut esla dedreisede desirbéungidn of trtpreferrdd diihdikyldichlokxilane.| Hogeel thet he di rect
20 rcla ctiagn between silicon powder and nethyl chloride. Radosavl yevich et
al ., (?nf | WERgeodict spiiads imnesant ard 1sghe piject ad npmerops gmproyswenisto hgsses for -
Di rect SynjihesiesciiaMet hyl chl orosil anes, | NSTITUTE OF | NORGANI C CHEM STRY,
Bel grade, Yugoslavia, (1965) discloses that micro quantities of silver
added to contact masses resulting fromthe reaction of powdered silicon and
25 net hyl chl orGitléan,iJ ShBatp2 .é6408kdistlogspsingzirchih oindinatden méthsepperhe yi el d
8; f gf;g{:cgiﬁll}%% h {)%?neo%ér t‘(’)we]tlcllligvet 4 Higﬁenrdse e%li\(;iwg% &meﬁ{yll(ﬂghlbrnocslrlaerﬁse t.he rate
Gilliam discloses that a proportion in a range between about 2% and about 50% by

15 weight of copper in elemental form or as the halide or oxide, and preferably 5 to 20%
and zinc in a range between about 0.03% and about 0.75% by weight in the form of
zinc halide, zinc oxide, or zinc metal, or mixture thereof, where the weights of copper
and zinc are based on the weight of silicon, can be used as a promoter for making
dialkyl substituted dihalogenosilanes, such as dimethyldichlorosilane in the direct

20 reaction between silicon powder and methyl chloride.

Radosavlyevich et al., Influence of Some Admixtures on the Activity of
Contact Mas&es Sfor Direct Synthesis of Methylchlorosilanes, INSTITUTE OF
INORGANIC CHEMISTRY, Belgrade, Yugoslavia, (1965) discloses that micro quantities
of silver added to contact masses resulting from the reaction of powdered silicon and
25 methyl chloride in the presence of cuprous chloride decreases the yield of
methylchlorosilanes, while tin and calcium chloride increasg-: the rate of formation of

methylchlorosilanes.

Rong et al., Aluminum as Promoter for the Direct Process to
Methyichlorosilanes, Silicon for.the Chemical Industry III, J. KR. TUSET EDS. 199

30 (Trondheim, Norway, 1996) discloses adding solid aluminum compounds to improve
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nmet hyl chl orosil anes. Rong et al., Alumnumas Promoter for the Direct
Process to Methylchlorosilanes, Silicon forthe Chem cal Industry IIl, J.
KR TUSEWE@&DS813309 30 (Trondheim Norway, 1996) discl oseBChaidomg4Eolid
al um num conpounds to i nprove 2 WD 01/81354 PCT/ USO1/ 05417 reactivity and
selectivity of the direct process. Ward et al., U S Pat 4,500,724
discloses that tin and zinc are inportant in inproving the direct nethod
and can be controlled to provide inproved al kyl hal osilane product
sel ecti vi tryactivﬁtylandlselemia/ikymfsheaaéirdcypm%ssg Wﬂd@h?l.,{j@.ls. Fﬁlﬁ’%@’ﬁ%r osi | ane

| hal osj.l anes_.that will 5 enhance the rate of dine I C
? l) lr(?]/at ?o n, dl?%&fﬁ?: g’a{]ﬁ’é a% BINGATYHIPOF ARG 18 mArpvingthe diee n@ﬁtﬁle@mi:@ntWe per cent

by wei ght &k inaw & DRV IhL i ity han about 70C. " BRI EF
S{JI\/I\/AR% O:da’%flgml I\I\/E&I\(I'si"ll%\lﬁhTé}gvpr egiént ?i}]a\?lg ﬁdgg{l&?répcﬁg%s di rect process

di met hyl di chl orosilane 10 formation, and selectivity \(\,hi e mai nt ai ni ng or
subst anti al |y rMethedsye cerstanily being saugltrfidi mgking atktyéhaposilanest thatnwi@int i on, a

i i by f ] S si.licon with a
Form o oophaicBhe AR e difelly ARG s, RN, Roufibe afb Eiehsidia 1  nan
about 500Ghaihtireor redivedherpsitent b vediie 9€ ptodusts 8R¥iheR boflm! Rt RedterTet hod for

maki ng an té?{S a}l kgjﬁg | osi |l ane, conprising heat treating silicon and a form
of copper "3l &0 ature greater than about 500C to produce a contact

mass and effecting reaction of an alkyl halide in the presence of the

contact NMESRIEPSOUMMURS BIFDIRINOENTOR | n anot her enbodi ment, the present

invention relates to a reactor containing a contact mass prepared by
formng a mass of silicon and a form of copper and hqat 20_treat| ng the
mass at a tenpgﬁlﬁtptﬁséntgné%lttl@ﬂ impenyesdisent pEROS. dimethyldichlorosilane

. 10 formation, and selectivity while maintaining or substantially reducing residuals.
According to the present invention, a selective contact mass is prepared by forming a
mass of silicon with a form of copper and heat treating the mass at a temperature

greater than about 500°C.

In an embodiment, the present invention relates to a method for making an
15 alkylhalosilane, comprising heat treating silicon and a form of copper at a temperature
greater than about 500°C to produce a contact mass and effecting reaction of an alkyl

halide in the presence of the contact mass to produce alkylhalosilane.

In another embodiment, the present invention relates to a reactor containing a
contact mass prepared by forming a mass of silicon and a form of copper and heat

20 treating the mass at a temperature greater than about 500°C.

In yet another embodiment, the present invention relates to an alkylhalosilane
reactor containing a contact mass substantially free of forms of copper other than the
eta (Cu,Si) phase.

DETAILED DESCRIPTION OF THE INVENTION

In a typical instance, a mass for producing alkylhalosilanes is prepared by
25 reacting silicon and cuprous chloride at a temperature in a range between about 280°C

and about 400°C in a furnace until evolution of silicon tetrachloride (SiCl,) ceases.

3



I'n yet another embodiment, the present invention relates to an

al kyl hal osil ane reactor containing a contact nass substantially free of
fornms of woppessother than the eta (Cu3Si) phase. DETAI LEOI/DESCRUPTI ON OF
THE I NVENTION I'n a typical instance, a mass for producing al kyl hal osil anes
is prepared by 25 reacting silicon and cuprous chloride at a tenperature in
a range between about 280C and about 400C in a furnace until evolution of
silicon tetrachlqride]£SiCl4).Qeases. 3 WD 01/81354 PCT/ US01/ 05417 The )
resul ting Seg requldisgseliheoniaing siljpomand eopppreandancalled “contheidndssSrithect mass.

The cont | de]| | t St.ep;Q ntact with
al kyl hal i 3@5“%4?32‘3%?5%951%%?‘%%‘?%39 f&gensgép ‘i{gcé’é}g‘gf Wifﬁﬁkyﬁl}?iﬁsﬁ%g%ﬁfm |
i nvent i on, alkylhhlositanen da@ofdiignodhe pep@R invehton, RERontahe atfeigh bPcdppevarde an
I nproved cont act ss. 5 Accordi ng to the present invention, a form of
copper is ]&%ﬁfrﬁit?gg’ Rfievide animpEnyed contaeimass: mass. The form of copper can
provi de a wei ght percent in a range between about 0.5% and about 10%

rel atve to theagddiing {@ﬁﬁtﬁegennﬁxsénﬁoﬁr@%&magpggﬁ? SomHOLa with SARBRE! TS TN

a range between about % and about 7% and nor € eferably in a Tange
bet ween ablefprmeszass athsforms of capiper pangpravide aoveight petventinrd moge batwserpr oceeds

10 accordi b fallow, uation (11): 1) Si, +.4CuCl1 -a 4Cu +
Si C14 at aﬁ)t%lelﬁrg'g/g nlﬁi racefj0 g&%? ﬁ%ﬁvea otﬁ? erégeﬁoqtgétfrg%sm grqurﬁ%rct{%e ARRQUNt The
mass is thefitoppetis inf @2ingd batwedn abhid &4 &l SRWPRYaindiRore PisteRBRtinta €at ment
15 step conprises heatin% the mass to a tenperature in a range between

about 550C2B&RIbetyBeR Rbons Bircandmbents%p (Te praparadian iof thej contast massayrpeseds ure i n
a ragpge bejs&ih QH@fol%%&Qx&%@tﬂﬂti@ﬁ?ﬂi 1250C and nore preferably to a
' et wee

tenperature in & range

1)
Si +4CuCl — 4Cu + SiCl,
at a temperature less than about 500°C to form a contact mass.

The mass is then heat treated at an elevated temperature. The heat treatment

15 step comprises heating the mass to a temperature in a range between about 550°C and
about 1550°C. Preferably the heating is to a temperature in a range between about
850°C and about 1250°C and more preferably to a temperature in a range between
about 975°C and about 1125°C. The heating is conducted for a period that varies
with the temperature. Typicaily, the heating is conducted for a period in a range

20 between about 0.01 hour and about 8 hours, preferably in a range between about 0.05
hours and about 4 hours and more preferably in a range between about 1 hour and
about 3 hours. The heating is typically conducted with a steady application of heat
over the desired period. Alternatively, the heating step can be conducted by applying
heat to the mass in multiple periods, in step elevations or in pulses or the like. The

25 heating step is typically éonducted under inert conditions, for example, by providing a

nitrogen atmosphere or the like.

Carboxylic acid salts of copper are typically used as the copper source to make

the contact mass for the process. Copper formate, copper acetate and copper oxalate
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about 975C and about 1125C. The heating is conducted for a period that
varies wth the tenperature. Typically, the heating is conducted for a
period i waovsxge 20 bet ween about 0.01 hour and about 8 kODWSU/EBrEf er ably
in a range between about 0.05 hours and about 4 hours and nore preferably
in a range between about 1 hour and about 3 hours. The heating is
typically conducted with a steady application of heat over the desired
period. Alternatively, the heating step can be conducted by applying heat
to the maseienamples Ppswtaplerdadusyli¢ acid safs. élrm\@arimrsnatenalrshpmlﬂsehibma t he

i ke. The lng step is |caII d unde condi tions,
for exarrplggTrli}g% 633 Pt raggeh F%’b% 5?%69‘% R eragt an oné Car boxyl i ¢
aci d sal t smefers/gpdie by dlicenitrygdrCalsbiptivs abtias. the copper source to nmake the
contact mass for the process. Copper formate, copper acetate and copper

oxal ate 4 WO 01/81354 PCT/US01/05417 are exanples of suitable carboxylic
aci d salts. TheP¥Halhipxidized cepncaransaien beithe cRpRArsowce Emake theseatagh ea in a

h
rangesbet "BE8. apRME it %@gﬁ_&g%ﬁtla Iy 4 grefa%e &% dg@&%ﬁ%& FaRa by the

ni trogen adsorption net zed co r can a %be the
copper soureqeir¢drampk® mhlke T satisfactory Eatatystsa coifper eulistmuabjo free oﬁmmb@n bs a

| evel of ti five to copper that exgeeds a, q}ﬂ)r ed range to nmake a
sati sf act oarl%r%ag‘?cg JORUTEE exCEss I OT BiiFULeS Q IHICP?ta’I"t“Ege e% 314l GORBeThe

al t er nat edsubStaRtid BEfr@XGRHBcanl Ha uséd tothihiiEs dé’sﬁreﬁ'tiﬁ ABdAaRbAh fePPer and
copper substantially free of tin can be used to maintain a desired tin

concent r at iegHting catplyst. r‘§§b$t@ntWQYé@€@f yIQ t as uwdthereamrdfersity tin bemg @iesenn” as

usedherei nt _.l.ess than about 300
opm 1 oyt el a5 180 808" H e CoPUp AR b afR8 bRl & ke
t he cont acthanmabeaseptd meise tﬁa&mtactandsaa@ﬁpﬂﬁswlrﬁ@faﬁge béRemmsbuabout  33%
Cu20 in a n e bet V\gen about 57% and about 59%3 in a range bet ween

about 5% atrd® Bdabout dogel @ ema Fage Setveen abeutiSde EskARPuEEd%H54du i
range between about 5% and about 10% Cu, 350 parts per million (ppm) Fe, 54 ppm

Sn, 22 ppm Pb, about 0.05% insolubles and less than about 20 ppm Bi or Ti. All

15 percentages are by weight of the total mass of the partially oxidized copper.

Particulated cupric chloride, cuprous chloride, particulated copper metal can
be utilized in making the contact mass. Zinc metal, halides of zinc, for example zinc
chloride and zinc oxide have been found effective as components of the copper
catalyst of the mass. Tin metal dust (-325 ASTM mesh), tin halides, such as tin

20 tetrachloride, tin oxide, tetramethyl tin, and alkyl tin halide also can be used as a

source of tin for making a catalyst component of the mass.

Silicon used in the contact mass can have an iron (Fe) content in a range

between about 0.1% and 1% by weight based on total silicon, calcium (Ca) content in
a range between about 0.01% and 0.2% by weight based on total silicon, and an

25 aluminum (Al) content in a range between about 0.02% and 0.5% by weight based on
total silicon. The silicon typically has a particle size below about 700 microns, with
an average size greater than about 20 microns and less than about 300 microns. The
mean diameter of the silicon particles is preferably in the range between about 100
microns and about 150 microns. Silicon is usually obtained at a purity of at least 98%

30 by weight of silicon and it is then comminuted to particles of silicon in the above-
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Sn, 22 ppm Pb, about 0.05% i nsolubles and | ess than about 20 ppm Bi or Ti.
Al 15 percentages are by weight of the total mass of the partially

oxi di zed woppsrs4 Particul ated cupric chloride, cuprous chCDUS@ES417 _
particul ated copper netal can be utilized in making the contact mass. Zinc
nmetal, halides of zinc, for exanple zinc chloride and zinc oxi de have been
found effective as conponents of the copper catalyst of the mass. Tin netal
dust (-325 ASTM nesh), tin halides, such as tin 20 tetrachloride, tin

oxi de, t et gy bargk or RAshrAtdedrhd bonikighide al so can be used as a source
of tin for making a catal yst conponent of the mass. Silicon used in the

contact mass can have an iron (Fe) content in a range between about 0.1%
and 1% by wei ghOnsakecostact wess is ormed oy St avivthuin alapfarsdtie as etasphase, r ange

bet ween ab %,: ° | ght S on total silicon, an n 25

al uni num (iﬁh egge%%ﬁﬁl?ﬁhﬁ’jgoq’g%r@an gg}ﬁl}ét%] m?ecé)%@dé:g%'ﬁfs‘ Oﬁt?fj/gvgiﬁﬁl t_ﬁmg%awe a%al%ght

based on tmwehiaiens of the aontaditigass stibstamtially ficeststhb ag-phapest dopber SuAgibel ow

about _700 'cri(E)Ts‘,emwith an average size greater than about 20 m crons and
gifotﬁ alg

| ess than aG}iM4S¥%ns. The nean dianmeter of the silicon particles is
preferably in the range between about 100 mcrons and about 150 m crons.

Silicon is usualthy (bt atResig! haremtfichis BE allﬁii?J %?a%af%?s%&%a?ﬂni‘é@ﬁﬁht of

silicon and it is then conm nuted to particle con in the above- 5
WD 01/ 8135prqdatiiassolidiostyiiciderssitinsees shawgdof eramplepype agduotiornin thee cont act

mass. Once nt-aat ss,1s forned, Si.,. which is also referred to as
et a- phase, V'Ii]ilagof ﬁ-lg ]gﬁerﬁgﬁf%%?ﬁfedfl?)t??ﬂ l&th%rﬁéﬁdu?'n the contact mass. The
el evated tenperature heat treatnent of the contact mass substantially
i ncreases the eHargihabetebi "effeqe ahunt)]" mBansSthithendudt af a aiRtaged Mass. The

term"selectiyjty' herein neans the ahility of a catal yst to maxim ze the
prodd® i on C"i‘ﬁaaﬁ ‘#F?ﬂth?l BrERTRS iYPf‘ég Qfmﬁ@l@%&/\?ﬁﬂﬁm POLEGhArdngseasingr educt i on
in the selectivity toward dimethyldichlorosilane.
The T/D weight ratio of the methylchlorosilane reaction product is of interest.
The T/D ratio is the ratio of the methyltrichlorosilane to dimethyldichlorosilane in the
crude methylchlorosilane reaction product. Accordingly, an increase in the T/D ratio

15 indicates that there is a decrease in the production of the preferred

dimethyldichlorosilane.

Although methyl chloride is preferably used in the practice of the present .
invention, other C, alkylchlorides, for example ethyl chloride, propy! chloride, etc.,
can be used. Correspondingly, the term "alkylhalosilane" includes

20 dimethyldichlorosilane, which is the preferred methylchlorosilane, and a variety of
other silanes such as tetramethylsilane, trimethylchlorosilane, methyltrichlorosilane,

silicon tetrachloride, trichlorosilane, methyldichlorosilane and dimethylchlorosilane.

The alkylhalosilane reaction is typically run with a promoter such as
aluminum or phosphorus. The aluminum can be added in an amount to provide to the
25 entire contact mass between about 100 parts per million (ppm) and about 1000 parts
per million, and alternatively in a range between about 300 parts per million and
about 700 parts per million. When phosphorus is a component of the contact mass, it

is typically present in a range between about 100 parts per million and about 1000
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value of the T/Dratio and a reduction in the %residue. Herein, the term
"effective anount,"” neans that anount of a substance 10 capable of either

i ncreasi mgoOvhe13yd el d of the al kyl hal osi |l ane product or i ne€RESIIF417
selectivity toward di nethyldichlorosilane. The T/D weight ratio of the

met hyl chl orosi | ane reaction product is of interest. The T/Dratio is the
ratio of the nmethyltrichlorosilane to dinethyldichlorosilane"” in the crude
met hyl chl orosi | ane reaction product. Accordingly, an increase in the T/D
rati o 15 ipads patmeslidgnh@iativhés theieatie adbatcemass. iZiné mw:ﬂﬂlﬂdﬁﬂ ana@burithe

referred di net hyl dj chl oy osi | Al t.hough net hyl chloride is preferably
5sed in thénﬁfaé’g glvegp a Wgop(ﬁe/eém A’i‘?ﬁ/‘@ Ehforﬁlau ¢ tRothe eprtaghmassyn ch| ori des,
for exampl ad&itiby to &4 ARoul beREen aHOR1D farts EEICmﬂhor?Qrﬁl ® ﬁh?@‘f)er
Cor r espondi nﬂl y, the term"al kyl hal osi|an I hcl udes 20

di met hyl di enllwmesi | ane, which is the preferred nethylchlorosilane, and a
variety of other silanes such as tetranet hyI silane, trinethylchlorosilane,

|
et hy i chi or oS RRReuAR e P Rpteleh BEAL PGS solibhel SPGB af B nsrein

reaction i $efbgspodfddhynﬁ¢amcampdsurﬂl thatQroiass the @bcodsur bldfieRtio EmeMto sgahor us.
The al um nghn; can be added jn an anount to provide to the 25 entire contact

mass bet we&f BEuLDeIIYIGEL taéu%@fm%ﬁaphﬂéhﬂ?(ﬂﬁ]am%naf@aevs altnys ipsdnding per
mllion, apg: @dibpiipatd %%ﬁér-a nﬁnﬁﬁ\%h%%bﬁﬁgﬁg@nﬂmtallaogﬂ%ﬁta?urﬂﬁﬁm{“ Iion

and about 700 parts per orus Is onen
cont act masBQY,|rmagnr-:Sumyq:bmmmuhyaltnyezre:nmblmtxans thepef.bet ween about 100 par ts
per mllion and about 1000 6 WO 01/ 81354 PCT/ US01/ 05417 parts per mllion

relatlvetothe ntire contact an be adde amount  in a
r ange ‘bet ween aE@?FP Ryo ﬁloé}lsdﬁadﬁ}o a&ﬁfnaﬁ%lnactaf‘??g SPBP f‘%&r%ﬁt act nmss
in additi oaiéty of bdurédd. Pt ia5EAIRY t&%ﬁ@%ﬂr@%ﬂke 18n BaEéppeP Bhosphidel ARc and 100
ts per
par P phosphide, phosphorus trichloride, alkylphosphines such as triethylphosphine or
trimethylphosphine or combinations thereof. With or without added phosphorus, the

T/D ratio decreases with the addition of the heat treated contact mass.

15 The present invention commonly may be practiced in a fixed bed reactor.
However, the process can be conducted in other types of reactors, such as fluid bed
and stirred bed. More specifically, the fixed bed reactor is a column that contains
silicon particles through which alkylhalide gas passes. A stirred bed is similar to a |
fixed bed in which there is mechanical agitation of some sort in order to keep the bed

20 in constant motion. A fluidized bed reactor includes a bed of silicon particles,
catalyst particles and co-catalyst particles, which is fluidized; i.e., the silicon particles
are suspended in the gas, typically methylchloride as it passes through the reactor.
Reaction typically occurs under semi-continuous conditions or in batch mode at a
temperature between about 250°C and about 350°C, and preferably between about

25 280°C and about 320°C. It is also advisable to carry out the reaction under a pressure
in a range between about 1 atmospheres and about 10 atmospheres in instances where
a fluid bed reactor is used since higher pressure increases the rate of conversion of
methylchloridé to methylchlorosilanes. Desirably, the pressure is in a range between
about 1.1 atmospheres and about 3.5 atmospheres and preferably in a range between ‘

30 about 1.3 atmospheres and about 2.5 atmospheres.
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mllion. 5 The al um num can be supplied fromvarious sources. "Source" as
used herein refers to the chem cal conpound that provides the necessary

el ement ovoel/ersents for the mass. The source of al um nunPCEESEOIFS3I7Um num
powder, various alloys including but not limted to copper-al um num all oy,
silver-alum numalloy, silicon-alumnum alloy, magnesiumal um num all oy or
conbi nations thereof. 10 Wien phosphorus is added to the contact mass, it
can be supplied froma variety of sources. For instance, the phosphorus

source can be th@%kp@m%ﬂﬁcoﬂmm@us PO iHs U R:ithR BGRB8 ItHS ddstiptidss de,
al kyl phosphi nes such as tri et C%: phosphi ne or trinmethyl phosphine or

conbi nat i oM Kepgtioast meppylichipridgiand g sontaeidaess srrsap Hot teectiorheolids A r at i 0
decr eases %&J& a{nlaqh@féq% &ufl fLm%ﬂ?ooIa%’Q% of tsﬁ?co?ﬁﬁ& 3%@110@&;% k?te;rhe
y na ac

present invention connnn e practiced in a flxe
However, t laboxprSO&’etstﬂlzaaun l:aﬂdummdheac&ahti; of silidwe, coppee satalyst; eachtalyst agluch as

fluid d d t|rr eci fi.call t flxe bed reactor is a
co:“u 1(:a hap?%n’&‘?f’?rél"??sy qedleéo%pl EQEIP mode Fﬁaﬁé@h au;m @WH@PP%{ES §&s
passes. A ghinbined a@&ﬁaabt%dsdllfﬂ in%r rehQ@ars uhtiPiRSht BEfhel réhc‘f%'t%t}e tcgtg{uﬁqéds In

nmechani cal dgﬁtatl on of sone sort in order to keep'the I n const ant
motion. A Prder ¢ prededdetic reaatiomhasi tn bk sthppedarsballditfons] teactonts pdded. cA es,

1 Toon panred PrEidrGhel Aol Pt BEEcopfiGih 1§ ot hyl chiori do s 11

passes through the reactor. Reaction typically occurs under

sem - cont i nuous Acanetict hrassomovaderézmmncrwdﬁc pet cafaBRpEmtethaddgioreen about

2500 abnd about 350C, ?’d?ﬁlﬁr ef, e@?b bet ween about 25 280C and about 320C.
sl0q) s Copfastaith wet pPrge tofpci lF?ée the gensration efcpdkylhal pYil®&Ure in a range

bet Ween abplrerhbBt ARSRHGE @f‘é’orﬁ?&xﬁx 4, sHenat Qﬁhetfh‘?&uien efc!! ?:hxgﬂg gflxé’&"er € a

fluid bed reactor’'i1s used nce press re 1 ncreases”’
conver si on mﬁh appetphipiecimh @mitiet poavdemdlﬂsylhqohl tm osnhaamkhealthisﬂoraabﬂnperaniw

pressure is e Bg we bo %ﬁl heres and about 3.5
at mospher e§ l??d‘?ﬁ (chtg A (gr “ﬁqlée”ral%g& 118 the nvention.
The contact mass of the present invention can be made by introducing the
15 above-described components into the reactor separately or as a mixture, master batch,
alloy or blend of two or more of the various components in elemental form or as

- compounds or mixtures and in situ heat treated. Alternatively, a bed can be formed

and heat treated prior to charge to a reactor vessel.

Features of the invention are illustrated in the following examples, which by
20 way of example without limitation describe preferred embodiments of the present

invention.
Example 1

A methylchlorosilane reaction was carried out in a fixed bed reactor. The
fixed bed comprised a silicon contact mass containing 5% copper catalyst, 0.05% by
25 weight zinc dust, and 50 ppm tin dust. The bed was reacted with methyl chloride at
310°C. The reaction was first run as a control with a bed of silicon and 5% copper as
copper chloride. In a second run, the contact mass was prepared by reaction between
copper chloride and silicon in a furnace under a flow of inert gas for approximately 1-
2 hours at 1100°C.



30 about 1.3 atnospheres and about 2.5 atnospheres. 7 WO 01/81354

PCT/ US01/ 05417 The expression "sem -continuous conditions" with respect to
t he descw@oi/snssof the reaction of nethyl chloride and a BORMUSEH0SHEISS neans
that reaction solids are added and the reactor is run until about 50% of
the silicon has been utilized. After about 50%utilization, additional
reactants of silicon, copper catalyst, co-catalyst and 5 pronpbters may be
added. Wth a batch node reaction, all of the solid conponents are

conmbi ned and r eBatasdmakpegtesiyyfonad das theanethylchlorsdanaofeacting uségrant s ar e

d. . | has. b t d and
St ona Do BEy e BB e E R R ik B B BYRRRE ot h +un under
bat ch condidimetinddichloessilb@e thantifescoatrop@waieing doppdr icﬁRiﬁi,deWAdeitﬁﬁmﬁ, rysgat al yst

can be nmade,prior to 10 contact with nethyl chloride to facilitate the
gener at i onoTedeRls GaPRsEisilicRB sontaghraass gays pethyichlosesilage progpgfanixésppound,

Such s Cuiapisredbah brodilct MeHREL, Bfid MtESiC1Whl PesRRY OPT 1 8t e amount s of
é td

powdered silicon, tin dr zinc an ate a tenperature of about 280 to
400C. and then heat treated according to the invention. The contact mass of
t he present i nvEwpioghergans were sankdicted with plmdpleomsyas hprohotatfosewiescr i bed

conponent s_.i.-nt o _the reactor, separate or ..as a mxtuyre, ter batch,

al | oy or bf’liel%al Py %o%erocﬁﬁ%dreecagaiys?%cl %‘5 iwéﬁsa REE; 6%@{;9@)6;%31@% ettt form
or as conpassNdsin@ist 10 Si-Hr@htaddiflg bpectds (MPSAC], bheMeHsiA hefdRihve! v, a bed
can be forned _and heat treated prior to charge to a reactor vessel.

Feat ures ofsiggephomhorusprameter prd;picheatedimpss. t he f ol | owi ng exanpl es, whi ch

by 20 way of exanple without limtation describe preferred enbodi nents of

the ppesengxaghpivention. Exanple 1 A nmethylchlorosilane reaction was carried
out in a fixed bed reactor. The '

A methylchlorosilane reaction was carried out in a fluid bed reactor. In thié
Example, methylchloride was continuously introduced into a fluidized bed reactor
having 20 grams of mass of copper and silicon powder comprising 5% copper
catalyst, 0.05% zinc dust and 50 to 75 ppm tin dust. The contact mass bed was
15 reacted with methyl chloride at 310°C and crude reaction product was collected and

analyzed with gas chromatography over a 24 to 28 hour period.

The reaction was first run as a control with a bed of silicon and 5% copper as
copper chloride that was pre-treated into a contact mass at 350°C. The reaction was
also run as a control with a bed of silicon and 5% copper as a mixed copper oxide that

20 was prepared in the fluid bed reactor at 310°C. The reaction was also run as a control
with a bed of silicon and 5% copper as copper chloride that was prepared in the fluid
bed reactor at 310°C.

In another run, a mass was prepared by reaction between copper chloride and
silicon at 350°C. The mass was then treated in a furnace under a flow of inert gas for
25 1.5 hours at 1100°C. The resulting heat treated mass was then used in the same fluid

bed methylchlorosilane reaction.

Values obtained from the foregoing runs are reported in the following Table 1

and illustrate the improvement obtained by heat treatment according to the invention.

9



fixed bed conprised a silicon contact mass containi ng 5% copper catal yst,
0.05% by 25 weight zinc dust, and 50 ppmtin dust. The bed was reacted
with et woOoobi3ss i de at 310C. The reaction was first run BET/ESEAs#t0l Wit h
a bed of silicon and 5% copper as copper chloride. In a second run, the
contact mass was prepared by reaction between copper chloride and silicon
in a furnace under a flow of inert gas for approximtely 1- 2 hours at
1100C. 8 WD 01/81354 PCT/ US01/ 05417 1t was unexpectedly found that the

net hyl chl OTﬁéinlaébewé&Qi%idrﬁmeH%t Bshrovfitaltdal %12%031966& @tlhke&feﬁ (G phakt mass
gave si gni f| cantly her selectivity for dinet fy di chl or 05| |'ane than the
control ru li?é‘i:tﬁtﬁl joncwheseinga apmmmat@nmpmyto yewon bps racteipat ed
copper/silicon contact nass gave mnet hyl chl orosil ane product m xtures '5
that were |ow in by-product MHS ClZgpfpNeH2Si C1 and residue. Two ot her
runs were conducted with phosphorus as a pronoter first with a silicon and
copper chloride catalyst and then with a pre-heated copper/silicon contact
mass. Al no€éppero [Sievdateront ai nildg speli es MeNBiadsi CINZeHgsidl McidRigieCl ) wer e f or ned
using the phosphorus pronoter and preheated nmass. 10 Exanple 2 A

met hyl chl - j tor. In this
Exanpl e, MW tde was cohti nddusly introddedd int d8 fluidized bed
reactor having 20 grans of mass of copper and silicon powder conprising 5%
copper  cataloyst|, siEorEnc fust and 5840 75 ppgn tin disy. The contact
mass bed was 15 freacted with nethyl chloride at 310C and crude reaction
product was col llected and analyzed with gas chromatography over a 24 to 28
hour peri oguClrhe [ﬂe%i@lﬁl@ﬁcwasg‘?%lrsﬁ?run 4as a coft?ol with6a bed of silicon
and 5% copper as| copper chloride that was pre-treated into a contact nass

at 350C. Thgcf eacid0n e 867 44 3.5 0.1 5.3

Crude values at approximately 18 to 22% Silicon Utilization also

5 demonstrated the value of heat treatment, as shown in Table 2.
TABLE 2
Copper | Temperature D T MeHSIiCl, MeH,SiCl _ Residue
CuCl | 350°C 851 5.1 3.1 1 5.3
Cu,O |InSitu310°C 850 57 3.7 0.6 4.9
CuCl | InSitm310°C  89.1 3.5 2.3 0.6 4.2
CuCl | 350/1100°C 90.1 26 22 0.2 4.3

Averagé crude values for approximately 20% Silicon Utilization also

demonstrated the value of heat treatment, as shown in Table 3.
10
TABLE 3

10



also run as a control

with a bed of silicon and 5% copper as a m xed copper

oxide that 20 was prepared in the fluid bed reactor at 310C. The reaction

was al sowani/sissa cont

chloride that was prepared in the fluid bed reactor at 310C
a mass was prepared by reaction between copper chloride and
at 350C. The nmass was then treated in a furnace under

run,

for 25 1.5 hours at 1
in the samgghdeH!

the foregoing runs are
the i nprovenent obtain

rol with a bed of silicon and 5% cPED@ESIIAS4TIOppeEr

I n anot her

silicon
a flow of inert gas
1OOC The resultl ng heat treated nass was then used

. . SiC T3
reported inthe fo Iovmng ool e lzand i1l ustrate
ed by heat treatnment according to the invention. 9

WO 01/ 81354u0LTA USG)/ 0
to 2% Silicon Utilizat
appr oxi mat

McHSi C12 'ﬁléé‘f%{urﬁ Si
77.7 6.1 3.9 0.6 11.3

/ 1100C 86. Tu143 durbs) O.
Uilization also 5 de

Table 2. T 2 Co
3200685. 1 ?BE%S 1 1pp?

b330PC The val 8%6 vveer detzrm ned at apprexi mately 1
on (a neasure reaction conpl eti on wherein an

d{é?"g}@%%o gt egg EOTQB}_E . .Codng-.T?g{?rature 510

n Situ 310C
CuCl In Situ 310C 84.6 7.3 4 0.9 2.6 CuCl 350

11755im Toede ved.pes 19 appy oxi matehy 18 t£322% Silicon
nonstrated the vaI ue of heat treatnent, as shown in
Temperature D T McHSI C12 McH2SI C1. ReS| due CudC
B10AL0¢n Si94l 31008522 5.7 3.020.6 4.43

The above Examples show that a significant dimethyldichlorosilane increase

is obtained with a heat treated contact mass according to the present invention.

A methylchlorosilane reaction was carried out in a fixed bed reactor. The bed,

6 grams, comprised a silicon contact mass containing 5% copper, 0.5% zinc dust and

50 to 75 ppm tin dust. The bed was reacted with methyl chloride at 310°C. The

run as a control with a bed of silicon and 5% copper as copper

pre-treated into a contact mass at 350°C. The reaction was also run

as a control with a bed of silicon and 5% copper as copper chloride that was

decomposed in the fluid bed reactor at 315°C. In another run, the bed mass was first

prepared by reaction at 350°C between copper chloride and silicon to form a contact

mass, which was then treated in a furnace under a flow of inert gas for 1.5h at

Example 3
5
reaction was first
chloride that was
10
1100°C.
15

Crude values at approximately 20% Silicon Utilization shown in Table 4 also

demonstrate the value of heat treatment.

11



Cud In Situ 310C 89.1 3.5 2.3 0.6 4.2 CuCl 350/1100C 90.1 2.6 2.2 0.2 4.3
Average crude values for approximately 20% Silicon Utilization also
denonst r v@d1/81384 val ue of heat treatnent, as shown in TabPer/BSo1/5@17TABLE 3
10 WO 01/ 81354 PCT/ US01/ 05417 Copper Tenperature D T MHSI C12 McHZSi Cl1
Resi due CuCl(4 runs) 350C 85.0 4.9 3.2 16.1 Cu,,O0O(3 runs) In Situ 310C
84.5 6.1 3.7 0.7 4.7 CuCL(3 runs) In Situ 310C 88.2 3.9 2.3 1.0 4.3 CuC1
310/1100C 90.1 2.6 2.2 0.2 4.3 The above Exanpl es show that a significant
di met hyl di chl orosi | ane increase is pABaigwd W th a heat treated contact
mass according to the present invention. Exanple 3 5 A nethylchlorosil ane
reaction was—carried out in a fixed hed reactor. The bed 6. _grams

conpri sed &°¥€f i con cont®t™hass cdht ai niThg 5%cH8iCher MBLACh ziResidwtust *and
50 to 75 ppmtin dust The bed was react ed with nethyl chloride at 310C

The reacti as—a cot vgj—h—g—bed—ﬁf—sa—l—v—eeﬁ;agrd——s%copper
as copper sc‘j"llglvg |(§15 tha%%vxgs pr e-tr%e q’ed I'nt o é” cont adt’ mass &S350C. The

reaction was also run| 10 as a control with a bed of silicon and 5% copper
as copper ¢hith(2 taisy hat/nis 3dseonposesl i 5.3 he2fd uid begs reactay7at 315C. In
anot her run, the bed mass was first prepared by reaction at 350C bet ween

copper chlgride and sill] forma_contact mass, whichwas then treated
in a furnagélcﬂnder a fIWﬂpbl(aert Qg%ls Adt 128n at  Piboc

While preferred embodiments of the invention have been described, the
present invention is capable of variation and modification and therefore should not be
5 limited to the precise details of the Examples. The invention includes changes and

alterations that fall within the purview of the following claims.

12



15 Crude val ues at approximately 20% Silicon Utilization shown in Table 4
al so denonstrate the value of heat treatnent. 11 WO 01/81354

PCT/ USO1MB 41/8135TABLE 4 Copper Tenperature D T MHSI Cl Z Me&EBsS@I05RTsI due
CuCl(4 runs) 350C 88.0 5.7 2.4 1.0 2.8 CuCl(2 runs) In Situ 315C 87.5 5.3
2.7 0.5 3.7 CuCl 310/1100C 92.5 4.0 2.2 0.2 1.0 Wile preferred _
enbodi nents of the invention have been described, the present invention is
capabl e of variation and nodification and therefore should not be 5
limted towHATOISeCLABMEEL&: | s of the Exanples. The invention includes
changes and alterations that fall within the purview of the foll ow ng
claims. 12 WO Q1/81354 PCT/US01/05417 WHAT 1S CLAIMED I1S: 1. A method of
preparing a contlact AhEwthod okpreparipga cortacimagss, qomprisig)the sieps oy a nass by
m xing silicon and a formof copper; and (11) heat treating salld \Arrzss at a
tenperature greagfer t ing oA A , erein
sairrg heat trgat ﬁef@)nt ifﬁ??ggggggszﬁggggflg S%SP%?@? g‘g%%g(gfr&%ﬁgljégéld;] contact nass.
3. The method of claiml, wherein said heat treating conprises heating
said contact nadH) at haattteaating saidnemss at atempegbird gtoatee thaakbout TWOC. and about
1550C. 4. The method of claim11l, wherein said heat treating conprises

' ' .8, b 850C
and about 1250C% 5. Lihaa el CRIL i nef PR ot T Pl g

conpri ses Hemi bf\@pper in said contact mass.

3. The method of claim 1, wherein said heat treating comprises heating

“said contact mass at a temperature in a range between about 550°C and about 1550°C.

4. The method of claim 1, wherein said heat treating comprises heating
10 said contact mass at a temperature in a range between about 850°C and about 1250°C.
5. The method of claim 1, wherein said heat treating comprises heating

said contact mass at a temperature in a range between about 975°C and about 1125°C.

6. The method of claim 1, wherein said heat treating comprises heating
said contact mass at a temperature in a range between about 550°C and about 1550°C

15 for a period of time in a range between about 0.01 hours and about 8 hours.

7. The method of claim 1, wherein said heat treating comprises heating
said contact mass at a temperature in a range between about 550°C and about 1550°C

for a period of time in a range between about 0.5 hours and about 4 hours.

8. The method of claim 1, wherein said heat treating comprises heating
20 said contact mass at a temperature in a range between about 550°C and about 1550°C

for a period of time in a range between about 1 hour and about 3 hours.

9. The method of claim 1, wherein said heat treating results in a contact

mass substantially free of forms of copper other than the eta (Cu,Si) phase.

10.  The method of claim 1, wherein said contact mass comprises copper in

13



said contact nmass at a tenperature in a range between about 975C and about
1125C. 6. The nethod of claim1l, wherein said heat treating conprises

heati ng Wabuswsnt act nass at a tenperature in a range berP@B®RIBSLE 550C
and about 1550C 15 for a period of tinme in a range between about 0.01
hours and about 8 hours. 7. The nethod of claim1, wherein said heat
treating conprises heating said contact nass at a tenperature in a range
bet ween about 550C and about 1550C for a period of tinme in a range between
about 0.5 hERnEs batweenBbert 045% end sbows 10%tHzey weightotlatifve ¢d thierentire eunéacei n sai d
heat treatjpng conprises heating 20 said contact nass at a tenperature in a
range between about 550C and about 1550C for a period of tine in a range
bet ween about 1 hour and about 3 hours. 9. The nmethod of claim1, wherein
sai d heat treatlhg rEbuiethotdnfalatmnt ahereimBsdbcsits bl tethpisek 'E:G}I@pe‘Pfinfor”S

of copper other, than the (Cy3Si ) phase. 10. The nethod of claim 1,
wherei n saf 180 ReHEED ﬁlé%%%ﬁ‘ﬁﬁi’é’@%%é pegightyelatize (gihe epdrezmytact mass.

PCT/ US01/ 05417 a range between about 0.5% and about 10% by wei ght rel ative
to the entire cmtacthe fethdd of dlainf NEwWRBeHOGiPE rﬁalc@'&rgg ﬂﬁ\ﬁ}?{ ' |
i ot We a oslco 1% 5%5'%%23 7% by

contact mass conpri ses copper in a_ range bet ween ut
wei ght r el &fangebetyeemabai2)y endeahoute byaweight relatige toTthe entitetvodtaof massai m 1,
wherein said contact mass conprises copper in a range between about 2% and

about 5% by weight r i ent | ss. 13. The t hod of
claim1, wherei %hsai 'ggeﬂrég%ﬁggﬁogg]{a?ﬁé,x%é%r%%s@@d;ﬁ%?é—?%awon%ﬁﬁ PG of heat
over a perapplicatioh of ket ovet hperiaf. cl ai m 1, wherein said heat treating

conprises applying 10 heat in multiple periods, in step elevations, or in
pul ses. 15. The14rret d of .cl a'%nf 1, whlelrej n sda}ild heat treatjng is conducted
. claim 1, wherein sar1

in an e method of claim eat treating comprises applyipg
10 heat in multiple periods, in step elevations, or in pulses.
15. The method of claim 1, wherein said heat treating is conducted in an

inert gas atmosphere.

16.  The method of claim 15, wherein said inert gas atmosphere is a

nitrogen atmosphere.

15 17. The method of claim 1, wherein said mass comprises powdered silicon

and a copper-zinc-tin catalyst.
18.  The method of claim 1, comprising:

forming said mass by mixing silicon and a form of copper and heating to a

temperature less than about 500°C; and

20 heat treating said mass at a temperature greater than about 500°C.

19. A method for making an alkylhalosilane, comprising forming a mass
by mixing silicon and a form of copper and heat treating said mass at a temperature of
greater than about 500°C to produce a contact mass and effecting reaction between an

alkyl halide and silicon in the presence of said contact mass to produce
25 alkylhalosilane.

14



inert gas atnosphere. 16. The nmethod of claim 15, wherein said inert gas
atnmosphere is a nitrogen atnosphere. 15 17. The nethod of claim 1, wherein
sai d maswaeonpisses powdered silicon and a copper-zinc-tpParwaeiaisyst . 18.
The met hod of claim1, conprising: formng said mass by m xing silicon and
a formof copper and heating to a tenperature |ess than about 500C, and 20
heat treating said mass at a tenperature "greater than about 500C. 19. A
met hod for neking an al kyl hal osi | ane, conprising formng a mass by m xing
silicon and a f@Pm ofTheonghked afidaihetl, wheadd Bﬁ@hé&ilt&am@gsﬁlgﬁéaﬁ% elntEH_i@er ature
reat er~f Ran about 500C to. produce a contact mass and effecting
?Iaac'?i on bé?'\'}\g@rphé‘ﬁe Oé\‘fo@?“ﬂéﬂdg@n?ﬁﬁmgﬁsr icon in the presence of said
contact mass to produce 25 al kyl hal osilane. 14 WO 01/81354 PCT/ US01/ g?gl?
20. The nethod af. cl alhmni&hod/‘diﬁlaﬁhﬂlgéas}h‘éréﬂ?ﬁldhgﬁ%%h%c{}ﬁ%%%gﬁé%ﬁ%

(Cu3Si) phase of copper in said contact nass. 21. I m 19,
wher ei n saP#digentectimesstat pterepamnicsio e rimgetietweensdodt $OACaat abasts] 550°@,
tenperature in a range between about 550C and about 1550C. 5 22. The

cont act maes at 24 t enpePRUTES iR e it s Hetine e san beabeut
1250C.  23saidbentA&irhad aph tephpdrdiickdn a%!?g{e%eﬂvéeﬂia@oﬂteéaﬂ)°éraﬁ§tai)&ﬂ 19% ! S‘;; c
heating said contact nass at a tenperature in a range between abou

and about 1125C 24. The nethod of claim 19, wherein said heat treating
conprises heati g 10hemethadodickim 19avherein said benp deating eniprisas heutigg bet ween

about 550G, 4 gorﬁgﬁ%asg'gg’ a? %mperature in a range between about 975°C and about 1125°C.

24.  The method of claim 19, wherein said heat treating comprises heating
10 said contact mass at a temperature in a range between about 550°C and about 1550°C

for a period of time in a range between about 0.01 hours and about 8 hours.

25.  The method of claim 19, wherein said heat treating comprises heating
said contact mass at a temperature in a range between about 550°C and about 1550°C

for a period of time in a range between about 0.5 hours and about 4 hours.

15 | 26.  The method of claim 19, wherein said heat treating comprises heating
said contact mass at a temperature in a range between about 550°C and about 1550°C

for a period of time in a range between about 1 hour and about 3 hours.

27. . The method of claim 19, wherein said heat treating results in a contact

mass substantially free of forms of copper other than the eta (Cu,Si) phase.

20 28. - The method of claim 19, wherein contact mass comprises copper in 2

range between about 0.5% and about 10% by weight relative to the entire contact

mass.

29.  The method of claim 19, wherein contact mass comprises copper in a

range between about 1% and about 7% by weight relative to the entire contact mass.

25 30.  The method of claim 19, wherein contact mass comprises copper in a

15



for a period of time in a range between about 0.01 hours and about 8 hours.
25. The nmethod of claim 19, wherein said heat treating conprises heating

sai d contve@n1/si886 at a tenperature in a range between aboRC€THSQA®5a7d about
1550C for a period of tinme in a range between about 0.5 hours and about 4
hours. 15 26. The nethod of claim 19, wherein said heat treating conprises
heating said contact mass at a tenperature in a range between about 550C
and about 1550C for a period of tinme in a range between about 1 hour and

about 3 houtsge tefween dbdet 2%tanadbeit 59 By Meidht raMiBie8b Thesditide beRict ifRat | N9
results in a contact nass substantially free of fornms of copper other than

the eta (Cu3Si) phas 20 28. e. net had of claim 19, wherein contact mass
conpri ses copperﬁi n ?her%ﬁé%d Bg‘gg\lé‘épdﬂlﬂﬁmé?lé%%fﬁ@aﬁ%ﬁ‘?mnwBy%'t‘iﬁé}’ght

relative tCﬁpbﬂ@ati%ﬁtoifh@aﬁ)@@xt@Eésireﬂgéﬁod,zg-' The met hod of claim 19, wherein
contact masS conprises copper In range between about |% and about 7% by

weight relative to the entire contact mass. 25 30. The nethod of claim 19,
wherei n cont act 3@ass Tsrpethedef daippty, wherain sdig hog te:2figd SENPRET ApSYINg05417

contact maee e BABk B ¢RI R dT RS Cal 6 heat 1 eat i ng

conprises a steady application of heat over a desired period. 32. The
met hod of cl ai m339, Wienmsdthodaf claietd, villefsih kaid heativatibe s RN and heat
in multiple periods, in step elevations, or in pulses. 33. The net hod of
claim 19, g PiRgsRieHeat treating is conducted in an inert gas

at nosphere. 34. The nethod of claim 33, wherein said inert gas atnosphere

is a nitrogen aynospfiRifethod of claim 33, wherein said inert gas atmosphere is a

nitrogen atmosphere.

10 35.  The method of claim 19, wherein said mass comprises powdered

silicon and a copper-zinc-tin catalyst.
36.  The method of claim 19, comprising:

forming said mass by mixing silicon and a form of copper and heating to a

temperature less than about 500°C; and
15 heat treating said mass at a temperature greater than about 500°C.

37.  The method of claim 19, wherein said alkylhalide comprises
methylchloride.

38.  The method of claim 19, wherein said reaction is conducted in a fluid-

bed reactor..

20 39. The method of claim 19, wherein said reaction is conducted in a fixed-

bed reactor.

40. The method of claim 19, wherein said reaction is conducted in a

stirred-bed reactor.

16



10 35. The nethod of claim 19, wherein said nass conprises powdered

silicon and a copper-zinc-tin catalyst. 36. The nethod of claim 19,

conpri si myo of/em3md ng said nass by mxing silicon and a forprCcDUS@OPpEr and
heating to a tenperature |ess than about 500C, and 15 heat treating said
mass at a tenperature greater than about 500C. 37. The nethod of claim19,
wherein said al kyl halide conprises nethylchloride. 38. The nethod of claim
19, wherein said reaction is conducted in a fluid- bed reactor.. 20 39. The
met hod of cl ai m4]l9, wh dnii-bedseador @atdiniog a icentacindass tpegharedl stcdidigcto bed
reactor. (% ﬁ)@geeg.hgd f claim 19, wherein said reaction is conducted in
a stirred- %%lale GAME6 WO 01/81354 PCT/ US01/ 05417 41. A fluid-bed
reactor containing a contact mass prepared according to the nethod of
claim1l. 42. A fgpxed- &ﬁﬁed—ﬁ@&fe@étoﬁéﬁ}ﬁzﬁhﬂﬂ R%oAtaCOMbAPrepReP aRbRRAE &F
according to the nethod of claim1l. . Astirre bed reactor contai ning
a contact reemepodphrlaimdecording to the nmet hod of claim 1. 44. An

al kyl hal osi | ane reactor containing a contact nass substantially free of

forms of copper @t herp thaly fdfFre&lidr dittdimhs aRBARE: mdst prepared according to

" the method of claim 1.

44.  Analkylhalosilane reactor containing a contact mass substantially free

of forms of copper other than the eta (Cu,Si) phase.
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