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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 formed 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,

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

trisilanes; trisiloxanes; trisilmethylenes; etc.



CG C, CM GA GN, GW M, MR NE, SN, TO TG . (71) Applicant: GENERAL
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' to as “T” or “Tri”. These are the major products of the reaction, which typicaily
produces dimethyldichlorosilane in a range between about 80% and about 83% an} |
5 methylirichlorosilane in a range between about 5% and about 10%. '

Dimethyldichlorosilane has the highest commercial interest. A T/D ratio is the
weight ratio of methyltrichlorosilane to dimethyldichlorosilane in the crude
methylchlorosilane reaction product. An increase in the T/D ratio indicates that there
is a decrease in the production of the preferred dlmethyldlchlorosﬂane 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 welght 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 fonnatlon 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
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~Conpany, 3135 Easton Turnpi ke WBC, Fairfield, CT 06431 d In r-t 00 7-4
(54) Title: METHOD FOR PREPARI NG A CONTACT MASS 0 (57) Abstract: A nethod
for making an al kyl hal osil ane is provided wherein the nethdd JANnifhses heat
treating silicon and a form of copper at a tenperature greater than about
500 "C to produce a contact mass and effecting reaction between an al kyl
halide and silicon in the presence of the contact nass to produce

al kyl reatvely andeseleptiGtylofithe 00&ct process. WaviEeHED UFORP P REOSRZHIAi stlcSENTAGH MASS

BACK ND OF .THE .| NVENTI ON T resent, i,nventipn rel at to net hod ,f or
o epaP R e hPhr haproymedte BT Fod R th Recqsiisllso PRyBIRTRBIVE ar es
to a aryhaksiiae RodaRasd&givaycont act mass for the direction reaction of

powdered silicon, alkyihalide and copper catal yst. Rochow, U.S. Pat.
2,380, 995 discloses preparing a m xture of al kyl hal osilanes 5 by a direct

reaction b 0 r Ll co d an.al kyl hal |.de | h resence of a
copper-sil ﬁ:e\gﬁo‘%lgIa%oé@%ﬁt?%gérné%g?u{%ﬁpqrﬁ a&%%r%%lgﬁP%Pangr @8{ gl gz;nsll%ﬁ%egt?le di rect
met hoghte 6f dimethiyldicilomokite Fomiatibhgrddaecthe QYD Gadighd eatfldndahainfh @srcligdeltiions:

(1) Me2Sid2 MSICI3 S + MC --- M3SiCl MHSI Cl2_  M2HSI A 10 where M
i s mePgrgent by yeaghtiof produets hayag adoiing oM et shassgodh@8'C. " r esi due” is al so
formed during the production of nethylchlorosilane crude. Residue neans
products in the nmethylchlorosilane crude having a boiling point greater

t han BR&EEF SUMMARY OF THE INVENTION

The present invention improves direct process dimethyldichlorosilane formation, and
selectivity while maintaining or substantially reducing residuals. According to a first aspect of
the present invention, there is provided a method of preparing a contact mass cbmprising
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



at nospheric pressure. Residue consists of materials. such as disilanes for
exanple, 15 symmetrical 1,1, 2,2-tetrachl orodi nethyl disil ane;

1,1, 2-trichlorotrinethydisilane; disiloxanes; disilmethylenes; and ot her
hi gher boiling species for exanple, trisilanes; trisilokXdheN 2005
trisilmethylenes; etc. 2.0 JAN 2005 As shown, the al kyl hal osi | anes forned
by the direct reaction include dinethyldichlorosilane referred to as "D
or "Di" anih aihindyaspeot efithermeesentineentioef beredsiprovisled s thijd-bed reatior contdihimge ar e

R S

methyltrichlorosilane in a range between about 5% and about 10% D

i met hyl di chl orosi | ane has the highest conrercial interest. A T/Dratio is

the wei ghin & Bt aspechat Wgpresertinvrnsion) there is proyided eHinedibeR renctssi | ane in t he
crude I r ' I: t . An dner-easec:] he T/D ratio

i cSEniHf Fiap R ols ArBl ZRCHANORhP oy oAbl RASF G RatpbE o) e

di met hyl di chl orosi |l ane. Hence, the 10 T/D product ratio is inportant and is
t he obj ect ofggﬁnerous | nprovenents to the direct reaction. Glliam, U S.

Pat. 2, 464t psmertaldbe ey 1ByenEon.thers iprA%ded A siiredrbedfsaelor caigiaingst  as
a progpbhictin®isa bRins g adcdH § Yd ol ighl orosilane.

(€] IIian1di%chsg§btha? 59%?%3%Fﬁﬁgﬁﬁéﬂxiﬁ%%ﬁggpggﬁﬁgéﬁﬁgﬁout 2% and about
50% by 15 wei ght of copper in elenmental formor as the halide or oxide, and
pr ef t Q I i bet ween about 0.03% and about
0.75S?Eﬁ¥ékE8H3E§§ﬁ%ﬂgeﬁ%ﬁ%ﬂ@#ﬁﬂ@?ﬁkﬁﬂgﬁﬁde, zinc oxide, or zinc netal, or
m xture thereof, where the weights of copper and zinc are based on the

wei ght of silicon, can be used as a pronoter for meking dialkyl .
subst it ut el diynighbigstanes, kamass forgueducing alkylbalbgiladescin Iporpesid tarreadtingtshisodi r ect

20 reaction be n_silicon . .powder an thyl ¢ Lide a yevi ch et
| R R SRR sT R 8 R e ot A SRR AP O o
Di r ecfurnfcetuptibévdhafonMTtstlichs dtRichivtla (&i61,) tddsdd. TUTE OF | NORGANI C CHEM STRY,

Bel gr ade, Yugosl avia, (1965) discloses. that mcro quantities of silver
added to contact nasses resulting fromthe reaction of powdered silicon and
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25 methyl chloride in the presence of cuprous chloride decreases the yield -
of methylchlorosilanes, while tin and cal cium chl otige(i [N @@§% the -rate

of formation-of nmethyl chl or osi | anes. Rang et al., Al umnum as Pronoter for
the Direct Process to Methylchlorosilanes, Silicon for_the Chem cal
I ndustry 111, J. KR TUSET Ens. 199 30 (Trondhei m Norway, 1996) discl oses

addi ng solid allum num conpounds to inprove 2 2 0 JAN 2005 reactivity and
selectivity of the direct process. Ward et al., U S. Pat 4,500,724
di-scl ose3ht reatltingsolid rdnminilivon andpoppanndigcilled-evhag: mbe diect et hod

and can be controlled.tQ provide inproved _al kyl hal osi | ane product
ol eot VPO Riash i i By Rie s 14 e aionptoniit vith @ikl 1o generate

al kyl hal Qﬁyihglﬂgﬁaﬂé“%cd@rﬁlh Q@h%r}ﬁgsehbﬁveﬁtg(ﬁf sflcofllaHB b h ¢ 0 O;{eﬁéll' | ane

formation,” reduce the T/D weight ratio a el ntain or reduc per cent
by wei ghlﬂeaéfreqi?@émplt%’ldm mg:trav@bwdmtamgﬂmss nt greater than about 70C. BRIEF |,
SUMVARY OF THE | N\/EI\FI'I ON The present i nvent lon i rrproves di rect process

subet ant | af |y PEAtENE LT B 5 Brmpteabens porage a6t gheon e
present uorfmmmmS ey SrinSofRoPYErden provigd megﬂt p@fc%laaﬁﬂzﬁﬁnge 5QWeBft NMBss
conpri sing Qrm ng a Mmass b m xing silicon and a form of Copper and -

heat i ng qb8uho§ ahoyf éo%e@ Wﬁéﬁhfhcélﬁ@m Cmm@ﬁdl’mfmbt}rtéaammgns ai d mass
-at ate f 0 o ond aspect of
he” pr eonepraeliEirbh B hehDaR, B0y 3 oot ARl st brdeRbho ey

al kyl halron;gel et eercabiut a%mgjihnurrsm ﬁd}ﬁﬂpﬂﬁilomﬁﬂle%nmdhﬂ% %bbéé&@n and a
fo ating to a terrperature | ess than about 500C and heat

er
at i ng'1 %"Jﬁﬁlgr{ﬁagegg oying Egwpdioni)e of greater than about 500C and
effectlng reacti on between an al kyl halide and silicon in the presence of
sai d cofipct mass to produce al kyl hal osil ane. An enbodinent nay relate to a
reactor containing a contact mass prepared by formng a nass of silicon
and a formof copper and heat treating the mass at a tenperature greater
than about 500C. Anot her eSibodiGuht—neCur ¢l 8, to an al kyl hal osi | ane
reactor containing a contact nass

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 hours. The heating is typically conductcd with a steady appllcatlon of heat
over the desxred penod Alternatively, the heating step can be conducted by applymg
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 - T



substantially free of forns of copper other than the ethQQggf ﬂ phase.
0 JAN 2005 In a third aspect of the present invention [ErOV|ded a
fluid-bed reactor containing a contact mass prepared according to the

met hod as defined in the first aspect. In a fourth aspect of the present

i nvention, there is provided a fixed-bed reactor containing a contact nass
prepared according to the nethod as defined in the first aspect. In a fifth
aspect of the present invention, there is provided a stirred-bed reactor

cont ai ni At exampderof suitable sahpepierasi salso e @aquéﬁfﬁm?éeﬁ?étsh@dd §xhigitfa ned in

the firs REEL g@g#nP élé%Ezl}!ﬁ 4p a typical
mstanceBEgsrrasse @r%-qg\rhg%@& ng a -Bloﬁl\ﬁ)om TBReT s prepar ed by reacting
silicon nmtets @rpmh;sthelnﬁtmgedadairptaoﬂm&ﬂmﬂature in a range between about
280C and about 400C in a furnace until evolution of silicon tetrachloride

Si C14 .3 2005 Th | t lid | j nd
Copper and 1 o P LA G CppPoTFaBaT0 e CaB SOIOR iR aBR e SBTERA |y rade
prigr tonfabe wWher @k csﬁ&%ﬁtawstahe@élléylnhaélhfiﬁ‘e foQ:o §&6thﬁt£<ceeﬁsisyl hal osi | ane.

According to the present invention, silicon and orm of copper are heat
treated fagupedvInge tamalkm@rset\r@?@pt@romasaiystnms@pesswstacndbn@e@ of tilearpbesent

tor mof  Disshpd b8 ee EOPAEYn, G aRRMEEF R Mtoll S ERBaiEelBEn “anout o, s

and abouiubkfa%!ml@jr ftt vetih 0ait beudith gt Addsired $ig coitteatratieblnthbhe anount
of copper is in a range between about 1% and_about 7% and nore preferably

in a witigg cafalist o tantiglhnfeqpbin” oysedheredt whus i finheigg presenicont act
TBg6 pr Oﬁiea%da?néllglt R Al 8ul o i Al AR il Sliitaed Rpoer AUCL - -
ut ntact mass.

4Cu + SiCl4 at a terrperatur orma
The nas stha‘sozmﬁmrushém miake Hicadnat mlassattcnmmsesl Guéniperrat gy eetwediealivmt

E);t(:a \%tegﬁn% d %ég@é%% 6%1% arg'g;?éel bngwggneabrg%%%% an% ahmrgg:) 5e9r} téltg 1%1;1 narange
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



about 1550C. Preferably the heating is to a tenperature in a range between -
about 850C and about 1250C and nore preferably to a tenperature in a range
between about 975C and about 1125C. The heating is cogdgcygd W05 a period
that varies with the tenperature. Typically, the heating I's 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 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. Adeserbrsktenes {pr praparabion of thy eontast Bwss. be conducted by appl ying heat
to the mass in nultiple periods, in step elevations or in pulses-or the

i ke. The 25 ' LS. EyRl I t r_inert conditions, ’
for exanpl e, E?ﬁ%értg\g/it:é|t§§%a%sﬁlsl}lﬁjlrr@gé’nd%?9ﬁ0@gg eﬁ%lsg} gfelﬁ’ree dﬂ?ﬁ%‘?ta@g]raﬁ%xyl iCc
aci d sal tis thefpredppimaniaform tof popysek ity thesediaasmhdze Thephe/ataOdiperah@e lBie t he
contact mass for .the process. per. formate, copper acetate and copper
oxal at e 4To3tEeH Rt tagt Elaé‘}c?i’% agtally ingfrasesthe.claphaesof seppacioundin ts. The
gramul ar {patseslicahtachaddsd exhibit a BET surface area in a range between
about 0.5 neters2/gram and about 20 neters2/gram by the nitrogen
adsorption method. Partially oxidized copper can al so be the copper source
to nake-the coitedenn "Slastigiy"” Mneingnedns theoaiylily of arvatilyst tanlagimeize die t i n

catal yor PRAnERRREF bR SEARE e S BT for BRGNS MR EuPoR it o pur ve

excess t ivalue@f the RDUFa6i5 a@fl atreducEion i@t dei@rper and copper substantially
free of tin can be used to maintain a desired tin concentration in the

resulting catg]yst. "Subst ﬁpti,ally free of tin" as used herein refers to
tin being prest&EEnige temyplisativeamewds menap thas smouspef pehstange exanpl e of a

paipi al | YaopichrefeRRRGSing A DLAgt, mass

conpri sesa%ﬁ_o_i n aerange I'B%t%ﬁelﬁ a 5%%@@9})0%{3%}[%%@&%30@3?% in a range
bet ween sdlewtvityzowamidlimptiyldisidegosiland. n a range bet ween about 5% and about
10% Cu, 350 parts per mllion (ppm) Fe, 54 ppm Sn, 22 ppm Pb, about” 0.05%

| nsol ubl es an(f‘hclﬁ 75 v}e?gzilq rz?t?ooéjtt thg (r)tle?lji)y%hl?fbroglrlax;rel feacﬁ‘lmln product is of interest.

The T/D ratio is the ratio of the methyltrichlorosilane to dimethyldichlorosilane in the

LY

crude methylchlorosilane 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.



15 percentages are by weight of the total nmass of the p i all i di zed
copper. Particulated cupric chloride, cuprous chlori de lﬁi!‘béﬂﬁ(ed copper
metal can be utilized in nmaking the contact nmass. Zinc netal, halides of
zinc, for exanple zinc chloride and zinc oxide have been found effective
as conponents of the copper catalyst of the mass. Tin netal dust (-325 ASTM
mesh), tin halides, such as tin 20 tetrachloride, tin oxide, tetranethyl
tin, and alkyl. tin halide also can be used as a source of tin for making
a cat al ysP2rishiepBHlien reletiyes theeeﬂrespnﬁaetanaaasé’mq %ﬂtﬁ@@ddgmram ammgg can have

an iron ( n nd 1% wei ght based
on total Eﬁraﬁ%@ﬁ café:lgbuo%t? &?e db]?}‘ﬁ’?‘%veﬁg%q Ptgﬁe %gf%t&ﬁrﬁ%éd’t 0.0 1% and
0. 2% by weldifixin todimed aaanohabetettn St I@pﬂtsa;ﬁ‘er%ﬁllﬁimﬁﬂdnw@ﬁaﬁtsbeflontent in a
range bett\é;\@fn about 0.02% and 0. 5% by weil ght based on total silicon. The

silicon tYpi'€%&i |y has a particle size bel ow about 700 microns, with an
average size greater- than about 20 m crons and | ess than~ about 300" m crons.

The smean di anB{fluinudnl€arshd éuﬁgged)ﬁﬁﬁi'w%hﬁﬁs éo%r&rseﬁ@{nﬁlae'yaé. el lﬂgreirfnge

bet ween about 100 mcrons and m Cr ons I con 1S usua
obt ai ned raferstoghe cheymeal cmnnoeadthagﬁ%vide@ tipynecessghyt elehest drictamerantbri t i s

th d t es.of sil n i.n the gbove.5 JAN 2005 :
deggrfg '?glﬁgse %Efglﬁg?lgﬁl%‘ﬁn & {’?1 YR 2w §a“?§§(?é%ﬁf'ﬁéncll:‘tﬂ%¥%ct Mmass

i s fornedut &Itaﬁmtedlﬂel wbpérsalaingtnt S6), s@ebriduamhus] ﬁtd?zh%%on-ahﬁmh{?ﬁ
predom nant form of copper in the contact nass. The el evated tenperature

heat tré‘gpﬁﬁﬁtgf@fluﬂhélu%lﬂﬁ%éthME@meb@tfHﬁtthciwfy i ncreases the eta-phase
of copper found in 5 the total contact nass. The term "sel ectivity" herein

megps the abi |wﬁéﬁ1fﬁ @hcﬁﬁg A 8kd FonI BTy astshﬁc%rpéé) gudné){heggrophat he val ue

di met hyl di chl or osi mn ror “exanple
of the THBrietytof cownek. Hor mdiante dive phosplieudadiecs dm&Je ddppér phospliide fidn
10 capabl e of either

"ef f ect | f bst
 mer oasi RGO TRty PiaspRRS FiiGHdS FRalRerhifts o e EietoiRsEhBEsF ng
sel ecti Virdinethopabephihd Gt 1P AMEith or without added phosphorus, the

T/D ratio decreases w1th 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 ebout

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 1nstanees where

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

methy]ehlonde 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 T/ D weight ratio of the nethylchlorosilane reaction product is of

interest. The T/Dratio is the ratio of the nethyltrichlorosilane to"

di met hyl di chl orosilane in the crude nethylchlorosilang (]eg,g;ﬂilﬂﬂﬁproduct.

Accordingly, -an increase in the T/Dratio 15 indicates that there is a

decrease in the production of the preferred di methyl dichl orosil ane. '

Al t hough nmethyl chloride is preferably used in the practice of the present
i nvention, other C(1 ) alkylchlorides, for exanple ethyl. chloride,

propyl chloride, etc., can be used. Correspondingly, the term

"al kyl hal osi | aFhee¢xpressiandeemoontimmwuhgdrdiiigonst mati teapeet tovthiealesiriptioment

preferred, net hyl chlkorasil ane,. and a variety of other silanes.such as

t et r anet %9? §elaf:§ ?%Wﬁ}%?_ﬁlﬁpgﬁlaﬂ BgPlPtﬁ?Fet}la%éPWPf‘?ﬁﬁﬁ@r"&ﬁﬁ%@? silicon
t et rachl qiddé®and fhieGBARGION irhiR N1 abBRA 400k S Yl QM hRNReRRMlized. After

di met hyl chl orosi | ane. The al kyl hal osilane reaction is typically run with a

pronot er abguib0%s utitireigm additenglweantints efsiliqums copparicatalyst.aov-datalysidad i n an
t t ' t] t b .about 10 t
Sor S | rOROe) Be08ed WAL ABE R IBR IR IE S e b o R 3l § i

a range hembied andoeict&DRithany sefemtsidtliingsst anthe ralauits A80cdAsnsd PBI
mllion. When phosphqrus is a conponent of the contact mass, it s

typi cal | PrésrdeBracerdhths reagtion hge ke sopprstandiiditienel seastanthiddedod and about
1000 6 2 ). Hb %Qd&)?tiﬂ?@c[ b1 £ ol tluln'ugxﬂexrﬁ%tai Eéérfﬁitti@nst. he entire contact mass.

Zinc can be added in-an anount In range ween about 0.01 %and 1 % by
wei ght relative to the contact mass in addition to tin in an anpunt
bet ween about Alénjantinsaspef pawhtied nilind, Wb cpppdrsapdyst can bé made pfibetal un num

b | i,ed f | 4 S ! d h ' f
el e Raper bt EefieR 3 THNER e Brtcatene kY BRlomianss. o errent s 1 or

t he nmass prefabBONF6R 198 caibdpéiﬂcaﬁiiﬁbﬁﬁd} siéh & PO HIONEE fetc. VAR RUA@H! 0Y'S

including_ but not limted to copper-alum num alloy, silver-alumnum all oy,
si | i con- MitrApAWPriaty aguntpafpewieed siligan.dimedineogndheaeodis aterigenatuteher eof .

10 Vhen BRARARN9ESt' 038958 ha h0S AL MR o hé ifuBE, SuPP! Ted Troma

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 _followizig exampl‘es, which by
20 way of example without limitation describe preferréd 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 inért gas for approximately I- |
2 hours at 1100°C.



var i ety of sources. For instance, the phosphorus source can be copper
phosphi de, zinc phosphide, phosphorus trichloride, al kyi) %miﬂ S such as
triethyl phosphine or trinethyl phosphine or conbi nati ons*the £ ith or

- Wi thout added phosphorus, the T/D ratio decreases with the addiii on 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. Mre-:

speci fi cal |y, lyWes ynexpectedly founddheyrthe methydelilonesilaneaeaationtusingspresi | i con

particle aﬂﬂ]jg 1 I [ - A SEILT bed is simlar to
a fi xedﬁ%%%{l wf'n cﬁ&?ﬁ@té&ingﬁ%rggﬁea% C1§P§1§§I?$1§Pel:ros%fe8{w§g sort in order
to keep dinecthyddichibrosilane tistaht cormtdl o usng bopptr 2Ridrided Adaainellyiel udes a

bed of si#i cci{r% %grti cles, catal %/st particles and co-catalyst_ particles,
whi ch i sO¥PETREd foppergsiliconfentart magnegys msthylghiopsilarg prodnétaninties he gas,

‘typscal ﬁhaﬂ%%féylbmhgfyiﬂ%d@é NdHPRESEN M@H%SJ@'T‘ ahdfesid@gct or.  Reaction

typi cal |y occurs undér sem -conti nuous cohditi ons or 1n batch node at a :
tenperature between about 250C and about 350C, and preferably between about
25 280C and abwgtothaoans wereiconduated witkipbatpheresascapromotartfistheith eact i on

under a pf:essur i range, het we abo | at mpspheres d about, 10

at nospheﬁ%%ﬁll akn%ld:acr?é;) £ grn%elcsm@ Vi @ygtgng Irﬁfﬁndwﬁéa pf‘ne'%{?:&lt?)#)c‘?@’eﬂg OR COMECH | gher
pr essur emagyc Adarssné BEH-edaifing GpEviey QIEMSHL, aftEMeH, Sid PieRerotfed

met hyl ehl orosi | anes., Desirably, the pressure is in a range between about

1.1 at ndsHieine hasphomsgrrermates apé prrhspied @apsand preferably in a range between
30 about 1.3 atnospheres and about 2.5 atnospheres. 7 2 0 JAN 2005 The

exy essipmpigdi - conti nuous conditions” with respect to the description of
the reaction of nmethyl chloride and a contact mass neans that reaction
solids are added and the reactor is run until about 50% of the silicon has
been- uti | i zedA mithdehlondstane BosGan whs caaticd nyt mddiltiil ded reaceac tiathis of

silicon, er t st, -co-catal yst. and 5 .pronoters . be added. Wth a
bat ch rmEd‘ceégﬁjg%é?ff g}ﬁl% Llﬁ’f’fjbé‘fast‘:ﬁ’émgl&u%/ Iegﬂ%‘&ﬁ‘?gd'ﬁ‘@ aaé‘@d‘z(?‘gg%fl H&G!%nd react ed
Wi t h anhaviagd0aitms Whihidss 6DSIppef aidd\QliE QRS RMr T oRIRIsHR N ¥BFper! N Order to
proceed the reaction has to be stopped and additional” reactants added. A
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



. fixed bed and stirred bed are both run under batch conditions. A contact .
mass of powdered silicon, wth copper catalyst can be m@d8 pajdi§o 10
contact with nmethyl chloride to facilitate the generation of

al kyl hal osi | anes. Preferably, a reactive copper conpound, such as cuprous
chloride, etc., can be mixed wth appropriate amunts of powdered silicon,
tin or zinc and heated to a tenperature of about 280 to 400C. and then’
heat treated according to the invention. The contact mass of the present

i nvention can be made b _iéiroducing the | S abgve-descri bed conponents into

y TN
the react B valupsatedsiergrnedatappioxpately hins?ersiheanchtiizationdy maasyeend of
two or npf&aiod EnpefibPWhecHRPASRbSinlafe ShEMRYER corpoundsor
m Xt ures an(aj i% Si tlzl heat treat e%.ﬁﬁAl {er nat ?IE/EEI g,ghgt)ggggg(%ﬁ%g)é formed and
heat treated prior to charge to a reactor vessel. Features of the invention
are’illustrated in the follow ng ed&BllE$, which by 20 way of exanple
without limtation describe preferred enbodi ments of the-present -

i nvent i 5: e A ety ~0f-€ Attt E S0 ed out in a
fixed be@.PPeeractor “The fixBd bedcomrady Y %%t nass

cont ai ni ng. 5% copper catal yst, 0.05% by 25 wei ght zinc dust, and 50 ppmtin
dust. The,®ed MWsporeact ed Wyt negfyl ghlori degaf 310G glhe reaction was
first run as g control with a bed of silicon and 5% copper as copper
chloride. In & second run, the contact mass was prepared by reaction

bet ween C&bbperinclifiotli0de and7gili€dn ih9% fur nﬁcé underlla3fl ow of inert gas
for approximatlely 1- 2 hours™at 1100C. 8 2 0'. JAN 2005 It was unexpectedly
f ound tr@ﬁCIt he wi&ygl%!a#pro§)_1‘|6ane75eac,_§| on usi gg pre- Ifgt ed copper/silicon
contact maSs dave significantTy hi'gher selectivity for

di met hyl di chl grosil ane than the control run using copper chloride.

Addi ti or@dCly, B /1060°0r e- he@Ted 4.dppel.bfsilicof.lcont act5.pass gave

met hyl chl or osi|l ane product m xtures 5 that were |ow in by-product MHSi C 2
and M H2S-&o—ahre—+esdue—

&

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



Two other runs were conducted with phosphorus as a prono
silicon and copper chloride catalyst and then with a pre*-
copper/silicon contact
and McH2Si C1) were forned

mass. 10 Exanple 2 A
bed reactor. In this
into a fluidized bed

?ﬁLaMé'dfﬁﬂ'thh a

mass. Al nost no Si-H containing species (MHS1C 2
using the phosphorus pronoter and preheated

met hyl chl orosi | ane reaction was carried out in a fluid
Exanpl e, methylchloride was continuously introduced
react or having 20 grans of mass of copper and silicon

powder coggptrsi Ng 5%
dust .
crude re

action produg
over a 24CuGl @guhgur

bed of silicon and 5¢
a. cont act 35(
of sili conun;?@ l@&}bs)cor
the fluid bed reactor
a bed of GuCi@anns)nd
fluid bed reactor at
bet ween 8‘5 er chlori
a furnace er a flq
heat treated nass wag

The contact mads bed was 15 reacted wi th nethyl

Clefppere caf alfyst, QUmeH@mdua\tge;ggﬁl SUR&fAue’> pPPM tin
chl oride at 310C and
t _was collected and analyzed with gas chromatography
FS0PGd. The r&slti dP wasXirst riun as a €dntrol with a
ocopper as copper chloride that was pre-treated into

cti was , al run a contr with a bed

Slm?.lgg(:‘l xe%ﬁop%élr i07de tha’EQO go ‘g epafed in

at 310C. The reaction was also run as a control wth
FSeapRetC as gobpen.ahl a3 de t hatowas preLpared in the
310C. In another run, a mass was prepared by reaction

ilicon at 350C_ _The mass_was then treated in
)\%?E}ﬁqsw’éft gagso'lf or 29 52fours at’4100C. 4Be resul ti ng

b then used in the same fluid bed nethylchlorosilane

reaction. ValuésS o

rom oregolrn

followng Table 1 and illustrate the inprovenent obtained by heat

treat nent accordlng t

det ermi ned at "Hmh@w Ee;tamlpg,es Ishow ¢h4t $6sBinki ficam dima:thylzlwllﬂcunm(ane IeEASASE €

i oS men e

reaction
TABLE 1

Example 3

o the invention. 9 2 0 JAN 2005 The val ues-were

of .

mat e .anpu has reacted).

PEF SR

esent lIlVGl’lplO

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 reacti

on 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

1100°C.

15

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

demonstrate the value of heat treatment.

11



CuC1350C77. 71050.76.0 Cu(OAn Situ 310C77.76. 13. 90. 611 3 CuClIn Situ .
310C84. 67. 340. 92. 6 CuCl 35011100C86. 74. 43. 50. 15. 3 Cruder%g ;'Ifgli @Ds o
approximately 18 to 22% Silicon Utilization also 5 de 5 t t he- value
of heat treatnent, as shown in Table 2. TABLE 2 Copper Tenper at ur eD.

TMcHSI Cl 2McH2Si Cl Resi due. CuCl 350C85. 15. 13. 115.3 CuxA n Si tu
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 approxinmately 20%
Silicon Utilization also denonstrated the value of heat treatnent, as
shown in Table 3. 10 TABLE 3 r, 10 TARLEAN 2005

Copper Tenper at ur eDTMcHSI ChMeH2Si Cl Resi due CuCl (4 runs)350C85 04.93.216.1
Cu,, O (3chpRs) TN SI T [Tengei8 4. 5O. 7O T4"T Srt '
310C88. 25785 31, 04, 3] Qucl 310/ 1100800, 12162, 20 246' ﬁm{é %lve l%x‘anrpl es show
that a significant di methyldichlorosilane increase is obtained wth a heat
treated Cafti gEtunspss| 3@CGr di ng t 088.be psgsem 4i nventiign. ~-Examge 35 A

nmet hyl chI orosilane reaction was carried out in a'fixed bed reactor. The

bed, © 6 GLARE, compr) sed 3 SLLI cop, contagt mpss cont gining 5% copper, 0. 5%

zi nc dus

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



50 to 75 ppmtin dust. The bed was reacted with nethyl chloride at 310C
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 cont gtﬂ ggﬂs @5‘3500 The
reaction was also run 10 as a control with a bed of sili g;\ 5% c)
copper as copper chloride that was deconposed in the fluid bed reactor at
315C. In another run, the bed mass was first prepared by reaction at 350C
bet ween copper chloride and silicon to forma contact mass, which was then
treated WwynAT tYCDAgRRmger a flow of inert. gas for 1.5h at 1100C. 15
Crude val ues at approximtely 20% Silicon Utilization shown in Table 4 al so
dermonstrate tthe wahateodalt plepaingla’ @aBBRdss, cbinpfisifly thd Sp£G05 TABLE 4

Copper Tenper at ur eDTMcHSI G 2McH2Si Cl Resi due Cl F4 '

runs) 350C88. (5. 7 Zraihg @ 20aBs BIxing 2ilitoH el Tobh bftofikd SRV hBr@®-a7 0. 53. 7
CuC131011100C92.54. 02. 20.21.0 Wil e preferred enbodi nents of the invention
have been descri 8tperalyiplespihasaput f¢dierndon i s capabl e of variation and
m)dificationI nd E}%g{ef_ore_shoul d not be 51limted to the precise details
of the Exanpl'és. "PHOLFRIY BRSS # e tereatute ey than@bowt1508iCat i ons that fal l
within the purview of the following clains. 12 2 0 JAN 2005 WHAT IS

CLAIMED I.S: -1, A nethod, o reparing a, contact nmass, conprising the steps
of :° (1) formihg a éEEtB?/‘} Hf?(lf‘ig‘b SYHFERF aétr%‘i“%ﬁ“éfncéﬁﬁﬁ%?(g’m%‘ heat i ng
to a tqm@bﬂ&dfj’p@rineﬁﬁjédﬁ%tﬁﬁ%t 500C, and (11) heat treating said nass at
a tenperature greater than about 500C.

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
sald 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 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



5 2. The nmethod of claim1, wherein said heat treatnment increases a Cu3Si .
form of copper in said.contact nmass. 3. The nethod;@fzc a| é @¥herein'said
heat treating conprises heating said contact nmss at a_pgg%_p ure-in a
range between about 550C and about 1550C. 4. The nethod of ‘claim 1, wherein
said heat treating conprises heating to said contact nmass at a tenperature -
in a range between about 850C and about 1250C. 5. The nethod of claim1;
wherein said heat treating conprises heating said contact nass at a

t enper at M\Exﬁe bétech aBGR RHMEANLLRRC %%%&pr ?igﬂtdre%hlgvgfc? ﬁ%ﬂZS 8 nirie method of

claim1, wherein said héat treating co es. IgcYfttact mass at
a tenpéfa¥Sure in a range between about 550C and about 1550C 15 for a
period of time in a range between about 0.01 hours and about 8 hours. 7.

- The net hod of, cl ayym 1, erein said heat freating conprises heating said
contact nas gl Lat Zf@e%&%@tﬁlal%ﬁ Vgli‘eéﬁ‘&éalﬁ’e?%ﬁ IE5% GPMBEERS eeperdbout 1550C
for a peungtbatoti Mout asemisuyeh i aRoubif & BRULEAN AR hours. -

- 8. The method of clai-m 1, wherein sai eat treating conpri s&&feat | ng 20
sgi d cont act ,)nass]a}aft a tenperature in a range between about 550C and about
1850C for d2peri o Bethod el claimal, whegein saidwentachivast camposes capgerdhout 3
hour s. aRangteclBINASuehoLl R ' al;d.heat treating results in a
contact mRSS . substuant/‘fa’ﬁ %%Fggpﬁwfe?ﬂg’hﬁr%’e% VCC%HBEFH@E%F@?“%&WS%M eta
(Cu3Si) phase. 10. The nethod of claiml, wherein said contact nass

conpri ses cépper The mahad Qf dlakn20Oercin asighehekaBap cdRfHseda 3ea@nd about
10% bya@ﬁicﬁﬁé rﬂ&%ﬁii ve to the entire contact mass. 11. The nmethod of claim
1, wherdl n sard Y& 2 R conpri ses copper in a range between about |%
and about 7% by weight relative to the entire contact mass: 5 12. The
met hod of cl4i m Thewhahe&d of Slaird 1 AREARGE smﬁéaﬁ%nﬁ%%@ %995[)?5 é}iﬂ a range

i i {0 the entitre 28n

tween about 2% and about 5% by weight relative t act
ss. hest npmultipls Reyipdss mostap plevatiousepeinpwsdsd heat treating conprises a
st eady

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 : 17 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



application of heat over a period. 14. The nethod of claim1l1, wherein said
heat treating conprises applying 10 heat in nultiple p2id ggﬂ,.-zﬂgg .step ... |
el evations, or in pulses. 15. The nethod of claim1, wherein_sald heat
treating is conducted in an inert gas atnosphere. 16. The nethod of claim
15, wherein said inert gas atnosphere is a nitrogen atnosphere. 15 17. The
met hod of claim 1, wherein said mass conpri ses powdered silicon and a
copper-zinc-tin catalyst. 18. A nethod for naking an al kyl hal osi | ane,

conprising for2o.ng FhepMRAoMRSS 10y whifeitl B9 Bddt beMhoPindreadsdsQnBpf copper
and heat;{n 0 a tenperature | ess than about 500C an heat treating said
mass. at Bhagepf €opperdr saitl epnte¢farasabout 500C and effecting reaction

bet ween an al kyl halide and silicon in the presence of said contact nmass to

produce . al kyidyal osthafgmolibeelfnIoN:AAEH 2R %J?g#ﬁ%gg%g%@sgg %5&’31'&}? -

wherein said heat treating increases an

sai d contsaikconems magdat alfemperinire th 9fangk derwcb ab¥RET56P0-28@LBoRaREot¢-eat i ng
conprises beating said contact nmass at a tenperature in a range between
abo 550C an 22. The nmet hod of claim 19, wherein said heat

abouf, 1550C. i v I
treating corrp%zsesu]&FEa"t“F&‘Gdo giatn d 3rivhrseinpaikheat treatingqomprises bedtinga r ange
bet ween C The neth §~clai rein
sai d hea’? g?@%%?ﬁga%ﬁgg‘géraﬁg |%ba%g%g?we%ﬁ{)%%gsﬁag§n§f”£n%}ljtﬁglsr%€¢at ure in
a range between about 975C and about 1125C. 24. The nethod of claim 19,

wherein said B8at tFheahethgd obelpinh $@svileeihisaig Helt SaittheCRRiREs RSl -2
tenperature in a range between about 550C and about 1550 for a period of
time in & LABBCHEAHSE 3 tapperatue Bua fpge Betwgen abui 075" Gand sbow@3 12542 net hod

of claim 19, wherein said heat treating conprises heating said contact

Mass at a tenpgratyig hdhodof ARGE19SINEER s RN A0 AR ez 1?130C.

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 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.

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 tinme in a range between about 0.5 hours and about 4 hours.-
15 26. The nmethod of claim 19, wherein said heat treating conprises heating
said contact mass at a tenperature in a range betvveen%qﬁ {ﬂN ﬁ@C and about
1550C for a period of tinme in a range between about 0 about 3
hours. 27. . The method of claim 19, wherein said heat treating results in
a contact nmass substantially free of forns of copper other than the eta
(Cu3si) phase. 20 28. - The method of claim 19, wherein contact nass

conpris o n_ab 5% and about 10% by wei ght
rel ati vlgﬁg ﬁ'geregr?t% P?tez’{‘:’%ﬁg (53%%5 233"% re}ﬁté"eﬁoﬁt ehige CEW%FH%‘F@ wher ei n

contact mass conprises copper in a range between about 1% and about. 7% by

wei ght -rel at Blie t Theectiod off daifons, ameraas;@]d h%&taéatmghsmgﬁs&% 9:I aﬁ' aim 19,

wherei n cont act SS conpri ses cop ina 15 2 JAN 2005. range between

about ﬁﬁhoa‘b‘&{? eak oy ¢hy? desirehpert at| ve to the ent| re contact mass. 31.

" The net hod of claim18, V\/nerel n said heat treating conprises a steady
application of heghe red of claim18

wherein said heat q%]r ?ﬁ?forﬁgofggﬁrr%lrl sé"g’%géﬁg ;P%gat@aﬁng?&%g?ﬁﬂw légperl ods,

i P st epheet mvmultiphs periads; in stapl dewtiodq.or Mpulset hod of clai m 18 wherein said

heat treating is conducted in an |nert gas atnosphere. 34. The method of

claim33, whgyei er, here is a .nitrogen atnosphere. 10
35. The netHod oPTlé?léll%%Jorilé)f\mg?el ™ ggf Eg’e%&f?ﬁ??%ﬁscoﬁﬂ\hﬂéﬁl 8 sj | j con
and a deqrpgis amephdre, cat al yst. 36. The nethod of claim 18, wherein said

al kyl hal i de conprises nethyichioride. 37. The nmethod of claim 18, wherein
said reacti %Il is ,Fonducf]t ed in a fluid-bed reactor. reactor.

he method of claim 33, wherein said inert gas atmosphere is a
nitrogen atmosphere.
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.

16



reactor. 38 The nethod of claim 18, wherein said reaction is conducted in
a fixed-bed 39. The nethod of claim 18, wherein said reaction is conducted
in a stirred-bed 16 2 0 JAN 2005 40. A fl uid-bed reazﬁ]r ﬁﬂnijﬂljm ng a
contact mass prepared according to the nmethod of cl& JAN 4085 A fi xed- bed
reactor containing a contact nmass prepared according to the nethod of
claim. 42. A stirred-bed reactor containing a contact mass prepared
accordi ng #0 t héa fluiebdtoeacibr cordaimng.a dntact mass prepared according to the method

of claim 1.

41. A fixed-bed reactor containing a contact mass prepared according to 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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