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BACKGROUND OF THE INVENTION

The present invention relates to a method for preparing a contact mass. More
particularly, the present invention relates to a method for preparing a contact mass for

the direction reaction of powdered silicon, alkylhalide and copper catalyst.

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

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

Me,HSiCl

10 where Me is methyl.

In addition to the ébove methylchlorosilanes, "residue" is also foﬁne_d during
the production of methylchlorosilane crude. Residue means products in the
methylchlorosilane crude having éboiling 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;
A - disiloxanes; disilmethylenes; and other higher boiling species for example,

trisilanes; trisiloxanes; trisilmethylenes; etc.



For two-letter codes and other abbreviations, refer .to the "Guid- ance

Not es on:  Codes andA bbrevi ati ons"appearing at the begin- @lnngf\ﬁfz[m ch
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t he net hod conprises heat treati ng silicon and a form of copper at a

tenperature gme%ewntﬂeaué}}n%sﬂé foﬁn chd;g gtg'i;%t%u% &Pdi&%ﬁ%ﬁm”ass and

effecting reaction between an al k FTCON R he presence of
the cont etlethelégzhi@ogla@d ueferred msﬁa}” i‘ahend RethyRAbLIROSKane, referred VETHOD

FOR PREP MASS .BACKGROU HE | NVENT| ON The . resent
i nvention T eI at s 'to° %?WS@?%?JOBP@EHW% B TERTHoRc Whirksypick
par {1 cul prokdyoes dimefiyRSOHbrsIRTh a0ing et 81 dRuP % HhadpbRF o8 fa“ ng a

contact mass for. the direction reaction of wder e rcon ky hal i de

and copp@reﬂafétflah&@e@sria%mwngttb@weaaabowzS%mmuet&%l oses pre\%trl ng a
owder e

di t action t ween ,
T ol b S B LS L L BB R e 5
react i onwelghtmmmm' nyeth@frivhiceesilage & di J'ldﬂchl%%sﬂﬁﬁé e cPide " di rect '

on can be summarized as follows: (1) Me2Sid2 MSiCl3
glr Of_ei/iép th yﬁ:hkg%%}aléf reac?ion product. An increase i the T/D ratio indicates that there

is a decrease in the production of the preferred dtmethyldlchlorosﬂane Hence the

10 T/D product ratio is important and is the object of numerous unprovements to the

direct reaction.

Gilliam, U.S. Pat. 2,464,033 discloses using zinc in combination with copper
catalyst as a promoter to achieve a higher selectivity of dimethyldichlorosilane.
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 preferablj( 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 zmc metal or mixture thereof, where the weights of copper
and zinc are based on the wetght of silicon, can be used as a promoter for making
dialky! substituted dihalogenosilanes, such as dimethyldichlorosilane in the direct

20 reaction between silicon powder and methyl chloride.

Radosavlyevich ef al., Influence of Some Admixtures on the Activity of
Contact Masses Jor 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 decrea'ses the yield of
methylchlorosilanes, while tin and calcium chloride increase the rate of fonnatton of

methylchlorosilanes.

Rong et al Alummum as Promoter for the Direct Process to
Methylchlorosilanes, Silicon fbr the Chemical bzdustry I, J.KR. TUSET EDs. 199

30 (Trondhelm Norway, 1996) discloses adding solid aluminum compounds to improve

2 .



"McHSIi C12  Me2HSIi 10 where Me is nethyl. In addition to the above
nmet hyl chl orosi |l anes, "residue"” is also forned during the production of
met hyl chl or osi | ane crude. Residue means products in the 2k JANCRI08r osi | ane
crude having a boiling point greater than about 70C, at atnospheric
pressure. Residue consists of materials. such as disilanes for exanple, 15
symmetrical 1,1, 2,2-tetrachl orodi nethyl disil ane;
1, 1, 2reaetivohl adoelectigtynyfdhs dirent @roceski. Vardxawle 7. S diva 4] 5081 My descbses thattirot her

hi gher boai | i ng _speci es. for ex e trisilgnes: trisilgxanes:, .
e Dot Paebehg PR BBREH T m v pR U e RetoR A <51 he SRR A BN Iderimerevet e
by t hglkdihaRelladcgR6dicofeldédticityde di met hyl dichlorosilane referred to as "D’
or "Di" and nethyltrichlorosilane, referred to as "T" or "Tri". These are
the maj or products of the reaction, which typically produces
di met hyl di rQsil i L ange t R a % an b %.and 5
met hyl tri c%(lt)lfogg %eacraﬁ')gl%ia%@%g?lg acglg%lg Oﬁee%n%%gﬂhgg/gléﬁgs %ﬁo‘ﬁﬁp%%ogc%ﬁe
i met hygteloLdinetyddich] arsildir Foirhtion| fdacd the AVeFetdtaratiodmdrggihtairforlefudeahd 0 i s
the weight ratio of methyltrichlorosilane to dinethyldichlorosilane in the
cr udePerRat [y [vesighs o gradugts having adoileg nein deater thgn ahsz&%/ d3Se in the T/Dratio
indicates that there is a decrease in the production of the preferred
di met hyl di chl orosi | ane. Hence, the 10 T/D product ratio is inportant and is
t he OoBREEKF SOMMMNREY OFSTHEANSENEAN to the direct reaction. Glliam U S
Pat. 2,464,033 discloses using zinc in conbination with copper catalyst as
a pronoter to achieve a higher selectivity of dinethyldichlorosilane.

G | 1iam di $6¢ ge6si tRhich R RBALIdiRR: hBcds HARIRYIBRhIEER Hnafich, 304 about
%al ? ﬁg al i

50% by 15 wei ght of copper 'in el emen ormor as t e or oxide, and
pr ef escddsitiyits whole 2046taiamg orisnbstantiadly redhgegresidedn AxicordingdioCStstaspectiobut
0.75@&P wei ght in tﬁe tornqu . ' . .
e%resen nvention, there is provided a method of preparing a contact mass comprising
forming a mass by mixing silicon and a form of copper and heating to a temperature less than

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

According to a second aspect of the present invention, there is provided a method for
making an alkylhalosilane, comprising forming a contact mass by mixing silicon and a form of
copper and heating to a temperature less than about 500°C and heat treating said mass at a
temperature of greater than about 500°C and effecting reaction between an alkyl halide and

silicon in the presence of said contact mass to produce alkylhalosilane.

An embodiment may relate to a reactor containing a contact mass prepared by forming a
mass of silicon and a form of copper and heat treating the mass at a temperature greater than

about 500°C.

Another embodiment may relate to an alkylhalosilane reactor containing a contact mass
substantially free of forms of copper other than the eta (Cu3Si) phase.
3



zinc halide, zinc oxide, or zinc netal, or mxture thereof, where the

wei ghts of copper and zinc are based on the weight of silicon, can be used
as a pronoter for making dialkyl substituted dihal ogenosil anes, such as

di met hyl di chlorosilane in the direct 20 reaction between?d | jAdp@Ajfsowder and
met hyl chl ori de. Radosavlyevich et al., Influence of Some Adm xtures on the
Activity of Contact Masses for Direct Synthesis of Methylchlorosilanes,

| NSTI TUTE bra thieRestrObemegTirentiBe) hemdeproyidsd sl fhuid-bed (cro@byomiisingoses.

that m pntitie f isilver added t ont act sses. resulting fromthe
react ggﬁﬁtgﬁtq%%\%hlgﬁ%ﬁa& Grdig t%ﬁ}f Iﬁggﬂgﬁw@ﬁf&gﬂ f%ﬁ'ﬁeﬁ&iaﬁpﬁcﬁe presence of
cuprous chloride decreases the yield of nethylchlorosilanes, while tin and

cal ciumch] oride_ increase the -rate of formation of _nethylchlorosilanes.
Rang et al Inaiuithiaspaet abthppssspridpvangions there s porideprdieddet geactor

Ens. 100 08 RAG ma s Prk A Aol HPRAR st TN e frsdelfl

conpounds to inprove 2 2 0 JAN 2005 reactivity and selectivity of the
direct pro es$ War d %$ al., U.S. Pat 4,500,724 discloses that tin_. and
zinc are ifﬁfb 1fth aspechol the pesseni dnyendonyithese i previdedia shacdhed Kactopsantainingd ¢ o

Pr ovi g, hHRL2SE Prep@lel MeORIRAS t ARENAR b thods are
constan?ly beingm?ogght forénagﬁng aﬁﬁ%ﬁ%ﬁ?@é?fgﬁgg&¥ﬁ%%#mjII enhance the
rate of dinmethyldichlorosilane formation, reduce the T/D weight ratio and
mai nt ai ' of products having a boiling
DO ntﬂbﬂé\iﬁ@eﬁ%@h}&ﬁgﬁ%ﬁ%ﬁ%@@ﬁ%v OF THE | NVENTI ON The present

i nvention inproves direct process dinethyldichlorosilane formation, and

selectivity while maintaining or substantially reducing residuals.
Accor di ng 1o wpical instanep e nass for prodicpeassierihalpsilagen is prepatdddrereadingstligoded a

o1 oo Pl R0 o il R SR RTRY & Mo RO P o A0 Y i, ™

furnace until evolution of silicon tetrachloride (SiCly) ceases.
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about 500C, and heat treating said mass at a tenperature greater than about -
500C. According to a second aspect of the present megnmiﬂnngmpre S

provi ded a method for nmaking an al kyl hal osil ane, conprising formng a
contact mass by mxing silicon and a formof copper and heating to a
tenperature | ess than about 500C and heat treating said nmass at a
tenperature of 'greater than about 500C and effecting reaction between an

al kyl halide and silicon in the presence of said contact nass to produce

al'kyl hal @5¢ teanksingAnlid ebodinvesiticomayd ceppdrant¢s ealledatbafacC@fdsai THNY a cont act
' ilicon and a_ form of copper and heat

mass prepared by fornng a ss of s . .

treating ‘Pﬁ%&lﬁ&é@ ngaﬁélﬂﬁé’gg’thF fo e stepeat conigt with alleyibalisie to pmrater
enbodi meslkyMBMsTIRlAt £cdRaiap 1t PRivkARG, | oPLIg, .2 eont act
mass substantially f?_ee ]og foﬁf%gp%b %o%per ’Sﬁﬁgﬁl%ﬂ%%a é’?%‘?l’g"’(a?ssm
phase. 3heat egpditopeFideamimprovet aspet mass. t he present invention, there is
provided a fluid-bed reactor containing a contact mass prepared according

Lo ihe, Mot PodA By BELARSH: bsdSylehlR RS AT gbherts ot o R SRS
cont act ioHsSn prEREr emea@)ﬁ@rcmcaﬁpmaﬁ Reovidd hodig pdRkhneth el Dawebh St
aspect. In a fifth aspect of the present invention, there i% provided a -

sti rr ed-aEHt 0-8%cansh akayhd AYarickiive do therentize contass npasep Rrefdrablyctbe dinognt o t he

- met hod | | | ISt t | JoED_DESCRI PT1 ON. OF THE

| NVENTI g‘%cl ﬁﬁ ééq"teg‘p‘%‘ %51%@ %ﬁ@%cﬁcag,%ﬁgﬁﬁﬁfggggg? ’};;J/r% (W?fﬁ Pif EﬂbWa’I“&si | anes is
pr epar edatge tretwedn aigpus 204 amhabomn 6% Ulieptspaation bfltheaontact BAROHBEIE 1N a
r e bet vveﬁn ﬁbgﬁtgﬁfmc and apout 400C in a furnace until evolution of .
si 1Y con FEFPREHP G tilopapgeayatiopdfys. 3a 2 0 JAN 2005 The resulting solid

contains silicon and copper and is called "contact mass."” The contact nass
is typigahly made prior to the step of contact with alkylhalide to generate

o

S1 +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 temperéture. 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 héating 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 - J
with the temperature. Typicaily, the heating is conducted for a period in arange
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 pfeferably in a range between about 1 hour and
about 3 hou;s. The heating is typically conducted with a steady application of heat
over the desired beriod. Alternatively, thé heating step can be condﬁcted 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, édpper acetate and copper oxalaie

4 o .



al kyl hal osi |l ane. According to the present inventi on @Nagﬁh& f orm of
copper are heat treated to provide an inproved cont act C

to the present invention, a formof copper is contacted W|th silicon to
forma mass. The form of copper can provide a weight percent in a range
bet ween about 0.5% and about 10%relative to the entire contact nass.
Preferably the amount of copper is in a range between about 1% and about.
7% and nore preferably in a_ range_between about 2% and about 5% The

pr epar at F‘W"éfnﬁl‘??é)fcs@ﬁ@kéé Pafﬁ’ﬁ%“‘pﬁ%&"’é The gxnubr anaterial shewld exlaibiteni ng
equation ﬁ)@r'[' durfack ai’éa‘lﬁjdq:flnsgse be%n abghf 94 n?%%%ﬁz/%ﬁﬂp aa%H{ledd ess than about

500C to m a contact nma mss 1St eat drea ed at an el evated

t enper at ureters’fgreminathe nitesgemaddorptidn stethpdconpri ses heating the mass to a
tenperature in a range between about 5501C. and about 1550C. Preferably the

heating is to rature in a range between about 850 and apout 1250C
and nmore pref B?‘&Eﬁy Hja ée{céjﬁﬁgrr%&?@q?%gﬁc?@?@mﬁg‘? (ReBnke- B 50RR8 5C and
abogt 11ghts. W‘h@rd’lﬁ@fcbﬂ%r'c§nﬁﬁn@@%€r&@fhﬁrré‘laﬁ%t Pba%at\e%e&ﬁ.a with the
tenperature, Typically, the heating is conducted Tor a Eerlod n a range 20

bet ween tasoued cange to siake ar‘-idﬁ%faﬁjw @ty %COHHGES@QBWI)! eqof tmgan bet ween

about O. -4 hours an erabl range bet ween
about 1 %g#ﬁé{g&% % {2&%& Hn i mlﬁﬂ%—gs fetgi? néngtc)?BP Cry €1n|df°3}8?{duct ed with a
st eady aplsiagtibilpficobf tirain be/ﬁsfcdttb@ned@t‘airf a?desheﬂ tiadondntrarioaid kel y, the

heating step can be conducted ying heat to the mass in multiple
peri ods, TeSHlE gatalisty Rubstsatiglly fYT?F ﬁﬁﬂl%e%s wed hggeln fefeas tortie beigg mektening st ep

| S1HYPI Rl %&%taﬁeﬁ 3dkogﬁ;ngzagg.oxy Pé‘c?ﬁa fialf* 3884 o groviding a

ni trogen atnosphere or t C aC| er are
t ypi cal | hatsadeased hemakp fiercostiot mesg a:nmmkses Oulti)emcaaanga:ﬁetwaasalim t he

PrOCesS. 5 FRRRE b8 419 Tu, B IRR A B0 AL SRS BN g, iy § AN 2005
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 effe_ctive as components of the 00pper _
catalyst of the mass. Tin metal dust (-325 ASTM mesh), tin halides, such as tin |

20 tetrachloride, tin oxide, tetramethyl tin, aﬁd alkyl tin halide also caﬁ b_é 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 arange
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 aboﬁt 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 r_émge_ between é.bout 100
microns and about 150 microns. Silicon is usually obtained at a punty of at least 98%
30 by weight of silicon and it is then comminuted to particles of silicon in the above-

5
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are exanpl es of suitable carboxylic acid salts. The granul ar materi al .
shoul d exhibit a BET surface area in a range between about 0.5 ' ‘
met ers2/gram and about 20 neters2/gramby the nitroge gdsay @00%n met hod.
Partially oxidized copper can al so he the copper source to nake-the contact
5 mass. \Were the copper contains a level of tin relative to copper that
exceeds a requited range to nmake a sat.isfactory catal yst, a copper :
substantially free of tin can be alternated to purge excess tin, or

m xtures of tin containing copper and copper substantially free of tin can
be used tdssrrlbstanee for praparabigniof thecepntashmess.i on in the resulting catal yst.
"Substantially free of tin" as used herein refers to tin being present 10
in an anount | . f rtially.oxidized ’
copper that cgﬁ&btglpgg%%aﬁg& Sﬁiﬁ%@}gg’] %@ﬁ{’ gggﬁég)n%?ssgg Sﬁeprfe?iggés BHR%a range
bet ween dbthetpre@atinanicforh ofitod@¥tin (Be20niabt madsarmde ciaavriesmpbatire hédo and
about 59% Cu in range between about 5% and about 10%Cu, 350 parts per *
million (fffaﬂ?efﬁé’,f?‘s% mgss QA@QMBB yoperegsrsithe efagbass pkenpppr wyndin | ess

t hag aboyhe 2faIRPMaBi mds. T1 - Al l 15 percentages are by weight of the total
mass of the partially oxidized copper. Particulated cupric chloride,

cuprous chloride, particulated copper netal can be utilized in making the
contact mass. THerermrgselictiviigl heteis méans ithecabilityrof@)catmyss t macimizb kier | de and

zi nc oxi f d,egffective as ¢ onen of the,.co r .catal yst

of the rrgg%(ﬂl%ilil %Qﬁg@-ﬁ&g%ﬂlﬁ Q %e’ﬁ%f%lwﬁ%g )TXATPIP 95 F"H@Q’O%B@ﬁeas tin 20
t et r achl eahdef thd TVDOXitid@nd keédireidh iy thet% Residd al kyl . tin halide also can_
be used as a source of tin for making a catal yst conponent of the mass. '

Silicon used ip the contact mass can have an iron (Fe) content in a range ’
bet ween about H5T8 the feraviesiectig yneunts daeans that emannsef 2 substaneal ci um ( Ca)

compent bipanfe SiHAHEr %Ee‘,ﬁ’ﬁﬁ%twyfd e %fﬁ%&sﬁafeﬁ%@?ﬁ% FIbeRfiRed On total

silicon, : al um nu content*itn ara et ween apsut 0. 02% and
0.5% by seledivitybawant dimethybdichlomisilaneon. The silicon typically has a
particle size bel ow about 700 microns, with an average size greater than

about 20 m cr tHe T?lﬂ%/élgeh% Sratthgfnthg tﬁ%ﬂtlylc qgrogglgxgeorggéﬁo-[lhﬁoduct is of interest.
The T/D ratio is the ratio of the methyltrichlorosilane to dimethyldichlorosilane in the
crude mcthylc‘l_llorosilahe reaction product. Accordingly, an increase in the T/D ratio
15 indicates that there is a decrease in the produé_tion of the preferred

dimcthyldichlorosilanc. .

Although methyl chloride is preferably used in the practice of the preéent .

Mgl

invention, other C,, alkyléhlorides, for example ethyl chloride, propyl chloride, etc.,
can be used. Correspondingly, the term "all(ylhalosiiane" includes
20 dimethyldic;ljlorosilane, which is the preferred methylchloroéilane, anda variety of
| other silanes such as tetramethylsilane, trimethylchlorosilane, n;ét}iylnichlorosilanc,

silicon tetrachloride, trichlorosilane, methyldichlorosilaﬁ_e and di_methyichldrosilané.

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

is typically present in a range between about 100 parts 'pei' million and about 1000

6.



mean di anmeter of the silicon particles is preferably in t he rag bet ween
about 100 mcrons and about 150 mcrons. Silicon is us .[AN) ned at a
purity of at |east 98%'30 by weight of silicon and it is then ‘comi nut ed
to particles of silicon in the above 5 2 0 JAN 2005 described range for
preparation of the contact mass. Once the contact mass is forned, Cu3Si ,
which is also referred to as eta-phase, 1is the predom nant form of copper
in the contact nass. The el evated tenperature heat treatnent of the

cont act niats netBuligRuFlative to th@ﬁ@tgﬁésn@ﬁen@azptm bgfaddogfrean droowtt in 5

the total;y t I It the ability of
a catal yst 10 %gx?%géga?(%}%%% ucﬁ?bﬁ%efléﬁﬁ é&? {E‘i‘%ﬁi’%?‘g*éi’isaﬁ% as shown
for exanpidsition ta tindid uatanmunt bettvben aboat U pats f&éﬁmﬂdﬁ duidl 109 pand [pé reduction

in the %r £l due. Herein, the term"effective anount,” nmeans that anmount of
a substan’?glm‘lo capabl e of either increasing the yield of the

al kyl hal osi | ane product or increasing selectivity tonard‘

i meg hy | i chl oresihff deocTABoHE] Bbh VoAbl O ke 1OSHRE VLA, O;;Q,tsei] ane

reaction product is of intere ratio 'S
met hy t r itgfrvlodhe thamicaleodipoend ;liadpmhrides s Iieazessamele;hent arrelsigents for

met hyl chl S| react roduct ccordin an.incr se | n .the T/D
rati g 5tR ¢ R | cgltﬂ gORal {-%)l i gan, bey B%%Fgwﬁtrhgaww whng he

pref er r echud neﬁhhuémkiocdm PEOHIMaREn aldyl Bi0etg ! LR aiR:J}' &ilbgﬁ-alxﬁnxﬁﬁ&f erably
used in the practice of the present I nvention, 1)

al kyl chl il Pueyagfﬁapne&weneilwpr carmhinations thftrmfpyl chI OI’I de, etc., can be
used. Correspondingly, the term"al kyl hal osilarie" includes 20 '

di rﬁit hyl di Chl sﬂlfb@ orwms dl’:&totljﬂ cgﬁtg%t%% ﬁtg%égé/%urpphjg Sl gne, and a

vari ety of other es such as te rane &1 or osi | ane,

met hyl t r ivetietyod smuraeneFor msiianm@ thet Iﬂioisﬁed’rhmdtd& cdnrbeCdtippEOstidspliide, zinc

I, |
et hyl di Cﬂl rh?d% phosphorus tr1chlo t(pey al?cy{p E)gpiune%ns%ch as triethylphosphine or

tnmethylphosphme 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 reacter.
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 toa
fixed bed in which there is mechanical agitation of some sort in order to keep the bed

20 in constant motion, A fhuidized bed reactor mcludes abed of silicon partlcles
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 ata
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 1nstances where

a fhuid bed reactor is used since higher pressure increases the rate of conversion of

methy]chlonde to methylchlorosilanes. Desirably, the pressure is in a range between
A 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. -

7



The al kyl hal osil ane reaction is typically run with a pronoter such as

al um num or phosphorus. The al um num can be added in an amount to provide
to the 25 entire contact nmass between about 100 parts gde(. Jgnlﬂmﬁn (ppm
and about 1000 parts per mllion, and alternatively in a range between
about 300 parts per mllion and about 700 parts per mllion. Wen
phosphorus is a conponent of the contact mass, it is typically present in
a' range between about 100 parts per mllion and about 1000 6 2 0 JAN 2005
parts per mllion relative to the entire contact nass. Zinc can be added in
an anount i n Bhacupgessivat wemncaiioupudc@idiorstiovith Sasimct wetlghlesergdtatiofe t o

t he cont an anount. bet ween ut 10 parts

per milli ﬁregﬁféoriagmﬁﬁ}y? §£185‘BCE‘%1%FP’HH&W rﬁ?%ﬂi‘ﬂ?ﬁ?ﬂﬁnﬁg "‘HSI ied from

vari ous side€@ed the PEABIGELS r@d ukiFlamoles (¥ @ftﬁeesﬁﬁd@ 1R He@ﬁ uili8dd, CRRec OMPOUN
that provides the necessary element or el ements for the mass. The source

of al unmi rileviciYe piliartion, adeitipasidescianiuef silicom cppnes catadystdioneptalpsitandot

I|m ed Q silicon-al um num
o i aORReaP LB itV s iptBF F B 23 ite SormiBRTRE s phor us.

. s added cbmbiddd apdreanéd With Sny réaceats Ri1 SN bf 8@ 4@amE are condiinedy Ipf

sources. For instance, the phosphorus source can be copper dphosphl de, zinc

phosphi d&r %ﬁ%gms%ghetrﬁafdwmd}aﬁ debe sprpshanssasiditienal stehngssadded |
triethyl Qmﬁﬁd ed Béd@h% %ﬁﬂﬁbﬁ@at cSRfpipations thereof. Wth or
ed phosp

W t hout a or us rati o decreases with the addition of the

heat treated contact nass. 15 The present invention conmonly may be

practiced in a‘uf,dmmmwpawﬂcned silidonewih coppee cptabyst s8n bamate peiontbuct ed i n
r.eact.ors s.flu bed and ed. More

t t '
gpgl |rf i ngﬁ%ﬁ& ‘Ylﬂén}eh}?’é&h@ Z%?flgf’te tge ge%?tﬁﬂﬁ*nofﬂjﬁr’ﬁ‘g’g’ﬁﬁ%eﬁs silicon
parti cl eprdfaByIR ridelich c@ibﬂ%\x"chﬂipb@ﬁd @aéh Qﬁéﬁﬁ(@us Astidld lefd, adbe Mg lar to

a fixed bed in which there is mechani cal agitation of some sort in order
to keep with appyppriate amounts of powdered silicon, tin or zinc and heated to atemperature

of about 280° to 400°C. and then heat treated according to the invention.

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 componeﬁts in elemental form or as
- compounds or mixtures and in situ heat treated. Alternatively, a bed can be fofmed

“and heat treated prior to charge to a reactor vessel.

Features of the invention are illustrated in the followmg examples wl:uch by
20 way of example thhout lnmtat]on describe preferred embodiments of the present

invention:
Example 1

A met:hylchlorosilane reaction was carried out in a fixed béd ‘reacto.r'. The
fixed bgd qom;in’scd 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 chiofide\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 firnace under a flow of inert gas for approximately I- |
2 hours at 1100°C.



‘chloride and a contaét” mass neans

20 in constant notion. A fluidized bed reactor includes a bed of silicon
particles, catalyst particles and co-catal yst particles rpé/n 2b o
fluidized; i.e., the silicon particles are suspended in ¥ ' , ﬁ’pi cally

~methylchloride as it passes through the reactor. Reaction typically occurs

under sem -continuous conditions or in batch node at a tenperature between
about 250C and about 350C, and preferably between about 25 280C and about
320C. It is also advisable to carry out the reaction under a pressure in a
range bet weenliadbeiinexpegtedy fornddbaiihe methyiehlamsdaneospdtionarsingprenst ances

where a i 5 i i I r.pr re L.ncreases the rate
of conve?é%t%ﬂngoﬁ%gﬁlglfe' %F%&#&ﬁa&%%&?ﬁﬁﬁ%%%&sl%géﬁ{ggﬁ}: k‘(Eesi rably, the
pr essur edingetkyld@htomoghnb dianebacorahd win dsiflg abppes phierids. AaditRaelly, e 5
at rmsphertes ﬁ)gd Hr ef er?bl,‘.}é in a range between 30 about 1.3 atnospheres and
about 2. 9! REHsalsH&crRer/sHlicongoniagt mafngays acthyichigrgsyane prodnctapitirasious
condi ti ot vl 1Bw i8HESbAAG NidiFsilesfid MEHOACPna [lifauEeact on of et hyl

at reAction solids are added and the
reactor is run until about 50% of the silicon has been utilized. After
about 50% ut i TwWeatheunsweiedondadted witbiphnshoots asid proowterdapipweith aat al yst ,

- co-cat al; ters b dded, W't at ch de reaction, all
of the 2%?{?%] %@d n%’g’ﬁgé@rsig %‘?ﬁecatagg%ﬁflﬁé%na‘ﬁ ?@5?:’?8%8 ?H?egrﬁ@‘c?’éﬁ‘é‘i‘tﬁ?ﬁ s until
most of i, aamisans Si-B-comalningRpetied (MelSRES addMRIDSIETfwbReohRagt i on has
to be stopped and additional reactants added. A fixed bed and stirred bed

‘are bot Hisignthg phesphemisomeirgiand prehieatad senss.act nass of powdered silicon,

wi th copper catalyst can be nmade prior to 10 contact with nethyl chloride
t o1d aci Ig,tad8e bhe generation of al kyl hal osilanes. Preferably, a reactive
copper conpound, such as cuprous chloride, etc., canbe mxed wth
appropriate anounts of powdered silicon, tin or zinc and heated to a

t enperature dmeihyollopsiianeores@im wanchrtibé nutinat f1gid dat eehczarc dn thimg t o t he

Vet | ke (SO RRHoridB S Rl SRR SR Aa520 o8 JRES DY
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 pré~treated into a contact mass at 350°C. The reaction was
also run as a contro! 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 a,s.‘a control
with a bed of silicon and 5% copper as copper chloride that v&as 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.

o



- 1S above-descri bed conponents into the reactor separately or as a m xture, -
master batch, alloy or blend of two or nore of the variols |gQradhents in

el enental formor as conmpounds or mxtures 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 foll ow ng
exanpl es, whichH by 20 way of exanple wi'thout limtation describe preferred
enbodi nents of the present invention: Exanple 1 A nethyl chl orosil ane
reaction s carried, out a fixed reactor. The flxed bed conprised a
i licon TBRYales H‘ﬁ’éfsdeégﬁil%‘?%tﬁﬁPWBﬁ‘is’é t-aeailjeqn Utligettandp msssyisi ght zi nc
dust, an narerges ori de. at

310C. ThgIf lr%ggctl oén[héeag&ﬁvpg%hfﬂg@rwgﬁ?gﬁﬁg vc\)nﬁsiﬁgﬂﬂgﬁeigwof E’H}I icon and 5%
copper as copper chloride. In a second run, the contact nass was prepared
by feaction between copper chlori@&BIdlsilicon in a furnace under a flow
of inert gas for apprOX| mately 1- 2 hours at 1100C 82 0. JAN 2005 It was’
unexpectet ~ooyne . ek ] B ]

copper/s PPLon Contact masngave
di met hyl di chl oy osi | ane than the control run using copper chloride.

Addi ti onghtly, sspecot pre-heated ggppes/ silTicop£ontacig fass gave

met hyl chl or osif ane product m xtures 5 that were low in ?)y product MHSI CI 2
and McH2Si d and residue.. " Two other runs were conducted with phosphorus
as a prdawder S 30e a 747 i c6d anB9copper Ochl ori dellat al yst and then
wth a pre- heaﬂt ed copper/silicon contact mass. Al npbst no Si-Hcontaining .

speci es HS1 qn%.t&rgqgh@jzshg%) wepe f;prmad u6|9ng t he i)gosphorus prom)ter

and preheated

CuCl 350/1160°C 86.7 44 35 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 MeHSiCl,  MeH,SIiCl Résidue
CuCl | 350°C 851 5.1 3.1 1 53
Cu,0 |InSiu310°C 850 57 3.7 06 49 BT &
CuCl InSitu310°C 89.1 35 23 0.6 | 4.2
cuCl |350/1100°C 901 26 22 02 43

~ Average crude values for approximately 20% Silicon Utilization also

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

10



A net hyl chl orosi |l ane reaction was carried out in a flui d%tqeﬁwe or. In
this Exanple, nethylchloride was continuously introduce | ui di zed
bed reactor having 20 grans of nmss of copper and silicon powder conprising
5% copper catalyst, 0.05% zinc dust and 50 to 75 ppmtin dust. The contact
mass bed was 15 reacted with nethyl chloride at 310C and crude reaction
product was collected and analyzed wth gas chronat ography over a 24 to 28
hour period. The reaction was first run as a control with a bed of silicon
and 5% copgpér as  Cofjpefpergdd OF I de fhhal WasS PIVEHSHKEAL e, S0P OR&GRIE act Mmass
at 350C. The reactiorf was also run as a control wth a bed of silicon and
5% copper—as.-a-m xed lcopper oxide that 20 was prepared in_the fluid bed
react or atu@i@aunyhe [IFBAEi on was 8.60 i as.k contribl  with6d bed of
silicon and 5% copperi as copper chloride that was prepared in the fluid bed

react or n gnotder. , SS S prepared reactj gn between
copper craﬁt:%‘r%#@guggd gﬁrs{zhgg%b‘g? 3 %’a Tﬁépmgsfwas tf?g?: t-reat%‘g in‘a
furnace under a flowjof inert gas for 1.5 hours at 1100C. The resulting
heat treaCedl Faass)wag i iven 306%d | & he Sadre £luid bedo et hyl £B1 or osi | ane
reaction. Val ues obtdined fromthe foregoing runs are reported in the
followng. Table 1 and._ill ate the i oV nt obt al ned by heat

treat nent?c'é@gordi ng tglphégégrélentigt&rﬂ 9%2){0 ?:EN 2005 OTgf'le val ub3 were
determ ned at approxijmately |I. to 2% Silicon Utilization (a neasure of

reacti on conpl el on WRerern an appr oxi na cted).
TABLE 1 Copper Tenper at ur eDTMcHSI Cl 2MeH2Si Cl Resi due CuCl1350C77. 71050. 76. 0

Cu(An Situ 310C77.76.13.90.611.3 CuClIn Situ 310C84.67.340.92.6
The abrove Examples show that a significant dimethyldichlorosilane increase

is obtained with a heat treated contact mass according to the present invention.
Example 3

5 | 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% zﬁ:c dust and
50 to 75 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 that was pre-'treated into a contact mass at 350°C. The reaction was also run

10 as a control with a bed of silicon and 5% copper as copper chloride that was |
decomposed in the fluid bed reactor at 3 15°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 ﬂo'\-w of inert gas for 1.5h at
1100°C.

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

demonstrate the value of heat treatment.

11



CuCl 35011100C86. 74. 43. 50. 15. 3 Crude val ues at approxi mately 18 to 22%
Silicon Uilization also 5 denonstrated the val ue. of

shown in Table 2. TABLE 2 Copper Tenper at ur eD. TNbHSlCI?EgFééﬁgﬁmggldue

CuCl 350C85. 15.13. 115.3 CuxOn Situ 310C85.05.73.70.64.9 CuClIn Situ
310C89. 13. 52. 30. 64. 2 CuC135011100C90. 12. 62. 20. 24.3 . Average crude val ues
for approximately 20% Silicon Utilization also denonstrated the val ue of
heat treatnment, as shown in Table 3. 10 TABLE 3 r, 10 2 0 JAN 2005

Copper Tenper at ur eDTMcHSI ChMcH2Si Cl Resi due CuCl (4 runs) 350C85. 04. 93. 216. 1
Cu,,0 (3 runs)In Situ 310C84.56. 13.7/BEE47 cuC1(3 runs)in Situ

310C88. 23. 92. 31. 04. 3. CuCl 310/ 1100C90. 12. 62. 20. 24. 3 The above Exanples show
that a § el 1 Cant 0| TeRpeRyiE 01 CNT OR[OST T ae 1T arT t-h.a heat
treated Egﬁiact mass{ accor di ng t?bthe g?esegraﬁﬁgéntlon Exa%% gﬂé 5 A

met hyl chl orosi|l ane reaction was carried out in a fixed bed reactor. The
bed, 6 @u&ir¢4 nowjpr) 3¥¥Ca sili coB8.oontfgt nmgs cont ajgni ng 5% gopper, 0.5%
zinc dust and 50 tof 75 ppmtin dust. The bed was reacted wi th nethyl

chloride aty 319G ThhefnSitu315°C 875 53 27 0.5 3.7
CuCl 310/1100°C 925 40 22 0.2 1.0

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



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 nmass at 350C. The
reaction was also run 10 as a control with a bed of ?:ﬂl 33@ g@ﬁcS%{C)
copper as copper chloride that was deconposed in th I reactor at
315C. In another run, the bed mass was first prepared by reaction at. 350C -
bet ween copper: chloride and silicon-t.o forma contact nass, which was then
treated in a furnace under a flow of inert. gas for 1.5h at 1100C. 15
Crude vayyesT 8¢ cappnephp@ately 20% Silicon Utilization shown in Table 4 al so
denonstrate the value of heat treatnment. 11 2 0. JAN 2005 TABLE 4
Copper Tenper at ur eLdvdddSir GlegMnE230
runs) 350C88. 05. 72. 41. 02. g%uc:d (2%%@%5?%5%‘%% 58985 32 70.53. 7
CuC131011100092. 54mbg a2G:s2 by Bndbisllieornsrafaomest opRedhdmstisg 8fa t he invention
have been described, the present invention is capable of variation and
modi fi cation and WF%F%P@@%E#@EWCM% limted to the precise details
of the Exarrp{5 i nvention includes changes and alterations that fall
within the p IS‘vi ewﬂ fe%*'ﬂ%sﬁ'%mﬁmtﬁdewwtw@ greafer tEN@EbIAIGOOTH5 WHAT |'S
CLAI MED I S: 1. A nethod of prepari ng a contact mmss, conprising the steps
O (1 o g & e 0 e et LS nSORBET, TG, et g
form of copper in said contact mass.

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

“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 treaﬁng 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 clainﬁ 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 méthpd 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



(11) heat treating said nmass at a tenperature greater than about 500C. 5 2..
The nethod of claim1, wherein said heat treatnent:in rqafm ﬁ 3Si - form
of copper in said contact mass. 3. The nethod of clai 6,2 n sai d heat
treating conprises heating said contact nass at a tenpératiure in a range

bet ween about 550C and about 1550C. 4. The nethod of claim1, wherein said-"
heat treating-conprises heating to said contact nass at a tenperature in a

range between about 850C and about 1250C. 5. The nethod of claim1, wherein

sai d hesfanbé BalcBY aBOEI. 55 j ' ont act Ss gt a tenperature in
a range betgween about 975C angl%ggiou Aﬁ%&%{gﬁ Fiﬁﬁgt%% G LORIAG m 1,
wher ei AM&%{i d heat treating conprises. heating said contact nmass at a
tenperature in a range between about 550C and about 1550C 15 for a period
~of time in g,ran et nabout. 0.01 hours and.about 8 hours. 7. The

net hod of clalali' m %ﬂ%gﬁ%‘aﬁ)@ iy harereingaid Gogtach mss semprisestdopger isai d
cont acta rangsbeatvedn dRIRALRERY Sbdul 786 bAREE I SLIMERN: i g .apout 1550C
for a period of tinme in a range betowgen about O.é)atﬁg&%g?%%o t%l%(‘)nlftssﬂ hour s.
- 3. The net.hod -claim 1, wherein said heat treating conprises heating 20
sdi d cont act!?mas sl it mgthed ef slaimy i avhesein spigrgetdstmasecoraposes BEPEG iand about
1550C ah 8 sothep@EdOh Rl 284 | b en about 1 .hour and about 3
hours. 9. fhe met hoéﬁ!i O%/&Cﬁ %bf?sm/ﬁgfgier%%ggﬁg%ee%&ﬁ?Faﬂ{qci?é‘tarcégﬁﬁi-s ina
contact "mass . substantially free of fornms of copper other than the eta
(Cu3si) phadd. 1(heThethodphokiimfl, elimidin kaid WSy dafing Foshp RS AGfcallPS S
corrpri§ﬁiC ﬁ&)sg in013 2 %‘?‘]fQN 2005 a range between about 0.5% and about
10% by“Mel § heaf oVer ¢ e entire contact mass. 11. The method of claim
1, wherein said contact nass conprises copper in a range between about |%
and about 7%.by Whe@ithéebailaith 1| ¥hbftn SN LER (FABAB ChuIfRSSs applying

10 heat in multiple periods, in step elevations, or in pulses.

15. Thg method of claim 1, wherein said heat treating is conducted in an

inert gas atmosphere.

16. - The method of claim 15, wherein said inért gas atmosphere is a_
nitrogen atmosphere.

15 . Y2 The method of ¢laim 1, wherein said mass comprises powdered silicon
and a copper-zinc-tin catalyst.

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

between an alkyl halide and silicon in the presence of said contact mass to produce
alkythalosilane.

14



5 12. The nethod of claim1, wherein said contact mass conpri ses copper in
a range between about 2% and about 5% by wei ght rel ativ@ﬂtgAﬁhgjﬁgmj re... .

cont act

conprises a steady  application of heat over a period.

claim1,
peri ods,
wher ei n

The net hod of 20.ai NTAS mehA FichimAOTwhOe safPficad tieh
at nospher g,

mass. 13. The nmethod of claim1l, wherein said heat treating

14. The net hod of

wherein said heat treating conprises applying 10 heat in nmultiple

in step elevations, or in pulses. 15. The nethod of claim
said heat treating is conducted in an inert gas atnosphere

1 !
powder ed &ius$id Blase o4 goppes dp paid contagt mase, catal yst. 18. A nethod for

an al kyl

hal osi | ane, conprising formng a contact mass by m xing si

11
. 16.

| FROBERALS o etdl LT OgEN
5 17. The nethod of claim1, wherein sard nmass conpri ses

maki ng
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daf f t ' s than aboyt 500C and
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heat treating said nmass at a t

erature greater

and

ef f ect i ngaidematicomasbatt avempemmuraliky FanhabtBeearbog 35003 Abs G sBHpasence of
said contact mass to produce al kyi halosilane. 14 2 0 JAN 2005 20. The

d of clai 19, _wherein said heat treating increases an eta Cu3si
e o copad: i T gedgn ol e oher o)

phase of copp

2t ange. BerEnCbRab S ERRAd f g B g B8R s RufhndingoTG,

a range
wher ei n

said heat treating conprises heating said contact nass at

glaimgd 8swhergin spigthest treasnegfomprisesrhdgingnher ei n

ature in
im 19,
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tenperature i@3a rafigantbbiweselaimb o9twiRbEE saldheabpedtink 2ot priséShealidg et hod
of claim 13, wherein said heat treating conprises heating said con
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mass at
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24.  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 0.01 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.

26.  The method of claim 19, wherein said heat treating comprises heatiﬁg
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.

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

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

_mass.
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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.

30.  The method of claim 19, wherein contact mass comprises copper in a
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24. The nethod of claim 19, wherein said heat treating conprises heating 10
said contact mass at a tenperature in a range between about 550C and about
1550C for a period of time in a range between about rlﬁ and about 8
hours. 25. The nethod of claim 19, wherein said heat rea‘w g conpri ses
heating said contact nass at a tenperature in .a range between about 550C
and 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 ol 1 tact .mass. at errperature in a range
bet ween agout%B%bgﬁﬁégg%?’gﬁlggoﬁg””&ghé %@tr“fedd RUrFEONACMABNge bet ween
about 1 hour and about 3 hours. . The nmethod of claim19, wherein said
heat treatinglres mmmatm@amm& wl’f%ﬁ s@ﬂbﬁﬁﬂf@aﬁ%b&‘m d;9§t J@r ns of
copper ot% thap the eta (CuBS) hase 20 28 t ho ? | ai m 19,
wher ei rERPHGR Oﬂlé%aé"ﬁ‘d Afisuedp in a range between about 0.5% and

" about 10% by weight relative to the enti re contact mass 29. The net hod of
claim 19, wherei nNT6eALdd JTRESImMA r e be ween about
1% and about. 7% brIﬁ i ht -r el a[tnl 3];9”{“8&? gﬁgﬁgﬁﬁe&a{gnﬁ H%{f é%g30. The
met hod i@ﬂtmraulﬁpi@pe 1 igi steposdentadions, mass pulsesdr i ses copper ina 15 2 11 JAN
2005. range between about 2% and about 5% by weight relative to the entire

contact nmassyg 31. d of ¢l aim 18 .wherein . sajd heat treating
conpri ses a stead@ﬁgglﬁp%d tc}aolﬁl gt Wéﬁe‘gt@égw BFopeRsiedinagp. The

met hod indrt ghswatmotBheber ei n sai d heat treating conprises applying 5 heat in

mul tiple periods in step elevations, or in pulses. 33. The nethod of claim

18 wherein hf;at treatl n is_conducted in an inert gas atnosphere. 34.
| a

The net hod Iy mat Oﬁﬁ’éP iTh 33 avherenrsaid ter gas ptmodpbe is8 a
nitrogen atrnospherc.
10 35. The method of claim 18 .wherein said mass comprises powdered

silicon and a copper-zinc-tin catalyst.

36. The method of claim 18, wherein said alkylhalide comprises methylchloride.
37. The method of claim 18, wherein said reaction is conducted in a fiuid-bed
reactor.

, 38. The method of claim 18, wherein said reaction is conducted in a fixed-bed
reactor.

39, The method of claim 18, wherein said reaction is conducted in a stirred-bed
reactor.
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ni trogen atnosphere. 10 35. The nethod of claim 18 wherein said nass

conpri ses powdered silicon and a copper-zinc-tin catalyst. 36. The net hod
of claim 18, wherein said al kyl halide conprises net h?dﬁhh&ﬁlﬂﬁ 37. The

met hod of claim 18, wherein said reaction is conduct [ ﬁli d- bed
reactor. reactor. reactor. 38 The nethod of claim 18, wherein said
reaction is conducted in a fixed-bed 39. The nethod of claim 18, wherein
sai d react #an i & fluahithicreadioi cordaisingrar @atdet thatss pEparedifidc@oity tGhe methodi d- bed
reactgirclgizp{m aining a contact mass prepared according to the nmethod of
claim1l 1. A fixed-bed reactor containing a contact nass prepared
according to the nethod of claim. 42. A stirred-bed reactor containing a

contact mags pr ﬁQ&E&ge@?&a%E&ucgﬂtﬂn?n& ngntgatnh'é)s% p%pa%@iagﬁo}dingzo the method

of claim1.

42. A stirred-bed reactor containing a contact mass prepared according to the

method of ciaim 1.
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