WO 95/ 26927 NMETHOD OF 'PRODUCI NG ULTRA H GH PURI TY MONOSI LANE_ AND APPARATUS
THEREFOR Tﬁg’fﬁ@g@nt I nvention relates to a nethod of produc?ﬁﬁmﬁ’f’wlasﬁi gh
purity nonosilane and apparatus therefor, and particularly to an ultra

hi gh purity nonosilane producing nethod mhlch conprlses | i quefying and
rectifying a feqg 3 SN BT 6N B ERANE

nonosi | ane gas and gh pressure npNos] aV|ng an uItra
high purity, which are free from<sfaros FETe e boi | i ng point | ower than
t hat of nonosilane and chl ori des havi ng b0|I|ng poi nts hi gher than that  of
monosi | ane, and an apparatus therefor. Mnosilane gas is generally

i ndi spensabl e for the manufacture of ultra LSIs, solar batteries,

phot osensi tive niherpaasemujxnnentinn relkates maraxmwbhogra&uprgpuclng

nonosi | ane f al of e PRatent
Publ i cati ong err] @{@36/ %WSU#%E?ﬁ ahglh ‘ggéfﬁéﬁ?b tﬂéﬁ F]c?i haﬁ&a
hi gh purityPartaculaziyncko am uvityaghigh PHS#&Y mmqga,};ane PrAWING

met hod for Repdsql nﬂhiéﬁh ébﬂﬁrpyégtyl fyiaae Sﬁ& AFEcEi Py BhE' r&£d teed
t heref or have not

¥ been d§§&|0 T'g gﬁ invention Is inended

to achi evemOPAELIRBP AR o Y6 PFgRSUpS, fQposilane

nonosi | ane gpsodndlhgghnprbsduaecmnnnsglane nﬂqulqueaun havimsntaromltsa

characterlz | ' esfiid Z 1 %&8!

gas-liquid fsie aré’tl ng °d %ﬂgc?mﬁ(% aneé ggggml ntroduct ng ?ﬁmgepar a? d:.ng
p01nt lower than that of monosilane and chlorides having
boiling points higher than that of monosilane, and an

apparatus therefor.

Monosilane gas 1is generally indispensable for the
manufacture of ultra LSIs, solar batteries, photosensitive
materials and the like.

A known method for producing monosilane gas is that
disclosed in the official gazette of Japanese Patent
Publication N° 3,806/1989.

Such monosilane gas preferably should have a high
purity, for insténce, of 99.9999 % or more. However, a
preferred method for preoducing such high purity monosilane
gas and a preferred unit therefor have not yet been
developed.

- The present invention is "intended to achieve the
aforementioned purpose.

The _ultr_a.__ high purity monosilane producing method
according to the present invention is characterized by
comprising: pressurizing, cooling down and gas-liquid
separating a feed monosilane gas; introducing the separated
gas to the middle stage of a lower rectification column and
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gas to the mddle stage of a lower rectification colum and WO 95/ 26927
PCT/ EP95MR8826%Ect i fyi ng the pressurized gas in the | ower PEEEPYIULS4 on
colum; introducing the gas resulted fromthis rectification to the mddle
st age of an upper rectification colum and rectifying the same gas there;

and taki “Qee’difﬁl?x'gghtﬂéeséﬂéésﬁ@ﬂ!iéa' % 9&h pERQUC:Eovﬂir' 'r‘ll&ﬁfmiéﬁ”e
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The ulttrao htlw nﬂtﬁd]tef sﬁ?@@lbgn%n ?h@?ﬁ@ nﬁecﬁﬁ:flﬂedtdaﬁordbnﬂmho ane
resen I nve 10N IS aracteril ze r r e mn
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rectificalion co ra high ane procf'um ng ’un|
accor di ngfromt fthep hetdiam iportionof ss@ﬁdrupperl regtaficatdansiaiumn 4 over
rectification colum with a reboiler- condenser disposed in its top portion

and a condenser_for coolin use di spased bel ow fhe reboil er gondens
upper rectifi cZPfon “HotRAm B%Hﬁ?nsé?mf‘iﬁ”&fb?l ng¥ 853 &ngoé‘éegtr}?ffl ts
top porti aacotrb.dnlg)t @M he | qbr@éeﬁbe ﬂﬂveﬁtiahurmsbelchgrammiﬂzed heby

cool i ng SAERREET ocipihal € ptRE of iihacEbd iquisoP¥leridied

cool i ng dimnthencbgttoni portiom it sajda liomer mertificatien; cm;mm by
means of a reboiler, whereby low boiling point components
contained in said liquid are gasified so as to be recovered
to the lower rectification column.

The wultra high purity monosilane producing unit
according to the present invention is characterized. by
comprising: a lower rectification column with a reboiler-
condenser disposed in its top portion and a condenser for
cooling use disposed below the reboiler condenser; an upper
rectification column with a condenser for cooling use
disposed in its top portion, the bottom portion of the upper
column being opposite the reboiler-condenser of said lower
rectification column; means for cooling each of said
condensers for cooling use; means for pressurizing, cooling
down, and gas-liquid separating a feed monosilane gas; means
for introducing the pressurized feed gas obtained by the
above means into said lower rectification column; and means
for introducing the gas rectified in said lower rectification
column into said upper rectification column; wherein a high
pressﬁre gaseous monosilane product or 1liguid monosilane
product having an ultra high purity is taken out of the
bottom portion of said upper rectification column.

Now referring to the drawings, an embodiment of the
present invention will be described.
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for intro i e pressurized feed. gas.obtained by the above neans into
said | owe(rwﬁgggigqgﬁcat I on colum; and neans for introducing /01084
rectified in said lower rectification colum into said upper rectification
colum; wherein a high pressure gaseous nonosil ane product or liquid
monosi | ane product having an ultra high purity is taken out of the bottom
portion of said upptfé_[ rectifi %at.i Qn _col um. aNow referriglq tglt he draw ngs,
an enbodi nent offt h ?)r&ggﬁfni Ve TOr- W1 | 2Be *FEES pgrosi-ane 9as |k
present i nused @as aafeéedure nonosilane gas is used as a feed. The

conposi tion of a feed nonosil ane gas used in the enbodi ment of the present
i nvention and the boiling points of its conponents are as shown in Table 1.
TABLE 1 Conposi {Then eompesition of a feed mongpilamg Hesntysednddi | the

Gas embodiment of tHd ¥rdséit lijdAtidn'AEeHd Noiling points of
16.0 -252.9 Monosilane (Si H4 69. 2

-111. 5 Mond&® GoPRonents axe as shown in Table 1. -30. 4 Dichlorosilane
[err] 9.9 8.2 Trichlorosilane [err] 0.8

31.8 In the present invention, a doubl tification columm is conposed of
a lower rectification colum 1 and an% ectification colum 2, where a
reboil er-condenser RC is disposed in the top portion of said |ower

rectifi catp-en :

Composition of Feed - Boiling Points

Monosilane Gas % (°C at 1 atm)
Hydrogen (Hj) 16.0 - -252.9
Monosilane (SiHa) 69.2 -111.5
Monochlorosilane (SiH3Cl) 4.1 ' -30.4
Dichlorosilane "(sinzlc12) 9.9 8.2
Trichlorosilane (SiHCl3) 0.8 | _ 31.8

In the present invention, a double rectification column
is composed of a lower rectification column 1 and an upper
rectification column 2, where a reboiler-condenser RC is
disposed in the 'top portion of said lower rectification
column 1 and a condenser for cooling use C; is disposed under
this reboiler-condenser RC. Besides, condensers for cooling
use Ca and, C3 are disposed in the top portion of said upper
rectification column 2. '

For instance, a feed monosilane gas having the
composition given in Table 1 is introduced at a temperature
of about 0 °C and a pressure of about 2.5 kg/csz to a
compressor 3 throu'_gh; a pipe P;, where it is warmed to a
temperature of about 40 °C and pressurized to about 30
Kg/csz. Th"en, the feed gas 'is introduced to a éooler 4
through a pipe P; so as to be cooled down to a temperature of
about =20 °C while maintaining its high pressure, and its



colum 1 and a condenser for cooling.use.[err] is di sposed ‘under this
r eboi W 25R6%enser RC. Besi des, condensers for cool i ngPGREFSHIA] C3 are
di sposed in the top portion of said upper rectification colum 2. For

instance, a feed nonosilane gas having the conposition given in Table

1is iuaar\ePUE@chioﬂ h@m&r ém»tueﬁéhéad a’i‘}{@5§ééﬁlﬁfin bout 2.
kg/[err] to a conpressor rou I'pe [érr], where it is rmed to a
terrpergﬁ%'r]e‘-‘iﬂld ggbﬁPufér |1F r ipkgoduged &9, 2 Qésréﬂ-ﬁ}ud Then,
the f L oS SnH:hQ‘éu@Qxd eoqﬂ 167 wherd otl§8 helivige f1¥ddgisw ag to be

cool ed. down ;to rature aboyg il |nta ni.n s_hi gh
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| i quefreatse tdhthecfeedi agsgam- Ergumi dl:hla ﬂahtmm Pparttciarafofrthat gaduced to
gas“t%ﬁ%@é [ er egyy agt

separated as %ﬁo }g l 5&3‘.’% %a ‘\’ﬁh b% ?%tf‘ri?n% ?ﬁ& i ng to the
feed Reetemfromthe bottom portion of the gas- liquid separator 5 by way
of a p| pe P4 a val ve [err] and a pipe [err]. The gas remaining in t he

gas-liquid ar at or i s I,ntroduced at a tenperature of bout err] and
pressure of rﬂasabaﬁpalﬁenﬁg/&ﬁr Cﬂ"%et‘ﬁf&' Q‘ﬁ@ q"ai Spotfion a

and r eiritdodued ot i Dntémperponcs oLspioout ve2y *0 ané aopeesgarei off and
m ddl ¢ tpo(ﬁé' °%o Olfcg}gmzé vaetwggﬁ' f’tﬁgt ' ¥ec g.lf'ijung portion a and

rectifying portion b disposed respectively in the lower
portion and middle portion of the lower rectification column
1 through a pipe Pg, and passed through rectifying portion k.
Then, a part of the gas passed through the said rectifying
portion b is condensed and liquefied in the condenser C; for
‘cooling use which has been. cooled at about =34 °C by a
refrigerant F; coming through a pipe P7, and the resulting
liquid is caused to flow down in the fectiinng portion b as
a reflux liquid so as to be suhjected to gas-liquid contact
with a rising gas.

As a result, the heavy fraction in the liguid passing
through the rectifying porti-oxi b is concentrated and the
light fraction in the gas also passing thete is concentrated.
The 1liquid which has flowed down through the rectifying
portion b is further passed through the rect:r.fy:mg portion a,
and reservoired in the bottom portion of the rectification

column 1.

This reservoired liquid is passed through a pipe Pg and
a pipe Py and introduced to a feboil_er R; heated by a heating
source (ivarm water) F, so as to be evaporated, and the
resulting gas is taken out therefrom through a pipe P;p and
introduced below the rectifying portion a.
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1 through a pi errT, and passed through rectifying portion b. Then, a
part of tRN& %ﬁgiﬁgssed through the said rectifying portion BCFVEPXH#nsed
and liquefied in the condenser [err] for cooling use which has been cool ed
at about [err] by a refrigerant [err] comng through a pipe P7, and the

resul ting |iquixftércatned i'éfi:h.@é'rdﬁ‘ﬁ“ FQ tasoisctgaxangcsﬂabh%rb For?
ref lux i u . SO as tao be i?“b@fted to gas- contact wwth a rising

gas. As a relting PAE faav } e ikaker pu uP& FaRIPR Pir 08@hashdo
rectifyi ngp@ponsednih circobatibnated and the light fraction in the gas al so
passing there is concentrated. The liquid which has fl owed down through the
rectifying portion b is further passed through the rectifying portion a,

and reservoi redthe gas Botrodugced: belowf sdkdrmgntifxznqqporbiunnalffam53

reser voi 1 ashid Ipigel ®,p3%3%d ptiily bEhBe et ”é%% bt A ekl widde

I nt roduced, to .a reboil [err] war nThat er
so as to bEE e\PépoFSF&&flﬁﬁ]d the 3 cg@SHildgudss rentagtn %\‘-htrféﬁef Adguid

0 et sben gy S i oot
Cerr], it We1 9 WRLRR o A%t =458, ceiripigh S 3Ras Fackiryiag pprtion a
circul ati cru.sé'eletlgneught theurecti€ydngs pottioe i ydftgewojéining thenyas d
pipe [err]g # O%Jg?ﬁs'?hef’iﬁél flyl ng nﬂ‘tlon a, vvhr%re ft R rectl ed in
a gas- I|qU| cont act
liquefied in the condenser for cooling use C; so as to be
used as a reflux 11qu1d in the rectifying portion b, and the
remaining part thereof rises through a rectifying portion ¢
disposed in the uppef portion of said lower rectification
column 1 and introduced to the reboiler-condenser RC, where
almost all of a pe:t of monosilane in the same gas and high
boiling point materials including monochlorosilane are
liquefied and the resulting liguid is used as a reflux ligquid
in the rectifying portion g, rectifying portion b and
rectifying portion a. At the same time, liquid monosilane
reservoired in_the bottom portion of said upper rectification
column 2 at a position adjacent the reboiler-condenser RC and
low boiling point materials such as hydrogen contained in the
llquld monosilane are evaporated, thereby increasing the
purity of the 11qu1d monos11ane.

Then, the gas which- has not been liquefied in the
reboiler-condenser RC is taken out of its top portion through
~a pipe P;;, slightly reduced in pressure by means of a valve
V2, and introduced between a rectifying. portion d and
rectifying portion e respectively disposed in the 1lower
portion and middle portion of the upper rectification column
2. Thus, the mixed gas of monosilane and hydrogen introduced
i said upper rectification column 2 is passed through the
rectifying portion g and cooled down by means of the
condensers for cooling use C3; and C; so that monosilane is

-5 =



fl ow ng down through the rectifying porti-on a. Furthernore, the gas which
has r we@ssizéezough the rectifying portion a rises throughCT/ERIYBOR4 fyi ng
portion b after joining the gas coming fromsaid pipe [err]. Then, a
part of the gas is liquefied in the condenser . for coollng use [err] SO as

rormi ningeptiedenc BiS 1iduetind momontiang (7 Sneedl 57 AR B 10 the
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t he sagetlrre |d rmnos%é %reservmred |€ E ?étog%ép n_of said
upper PEPWri a, LS LR 5 BRPUEN c%’ﬁdenser

RC andlhh.gw lpnn‘:t;g monosmaher uai stlselcbottohy(tummmoofals?ad nu;l:péne Idl qui d
Tonos FERELZiRaRIAR h0dny, 3° SR TEE Al OrpRRI PHELEYRARREAE nel!

r eboi | Fromotidss porkians taahdigho pressunes gagequs unanosﬂrame]rpmmcpe [err]
bet SocbTAFH SR I AL s P DR R KRS Lt bl iy

between a réctifyin
di sposBu3i Anched] Vﬁ)OP’Bl Ahdnd migh e Prasstreof @%1Gp|d¥?n‘|’%b3c4¢$ cation

col uMmp2odhets hdvingr ¥Ad Lﬂ%&athi’Ql{loﬁufﬂﬂ? #1d 1)k 0gE8oi HlakehCedti n said
upper ctlf through the rectifying portion e

catiaqn c%j é gﬁsse
and coBFaYY Mlpr?y He8RE 3oVal¥fe ¢ondensers for cooling use [err] and

[err] so that nonosilane is - 5 -

Hydrogen ¢gas, not liquefied in the condensers for
cooling use C3 and C,, is taken out of the top portion of
said upper rectification column 2 th'fougli' pipe 'P15,
regulated in pressure by means of a valve" Vs and discharged

a
as waste gas.

To said condenser for cooling use Cjy, 1iq\iid nitrogeri F3
is introduced as a refrigerant through a plpe Pjg. After the
liquid nitrogen is evaporated in the condenser for cooling
use C;, it is taken out thereof through a pipe P17, reduced
in pressure by means of a valve Vg, and then used again as a
The

refrigerant in the condenser for cooling

resulting warmed nitrogen gas is taken out
P;g. Other refrigerants having a temperature

use C3.
through a pipe
of below -80 °C

or less, such as liquefied ethylene or 1iqi1efiéd methane, can
be used as the refrigerant in the condenser for cooling use
C2. .

- In addition, valve V3 is inserted between the pipes Ps
and Pg, which will be opened when a part of the 1liquid
reservoired in the bottom portion of saiad ‘lower rectification
column 1 is desired to return to the feed system as required.



i quef| ed.  The |ji quefl ed nonosilane is .caused to fl ow down Wwe
rectifyi név?)%'f’%q” e and rectifying portion d, wherein the P

- nonosi | ane beconmes a reflux liquid in the_rectifying portion e and
~rectifying portion d. This reflux liquid is rectified in contact with the
gashrl rs] ing fr On'rﬂeb«i:u;wa aﬁﬂgﬁﬁwﬂﬂw eﬂoﬁbsﬂlﬂﬁ&?iﬂﬂdﬁaﬁuﬂﬁoﬂétﬁedkgiﬁdn G
as high purity nonosi e in,the pottomportion of said upper._rec i on
ol . 2" oBBbY { PTRF T | 80 coRitns BEARETE, oRTYRPESBBT L1 BRE o LY
pressure gadeantageousi lasnanentuihned habovng, ad.el. t cagdbjie pofi enpsiillyl dnd
t aken out RiP S e
&Bﬁegaﬂoaﬁ %b@éﬁ. 3?;% :ﬁbl ﬁ@ré@gﬂ@wﬂ?{%ﬁl&’ﬂﬂs FHEE aridd Lﬂfi;h

nonosi | ane product purlty so"t aken out

t hrough a Prpeswrg &haua vRPRES éan]e, epehohavingaan ulsra Ih%thYn
the condegsgr Scaﬁé’ﬁléo%f NGhalkSithd €'thle a@ﬁoﬁ.ér r<]>f 'ﬁxé akspdiksi tMRaritop
portion of said er rectlflcat_lon col'um t hr oy

e [err], \
regul at ed PﬂmB?S : Gimensions T@rfasﬁgfmgﬁgigea’ GRs 4N
gas. To Saadcﬁﬁﬂdﬁééerwiﬂi &_ﬁ0|é:ﬂ§hwﬁeo@2 higloer dF_Tets!’sQﬂ'@) Fasi sconparsticed
as a refrlg ﬁﬁ”t thraugﬁ a ghget F‘J After t he h%?\ld. |tro%en IS
evapor at ed" it RePESRYEADE: ProP AV PECEEUFE MOnos S BUt t her eof
t hrough a pipe P17, reduced in pressure by neans of a valve [err], and then

used agai Npgg asr ghr hﬂ%’i"c@&anh‘%a& CvieQNAENaar 3 P%‘Eran% &'dn“%dP%afﬂn&%er

The resultln war ired i s taken out a pi [err
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unit according to the present invention.



or less, such as liquefied ethylene or |iquefied nethane can be used as

t he réV?Pﬂ@ﬂEﬁt in the condenser_far an||nn usg_%err] CREERB®WBHN  val ve °

V7 is inserted between the plpes err whi ch mnll be opened when

a part of the liquid reservoired mlmai rtlon of said | ower

rectifbﬁﬁiggn colum 1 is de5|re e feed system as required.

- 6- ultra high purity nonosilane prodUC|ng met hod and unit

according to the present invention are highly advantageous as

nmenti opgd aRomethbde ofC PRI iIPY Atra) hdgh PUHiItU T As e REcHi gh

pressure nonosi |l ane gas and high pressure 1iquid nonosilane, each having an

ultra APPRTABPBEY, and capable of making the whol e of the producing plant

conpact becpressurizdngsnandnpartdaldy condensing aedesell nonexilansnce

W th ag gxtent of higher pressure, as conpared with a produci ng plant for

| ow pr 8%4re monosi | ane gas. Fig. 1 is an explanatory view of an

installati oaepara&:é.ngy'ttge ogast landul 1igquid gphpsest yofiotbei Ipaxtiablyici ng

nethodca?geug %@%ﬁfﬁUﬂ%éﬁi e present invention. -7- CLAIMS: 1. A
tra

met hod of pro UCIn urlty nonosi | gne whi ch conpri ses:
1ntroduc1ng the gas phase to the middle stage of a lower

rectification column (1) and rectifying the gas phase
therein; : : '
introducing a gas produced by this rectification to an

upper rectification column (2) and rectifying the same gas
there; and

removing a high pressure monosilane gas product or
liquid monosilane product having an ultra high purity which
produced by this rectification, from the bottom portion of
said upper rectification column.

2. A method as claimed in claim 1, which comprises: warming
a liquid reservoired in the bottom portion of said lower
rectification column (1) by means of a reboiler (R;), whereby
low boiling point components contained in said liquid are
gasified so as to be recovered to the lower rectification
column. B

3. A method as claimed in claim 1 or 2, comprising
providing refrigerant to a cooling means (C;y at an
intermediate level of said lower column (1).

4. An ultra high purity monosilane producing apparatus
which comprises:

a lower rectification column (1) with a reboiler-
condenser (RC) disposed in its top portion;

an upper rectification column (2) with a condenser (C3)
for cooling use disposed in its top portion, the bottom



pr-essuri zin and'parfially con ' ed nbﬁbsilane gas; separating
t-he gas amf?f’sr’ifaﬁd phases of th imlﬂﬂgi , H nsed feed nBEHEPISH1084
i ntroduci ng the gas phase to thex L a lower rectification

colum (1) and rectifying the gas phase therein; introducing a gas produced

by this repbiti6at i®fn ‘thernuppee’ diinr | €abifAg Olé M-l 1234 doMddrisErng
t he sane gzg Bhere' aad renovin 3 hlg?,press re nonosilane gas product or
li-quid mondBFY aRE BRS u&?wﬁﬁvrﬁgt f16 F&nhFQﬁ“HHrity whi ch produced by
‘this rectificatmeansf ifon tdeolinid ceachr biforsaiid seondenpers r ¢Chj f icayt ifor
CO'“”“"Z'coofiﬂgtH8g°as claimed in claim1, which conprises: warmng a
liquid resérvoiréd tn'the bottomportion of said |ower rectification colum
(1) by neans of me@angbdiorerpessiyizing clf9) | owdediinang(4oi nandopaatdeildy
cont ai ned | bds L iUl sqasLf i S . qQvered to the | ower
rectificat#gﬁagg ﬁhﬁ.g%saésilgﬁe?hggg?agoaéfggﬁgg E;:s%'cl_aim 1 or 2,
conpri si ng provBERR§ r(&)r i §RF afePRBEakibgoIthey Ja8n3anfekijquid gphases of

i nter medi agaibepart®bh13¢ dohaenseaogee’ (1). 4. An ultra high purity

ronost 1 ane. o OCaARg, T8RS P50 NOLSR.CORBr LagSped LRNEL ISEL CiR e

upper rectréctaficatiohuonlofh (@)lh andondenser (C2) for cooling use

di sposed in itspbQRsPYE,L9N ed 1€ iRPELEHLIRG the gas rectified in saia
lower rectification column into said upper rectification
column (2);

wherein a high pressure gaseous monosilane product or

liquid monosilane product having an ultra high purity is
taken out of the bottom portion of said upper rectification
column (2).

5. An apparatus as claimed in claim 4, comprising a cooling
means (C;) disposed in said lower column between the point of
introduction of the gas phase and the reboiler-condenser
(RC) .

6. An apparatus as claimed in claim 5 wherein said cooling
means (C3;) is a condenser.



pertion of the upper colum facing the reboiler-condenser ( saj d
l-ower recth??%%fP?{))n colum; neans for cooling each of said ?%’8‘8%@'5&4 (C1,
C2) for cooling use; nmeans for pressurizing (3), cooling (4), and partially
condensi ng separating a feed nonosil ane gas; neans (5) for separating the
gas and liquid phases of said partially condensed gas; - means [err] for

i ntroduci ng the gas phase into said | ower rectification colum (1); and
means (P12) for introducing the gas rectified in said |lower rectification
colum into said upper rectification colum (2); wherein a high pressure
gaseous nonosi | ane product or |iquid nonosilane product having an ultra
high purity is taken out of thesfgotitom portion of said upper rectification
colum (2). 5. An apparatus as clainmed in claim4, conprising a cooling
means [err] disposed in said | ower colum be meaysthe poi nt of introduction

of the gas phase and the reboil er-condenser KIBQ > 6. An appa
claimed in claim5 wherein said cooling negns [err]
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