; STUVWKe3eA[ AXdB>6DT) 5" 2 0 JAN 2003 DESCRI PTI ON METHOD OF AND APPARATUS
FOR STORI NG AND DELI VERI NG GASEQUS COVPOUND Technical Field m%wesent

i nvention relates to a method of and an apparatus for storin W”//,”////Il/

delivering a gaseous hydrogenated conpound or a gaseous hal oge
conpound, such as arsine, phosphine, or boron trifluoride, used *&isen i 0n

i nplantation gas in the sem conductor industry, for exanple. Mre
specifically, it relates to a nethod of and an apparatus for %0 JdANd3and
feedi ng a gaseous conpound, that prloent in adsorbing and storing the
gaseous conpound in a considerable anount stably and safely for a long tine
period with a high purity, preventing the gaseous conpound from bei ng

rel eased to at nosphere, and safely delivering the gaseous conpound.

Background Art Conventionally in th egLco g 'ﬁgu , exanpl e,
gaseous conpounHETpﬁBtOgréNBXPFBﬁgﬁiugoEbg g Hgiﬁéh% nB%%§¥F£§ﬁ§h as

ar si ne (ASFBE,tho%fhine (PH,), and boron trifluoride (BF,), have been

wi del y usehf &GPMERHNNt at i on gases in an ion inplantation process in

2 0 JAN 20D3 fabricating sem conductors. As a typical exanple, arsine is
preserved in a cylinder or a bonb in the state of pure arsine or the state
of a mxture of arsine and a bal ance gas such as hydrogen or heliumand is
f ed out watetHrrigal [Riedd i nder or the bonb for commercial applications. Wen
arsine is thus preserved in the cylinder or the bonb, it may | eak out of
the cylinder or TheepweskntPanveotlian| yelategntoi s mebthdd 06 amdkamuri ng
delivery and shipnent of the cylinder or the bonb, which is highly

danger ousapgaranderfdm ssaining wohl adglriverdmg a geskodsohydrogenated
compound or a gaseous halogenated compound, such as arsine,
phosphine, or boron trifluoride, used as an ion

implantation gas in the semiconductor industry, for

example. More specifically, it relates to a method of and

an apparéﬁus for storing and feeding a gaseous compound,

that are excellent in adsorbing and storing the gaseous

compound in a considerable amount stably and safely for a

long time period with a high purity, preventing the gaseous

compound from being released to atmosphere, and safely

delivering the gaseous compound.

Background Art

Conventionally in the semiconductor industry, for
example, gaseous compounds that are extremely toxic to the
human body, such as arsine (AsH,), phosphine (PH,), and
boron trifluoride (BF,), have been widely used as ion

implantation gases in an ion implantation process in

g UM
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adsorbing arsine to zeolite that is a porous crystalline alumna silicate
and storing the adsorbed arsine under negative pressure is disclosed in

U. S. Patent No. 474421 issued on May 17, 1988, for exanple. According to
this method, arsine, which has been adsorbed to zeolite once under negative
pressure, is desorbed fromzeolite by a reversible reaction and hs g& SEd
under negative pressure. Wen toxic arsine is delivered to a ne% §£ @f

| ocation, therefore, it can be prevented from being diffused into

at nospher olite is % ar.sj ec i rseni c and
hydr ogen g%b]%%%arzn@%ﬁe%pe?@%cuﬁ&g%%g%i ﬁ‘{;ﬁ ya, r‘lrJe}eccagLn cegrﬁ?’?p;teels'o 5 q‘{)sfqmgeur e
arsine, which can bgiextract %%és decre3§egf.anq:mﬁtqéthe apse of tine,

t he press’tﬁr PITFRIEEY 21 & 3 Dod% thh § &6 B She
generated hydrogen. The pressure inside the bonb may, jn so cases, be not
Pess t harPER S pHor TR SRt 3 dULFLTRe G ARgH AMh® HAUATES caks
outward. In order to avoid the danger, PCT. W96/ 11739 di scl oses that the
use of acd3 AN AF FAXRERDI M MEFBIM iRl ifed i HARh AN +h& oring a
gaseous conpound, such as arsine, phosphine, or boron trifluoride, used as
an ion i Y BHIRT RF gele ikriinef de rF Uk dRRdUEIationsince a raw materi al
for general activated carbon is a natural substance, such as coconut shel

or coal, howevWhenwhesiper és ahuesf prge@rivadapnathevaylagderepr whéch is one
of steps of.producing the activated carbon, the pore dianeter distribution
i s broadévmub duet tay healnfdwenee tie igyuimnddreorexdilst ibomb.n t he raw
material, and nonuniformty in the conposition and the structure of the raw
mat eri al ,Panhi dduiarhyt s iedl s fraksics drgptlieak adhuk ivtgrdegeivafrya et ti cul ar
gaseous conpound at high efficiency. Furthernore, there is a difference

bet ween |stiispmént hef retve g eindér doie thee thwnkyr ediicih ois neigihdly, the
production season, and the like, so that it is difficult to strictly
control tdengereusli aneter distribution. Unless particles of activated
carbon packed in the bonb have a sufficiently high strength, there arise

sone In order to solve such a problem, a method of

adsorbing arsine to zeolite that is a porous crystalline
alumina silicate and storing the adsorbed arsine under
negative pressure is disclosed in U.S.Patent No. 474421
issued on May 17, 1988, for example. According to this
method, arsine, which has been adsorbed to zeolite once
under negative pressure, is desorbed from zeolite by a
reversible reaction and is stored under negative pressure.
When toxic arsine is delivered to a necessary location,
therefore, it can be prevented from being diffused into
atmosphere.

If zeolite is used, however, arsine decomposes into
arsenic and hydrogen at room temperature. Accordingly, the

concentration of pure arsine, which can be extracted, is

decreased, and with the elapse of time, the pressure inside



probl ens. For exanple, the activated carbon particles rub 3 2 0 JAN 2003
agai nst each other or against the wall surface of the bonb due to
variations in pressure occurring at the tinme of novenent of the bonb and at
the tine of adsorption and desorption of the gaseous conpound, fb%ﬁﬁ?@
degradi ng the activated carbon. Accordingly, carbon fine powder 1sp éuced
in the bonb. In taking the gaseous conpound out of the bonmb, a gas filter

t hrough whi ch the gaseous conpound is passed is clogged with the carbon

fine powdg( ' J I | St 'ngr' ' in e activated
car bon derl%ebg%gr glegt Q'elp;ﬁe;c% S(Iruaﬁ%lb@egrygcez{eﬁtgn t éfrtgl i Vat & bé‘car bon is
used for adsorpti on and st.orage .of arsi.ne, hosphi ne, ,or the.like with the
net al s ccﬁﬁ%ﬁ%‘&f Wﬂe‘%eﬁh% %ga%myﬁe&rbﬁsd@'(?uf%&?ﬁﬁoﬁﬁdn Ec&r?ﬁgses, as in
t he above-nmenti oned case where zeolite is .used, for exaggg%, ar si ne

0

deconpos 3 ThtH BRRIRIE S RE $RHTyeF e 5308 I8 S@ngfh AESH g
expression: ASH3 -j As + 3/2H2 Correspondingly, the concentration of pure

ar si ne, QY dxtracted, is decreased, and the pressure inside the
bonmb is raised due to the generated hydrogen with the el apse of tine. The
pressure insi dént AEdBEBomayoifntEendargsEs, PEE WARGEU73P om an initi al
negative pressure to a pressure which is not |ess than atnospheric
pressur e, d¥ssigsehghat dhmyarse lnft aot isateshwlapbogx icongad ndngh &y ar si ne
| eaks outward. 4 2 0 JA N 2003 In order to increase the purity of
act i vat edingarhionies hisy efwirtsgbliehei racttiorzitnay ac yals@ouss cwaploscidyi skican aci d
such as hydrochloric acid, nitric acid, phosphoric acid, or sulfuric acid.
When t he axctansiiresl, qehdephirse waahdsbrwirt trifluoride, used as an ion

implantation gas in the semiconductor industry. Since a

raw material for general activated carbon is a natural

substance, such as coconut shell or coal, however, when

pores are formed in an activating step, which is one of

steps of.broducing the activated carbon, the pore diameter

distribution is broadened due to the influence of

impurities existing in the raw material, and nonuniformity

in the composition and the structure of the raw material,

which is not suitable for adsorption and storage of a

particular gaseous compound at high efficiency.

Furthermore, there is a difference between lots of the raw

material due to the production region, the production

season, and the like, so that it is difficult to strictly

control the pore diameter distribution.

Unless particles of activated carbon packed in the

bomb have a sufficiently high strength, there arise some

problems. For example, the activated carbon particles rub



the acid, however, an anion in the acid used for washing may, in sone
cases, remain in the activated carbon. Wien such activated carbon is used
for adsorption and storage of arsine, phosphine, or the |ike, nitrogen gas,
oxygen gas, or the like is generated due to reduction of the aniggdAN 3
resulting in danger that the purity of the stored gas is decreased, ag%
arsine, for exanple, |eaks outward by the rise in the pressure inside the
bonmb, as in the above nentioned case. In a case where high-purity activated
carbon pr usi igh-puy | terdal .l t em t hat
ar si ne de%g%%gg%sgéﬁ ogggégn?g %Jﬁ%yrﬁ%/g%%%n‘?ﬁrgﬁ%i%&n%?eg?f it'!s}?%\%l ed.
However, the high-purjity activated carbon and.a gaseous compound such as

ar si ne re%%? ?%agéitl%?ﬁef? ?BE@%%EﬁeR%F?Fﬁ&R$t$%éa§ aﬁugg(ﬁ€drogen

ni trogen, carbon nopoxi de and carbon di oxi de. The (npurity gas. generated in
this case™aYFpeRt ??oﬁ?ﬁyﬁ?%ﬁeﬁ“%a%tdéH%f%P@% %£ ?#éggﬂﬁﬁébrﬁﬁﬂioned

sel f-deconposition of arsine or the like in that the gas pressure in a
storage cBRFArRE+OBoRE HbBE gRPerds | §orRRARRA notherelY ¢t B NS i ¢
pressure. Consequently, there is little danger that arsine or the |like

| eaks S aotpvakned 20aBbon: wahacoyhrg by g3 n cHEpR PRWARK LSS ar si ne,
phosphi ne, or boron trifluoride is used in an ion inplantation process in

t he seni cpnodeced indukerhombor Exahdpking hoheveaseows gempayndfouthe gaseous
conpound nust be not less than 99.9 $ according to the SEM |Internationa

St andar dsof 188€) boitbhignat pasi fiplrer ytioowesh avkkickenehat gaseass descri bed
above, therefore, the purity of the gaseous conmpound is decreased, thereby
si gni fi cacdhypodedr asli pgsseé ¥sl ckogded heigaseine scaxivgmo uhihe |powdermse wher e
a particul ar gaseous hydrogenated conpound or gaseous hal ogenated conpound,
such as ar si neyvagfiesphitygpesoio fomeaalls ieikliser ade impardtdeed inpehebei ng
adsorbed to activated carbon under the tenperature of a nornmal work

envi ronmeaét iVRESd i atBohUGELTved, £ ESH OF D6 n &6l SIB| s Wiss €sh ] Ngvtgeryacuum
punp while controlling the flow rate of the gaseous conpound, the gaseous

conpound {haahtéyivEEBANSatPoRONE €Xé&@Ntof NaddGrseibRi Ned s Vit £ depends on
the flow rate of the gaseous conpound and the performance of the vacuum

punp, so sPginéhep Rin®f &hecgasepus woapound Mbists ceghdgipdd ectively
utilized is decreased. An object of the present invention is to solve the

above- mentboagdr Yt hOUSq RS PHEENGa s 88 t CombOYhd €qécdmidusk of agingh, an

apparatus for effiC|entIy adsor bi ng a gaseous hydrogenat ed conpound or a

gaseous f‘ﬁ‘*ﬂﬁ’?ﬁﬁ%ﬁﬁm—’%“@@' SHED fePd S1E61 1 PROSPNIEE, OFoOr ON
example, arsine decomposes into arsenic and hydrogen, as
indicated by the following expression:

AsH, = As + 3/2H,

Correspondingly, the concentration of pure arsine,
which can be extracted, is decreased, and the pressure
inside the bomb is raised due to the generated hydrogen
with the elapse of time. The pressure inside the bomb may,
in some cases, be changed from an initial negative pressure
to a pressure which is not less than atmospheric pressure,

resulting in danger that an extremely toxic gas such as

arsine leaks outward.



2 0 JAN 2003 stably storing the gaseous conpound in a considerabl e anount,
preventing the gaseous conpound from being rel eased to atnosphere, and
safely and efficiently delivering the gaseous conpound. Di sclosqqﬁJEﬁz@?e
I nvention In the present invention, developed is a nethod of bringing
gaseous hydrogenated conpound or a gaseous hal ogenated conpound in a
predeterm ned anount into contact with activated carbon conposed of a
phenol resin as a nain raw naterial, adsorbing the gaseous conpound to the

activated carb u&d(%ér atgt%&geea%\éitﬂeomﬁgto@ atgtgé,% rey \Myr%%nl S not

nore than at nospheriC présstieée an or adsor gaseous cdnpound,
and desorbin t |lea a r.t _of .the_adsorbed seous, conpound .and

el i ver | ngPEREIBREY Tea2RBik=ERgi FORRER. Lo) HaPREapFo5hnTR | HULh: T ORI

devel oped i s_an apgﬁratus fqr. bringing a,aaseous drogenat ed conpound or a
gaseous h&FoG¥RZOE EG&ﬁoGﬁ&ann&tgFSdéFé wi RBASRABEAT £01Be ¥%ed into
contact with activated carbon conposed of a phenol resin as_a pain raw

mat eri al , SHASYTBEn@Cile g¥bEHUEhEOAREENELEE EREPARt i§avashedrBdhtunder a
storage environment at a pressure which is not nore than atnospheric
pressure &h€ scdbirnfowe¥ezdsanbedigasébBusheonpddnysednforc¥afbing at | east
a part of the adsorbed 7 2 0 JAN 2003 gaseous conpound and delivering the
part to amagrk iansomenceses,| rempdnpissthe aavénated, carhenopedhane a

met hod of and an apparatus for using, as activated carbon conposed of a
phenol resuchasciivatedr aarbeneisabselli ¢bri adesegtiion &8hé sbovageenfi oned
nmet hod and apparatus, a granul ar carbon fornmed product obtained by bondi ng
act i vat ed agaiinie;| ehosphine ,byrcahkeolikengnpbeogenr gasp poygen, gakjch has a
specific surface area of 700 to 1500 nR/g, has pores having a pore dianeter
of 0.01 terl@heumikeh@spaeneraktededat wbi ¢bductson. dftohd. &nE6hy, has pores
havi ng a pore dianeter of not nore than 10 nmthe pore volune of which is
0.20 to 0r8Quat/isig amddapgled khag ek pasitiyhal fhe%byrydl ya& pores having
a pore dianeter o? 0.6 to 0.8 nmhas a bulk density of 0.4 to 1.1 g/cc, has

a packi nggdeneiakedqf aPa3@rkane, 7¢ost/ exampas, aneakb 60tW&HA4 B tRE nMore than
1.0 % and has a tensile strength of not |ess than 30 kg/cn2 In the present

inventiony;jdevehoRe@ p¥edstRlnedsefiet E8at bBRAbAChEVahedheaaboveby a series
of steps conprising a step of adsorbing a gaseous hydrogenated conmpound or

a gaseous phaliqgerat edseonmpound upon bringi ng the gaseous compound into
contact wth activated carton in advance in a seal ed space, a step of

gcgte'eera;i ng a {ﬁa&téﬁ& %h&éyﬁi(ﬁ{“@&?éﬁf%éﬂﬂ% té?:\‘}b%‘i’igﬁ@dﬁgze_%t ep, and
p of expelling the gaseous conpound ‘passing through t reaction 8
using a high-purity raw material is used, the problem that
arsine decomposes into arsenic and hydrogen, for example,
is avoided. However, the high-purity activated carbon and
a gaseous compound such as arsine react with each other, to
generate impurities such as hydrogen, nitrogen, carbon
monoxide and carbon dioxide. The impurity gas generated in
this case differs from hydrogen gas generated by the above-
mentioned self-decomposition of arsine or the like in that
the gas pressure in a storage container does not generally

reach not less than atmospheric pressure. Consequently,

there is little danger that arsine or the like leaks



2 0 JAN 2003 accelerating step fromthe seal ed space, to prevent, when a
gaseous hydrogenated conpound or a gaseous hal ogenated conpound of a type
which is the sane as or different fromthat of the gaseous conpound is
adsorbed to be stored, one or nore inpurity gases from bei ng generated by
contact between the activated carbon and the stored gaseous qpmggwﬂﬁsand
prevent the purity of the stored gaseous conpound from bei ng deCreased. In
the present invention, developed is an apparatus for treating activated

car bon byog.gres Bhed! #P5a SO0 | Shiiflodnd! SRl a@don gy a gaseous

hydr ogenat ed conpound or a” gaseous ogenat ed conpound upon bringing the

gaseous cgﬁggaggnéntg CBQ%?ﬁttFiffhgfiéga{ d,£a4bap i fdyance in a seal ed

space, a atcelerating a reaction of a system passing through the
adsor bi ng, st apd a step of expelling the gaseous. ¢ ound passi ng

t hr ough tﬁﬂpiggE?PbﬂnaBE%$%§%t+%g€2?e%g*+%%?$W%t%%dVg§H§%§%é,B? prevent,
when a gaseous hydgo&gnated conmpound or_a gaseous halqggnate conpound of a
type whi cR*PEPLRe BARBVEEL: of NG PYEL BN OF (T 1 25 SVIS t FUMRRAD W onpound i s
adsorbed to be stored, one or nore inpurity gases fronlbeégg gener at ed by

contact bBEWBRR {BESaERANa?Rc? chr BOTPEFHNY Hed stRP REMRSHRRTRMRAY and

prevent the purity of the stored gaseous conpound from being decreased. In
the presehRtaNAIEAE| OhI%Qbvel Bl tRe oiMRYRBEY 03a%eF Are gengymatredos
apparatus conprising a heating unit with a tenperature control function
capabl e oéshdas¢ngbednabeser bt herefere eotlke ek biye ref cdhe cpeRers or a
gaseous hal ogenat ed conpound to activated carbon conposed of a phenol resin
as a nmai ncemponndeisafleonedesed, stbengey esvgnbhheantly degrading ethich is
not nore than atnospheric pressure upon bringing the gaseous conmpound into
contact wahuehefathevgageoesrdompamuid st ori ng t he adsor bed gaseous
conpound, and desorbing at |east a part of the adsorbed gaseous conpound
and delivering Iirha pase whexrenwar pasriicudaire ta,s esuso hydirogenadretai ni ng t he
activated carbon, together with the activated carbon, in order to increase
an anount compoahdcan yasedliiechavejynatedi canpodid | heust oieda gabe@ys
conpound. Brief Description of Drawings Fig. 1 is a schematic view show ng

an appar apHsspninél 061 NHoBoPaSELEBubY dd@genat £€o ENPHdMl 1961i8g gaseous

hal ogenat ed conpound and then delivering the gaseous conpound in the

present | a4eB¥bEA; to activated carbon under the temperature of a
normal work environment, when it 1s sucked in, desorbed and
delivered using a vacuum pump while controlling the flow
rate of the gaseous compound, the gaseous compound finally
remains to some extent in the container, which depends on
the flow rate of the gaseous compound and the performance
of the vacuum pump, so that the amount of the gaseous
compound which can be effectively utilized is decreased.

An object of the present invention is to solve the

above-mentioned various problems, and to provide a method
of and an apparatus for efficiently adsorbing a gaseous

hydrogenated compound or a gaseous halogenated compound

such as arsine, phosphine, or boron trifluoride, safely and

e



Fig. 2 is a schematic view show ng an exanple of the apparatus in the
present invention; Fig. 3 is a graph showing the changes with tine in
pressures in test containers in the apparatus shown in Fig. 2 in a case
where pre-treatnent is carried out using a nmethod according to the present
invention at various 10 Z 0 JAN 2003 heating tenperatures usl lihdANigll% ne as
an ion inplantation gas; Fig. 4 is a bar graph show ng the anount of

i ncrease of the weight of a test container containing an activated carbon

dsor bent f ' (-1 he ditd al i ght of
adsoruen s@a(t%g nsé‘t?bxgior?]cfst?né) a Mr&rﬁ\ﬁabttgd n?’afr&m%lor rdiild al wel ght o

the test con alning the acti carbon a ent; Fig. 5is a
graph show t he change. | ity..0 r si ‘{o i wher e
the arsin m#]lgr}t%t%?%%%%lsﬁélnﬁ%t%%?grﬂ% c;d"ib:os nd(’:ofﬁ:%ogt{ %%ﬁr{ac? trgerlc%%%dvat ed
carbon is_pre-treated in a cong nce wth contents described in.the present
i nventi ont ta%ﬁ%b%r%'ea?r?(igs"‘l ??r][yer VAJI’ G r1:Igiyg.deefssllivseralmggra showi ng
the change in £urit of phosphine for storage in a case where the phosphi ne
for stora3RFFMSF TIR™M'Into a test container after activated carbon is
pre-treated in accordance with contents described in the present invention
at various heating tenperatures. Best Mde for Carrying Qut the Invention
Enbodi ments of the present invention will be described in detail later.
Fig. 1 ilPiscleswse of apparBi@Nt¥Pmn enbodi nent of the present invention,
which is characterized in that a gaseous hydrogenated conpound or a gaseous
hal ogenat ed condourthe presgndddnyenitiod adeyvel opedstisr admepbadbefng

bringing a gaseous hydrogenated compound or a gaseous

halogenated compound in a predetermined amount into contact

with activated carbon composed of a phenol resin as a main

raw material, adsorbing the gaseous compound to the

activated carbon under a storage environment at a pressure

which is not more than atmospheric pressure and storing the

adsorbed gaseous compound, and desorbing at least a part of

the adsorbed gaseous compound and delivering the part to a

work environment.

In the present invention, developed is an apparatus

for bringing a gaseous hydrogenated compound or a gaseous

halogenated compound in a predetermined amount to be used

into contact with activated carbon composed of a phenol

resin as a main raw material, adsorbing the gaseous

compound to the activated carbon under a storage

environment at a pressure which is not more than

atmospheric pressure and storing the adsorbed gaseous

compound, and desorbing at least a part of the adsorbed



11 Z 0 JAN 2003 adsorbed to activated carbon 12 conposed of a phenol
resin as a main raw materi al under a storage environnent at a pressure
which is not nore than atnospheric pressure by being brought into contact
with the activated carbon, and is evacuated to a negative press@rle)AN700¥ der
to desorb at |least a part of the adsorbed gaseous conpound and deliver the
part to a work environnent. The apparatus conprises a container 1, a
container valve 2, a filter 3 containing the container valve, an upper
space 4, ghduhge dhpduRd e ESEWE G AhS pA toRASS waalwe 7, a line
filter 8 ~a pneunmatic actuator valve 9,” a mass flow control |l er 10,

connecti i pl , and activated carbon 12. The apparatus preferably
conprisegggp%ﬁggg$&%3 for heating the activated carbon 12 contained in the

container 1 aan?tHgibf%gghtsQ8§%%§§§5 cgg?%?ékgggaggeahﬁgkhggi%ﬁﬂperature.

The connecti ng ping prefér a$ su ént “vacuum air tness. In

car bon' cob<t THESE AR ol O G4 Hre 4F R VAR haLael, ST AT pore

di aneter and a pore volunme can be suitably cantrolled and ich i s superior
i n uni f ordi RYERRL tHRS 1Th\ASed R3 LR LAl "lf‘rﬁ%/ i (NP5 vﬂeser’r’ﬁe\rlf\{]sf?ora Sore

preferably activated carbon which is a granul ar carbon forned product

obt ai ned 3MPHRITREHGLRET R EPHATY ARRATFUFed \BXEHMIAH F3FPPhenol resin
12 2 0 JAN 2003 powder, which has a specific surface area of 700 to 1500
n2/ g, hasiponed PERJURE LherEned hktkanding aet ivated MHHCIRS e vol ume of
which is 0.1 to 1.0 cc/g, has pores having a pore dianeter of not nore than
10 nm t hef@oned oy uparkniging pherresoin mwvdey g whisth d@# & ni ng not

| ess than 75 $ by vol unme pores having a pore dianeter of 0.6 to 0.8 nm has
a bul k despécif i surface laveq/el, 7Hasm IFdkintdgdehsst pooesohaving 0. 70

g/ cc, has an ash content of not nore than 1.0 % and has a tensile strength
of not | esspéheand Bdndtgére @t CASOpriapdseduimy the poeserblumeentfi @hictised as
the activated carbon is nore preferably activated carbon conposed of a
phenol ressn0abk tonhih caly neias iEdresMhiahing & reated inmeteserafenadf st eps
conprising a step of adsorbing a gaseous hydrogenated conpound or a gaseous
hal ogenatmesire otipann) rauchtlss pose neylyn sphiwtelclorihdr.@0 tuo fd.8dr i de upon
bripgi ng the gaseous conpound into contact with the activated carbon in
advance id¢c Agseandcopegining siep dssaadadrerz iNdy velantd gords a system
passi ng through the adsorbing step, and a step of expelling the gaseous

conpound p&sHhdiga t s oe ol dierseast 10006 aacd &8 ain Nhad ep Julndédns iggal ed
space. The specific surface area of the activated carbon is preferably 700
to 1500 n&fdoas €eSTli bgtecapoyss fghdisin®Prldensity of 0.30 to 0.70
g/cc, has an ash content of not more than 1.0 %, and has a
tensile strength of not less than 30 kg/cm’.
In the present invention, developed is a method of
treating activated carbon by a series of steps comprising a
step of adsorbing a gaseous hydrogenated compound or a
gaseous halogenated compound upon bringing the gaseous
compound into contact with activated carton in advance in a
sealed space, a step of accelerating a reaction of a system

passing through the adsorbing step, and a step of expelling

the gaseous compound passing through the reaction -

S



preferably 850 to 1400 n2/g, and still nore preferably 900 13 2 0 JAN
2003 to 1300 n2/g. The reason for this is that it is not preferable that
the specific surface area of the activated carbon is |less than 700 n2/g
because the total anount of adsorbed portions of the gaseous cogpopgdgguch
as arsine or phosphine is so snmall that the adsorption capacity becones
small, while it is not preferable that the specific surface area i s not

| ess than 1500 nR/ g because the pore volunme of the pores having a pore

0 et e RecO1Erioife SO IGh he conplgapckd 0 & TorderR Y duietd on 1

adsor bi ng € gaseous conpound such as arsine or sphi ne becones snal |

In the act] p. o) i pore

di anet er %‘%Q{%&g% ﬁg&%&%}@l&s %é@eé% @r 0% 15%%e%q2%];’%§/érg%égjescri bed
above, nore preferaply 0.2 to 0.8 cc/ and still nore pref 0.3 to
0.7 cc/g.© o?%‘gs ﬁ %loFy??\i‘gmr%htJn%t&?? TG A° p?léfijr%%rgeﬁgﬁl%e por e
vol ume of the res having a pore diangter, of 0.01 tq 10 ,u is less than
0.1 cc/g B’é%%ugg the IWFEONF o OIFB?‘é“‘?nJ'? HRASRIFRRD o the Fek&flrs Wimpound
such as arsine or phosphi ne becones |ow so that the adsonption rate and the
desor pt i oPT rAPEe JUBPERLEY FRFEE f¥ombeng Heneratrd RhARYREhore vol une
of the pores having a pore dianmeter of 0.01 to 10 ,u mis nore than 1.0
cc/ g becabeevweer Bhe kagehvated serrkor R HR cWOKeF FRAIPWT the acti vated
carbon beconme low. It is preferable that the pore volune of the pores

havi ng a poneodndner@rprévent woe cPuhbly 10f nthe sstoored tgasiepus z 0 JAN 2003
0.80 cc/g, and the ratio of the pore volune of the pores having a pore

di anet er oémpodnd of 0oB heing déereasedwvol une of the pores having a pore

di anmeter of not nore than 10 nmis not |less than 75 % The pore vol une of
t he pores havi Mg a&hegopsredcatetiovent iont, develbped 18 am apppretesably 0. 30
to 0.70 cc/g, and nore preferably 0.30 to 0.60 cc/g The reason for this is
that it isSonotreaeiedgadbdeivitaddtderipon cowod useer Dés tde s having a pore
di anmeter of not nore than 10 nm becones snal|l because the pore vol une of

t he poreschlptDging porstép advet edseofbhd d ogdsEousn lydogEratsadses so t hat

t he adsorption capacity of the gaseous conpound such as arsine or phosphine
decr easescompotifdi bri s gtepiel REBHIEnitEd dhifpPOiE WSIMIEr Digime pores
having a pore diameter of not nore than 10 nmis too | arge because the
rati o of the §eseo¥d! EHRp&hind NENHOT €SnH@YE NG Bh P €i ¢ Bt &drdn G to 0.8
nm decreases. The ratio of the pore volune of the pores having a pore

di ameter QivOnbet 0n0a8s8MEQ $PEcPPIE y0bpIN®r OdcddEaOf Bsg havi ng a pore

di aneter of not nore than 10 nmis not less than 75 % preferably not |ess
than 78 %e38€i8RSbf Ph et fE8bhYpHOS ih§SEhEd\ddh 8bhdb adSo b {16s W e
respectively cal cul ati ng the nmaj or axes of nol ecul es of arsine (AsH,) and

Phosphi neaf &) stiahnge { BpUeD: ST e Ss ek | cdifpdlia PAGRIes Wi th respect

to a structure in which e sizes of the nolecules are cal culated using the

mol ecul € PREHRGH CEne lPeaction accelerating step from the sealed
space, to prevent, when a gaseous hydrogenated compound or
a gaseous halogenated compound of a type which is the same
as or different from that of the gaseous compound is
adsorbed to be stored, one or more impurity gases from
being generated by contact between the activated carbon and
the stored gaseous compound and prevent the purity of the
stored gaseous compound from being decreased.

In the present invention, developed is a method or an -

L —
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2 0 JAN 2003 they are approximately 0.45 nm and 0.49 nm However, pores

whi ch effectively function in adsorbing the nolecules are pores having a

di aneter slightly larger than the dianmeters of the nolecul es, which are
considered to be pores having a pore dianmeter of 0.6 to 0.8 nm?Royas2iRVvi ng
a pore dianeter, which is nmuch smaller than the sizes of the nol ecules, are
not preferabl e because the adsorption rate of the nol ecul es becones low It
is not preferable that the pore dianmeter is significantly |larger than the
sizes of thg W& KIPEGAURE 4 MR ASTY RNi®N Widhe dbecapRs gl =~
simul taneously wth the adsorption rate€ so that the amount of equilibrium
adsorptio a T: |ty ts ef:er ahil h i.@ of the
pore vol u%e 0 ctﬁh:ﬁ]g!o%tels g&:/al(ifnagaléé t[?('ier Zae%ft‘:é t'erl%o%lag.%éjb{lgbof%%ﬁ%?&klgch
effectivel net. | ' o] t.h | ecules, t l,u of the
por es havi%gél%%eodra&%dé a%ﬁ.gribzoﬁ{ncﬁ‘ rl’(r%otél %c#% ot%%arl?%?' gr?%a’ltt% %I ggg“ %to K’gﬁl %
because the ,adsqrpfion.capacity of. t gasequs conpound such.as_arsine
Chety) - or SIS (RO cenRbsss oTras IGHP Lugsonn, o5 B RAiAcFEe of ¢ he
activated carbon is eferably 0.4 to.1.2 g/cc, .as descri bed gbo%e“ nor e

pr ef er abl Y- ¥ Py & 8 & 9NV SRS A FoiBF S§ SE Y€ W8 18 NgAEc. The
reason for this is that it is not, preferable that the hulk density is too

| ow becaud®t MOLRISAIFR | AAMIBRRET 3BT 8FSHUEFe UPPNa PadRgadingetP€uch as a bonb
16 Z o ~A N 2003 decreases when the activated carbon is packed into the
cont ai ner ,93&fQUS |GOMROUNS YT Goaiast: athy Rdep @ick iyadeid gardonodnlli gh
because the absorptivity decreases due to the decrease in the continuity of
t he pores sffoning ddie \agsarhad [gafeonse qeapioung demsi Kesiorbingagé where the
activated carbon is packed into the container such as the bonb is

pr ef er abl Yl eéasx tao BRI @ It heasdbesdedh g s@igmse coapeumdr @ndr ef erably 0.5 to
0.65 g/cc. The reason for this is that it is not preferable that the

packi ng detssliitwerning dthé aie dause work atsdmpnmentty peicomtiatinesl une in t he
cont ai ner decreases. The shape of the activated carbon used in the present
i nventi on amtadiming ahoyldatdivatadd sleapenr tolpgtderhanithg tdeher 1 rregul ar
cross sections in addition to a columar shape or a spherical shape. The
size of thatpardties] esaron heiraaddndeat ed daidreasies an amount, which can

be effeciively utilized, of the stored gaseous compound.

Brief Description of Drawings

Fig. 1 is a schematic view showing an apparatus for
storing a gaseous hydrogenated compound or a gaseous
halogenated compound and then delivering the gaseous
compound in the present invention;

Fig. 2 is a schematic view showing an example of the
apparatus in the present invention;

Fig. 3 is a graph showing the changes with time in
pressures in test containers in the apparatus shown in Fig.
2 in a case where pre-treatment is carried out using a

method according to the present invention at various
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0.3 to 5 mm preferably 0.6 to 4 mm and nore preferably 0.8 to 3 nmm The
reason for this is that it is not preferable that the particles are too

| ar ge because the packing density cannot be increased when the ?gfh%fﬁﬁd
carbon is packed into the container such as the bonb, while it i 003
preferable that the particles are too small because the workability is
degraded at the tine of producing the particles and at the tinme of packing
the activated carbon into the container. 17 2 0 JAN 2003 The reason why
the acthﬁésélﬁgrQempbga gagequM bgi-BgnsuBkeshedohOiAp$8ht§8i10H StEPS
conprising a sorbing a g seous hydr ogenat ed c%npound or a gaseous
halogenatgg conpound such as arsine, phosphine, or boron trifluoride, upon
bri ngi ng e’ gaseous conmpound into contact with the activated carbon in

adva_nce in a se sgacgb?ﬁ%§ét{g% %a%c r%cgttlb?q Budi ctdf)n][ cfreaasse}/stem

passi ng through 2" adsor expelTing he gaseous
conpound ssing thr gh_ the_reactio accelera step fro eal ed
space is 8% ?hﬁyHFéggﬁ Ofi & 5§8H, °89§aéﬁeraﬁ8n 86H9a58n%°g§ F?ag on the
surfaces of the paores of the activated carbgon are previously forced to be

r enoved tSaEPQVeEFSSEQeBF ROFETi APBUPLEPES PFOﬁPbBPHEslhEIEHSd Pni¥PB stored
gaseous conpound. \Wen the gaseous congound i s adsorbed upon bei ng brought
into cont &8¢ &Pﬂﬁlﬁﬁewﬁéﬂh@aPédtbarBéﬁ i fondpAReE, cantaéBipgbkleabove, the
gaseous conpound is not only physically adsorbed to the surface of the

acti vat edagsivamedurazbes aHemrbanhty reacted with the hydrogen, nitrogen,
oxygen and carbon atons on the surface of the activated carbon to generate
hydrogen, nitrogBhg. carbona ngpraxk dshewing st chinge den pARIEY ef gaseous
conpound and the inpurity gases thus generated are expelled, the anount of
each of theshper dgenstoiragegen, aorggenwhedecthboarainesfohi shoraget with

t he gaseous hydrogenated conpound or the gaseous 18 2 0 JA N 2003

hal ogenat éd dofjpotied intbhe aesktvavetladaeboafterdactiestdd ¥hebothisgaseous
hydr ogenat ed conpound or the gaseous hal ogenated conpound is stored upon
bei ng adsprbedreateldeiactcearddncar Wanh contenpssdebteibedpirvene the
inpurity gases from being included by a reaction of the atons with the
above- nenpresedtganeens icanpeundribist Reashayetempet avetes gaghdon

accel erating step,
Fig. 6 is a graph showing the change in purity of
phosphine for storage in a case where the phosphine for
storage is injected into a test container after activated

carbon is pre-treated in accordance with contents described

in the present invention at various heating temperatures.

Best Mode for Carrying Out the Invention
Embodiments of the present invention will be
described in detail later.
Fig. 1 illustrates an apparatus in an embodiment of
the present invention, which is characterized in that a
gaseous hydrogenated compound or a gaseous halogenated

compound in a predetermined amount is stored upon being
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it is preferable to heat the seal ed space in which the gaseous hydrogenat ed
conpound or the gaseous hal ogenated conpound is adsorbed to the activated
carbon. The tenperature at which the seal ed space is heated is preferably
not | ess than 30C which is the tenperature of a general operatz@g N 2003
environment in a case where the gaseous hydrogenated conpound Or #%e
gaseous hal ogenat ed conpound is stored and is then delivered, nore
preferably not | ess than 50C, and still nore preferably 100C to 200C. It is

not prefe at .t 3 a Xgee b qgﬁfgws
conpound égghggéaaﬁgi%gt%gggsgeé%%%%gegs ?ﬁméggégéggﬁgﬁéhééggsea ed space
is heated_in the.reactiontaccegera éng stegraas desEr'§§gh@b Ve, heat i ng
tinme grea?FyadgﬁéHdgaBnmﬁegf%ﬁ PR Er%tﬁ?es.g?kﬁﬁy TR COhdi T in of a
heating tenperature of not |ess than %OOC for exanple, it is preferably
not | os PRERSBAE KBAFD ABrBOPrBPEF abP9h mtmPeRRet HarPTRARHO %, and stil |
nore preferably not | ess than eight hours. The reason_for this 19 2 0 JA
N 2003 i sbeRag %Qﬂgpﬁelﬂéﬁt?ﬂ@tg‘?ﬁe‘”%ghs%?t‘?c%l‘f%%%‘i]i‘b?]rll’)%‘i'vve"’efﬁithe
gaseous hydrogenat ed conpound or the gaseous hal ogenat ed conpound and each
of the hydFog¥ACuAtefofena BRYFEAVE aRHETERHRDNL At DFRCT ntQ HELRRER A&k ed car bon
becones i nconpl ete. When the gaseous hydrogenat ed conpound or the gaseous
hal ogenat ég¢agtnpopatti efstbecadspohedecyageews ordrpPund tdrd adelinerd car bon,
t he gaseous conmpound reacts with the hydrogen, nitrogen, oxygen, and carbon
at ons remhhei pgrintohe workveneirenménh, sbhe happathEtuspconpyisgses are

i ncluded. The condition that a few days are required for heating is not

pr ef er abl eoheednee Wwpr &i ognetédinerevayves2 yea yfibver Riredreraiming itthe he
above-nentioned expelling step, it is preferable that the pressure inside

t he seal edoapadaersvadvepoar tpperaspasepheyis puesswlvdheyedore, the
anount of the gaseous hydrogenated conpound or the gaseous hal ogenat ed
conpound pheebuire packede| nkobypesseahbde Space, 1 ive debTtébesl, above, and the
heating tenperature are suitably selected so that the pressure inside the
seal ed sppseumstiet aBeugtbhanadba08phermgs P EBGW I Contsiher Ny £, a buffer
space may be provided in the sealed space in order to snoothly expel, in

the expel bbRfesteRg pNBiAgSELOYSaRyUseEEVMEE EQPPONNTL Or tHe gaseous
hal ogenat ed conpound and the Inpurity gases generated in the reaction

accel erat hpgashels gPeferaBly bbrPPBséé 4 Sheseler bl fof Ndatiigy exepel Iing

step is carried out by evacuating the seal ed space to a pressure of

o oA ACehOc BT B BeSUBOURD LBt A B W L,
in the aboygt shown) for controlling the heating temperature. The

connecting piping 11 preferably has sufficient vacuum

airtightness.

In the present invention, used as the activated

carbon is preferably activated carbon composed of a phenol

resin as a main raw material, in which a pore diameter and

a pore volume can be suitably controlled and which is

superior in uniformity as the raw material and uniformity

between lots, and more preferably activated carbon which is

a granular carbon formed product obtained by bonding

activated particles formed by carbonizing phenol resin
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menti oned manner, the activated carbon may be packed into containers such
as bonbs after being treated. It is dangerous to take out the acti¥ataf 2003
carbon treated with extrenely toxic arsine, for exanple, and distribute the
activated carbon anong the containers, and its work beconmes conpli cated.
Preferably, the above-nentioned treatnment is carried out for each of the
containers after the activated carbon is packed into the container. In a
case where the gaseous hydrogenated conpound or the gaseous hal ogenat ed

conpound, pSkEdr ASwR Sh Neas P b 18 c GSu PR drdd lapriate,td sismsor bed and
is i medi ater used, it is hea ed at such a high tenperature that the

dd
gaseous ;rrzg QUHAY SLAUTHONIALO, YR ORIERLE babaoRnBl cdocorPoud does not

t her mal | |ntreat activated carbon in the a

manner . %é;t{’%%“’;‘ %5 efis C@.I‘P% CAMN %)teif n;dse;kgdly pdreated in

sever al hour 0 her I'n case where ere 1s a sufficient

LR Bl Sharge d*’é“%arﬁg‘é% ﬁrr?%fogéc’déu%%‘?i b L i ne T

boron trifl orrders used. up. ei ng dto he ctrvated arbon t he
gaseous h n%fe‘dhi:%l?‘rpjo% (3 %)é) '3%@ InfBhy St eéﬁublcﬁﬁ) ;td i's
allowed to stand in_a state mﬂere |t |s in the co(gfrner cont ai ning the
act i vat ed-28F boRal afg ¥ nRY gIREHIR Eﬁﬁﬁﬁ) WﬁtQMPQ£ﬁn Etes Uy pel | ed
when it is used, and is replaced with a new aseous hydr ogenat ed conpound
or gaseou®: ha¥Rgndt B cldd ot 1k (Rensktnraf . 4 %‘rﬂr rﬂa/e he6t éh
trifluoride. Wien the amount of the gaseous hydrogenated conpound or the
gaseous heddktngtdensbbpoehdd ud®dte o& T Fi¢eathary amasiGonket @f bon is
an anount required to conpletely termnate the reaction with the activated
carbon, inotsmeuesthbie 1ol rkdurrd thrs B ctensile storengtd qlsamnts less
hydrogenated conpound or the gaseous hal ogenated conpound. \Wen the
pre-treattiea 38 kasfemsed out by suitably selecting the amount of the
gaseous hydrogenated conpound or the gaseous hal ogenat ed conpound, such as
ar si ne, phosphidse propdsedorint tihkel pareseatandventihsat uegdt eapthature to set
the pressure inside the sealed space to not nore than atnospheric pressure,
t he gaseoarst twaped ndacion bes pneve peef éraim ¥ eakt vptoed weaaxbat the tine of
expelling in the expelling step. Therefore, inpurities in the activated
carbon caromposafiedf aephemddl Hddwimcds vatreshic ardyomatseriaibt echinh aiseri es
of steps 22 2 0 JAN 2003 conprising a step of adsorbing a gaseous

hydr ogenat eela tedpbyna o¢r begast cstseps| cogmad eithg cneotes apaddobigigig t he
gaseous conpound into contact with the activated carbon in advance in a
seal ed spacgasé@oss epydfodenLt &d addmgownd emcta aagdows Syslayenassd ng t hr ough
t he adsorbing step, and a step of expelling the gaseous conpound passing

t hrough tdempeasd | osuek Ced espsing, spiedsphidne | her aat@d tspafronen a
gaseous hydrogenat ed conpound or a gaseous hal ogenated conpound of a type
whi ch i s §hén SBAEn§Eng' te f § £ &dis f ESMipdUed ADPME-¢BIE A AN 8L 1IRSAMIS conpound
is stored upon being adsorbed to the activated carbon thus treated, one or

nore i MPUidt YvSBE€ScEABoREiR! £XeMES {5 oA hed Nl agsdat ef dver it act
between the activated carbon and the gaseous conpound, and the purity of

t he storegca@fepyelﬁﬁn@%@&@%hb@fpg eypat &l f40m Rei e SlegH aased. Vari ous
charges and nodi fications of the above-nenti oned nethod and appar atus can

be nmade e t sept Wthin the
accorrpan;\%érgbg? ﬁeéelg—gr %(%h%l e, ﬁh‘gﬁanﬁ '?‘fn% |vat ed car bon packed
into the r y. I rmunt of

t he gaseo%%%ﬁnﬁgu% éllalieéa srtnlig f%écggldsﬁoércgédﬁélﬁ%brg douz corrpound
which is grolhrgﬂ% |ntg @nt ac(t: with the activated carbon in advance in the
seal ed sp @ €t HE bea RIS %brrpound to be stored need not be necessarily

t he sane. For exanmpl e, 0s
The'm ﬂyjc %ur?ace area of the activated carbon is

preferably 700 to 1500 m’/g as described above, and is more

preferably 850 to 1400 m’/g, and still more preferably 900

-~
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23 2 0 JAN 2003 or boron trifluoride used as an ion inplantation gas in a
step of doping sem conductors may be used as the gaseous conpound which is
brought into contact with the activated carbon in advance in the seal ed
space, and arsine may be used as the gaseous conmpound to be Stor%q)iﬁiﬁﬁ
inmpurities in the activated carbon are forced to be renoved. In the %d
and the apparatus according to the present invention, in adsorbing the
gaseous hydrogenated conpound or the gaseous hal ogenat ed conpound to the
activat _edtsag%e ﬁ\“f’%.smfﬂé‘gré A&y tﬁﬁ@aﬁs%%t?qrﬂow%@nd then
delivering the gaseous conpound, when a heating unit is provided to heat
the activaiederaphancharbhehsplhe;easeousecomporad of efisoslefalde
y O gas In

adsor pti o capaci the gaseous conpoun e actrvated carbon is
reduced by _the heatin re ki ng i ossibl e ta.incr e the anount
of the gaggaggncﬁpgﬁgﬁ %&ﬁgghggggﬁt@ g’e C}av%reeihgengé’rt lhg Sogﬁéc 8 essure.
Cbnsequentlg, Fh anmpunt of the stored gaseous coppound which can be

of f oct | vePGEHE PR, BAEFdOPRcPEACRE, IPROAEA: TABPTHRY SEYT h AR FES PP o whi ch
t he gaseous coppound i s adsorbed, as described above, the heatin

t enper at uPBOSBDAPES &FaBPySHAL 1| ERatt hAR Q@QPEBFt%Hi%aP?EPY%n$%E%£%ﬁe of a

general operating environment where the apparatus is enployed, nore

pref er abl $madd | WBdlehah 48CnOANBreferabher hat cblae aPPC EOHLT tDDATS It i s
not 24 2 0 JAN 2003 preferable that_ the heating tenperature exceeds 200C
because t htegadsonstcdapsutilanuthofsniyigihpeanse thec @oyesyolume ofe net hod
and the apparatus in which the heating unit is thus provided to heat the
act i vat edtber pomesohamiing ahpogasdbametenpofind. ¢ stadeod bam, whidls al so
preferable to use, as the above-nentioned activated carbon, activated
carbon treaeedobpidesedi te ef fectpvetpnpunsi hgnaist agsafbimgorie ng a
gaseous hydrogenated conpound or a gaseous hal ogenated conpound upon

bri ngi ng ghsegaseoumpoanpoandhi asoacsnhacor whdsphinachesates smalbbn in
advance in a seal ed space, a step of accelerating a reaction of a system
passi ng throughind hthexdsaybiatged tarbod thes pereoivodxmel lifnghieh@oga@seous
conpound passing through the reaction accelerating step fromthe seal ed
space. Anng¥angl 8 pbra Hehhedepfoprodoei fg ide aftisy et esaagn outii lized in
the_present invention will be described in detail below Generally, a

phenol regbnivusedchgr, BE0dESERIbEACaBEVEY ahEHe CRF&PEraISLY 000N do Cd apsi fi ed
into a resol resin, a novolak resin, other special phenol resins, and their

nodi fied peggychad $he1phpbek peekeraBYybe. anYo Phenokc)@si nphénd is not

particularly limted. For exanple,
reason for this is that it is not preferable that the pore
volume of the pores having a pore diameter of 0.01 to 10 L
m is less than 0.1 cc/g because the diffusion rate in the
pores of the gaseous compound such as arsine or phosphine
becomes low so that the adsorption rate and the desorption
rate decrease, while it is not preferable that the pore
volume of the pores having a pore diameter of 0.01 to 10 u
m is more than 1.0 cc/g because the bulk density and the
mechanical strength of the activated carbon become low.

It is preferable that the pore volume of the pores

having a pore diameter of not more than 10 nm is 0.20 to
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granul ar or powdery special phenol resins disclosed in Exam ned Published
Japanese Patent Application Nos. 62 25 2 Q JAN 20 30210 and 62-30212
can be suitably used. The outline of the nmethod of producing the speci al
phenol resin is as follows. Phenol or a m xture of phenol and Z thraﬁen
cont ai ni ng conpound, such as urea, nmelam ne or aniline, is add 9 /i
conbi ned aqueous solution conprising 15 to 22 % by wei ght of hydrochloric
acid and 7 to 15 % by wei ght of formal dehyde at a ratio of not nore than

L/15 of theell XefgRadRauEnaokutignorhthe sé1¢YaDuhd% £ Ok Naskagueous

sol ution at room tenperature e stirring 1s stopped before white

urbi di (Y, 39P5A1 S L3-8 &E%ﬁét&%g SYShERcang § e SYSLER I SR | pyeghd 0 st and.

A granul ar esrni orned and is se I'n the reactlon
system whi e ste wwdt The entire reac stemis
t%en heat 8% ﬁh?l RO 8Fn8] g%f’?r 8dP3hai 1arp§{1?5| gdn?g rﬂo{%n‘be@?’;t Qg%f 40 to
90C to co l ete ihe re ct|9 i's tgen washed and is

subsequenf yPREULPEFi Egan ?h%aqug ﬁsp%moﬂ?%\um?o?p%‘a %V%’asfrﬁ“ﬁg“% th

wat er, dehydratiqQn and dr . Much of. the granul ar nol resin éhus
obt ai ned PsPeBRpEiRHEEET ?ngP§ BaFei ther hgv?%gl% ? ¢RI Gl er of 0.1

to 150 ,umor their secondary agglonerates. The phenol resin thus obtained
is speC|aFOpﬂeEBICFégvnaﬂémﬂéFemﬁréﬁe€?¥¥%r i 30 pE@pr €9 e3c£F om B esol
resin and a novol ak resin, and can be suitably used as the phenol 26 20
JA N 2003reagpn ﬁ@ﬁdéhlaséa tbatpibdiei gt t heeberakhie cthaarbom RRY® i zed in
the present invention. Wien the phenol resin is heated and refluxed in 500
m of anhydiowms g€t hhaobpresnbahnangl aspdudi diayeSer nof caeedndgye tthan
foll ow ng equati on can be used as an index representing reactivity: s = ~
(wo - W )O0~nmokegoh68 sineid Wécauseetheipbte (gplahetdt thsipowsed W . the
wei ght (g) of the resin remaining after heating and reflux S . the nethanol
sol ubi | i t gatimbyawpoght diametbe o€sOn6 The OLghem &bhso ndedmemdesadabi ity
is, the higher the reactivity is. In the present invention, phenol resin
powder havhag @aheehlaseptsohubapatytefofetive ajdyetns campolmdhnsadh % by

wei ght, preferably not nore than 30 % by wei ght, and nost preferably not

nmor e t hanadOa¥%s biewekrgphokphtifeddedheas€asowhi e ibi Bsisot hat when the
met hanol B
preferable that the pore volume of the pores having a pore
diameter of not more than 10 nm is too large because the
ratio of the pore volume of the pores having a pore
diameter of 0.6 to 0.8 nm decreases.

The ratio of the pore volume of the pores having a
pore diameter of 0.6 to 0.8 nm to the pore volume of the
pores having a pore diameter of not more than 10 nm is not
less than 75 %, preferably not less than 78 %, and most
preferably not less than 80 %. As a result of respectively
calculating the major axes of molecules of arsine (AsH,)
and phosphine (PH,) using the van der Waals radii of the

molecules with respect to a structure in which the sizes of

the molecules are calculated using the molecule mechanics, -
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solubility is not less than 70 % by wei ght, the phenol resin powder has
high thermal fusibility, so that connecting gaps anong phenol resin
particles are filled due to thermal fusion in a heating step in the course
of carboni zation. Accordingly, the connectivity of pores of an obtained
carbide is degraded, and the adsorptivity in obtained activateg carbon is
degraded. In order to obtain 27 2 0 JA N 2003 activated car Ban/Madliing
sufficient adsorptivity, therefore, it is preferable to use phenol resin

powder hayhpg araEhﬁgaeklﬁahé@?Ibtysiﬂmtgﬁda@oy9-ﬁmntiﬁﬁﬁ@béfvmﬁbréaanples
of a nmethod Of producing phenol resin powder used for producing the other

activat edgﬁi‘&ﬁoaf%bﬂ%@gy Hh{eeleﬁe ﬁngdwifﬁm%%mﬁ&y@@ufemmd of

addi ng and reacting a h IC po ynmer conpound to and wth a condensed

product oBp.aLged by i eacaagﬂege&gg;?ne oLpmLdebyde pdey; e aresence of

a nitrogen-contalnin oun apanese

Applicatio net hod of .m xin re obt ai ned by
febcting BRehde BRASFETRRY dgﬁgfaﬁ Fhe Bl alidn oo & Rb T TRy I8 2
protectlve col l.oid gnd sglhd Eg m xture obtained to an inert solid in
t he shapeP8F€p8aglehfgeP 8¢ 8 ? alfhed”PtibY i AU aDRRER Pat ent
ApplicatiqQn No. 51-13491). Furthernore, phenol resin omder roduced by

met hods d@%éWPE@H'lWhEﬁBxéﬁlHEBhPﬁﬂﬁiéﬁEdthébaBE§es¥% et Aﬂg?ication Nos.
61-51019, 61 127719, 61-258819, 62-272260, 62-1748, etc. can be al so used.
A resol rBelRCRie§enaral PYtoBrafREALH Peﬁé?$ﬂgtbﬁeﬁ%$°émﬁl¢%rm%ﬂﬁehyde
under the condition that fornmal dehyde is excessive such that the nolar
rati o of phehbe MelpepkaFdbRgaBessiaw. 1Itolg nob preteralke pkhdlence of a
basic catalyst such as sodi um hydroxi de, amonia or 28 2 0 JAN 2003
organi ¢ atthgepoTredigmetereibnsignsfopentbedlavaeri than atherndizes tef a
trimer of phenol having a relatively | arge anobunt of a free nethylol group
as a mai ntbenpoheanleantdecsulheghhendesarpt ¥on yratde noeodm&s riesgm i s
general ly obtained by reacting phenol and fornal dehyde under the condition
t hat phenslimiitereessilyewstbhthbhaadsbeptibbarratei soothapbetiné amount

formal dehyde is 1 . 0.7 to 1 . 0.9 under the presence of an acidic catalyst
such as aoforghitibeidm dlsoppvodbakdeeseasedhus obtai ned is conposed of a
triner to a pentaner where phenols are bonded mainly by a nethyl ene group
as a nmai n conpanmefary, hiay disy mantpaferabilieca hart leolragrioupf ther ef or e,
the novol ak resin itself does not have self crosslinking properties and has
thermal ppasei collymel 6ft bReCpseedf haiEn§ox Opbke r @Samet &r haf denedtpr oduct i s
obt ai ned by adding a crosslinking agent which is a fornmal dehyde generator
such as hexangahhyWRAERt e@fbBeiaaly afuftBash CibasdSoeri wd yslie gener at or or

m xi ng a solid acidic catal yst and paraf or nal dehyde, for exanple, foll owed

Pgr?hrgﬁgmb@@cumdgc BeathBgporBevo Rt HEStRe HELeHONDY Bg ILSpdke and so
diameter of not more than 10 nm is less than 75 % because
the adsorption capacity of the gaseous compound such as
arsine (AsH,) or phosphine (PH,) decreases.
The bulk density of particles of the activated carbon
is preferably 0.4 to 1.2 g/cc, as described above, more
preferably 0.5 to 1.0 g/cc, and still more preferably 0.6
to 0.8 g/cc. The reason for this is that it is not

preferable that the bulk density is too low because the

adsorptivity per unit volume in a container such as a bomb
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used as raw material resin powder of activated carbon after being hardened
once and then pulverized. The particle dianeter of the phenol resin powder
used for producing the activated carbon utilized in the present 29 20
JAN 2003 invention is generally 0.1 to 150 ,u m preferably 0.949 @?mum
and nore preferably 1 to 30 um Al though the type of a binder used 9
produci ng the activated carbon utilized in the present invention is not
particularly limted, a liquid thernosetting resin, polyvinyl alcohol

(PVA), Cr8@sptesOh!wnghCenealcPeyated Mool FAQURY Ol e |1 quid

thernosetting resin include a [tquid resol resin, a liquid nelam ne resin,
Ceact ng SokatTert rohife dEcis A REERELAEER et il MBS Y. e of
Dt ke 85, BESEC T R or Bl PR o T 10 %
Fosin. A SREREEAF Haabbt oronb ahlEy cPh oF LOPTRA TR I e FTHAE IR | quid

mel amine resin finally beconmes a hardened product that is neither soluble
nor fusi bF8TPARough the formof a hydrophilic initial polynerization
product or the state of a g%frqphobic condensationﬁgroduct which is

sonewhat condef&) Papkdng Gang ity 4 e CRES Wheseptdguaslisatsddi ng

al dehyde, generally formal dehyde, to nel am ne. Various 3U )
carbon is packed into the container such as the bomb is

preferably 0.3 to 0.7 g/cc, as described above, and more
preferably 0.5 to 0.65 g/cc. The reason for this is that
it is not preferable that the packing density is too low
because the adsorptivity per unit volume in the container
decreases. The shape of the activated carbon used in the
present invention may be in a cylindrical shape or shapes
having other irreqular cross sections in addition to a
columnar shape or a spherical shape.

The size of the particles of the activated carbon is
0.3 to 5 mm, preferably 0.6 to 4 mm, and more preferably
0.8 to 3 mm. The reason for this is that it is not
preferable that the particles are too large because the
packing density cannot be increased when the activated
carbon is packed into the container such as the bomb, while
it is not preferable that the particles are too small
because the workability is degraded at the time of
producing the particles and at the time of packing the

activated carbon into the container.

o =
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2 0 JAN 2003 al cohols may, in sone cases, be sinmultaneously used. In the
formation of the nelam ne resin, formal dehyde is first added as a nethyl ol
group to nelam ne. The formation then progresses by such a reaction that
dehydration and condensati on occur between the nethylol group and an am no
group or an imno group of another nolecule to forma nethyl ene group, such
a reaction that dehydration and condensati on occur between nethyl ol groups
to forma dinethyl ene ether bond, or such a reaction thatZdthﬁ%&iion occur

between a met hyl ehegfea'?oﬁn@?fntdl% cob0 v ed AR 38h et & reakhtey IhAUI d
assi ea |

mel am ne resin can be ¢ nto a water-soluble resin and "an

oi | -sol ubl.e.resj . r.s Sl Y ed using
met hanol ggléﬁ EPEB%??%%%Q% lgég %gn%?eﬁﬁgcgﬁgg%ﬁﬁlée sr%sﬁ?ﬁéfs al so
called a bytylated nel anine resin, and i neral by produced using butanol
as an aIcaﬁﬁﬁFgﬁﬂgp?oaﬁﬁFﬂﬁstﬁ%dﬁg??eﬁY%é %@@Qﬁﬁﬁét%g FiGR el ani ne resin
used as a b&nder may be either water-soluble or oil-soluble, and those
produced By LRABRATEHoEERERLNT A S HEN AR HO® AP PRSRR TR HF KI5t od
carbon, a polyvinyl alcohol_ used as the binder preferably has a

pol yner i zhft5ALEEGHEe BPOROBL {RILRGO AR I92S LAPDHTPIRURDNRIYr ee of not

| ess than 70 % and those partially nodified by a carboxyl 31 2 0JAN
208 gr oufoBtachevithethreagtivatad t adrPoR sty advaRgediftihFehkedict i vat ed
carbon, the phenol resin powder and the binder conponent are mxed with
each ot hefpagfid a #tRpuet abraifratirgticheaghinh Red s¥sMain a

passing through the adsorbing step, and a step of expelling
the gaseous compound passing through the reaction
accelerating step from the sealed space is that hydrogen,
nitrogen, oxygen, and carbon atoms existing on the surfaces
of the pores of the activated carbon are previously forced
to be removed to prevent one or more impurities from being
included in the stored gaseous compound.

When the gaseous compound is adsorbed upon being
brought into contact with the activated carbon in advance,
as described above, the gaseous compound is not only
physically adsorbed to the surface of the activated carbon
but also chemically reacted with the hydrogen, nitrogen,
oxygen and carbon atoms on the surface of the activated
carbon to generate hydrogen, nitrogen, carbon monoxide and
carbon dioxide. When the gaseous compound and the impurity
gases thus generated are expelled, the amount of each of
the hydrogen, nitrogen, oxygen and carbon atoms which react
with the gaseous hydrogenated compound or the gaseous
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granul ar forned product. The anobunt of the binder to be mxed with the
phenol resin powder is in the range of 5 to 90 parts by weight, preferably
10 to 60 parts by weight, and nore preferably 20 to 40 parts by wei ght per
100 parts by weight of the phenol resin powder. The reason why th&Jaquﬂt
of the binder is thus in the range of 5 to 90 parts by weight per 100 parts
by wei ght of the phenol resin powder is that if the anmount of the binder is
| ess than 5 parts by.weight, the workability at the time of the granulation
is | oweredg it r ' [ LELLGU Sulkt] j me
problens.%E&%ggﬁgﬁgﬁg%ogﬁghggaﬁﬁlgpgdggFggégkgiégﬁgéﬁu%%fgggf%ﬁséﬁépe and
is lowin.strength, o] r s liahl genpe e he ot her

hand, when r%q%ﬁ%@ﬁgggPetﬁgg Pﬁ%@?kgg ﬁg%gopﬁgnggoEgér8§s%€u§eight, t he
wor kabi | i at the tinme of the.qgranulation is, |owere and .t he nnectivity
of pores MALbasAter ZpmBpubdr i8n P RarFtn SRRD BECPIRRBREPEY| BheF Bl Lo
degrade the performance of the binder, an adsorbent. In,mxing the phenol
resin powd&tiyRFesd ﬁaﬁHQP'c&ﬁp&ﬁeRpsﬁﬂgieeQEhpﬁ?ﬁﬁPF LheoARRREREY | y
avai l abl e mi xing and stirring_machine such as a ribbon m xer, a v-type 32

2 0 JAN 2®@§eﬁi%6PF Peddfde 1prtudedobya 2k hEAAEAORsOfisEReaR tPBBnYiERper at ur e
or under heating. O her additives can be also added in addition to the
phenol regihe ahPveraepitigaedcgapgerust comppuadanpl e, it is al so possible to
add a suitable anbunt of starch, crystalline cellul ose powder,

met hyl cel | ul ose, Inattde, abndeamepktiened feactianpheceidedabingastenl| anount
of coke and coconut shell, for exanple. Furthernore, in producing the

act i vat ed idarilsoprefieriaplpossi bleett thaddealedr Epaceadhi wvhiafehhe such as

et hyl ene gl ycol, polyoxyethyl ene, al kyl ether, pol yoxyethylene fatty acid
ester, or gasemusuhypaogeaahedy compaand sal theagaseeski hkilngeageatd such as
pol yvi nyl al cohol, a plasticizes for extruding granulation, and so forth in
a range i wontpotind e pdepebedesoothehacadiivatatiedachohon #he not degraded in
order to inprove the workability at the time of mxing and at the tinme of
granul at i eempBiatuienat which, theeskiandar spagponenheadsed 89 forth are
formed into a granul ar product after being uniformy m xed with one

anot her, ayedRgebIRehozbaves Thanf goMet waAchnie @nher aBipatapapdueE gan be
perfornmed by using a uniaxial or biaxial wet extruding granulator, a

vertical geptHaat @perd&ings eaviadhflentydnch cesaRhekal tieayakkahke), and a
semdry di'sk pelletter, for exanple.

hydrogenated compound or the gaseous halogenated compound

is stored and is then delivered, more preferably not less

than 50°C, and still more preferably 100°C to 200°C. It is

not preferable that the temperature exceeds 200°C because

the gaseous compound such as arsine self-decomposes.

In a case where the sealed space is heated in the
reaction accelerating step, as described above, heating
time greatly depends on heating temperatures. Under the
condition of a heating temperature of not less than 100°C,
for example, it is preferably not less than one hour, more

preferably not less than five hours, and still more

preferably not less than eight hours. The reason for this
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Further, the formation into the granular product is 33 2 0 JAN 2003
generally perfornmed at roomtenperature. However, it may be perfornmed under
heati ng dependi ng on cases. The granul ar product thus obtained is generally
dried in a tenperature range of approximtely 50 to 400C, to 2%t in a
granul ar fornmed product. The granular forned product is gener N 2803 he
shape of a columar or spherical pellet, and is adjusted at the tinme of
granul ati on such that the shape of the pellet after carbonization and

activationgbe ﬁamhénp‘cﬁeeheaeaﬂﬁdt§map§s LRoPE 0dAC ggict Dén asdiwaded car bon
utilized |n t he present |nvent|o the granul ar formed product obtained in

t he above néggg gﬁagegaaghgggggtgfngﬁebé %g@ﬁ gtreating the

granul ar non-o Ion atno erein a t enperat ure

range of 50 i.s_u n ubje d, t % atnment in a
t ermer at u?‘s?Pa%ag(t’%? ?889§§9§168% el 92 éég W droash s hafirddfecr case
rate based _on the car s g to 40 @% geat t&eathg the r anul ar
forned pr8&4&E unde Fﬁé PatPoh ﬁtﬂﬁ PRaFedi atien (REEEISE ure range
of 500 to,900C, _as descrlbed above, to obéaln t he arblde eat - treatnent

i s carri edPGEFPPLREEr a"RER- SRPIRFBAUS: IH Eﬂ%?%agﬁ HCQRPOHRY RN gon, or
hel i um usi ng a heat _treatnent apparatus such as an electric furnace or an
external HBAEPHE BadoPBRALEE. CYRBOVBADES aBLPECA URPR chehRA 345 RSNt i s
carried out is generally 500 to 900C, as 34 2 0 JA N 2003 descri bed
above, préPeFéBl?CSSMaF§d8S@€b°andthﬁr§a§¢@F§r99m9°GU® ¥eagupWitihe reason
for this is that activation cannot be efficiently perforned because the
activati ohheahgdragehe sibreqednt OX¥gEDat RDA CAEREMEAEORS cELMBEDING | ow i f
the tenperature at which heat-treatnent is carried out is higher than 900C
whi | e t heigr &hel actfivatred pavbaot &¢ théati thét impusifyigases|arearboni ze
because the tenperature is low and the rate at which the granular forned
product idncanbedi.zetthbeconditliow thatha fewpdaps$uareisedoieedtfan 500C. A
tenperature regi on where the granul ar forned product or the carbide
obt ai ned hgatlheghéat nbtepreEnrabiesbbraunsedwdokiang i efifiobeneeaisrent i s
generally 700 to 1100C, preferably 800 to 1000C, and nore preferably 850 to
950C. Theveegsabwfor this is that the pore volune in the obtained activated
carbon is decreased by thermal shrinkage, and the surface of the activated
carbon is oxidi zedrthetnduee ihethbraSova-nest sored cexppelhing step,

it is preferable that the pressure inside the sealed space
is not more than atmospheric pressure. Therefore, the
amount of the gaseous hydrogenated compound or the gaseous
halogenated compound which is packed into the sealed space,
as described above, and the heating temperature are
suitably selected so that the pressure inside the sealed
space is not more than atmospheric pressure.

Furthermore, a buffer space may be provided in the
sealed space in order to smoothly expel, in the expelling
step, the gaseous hydrogenated compound or the gaseous
halogenated compound and the impurity gases generated in

the reaction accelerating step.
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tenperature at which activation treatnent is carried out is higher than
100C, while the activation is not sufficiently perfornmed to reduce the
adsorptivity in the obtained activated carbon if the tenperature is |ower
than 700C. In carrying out the activation treatnent, as described above, it
is possible to use oxygen, carbon dioxide, steam or a nixed ddkJA&N 200 or
nore types of the 35 2 0 JAN 2003 gases, an atnospheric gas, such as
nitrogen, argon, or helium containing the gases, or a conbustion waste gas

such as nethane, 1pr 9pagLefOFabll afteat ke I &GO d el d gy ease
rate based on the carg?de is5to40 $in carryi%gyod?%%he activation

{1 eat ment ongspgeagaLhedi AROVRel sehlll dfatborych oprodsroase rate s | ess

O
than 5 @6tH pores o e"activated carbon are In ent devel oped, so

that a suffjcjet o] €exCA t e t 00, | power
vol ume ingghgbgg%a?ﬁg gg??ga e@ﬁ@gr%%ﬁb %iyéﬁ%hgfﬁ%éghg%d? ??g?%e wei ght
decrease rate is,nore than,40 % the.ratio of th 9L es i a pore

i aneter BRoBe6tPs HEBPRRACHAP e P LbfH 8RS TtnEaPeh T ST oi ng e
gaseous conpound_such as.arsjne or, phosphi ne,. becones |ow in the obtained
activated carboni®a He?ﬁén%uFﬁedﬁmgﬁﬂﬁéﬁl?qﬁpﬁﬁu%?cﬁh% %ﬁOY%é activated
carbon al so becones | ow, so that the anpunt per unit_ vol une of adsorbed
portions MRRERCBREFRENDEFy FRRCRTBAVAERRF SREROT JRRY thR REFKFA Bt he
gaseous conpound, such as arsine or _phosphine, to be adsorbed decreases
when the GeRr3aneascarebnassbpabkeyfter dPehed coreatre@r sliehl@s the bonb.
The activated carbon obtained in the above-nentioned manner is packed into
t he cont aflaBgesoes be takebonb the aaghivaredfeerhen ngredrgdiiyitior exanpl e,

and is used for adsorbing the gaseous conpound, such as arsine, phosphine,
36 2 0 gatxerody toxic arsine, for example, and distribute the

activated carbon among the containers, and its work becomes
complicated. Preferably, the above-mentioned treatment is
carried out for each of the containers after the activated
carbon ié‘packed into the container.

In a case where the gaseous hydrogenated compound or
the gaseous halogenated compound, such as arsine,
phosphine, or boron trifluoride, is adsorbed and is
immediately used, it is heated at such a high temperature
that the gaseous hydrogenated compound or the gaseous
halogenated compound does not thermally decompose in
treating the activated carbon in the above-mentioned
manner. Consequently, the activated carbon can be
efficiently treated in several hours.

On the other hand, in a case where there is a
sufficient time period elapsed until the gaseous

hydrogenated compound or the gaseous halogenated compound,

e
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or boron trifluoride, used as an ion inplantation gas in the sem conduct or

i ndustry and stably storing the gaseous conpound until it is used. In a

| ocation where sem conductors are manufactured, the gaseous conpound

adsorbed to the activated carbon is taken out of the bonb upon being

evacuated to a negative pressure, as required. Since the interipg jof 200he

bonb is maintained at a pressure which is not nore than atnospheric

pressure. Accordingly, there is little danger that extrenely toxic arsine

or phosphipgn| g8kareihe Of phBSPROAE, L Or CHYLERNHENM Plo£1dEUNES af&s. Exanpl es

of the gaseous conpound MBICh is store upon bei ng adsorbed to the

acti vat ed, a5 Dpa; hACkHdE, HBSCPYS ROMROLIVE. 58! E£hEch I O G M QMR consi sti ng
phosphi Ae; richl

of arsine, oron trifluoride, boron oride; tungusten

hexaf | uorjd Si | i borane, ¢ch in H S dr ogen
ruort de. Rgap35aRCEm SoRERIRT o oo Poerdl ataeiet et E P e,
hydr ogen sul fide ydrogen sel eni de drogen telluride,. a NF3.
Particulaf?y?igggﬁalgg ggaPaelﬁage%ﬁ%p%dﬂggﬁ%dlgu+§dﬁpi:thnged and st ored
i ncl ude arsine, phosphine, ,and boron trifluyoride. (Enmbodinment) Measuring
and eval USPRPGLREF hBRETBLBANE nt hRCAGH LERFET | TREPRR oA iR | 116 459
described below. (1) Method of Measuring Anount of Adsorbed Arsine and 37
2 0 .1AN compaund ippthe SPRFRLREEeHS A2EPRLLIS t¥ReD cBht 1§ itedmANDf
stainl ess steel having an inner diameter of 30 nm a length of 150 nm and
an internaf verPlaeediwibh @&l newi gaseews ahYidepeeraked IReRPIuURGIQ®e provi ded
at its one end is previously weighed by a chem cal bal ance. The wei ght of
the test gapeandehaidogehatedi gempgurdkepuck 4. apsire, jphegvinentomised for
a test is packed into the test container, the test container is connected
to a vacuberponprifiuohideut - Ghénvhhe camount sotviteiagageews a pressure ' of
not nore than 0.01 mMHg. Further, the test container is gradually heated to
a tenper ahudeogéndt6q€ €ompvountisodethy gateats nijaleyenatedntbmpowutcessi vel y
evacuated to a pressure of not nore than 0.01 mmHg with the vacuum punp.
Ther eaf t ensefihoteprectneat hngy theratuivated ocarbon disiaary dmogrer at ur e by
being allowed to stand, and is wei ghed again. The wei ght of the test

cont ai nerrauibed toneomplébé&dy Beriinate stine réadthbon fvelkh nle t he test
contai ner via the cut-off valve while maintaining the test container at a

constant aetpesstdr eapborRPCibyi@npbHSUbBE Oto BodudEs thd Nnagkhicssk ivie the
test container, while adjusting the pressure inside the test container to

700 nmHg wki €hei §aBObUBDh@dLHGEnat ERSEHRPOENDI EESLHE, gakddds it i s absorbed
no nore. The weight of the test container at this time is 38
halogenated compound.

When the pre-treatment is carried out by suitably
selecting the amount of the gaseous hydrogenated compound
or the gaseous halogenated compound, such as arsine,
phosphine, or boron trifluoride and the heating temperature
to set the pressure inside the sealed space to not more
than atmospheric pressure, the gaseous compound can be
prevented from leaking outward at the time of expelling in
the expelling step. Therefore, impurities in the activated

carbon can be safely removed.

The activated carbon is treated by a series of steps
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2 0 JA N 2003 taken as W2. The anount of the adsorbent is found by (W
WD), and the anpbunt of the adsorbed arsine is found by (W - W). The test
container is then connected to a gas chromatography nmass anal yzer via a
pressure gauge, a flow rate controller and a vacuum punp, to CQWW?O@S
guantitative analysis. The pressure gauge is |ocated to neasure the
pressure inside the test container in a case where the test container is
evacuated with the vacuum punp, and the flow rate controller is located to

control t@@ﬁ%ge{g&ft&gts Qéegh&frgéw@@ﬂl@réi@aesé&@ ARG JURItd he arsine

fl ows out st contalner. The test Tontainer iIs evacuated to a
pressure gty Lt éﬂgg i ﬁ ﬂﬂj i | rate of
t he rel ea(gé gglrlm ner¥\% Qa%?&myﬁ?t 0 W?%A e #?&é&go%%&g}%leﬁlvi s then
wei ghed again. The wejight of .the te i ner t.hi,s. §.] [ en as
WB. The aﬁﬁﬁn?a%?o?ﬁecg%?%‘ég%dl%ési%gen?és)é%g'{le%ﬁhiﬁied ‘—"Dcytl(‘{f@{Téfed \@)Itb and t he
anount of ,the_renaining arsife S deterniq?dlgﬁ(vw -, WL .1%5) Met hod of
Measur i ngtPr B¥EREe chAndeSaf 1! SRATRY 2 MRS baeqﬁellﬁlé%flf % test is
packed into a test contai ner nade of stainless steel h vqu an inner

di anet er B5F28H1AM °F Peﬁbﬁﬁe%fpﬂﬁﬁﬂ¢ﬁnt%ﬁRP%ﬁl?Wﬁeﬁqﬁﬂrﬁkﬂ <t 100
whi ch has a di aphragm cut-off valve provided at its one end, and is then

connect edaR® 2hetersefcerPal hbrRd ke iJaseous coppaynd JAFS E - of f val ve.
The test container is evacuated to a pressure of not nore than 0.01 mrHg.

Further, theoughtthenraaabionsagreterdtingeitien fxom thereaked e of 350C
fromoutside by a heating device, and is successively evacuated to a
pressure spanet nBhent Aagadeous niydrogemated cerpeund e .2 Tageufs er, the
text container is returned to an ordinary tenperature by being allowed to
st and. halogenated compound of a type which is the same as or

different from the above-mentioned gaseous compound is
stored upon being adsorbed to the activated carbon thus
treated, one or more impurity gases can be prevented from
being geﬁérated by contact between the activated carbon and
the gaseous compound, and the purity of the stored gaseous
compound can be prevented from being decreased. Various
charges and modifications of the above-mentioned method and
apparatus can be made within the scope of the present
invention as set forth in the accompanying claims.

For example, the amount of the activated carbon
packed into the container may be suitably selected in
relation to the amount of the gaseous compound, such as
arsine, to be stored. The gaseous compound which is
brought into contact with the activated carbon in advance
in the sealed space and the gaseous compound to be stored

need not be necessarily the same. For example, phosphine
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Arsine is then fed into the text container via the cut-off valve while

mai ntai ning the test container at a constant tenperature of 20C by an

i ncubator, and is introduced into the test container, while adjjysti.n ihe
pressure inside the test container to 700 nmHg which is not nnﬂgféhﬁﬁﬂ

at nospheric pressure, until it is absorbed no nore. The weight of the text
container at this tine is taken as WI. The wei ght of the test contai ner
after 20 days is then neasured while maintaining the test container at a

const ant B?”BSEaﬁuifl?iugggﬁgyuégd'QEUQﬁtQSn IMﬁl&ﬁtQ@ioﬂf%%Qelﬁe§t

container at this tinme is taken as W he val ue of

cal cul ate o o] t g, fer and read
t he |nter%a prgsgéb&ﬂb g?ﬁ&%gﬁﬁgcférﬁb %r%%gg nnun%etég %sor ég Arsi ne
under Plural Pressures,A.test co faip S ving an

i nner di affel'BP 8% blﬁﬁllﬁ 5359 o%“ﬁéonﬁﬁfagﬁda% 8 3§%f§éR#§003

i nternal vol nE of 8 E has a.di.a hra m cu off val ve pPOVIded at
its one eﬁar 0prBy A Vgpﬁemépg b B?a§egh ﬁ?% I B9 RrelngHiaY, Yht of the
t est contalner at this tinme is taken _as Ws. After an_adsorbent used for a
test is tHERApaEKERE ARSSPHE FRBPORBA EPnBE SHRECE RfLRPHnIBPREILIES
connected to a vacuum via the cut-off valve and i s evacuated to a
pressure &R ®Be ﬁﬁFéV@ESﬁ gavkopnpge foreadrtothe ¥eBeVedntainer is
gradual |y heated to a tenperature of 350C from outside by a heating device,
and i s successilelthergtihadkand theaepanadus arcorddng tPadh® 01 nrHg with
t he vacuum punp. Thereafter, the test container is returned to an ordinary
tenperatupeebynbeﬁngeatﬁomedinoaésanUinandhesg&eéghedhﬂga¢@enahedmeight of
the test container at this tine is taken as Wi. Arsine is then fed into the
t est cont epmppundaorhtheugasébusahatoghnbtedaconpoundigto heheéest cont ai ner
at a constant tenperature of 25C by an incubator, and is introduced into
the test aontizaned, ceftbba adfustondgnghther adsorked ngaslectfhecompoumdnt ai ner
to 10, 20, 30, 50, 100, 200, 300, 400, 500, 600, and 700 mrHg which are not
nor e thanaatimoaphediet ipeeiayr eheughsbous compdsnd pewhan avheatinghe tine of
each of the pressures. The weight of the test container at this tinme is

taken as WhitThe pweuntedl tbhReadsenbeattisatietecairbed by ¢Mlch e, and
the _anount of the 41
gaseous compound is adsorbed, the adsorption capacity of
the gaseous compound in the activated carbon is reduced by
the heating, thereby making it possible to increase the
amount of the gaseous compound which can be delivered under
the same pressure. Consequently, the amount of the stored
gaseous compound which can be effectively utilized is
increased.

In heating the activated carbon to which the gaseous
compound is adsorbed, as described above, the heating
temperature is preferably not less than 30°C which is the
temperature of a general operating environment where the

apparatus is employed, more preferably not less than 40°C,

and still more preferably 50°C to 200°C. It is not
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2 0 JAN 2003 adsorbed arsine is determned by (W - W). (4) Method of
Measuring Tensile Strength The tensile strength of particles of activated
carbon is neasured by a Kiya-type hardness tester. The tensile strength to
be eval uated by neasuring the strength is cal cul ated by theZﬁP%@fﬁ¢£g
equation froma load P [kg], a particle dianeter d[cm, and™a |l e
length 1 [cm in a case where the particles are pulverized: Tensile
strength . @ kg/cnm2] - 2P/ (7t ~d ~ 1) (5) Method of Measuring Specific
Surface Apearlahthi ¥AhE0thar RO ARET P PBE SLur & dx e s eapfr@ct i vated
carbon is accurately weighed, and iS5 theh put in a cell dedicated to a high
preci si on =au L §Fﬁ$ ured by N ppon Bel
Co., Ltd. ffeek]}l?rgoggga éggggﬁrggﬁgégﬁﬁg e%ﬁ%%@%%&i nd a specific
surface aaggogﬁeghg BET (Brunauer-Emmett-Teller) nethod. (6) Method of
Measuri ng r Flifre In measuring the pore volune of pores of an

adsor bent, the pore val f rres having.a pore di.a r in_a.range of
001 to 10 - um it the kR el e, Gbbst Srdetany wBaRl: Far bRafindy s
por osi et er . Poresgzer 9310 ngnufaﬁtured by Shj madz Coagoration , .and the
pore vol ulBi&f 1§oFBYShBEPREAGI pb? P B Gnkeract L Yt e nfF A R MU A IR s
nmeasured by neasuring nitrogen adsorption using a full- 42 2 0 JAN 2Q03
aut onat i ctégs 938S6H Bt FBRPABAL U F ngdsierhPed: (HBELSORE OB PESIALERRLR &P by
Ni ppon Hel. Co., Ltd.). Specifically, the pore volume of pores having a
pore di anBfér RR &hpaphevermentsoned naftivatrddcarbenArtivated D-H
anal ysis of an adsorption isothermof nitrogen gas at 77 K, and the pore
vol ume of cpsbes khiehahgdabponreseranetef stepdtconmpreising 2 step £ ound by
conducting an analysis using an MP nethod froma t-plot of an adsorption
i sot her m efisprbinged gaseaus 7TRyd&rog@hatied hoohpdundasura kgasemis Content 1 ¢
of a specinen dried at 105C for two hours is precisely weighed in a
pl ati num briliogbhetedscampedndt upeobfonging tlvergaseous i ompaoidel y wei ghed
again, to find an ash content. Although the present invention will be
descri bedinnonooatdetawlithi ther afttieated t ©aeampire sadvdrec r s ent

sealed space, a step of accelerating a reaction of a system

passing ﬁhrough the adsorbing step, and a step of expelling

the gaseous compound passing through the reaction

accelerating step from the sealed space.

An example of a method of producing the activated
carbon utilized in the present invention will be described
in detail below.
Generally, a phenol resin used for producing the

activated carbon is roughly classified into a resol resin,

a novolak resin, other special phenol resins, and their

modified products. The phenol resin may be any phenol

resin, and is not particularly limited. For example,

granular or powdery special phenol resins disclosed in

Examined Published Japanese Patent Application Nos. 62-
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invention is not limted by the exanples. (Exanple 1) Predeterm ned anounts
of a nelam ne resin aqueous solution (Sumtec Resin M3, a solid
concentration of 80 by weight, manufactured by Sum tono Chemi cal Co., Ltd.)
and pol yvi nyl al cohol (hereinafter abbreviated as PVA) having 82 J 3

pol yneri zati on degree of 1700 and a saponification degree of 9 % Aﬁﬂ@
nmeasured per 100 parts by wei ght of phenol resin powder (Belpearl R800 . an
average particle dianmeter 43 2 0 JAN 200 of 20 ,um produced by Kanebo

Ltd.), anéo@ﬁ@dsherabngdzaﬁve953befs99£abp S&@ééh ®hEUbEBEEnACHE Ve agent
(Leodol e SP-L10, produced by Kao Co., ¥ and water were wei ghed as

addi tives hlhgggnggoh;r sbRuBgHgeEnandy &8? DORLR, B BEEn1EE eaglry bl ended

by a kneader tes. t he ot e po yV|nyI al cohol was
di ssol ved¢] F mwater to forma 15 @6aqueous solution by weight. The
pol yvi nyl “al'co oF aqueous solution, the nmelam ne resin aqueous sol ution,

the surface act] gent and wat er de Q th kneader, followed by
bl ending for f rq fg'ﬁlﬂﬁ§§ure H¥§¥U?§H'5Wféﬁiﬂ S H5P5i ned was t hen
ext ruded bé g blaX|aI extruglng gbanulator (Pegleterdouble XDF- 100

manuf act uFBB By Elfi CPRRAUPC ot 8%) T RB oBELPRI DI PEL2FY h%ﬁ'p+%ducts
havi ng an quter dianeter  of apprOX|nateI 1.0 mm and respectiv havi ng
d|fferentaﬂﬁﬁHeFocBnFeﬁpénP?oﬁﬂPﬁ@uﬁl§P&FEl€Bn56§P¥¥6hn9T%% E%n%%s $tion
rati o of the above-nmentioned raw materials were shown in Table (Table 1)

h | bi nder RdVeigbtt efahydspahposias peddapBel 7 dFPqlip dbeBy weight of

nmel am nePvAsur f acet ot al cont ent content solid solidamount starch
: formaldehyde at a ratio of not more than 1/15 of the mixed

aqueous solution while stirring the combined aqueous
solution at room temperature. The stirring is stopped
before white turbidity appears in a reaction system, and
the system is allowed to stand. A granular phenol resin in
pink 1is formed and is settled in the reaction system while
the system is allowed to stand. The entire reaction system
is then heated while being stirred again, is raised to a
temperature of 40 to 90°C to complete the reaction, is then
washed with water, and is subsequently neutralized with
aqueous ammonia, followed by washing with water,
dehydration and drying. Much of the granular phenol resin
thus obtained is composed of primary particles having a
particle diameter of 0.1 to 150 um or their secondary
agglomerates.

The phenol resin thus obtained is special phenol
resin powder which differ in properties from a resol resin

and a novolak resin, and can be suitably used as the phenol
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active wat er of cont ent cont ent bi nder agent cont ent conposi tionl
002468232011443rati o_ 44 2 0 JAN 2003 A specinmen thus obtained was then
carboni zed after being raised to a tenperature of 650C at a tenperature
rising rate of 50C/H under a nitrogen atnosphere using a cyli ﬂrical

el ectric furnace having an inner dianeter of 70 nm ~ and nain? iA¥d0Bor one
hour. 20 g of carbide thus obtained was then activated by steam under
different conditions as shown in Table 2, to obtain seven sanples. The

activati ofed {£3dHIMy Wised A di G5k Qe ity RNidJtAGRR P TaGBRInAI Ni Ng st eam
(activation gagé corrpr05| tion rmIe%r ractllm? . N2/aH20 = 1/1, af lowrate . 1.0

NL/ m n) v 0. qgwg rs : | eyt 0 I :hours for

t he sarrpﬁ}et"ZI,SJ(')Z%LCi QQbét}f%r 1.%41%ulrr§$]ot§%e gg]r?prftéth%, %gtéc%&o%e?érrﬂ 1.5 hours
for the sample 4, .at 1000C for. 1.5 gg&n f I ; 10Q0C for 2.0
hours for™ nﬁbe%taér‘%?%n%,r%@d”gefd 7db ormsll.ogr ﬁé&?@g‘% ?‘thgg‘tr%l'egl The

wei ght decrease rate i.n a case where the activati t r.eat nent .was thus
carried dﬁﬁﬁharfboi I"Fe&purlb]p]g]rttx ésg Js'lfglr?aatse(fi?é’ stﬁl&ifl’gl(lg‘oé"dﬂgaggu&tégni n each of
t he obtai ned sa l%@ lto 7wﬁfre exan ned,. and th ,rsiftts wer e toget her
shown in S Re Hse as @npindex representing feacddvidydy car bonact i vapor e

propertiestionactiva Liweight dsan&letenperon ti neecrease rates ecific P
S = {(W, — W,) / Wy} 100

where W, : the weight (g) of the resin used
W, : the weight (g) of the resin remaining
after heating and reflux
S : the methanol solubility (% by weight)
of the resin

The higher the methanol solubility is, the higher the
reactivi£§ is. 1In the present invention, phenol resin
powder having a methanol solubility of generally not more
than 70 % by weight, preferably not more than 30 % by
weight, and most preferably not more than 10 % by weight is
used.

The reason for this is that when the methanol
solubility is not less than 70 % by weight, the phenol
resin powder has high thermal fusibility, so that
connecting gaps among phenol resin particles are filled due
to thermal fusion in a heating step in the course of
carbonization. Accordingly, the connectivity of pores of
an obtained carbide is degraded, and the adsorptivity in

obtained activated carbon is degraded. In order to obtain

e ™
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volune of ratio of tensile ackin p g bul kature(hr)(~)surfacevol une

of poresvol une of volune ofstren th 9densit Ydensit Y)area zpores having
ahnving apores hewin aPres( kg/ cnez )( g/ cc)( g/ cc)(m/g) dianeter
of dianeter ofg di thaving a not noreanme er o dinneter oO.OlzjﬂOJWfﬂ&n | OnnD
~0.6-0.8nm(cc/g) (cc/g)~(% 17501. 5228560. 2860. 3680. 33992560. 680. 9329001. 5311
0740. 2730. 4800. 37478830. 590. 7039501. 537124B0. 3500. 6050. 47278450. 560. 5849801

1610007, KIS AT DEE o Sy o G A D S 33500660, 74

0092 NOL ZNOC Gﬁla 2 0 JAN 2q93 The saques tqQ _7 .0btained in the
above- mertt oHe PTRHIAEFP LR dtQ LT R 1Tt RREF A0S & gas
adsorption (general actjvated, carbon eneral ly used were used, to find the
anmount of"&idiRBb St ER el Bhdl R e e-dten dFat3bne. Wth respect

to the sanples 1 and 2 and the general activated carbon, the ash _content
and t he changeEXampless@fe aameshodpoodaprodréngxRREARY, T&RENt ReWAG e of
internal pressure increase after 20 days was found by the follow ng
equat i on.usg fespxedyrieg tihetoldies asiivatehigarkyn utilized in

the present invention include a method of adding and
reacting a hydrophilic polymer compound to and with a
condensed product obtained by reacting phenols and
formaldehyde under the presence of a nitrogen-containing
compound (Examined Published Japanese Patent Application
No. 53-12958), and a method of mixing a prepolymer obtained
by reacting phenol and formaldehyde in a basic aqueous
solution with a protective colloid and solidifying a
mixture obtained to an inert solid in the shape of beads
under an acid (Examined Published Japanese Patent
Application No. 51-13491). Furthermore, phenol resin
powder produced by methods described in Unexamined
Published Japanese Patent Application Nos. 61-51019, 61-
127719, 61-258819, 62-272260, 62-1748, etc. can be also
used.

A resol resin is generally obtained by reacting
phenol and formaldehyde under the condition that
formaldehyde is excessive such that the molar ratio of
phenol to formaldehyde is 1 : 1 to 1 : 2 under the presence

of a basic catalyst such as sodium hydroxide, ammonia or
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The rate of internal pressure increase after 20 days = (internal pressure
after 20 days / initial internal pressure) x 100. 47 r A A~ ~ry~ (Table
3) anount of anount ofrate of

i nt er nal ashadsor bedr el easedpr essur econt ent ar si near si nei ncr ease

after(% (g) (g) 20 dayssanpl e 10.633. 119. 4100sanpl e 20.536.02%9@@@Qmﬁnple
3-35.621. 5-sanpl e 4-35.721. 4-sanpl e 5-28.417. 8-sanple 6-27.713. 3-sanpl e
7-25.516. 4-gener al acti vat ed- 4. 225. 516. 1129carbon As a result, the sanples 1

to 4 satisfylog. copehli Onfne LhAlo1 Sredt P ASRId Iobr B lcofff isesl500 2/ g, a

pore vol ute por €s having a pore dianeter of 0.01 to 10 ,umbeing 0.1 to
1.0 cc/g,_a pore vol ume_of  por ' i &Fe1Qf 1Qtqgmore than 10
nm bei ng BP2¥¢o B 8d %E%?Pt%ésg%@%f%%&_ﬁg Sao%lea\r%lur?e%f %gtgr es having a
pore dianmeter of 0.6 to 0.8 nm t he pore vol e HdNg a
pore di an%‘!‘%\‘anogo? #B‘f"% ’{“ﬁ&hy];‘gl YR i ot esgé%“wa{)ﬁ]%’x%n?a\éuﬁ k
density of 0.4 to 1.1 g/cc, a packing density of 0.30 to 0.70 g/cc, and a

tensil e shighgiR BPaRBIVIEEs than 30 kg/cn2, were higher in the anobunt of
adsor bed arsi ne and 48 2 0 JAN 2003 thiyaB unt, of. rel eased.arsine, as
n

conpared with #haoyedgkedesiny if @Generad taipeds O RE25H4DE- nent i oned
conditions and the general activated carbon. In the sanples 1 and 2, the

ash cont ephenat sndnforvahdehydewenrderaphe eendition thitferRhienah 1fit ed
carbon. Even when they were allowed to stand for 20 days, the internal
pressure easepsévensedhftbatbehagnebasetatioef spkeRel \#ifere the genera
activated carbon was used. (Exanple 2) In the exanple 2, the sanple 2
prepared fsrinhddehgde- ienli on@d7 ekanbl e Q. fewndeedihe rPregeRce ra t he
acidic catalyst such as an oxalic acid. The novolak resin
thus obtained is composed of a trimer to a pentamer where
phenols are bonded mainly by a methylene group as a main
component, and hardly contains a free methylol group.
Thereforé} the novolak resin itself does not have self-
crosslinking properties and has thermal plasticity. 1In the
case of the novolak resin, a hardened product is obtained
by adding a crosslinking agent which is a formaldehyde
generator such as hexamethylentetramine and an organic
basic catalyst generator or mixing a solid acidic catalyst
and paraformaldehyde, for example, followed by a reaction
under heating.

The resol resin, the novolak resin, and so forth are
used as raw material resin powder of activated carbon after
being hardened once and then pulverized:

The particle diameter of the phenol resin powder used

for producing the activated carbon utilized in the present

e
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sanple 2 was not pre-treated and a case where the sanple 2 was pre-treated
upon bei ng brought into contact with arsine or phosphine (hereinafter
referred to as prelimnary arsine or prelimnary phosphine) in advance at
vari ous heating tenperatures in the test container, arsine for storage or
phosphine for storage was then injected into the test containgr( JApgPnduct
a conparative experinent for neasuring the change in pressure in the test
container and the change in purity of the arsine for storage or the

phosphi ne .for st.ora i el,apse o [ Iﬂ:% r
experinen%&%eggggbag§se%hgﬁégﬁx hrg.%ﬂ &gé Z%%U. €§%§§%¥2%£§?%15§gparatus
conprises a gas_injection ste as, expelling system a gas anal ysis
system a7 48nd OF%s?rﬁg%{%?ﬂ%rfée%t%ﬁ1Bﬁhe systens are connected to one

anot her via pipj conpr.i.si normal |y clpsed cuf-off valves V1.tao V10. The
gas injection sijg%é?H?rEg PR I‘%/ybc]dhcﬁeerctuésc?c{ Jootrhé’rtogéltc%‘(?ntt “her
system respectively, from gas.soyrces to R3 of , arsipne, phosphjne and
heliunlviécgﬁgaﬁ -%PFLVEIVg%ivieaolVSFE%hBrﬁﬁgnExb%Y?Pﬁbbgy%?eﬁ?#s
connected to S1 fromthe test container systemvia ,a vacuym punp Pl and a
nol ecul ar PREtESUAGRRYP2 imdEedpnaf ékﬂPéﬁngefﬁ?Fﬁtﬁiggnﬁeﬁhﬂrphosphine can
be renoved to be safely expelled outward. The gas analysis system conprises
an or di naP@lyydnyldapyeenoAl (B¥RNg gascenptenaidgraphy, canpbessuitallyige Gi,
a Pirani vacuum gauge &2, and an ionization vacuum gauge G3, which are
respect i vaisgdsonnected to test containers via the cut-off valves V6 to V10.
The Pirani vacuum gauge & is used for neasurenent on the order of

10' I mmHg, and tBeanples aof drhey aciam d)suhpern@ds et g drefsam nigeslmdenent on t he
order of 10' SmmH g . The above-nentioned test container system has tour
test cont diiqaris Cesbd Eésiespeclligeliy meidpmisengesinhet oantheit| et cut-of f
valves CV1 to Cv4 at their inlet and outlet ports, and has electric heater
units for moddffiled treeinest containers ClL to C4 fromoutside the test
containers Cl to C4. The electric heater units respectively have
tenperature comtie®lliquis teddly Fdeinueal e meodiwed by treddting2 0 JAN
2003 T4. The sanple 2 is packed into each of the test containers Cl to C4.

A buffer %m%ﬁéliWiwhi%h ERkeesaiRkecatountNet Raakpddésupaeyi grg at an upper
part. on the side of the inlet of each of the test containers Cl to C4. It

will be chyeiskned bfah bEBYEI Fhes1§ke,Paeduesdrhl¥ed £BaGE| OAnQeiyeen arsine
or phosphine and the sanple 2. (1) Initial Vacuum Treatnent Step An initial

VaCUU”‘tr%@h@%@depraW@@thé%tt%aérEQQm@Btoﬁuﬁhehbﬁth9¥iﬂﬁna ni trogen,
water, etc. would be renoved fromthe test container and the sanple 2 which
are exposedihRidefly large amount of a free methylol group as a main
component.
The liquid melamine resin is a so-called
thermosetting resin. A chemical reaction is accelerated by
heating, so that the liquid melamine resin finally becomes
a hardened product that is neither soluble nor fusible
through the form of a hydrophilic initial polymerization
product or the state of a hydrophobic condensation product
which is somewhat condensed.

The liquid melamine resin is produced by adding

aldehyde, generally formaldehyde, to melamine. Various

———
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In the initial vacuumtreatnent step, the inlet and outlet cut-off valves
CVl to Cv4 and the cut-off valve V4 are opened, and each of the test
containers Cl to C4 is evacuated to a pressure of 0.1 nrHg with the vacuum
punp P1 to expel air fromthe test container, and the cut-off valve V4 is
then closed. The cut-off valve V1 is then opened, to inject quyégzm@ich i's
an inert gas into each of the test containers Cl to C4 fromthe ource
R3 until the pressure inside the test container is approximtely

at mospher 1,9 o B3Ry, 214 EBRCCURSAL! K@l KeniithAebliglychoagd. fhereafter,

o
the cut off valve V47i's opened again, to evacuate each” of the test

cont ai ner acl ebgnGh i BePRASSHESaAlnAPRLEYLTREBLYaOgdn gkl s 1 pepsbel i um i s

effective Tn accCelera € rep of "alr in each
of the test,containers Cl.tqo C4 the injiectign of {he_helum b
Ui tably POSER & ScUErIYIPRngrou SrufeRaniRe It tha FREPERVBHESR ¢ ogen
car bon nonoxi de and ggrbon di_oxi de mhicQ are igg ri%ies ar& not gener ated
by openi ng§PIESEFESPY FHFYe avEearhi8Bt FRgthEF ﬁfa hBA #A¥r oduci ng hel i um
gas into the anagézer Al via the cut-off vakv V6 to condact an_anal ysi s.
At hough KOPAGReRE 1885 5E68d PELMRENS 5B BEBNEJOLPRAUP fRdL &R, TMLRO
inpurities are generated by the adsorption of helium Each of the test
cont ai ner §TCHP: KTCAN; dMiREN IESHPI RoABPYNBY aPOALEHLIRNEPeIBENNY heated to a
predeterm ned tenperature of 300C to 350C, respectively, by the electric
heat er unMethyil@ng g¥euphe sugh- 8f reagkienvihaghipbydpehion and cut - of f
valve V5 at the time point where the degree of vacuumis approximtely 0.1
mH. At t lfiondeinsat iohe oceur benwaenemetbydoicgaovpst boafdrghapressure of
not nore than 10-5 mmHg by the nol ecul ar turbo punp P2. Finally, the inlet
and out | edimetthyfleneaketberContde Gv4smnt aheesatiohf thatvdeMpdrakicnosed,
to termnate the initial vacuumtreatnent step. After each of the test
cont ai ner ®cCiirt be€leien al mewhglbd grang andi bni alcehokt tionédrmoamn or di nary
tenperature, the weight WB of the test container is weighed. (2) Step of
| nj ecti ngeRhelri.m nary Arsine or Prelimnary Phosphine 52
The liquid melamine resin can be classified into a
water-soluble resin and an oil-soluble resin. The water-
soluble resin can be generally produced using methanol as
an alcohol. oOn the other hand, the oil-soluble resin is
also called a butylated melamine resin, and is generally
produced using butanol as an alcohol.
In producing the activated carbon, the liquid
melamine resin used as a binder may be either water-soluble
or oil-soluble, and those produced by known processes can
be used.
In fabricating the activated carbon, a polyvinyl
alcohol used as the binder preferably has a polymerization

degree of 100 to 5000 and a saponification degree of not

less than 70 %, and those partially modified by a carboxyl
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2 0 JAN 2003 Wil e mai ntaining each of the test containers Cl to C4 at 20C,
opening the inlet and outlet cut-off valves CV1 to CV4 and the cut-off
valve V2 or V3, and opening the cut off valve V7, to nmeasure the pressure
inside the test container using the pressure gauge Gl, prelimnary arsine
or prelimnary phosphine is injected into the test container udWJmﬁjmg
pressure inside thereof is approximately 20 mmHg. At this tinme, the
tenperatures inside the test containers ClL, C2, C3, and C4 are namintai ned

upon bei ngrdifsRACtine! iy eahrd 41608 th@1G vheG and 200C using the
tenperature control units. In order to neaSure inpurities generated in each

of ihe test. ConlBiDALSifd tAeCAcRAgatbE PLASSH! cchgsifiendleranty he test

container is sult y CO nicated to the anal yzer and the pressure

gauge CL pyid.e 1epting 136l O bhe 83" LGRS 51Ch LAcH! kel ntain

the tenp ure 1nsi ereo St container 1s evaduated to
a pressure of 10.'3‘;t in E%ge vacuum punp P& nd .t he. nol.ecul ar turbo
oD P2, A B SRS SRS T G SPRRE Sive temeR ARy Apfosphi ne
containing inpurities fromthe text container.éAt this tjne, tg;
r 6l § i TSP el e PG neBE MOUI F GO SRR EADBE ¢ es can
be accunul ated in the buffer space provided at the upper part of each of
the test bR WS the (Rhenpl Kesimhpawders isndst hihg &rpgle 4 553° 2 0 JAN
2003 After each of the test containers CL to CA is allowed to stand until
it is retW reartd kh widher prefifrakdourd, tond Owriagits Wy oeighs t est
container is weighed. (3) Step of Adsorbing Arsine for Storage or Phosphine
for Storaapd \were prgfrzalilivhg Gdeh 4 pardst &n wedghdi pers 100 perts at 20C,
opening the cut-off valves CVl to CV4 and the cut-off valve V2 or V3, and
openi ng the waeighif fofy dithe plignalo resdgurewdes .pr Shsureasogi adyt hdet est
contai ner using the pressure gauge Gl, arsine for storage or phosphine for
st orage isndunteciedlietloinder tissttioentia dre wanige tofe Sprtes $0r pairsi de
thereof is approximately 400 mmHg, and is adsorbed to the sanple 2 in the
test contly neeigh®f tperr 1100 paochs ibyreckilghtt lof ahs yphemoAl rielsdam no i npurities
are generated in each of the test containers Cl to 4, the

powder is that if the amount of the binder is less than 5

parts by‘ﬁeight, the workability at the time of the

granulation is lowered to make extraction by a dice

difficult, resulting in some problems. For example, the

granulated product is not uniform in shape and is low in

strength, and powder is liable to be generated. On the

other hand, when the amount of the binder is more than 90

parts by weight, the workability at the time of the

granulation is lowered, and the connectivity of pores in a

pellet after carbonization and activation is lowered to

degrade the performance of the binder as an adsorbent.

In mixing the phenol resin powder and a binder

component with each other, a commercially available mixing

and stirring machine such as a ribbon mixer, a V-type
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inlet and outlet cut-off valves CV1 to CV4 are closed, to neasure the

wei ght WLO of the test container, and cal cul ate the weight of the gas (WO
- W9) stored in the test container. (4) Results of Experinents Figs. 3 to 5
show the results of experinments in a case where arsine is used, and Fig. 6
shows the results of experinents in a case where phosphine is used. Fig.

is a graph showing the changes with time in the pressures insid8 JANdGest
containers Cl to G4 in a case 54 2 0 JAN 2003 where the test containers

are res ivel eqd . t enpera f .20 09C, C, and 200C to
pre-tregﬁﬁgﬁ 'a t?@g%eglggfboggw%i%ﬂggge?héésgﬁgﬁegg F%éﬁhe step of

injecting the prelininar% arsine.or the prelimnary phosphine described in
the abov&SHRFIRSHES CreMPEST. "RETA"%&sult, in the test containers ClL and C2

which were respectively, heated at te ratures. of 50 ! C..the
pressures insi ‘éh?ﬁea‘%%%'?l‘é%ﬁt%?’het?%%oe ag‘i‘i%%aﬂ Yo Jﬁgceiod%?c% éc;;l;??oxi mat el y
33 mHg and approximately 93 nnH%, respectively, in caseslof 5£C.and 100C,
after 48Ph6BPd FEsHY ROt PdNASEaCPRROLFBEr meAPY PEAMB-Expdtt 28 that the

pressures are further gradually raised with the elagse gf time. Contrary to
this, inalse pessidds Finads @3syigabdenRmeRnhePs FEAREBY| vel y heated at
tenperatures of 150C and 200C, the pressures were rapidly raised fromthe
start of ctiystedddnes eelladeosse powderdl pethydeqlanlagsr o¥pilel $7488 g
and approxi mately 740 nmHg, respectively, after approximately 14 hours from
t he startsadfverits tfoeateramp land angpradd masaiay) 18 ameuns PforrkBeaddart of the
treatnment. Therefore, it is presuned that the generation of the inpurity
gases i S dozfanutatsta14f,t eforagrampleat el y 8 hours and approximately 14 hours,
respectively, in the test container C4 which was heated at 200C and the
test contai nerreBtibrabrepsihepieduaing 56 adiivated nepston) donis nued
even after an el apse of 48 hours in the test 55 2 0 JAN 2003 containers
Cl and CZod¥iH1evaice dRbRechinfice heatiod algemdC andhl@8Cethylene :
glycol, polyoxyethylene, alkylether, polyoxyethylene fatty
acid ester, or ammonium polycarboxylic acid salt, a
crosslinking agent such as polyvinyl alcohol, a plasticizer
for extruding granulation, and so forth in a range in which
the properties of the activated carbon are not degraded in
order to improve the workability at the time of mixing and
at the time of granulation.

The phenol resin, the binder component, and so forth
are formed into a granular product after being uniformly
mixed with one another, as described above. The formation
into a granular product can be performed by using a
uniaxial or biaxial wet extruding granulator, a vertical
granulator such as a basket ryuzer (commercially

available), and a semidry disk pelletter, for example.

Further, the formation into the granular product is

33



Fig. 4 is a bar graph showing the difference (WO W) between the weight W
of each of the test containers ClL to C4 in which the prelimnary arsine was
injected after an el apse of 48 hours in Fig. 3 and the weight WB of the
test container in which the prelimnary arsine has not been injected. It is
presuned that the difference is based on the fact that inpuritYDq}ﬁgﬁ
conposed of oxygen, nitrogen and hydrogen bonded to the pore surfé @f t he
sanple 2 and the prelimnary arsine are subjected to a repl acenent

reacti on, t j LpcC ' j by, i in | bly
bonded toggﬁgkggéz g%f?gggggyégh%%?§2€e%§%%€%?ﬁ%h.I&ﬂgﬁﬂgﬂb f%gﬁﬁéontainer

Cl which pas Qggggﬂegtﬂggg%aﬂg %gfgtféé?%€£§gi@ﬁrcégé¥Migﬁkgas heat ed at

100C were conpared Wth each o6 rence 1n th est contai ner C2
whi ch was heated_at 1Q0C | arger. by, appr oxi mat 0. % as conpared with
that in tﬂEaPBS?rCBH? Fﬁﬁr@ﬁﬂsmﬁﬁE lQ%é g%a?%ﬂeﬁff%%C?rf% tTAry to this,
the difference in the test contai ner, C3 i C S d at 150C and the

T o one LR RO RBUEBor 2 B8R &F PP Eo HE LR s ER AE0LE b onp i s
approximately the same, .and were approximately three times that in the test

cont ai ner IERNUARENIQEBCARERAUGE: 50C. It is presuned that al nost all 56

2 0 JAN 2003 of the inmpurity atons on the pore surface of the sanple 2 are
repl aced with &g frapdny daamedy Prodhcithd spaeneradayy 18r $hgeshppg. 5 is a
graph showi ng the change in purity of the arsine for storage in a case
wher e t heofr 8i aelnmnpast oragehesical ceebliet nt andath adjusieed eat WYomt ai ners
Cl to &4 as shown in the step of adsorbing the arsine for storage or the
phosphi netfine efogagrulatiber sholbecthantthaecshapenof jhespeblethen ftost
container in which the sanple 2 was not treated by the prelimnary arsine
in addi ti oarbonihetiest andnbetireasiom bécaohes he sregeeelnivead tshegied by t he
prelimnary arsine in the above-nentioned manner. The arsine for storage
was i njected atlm greriaiqirtheofac2@atieid lcarbenpueddirzed nn dheecach of the
test containers Cl to C4 would be 400 mmHg, and was then allowed to stand
at 35C, tprexantneéntvbatibangehé ngpamulyr ofothmed apsodiect asbhisd Diediein The
purity of the arsine for storage was cal culated by finding the total of the

concent r athenabotelnmphtibhed Renpesesr 0i Sy b D@ obOXYPed, byi héDgen,
met hane, carbon monoxi de and carbon dioxide. As a result, the purity of the

arsine fotrsheingetWasqggafalay feenmedsgfodiict hend&sta Codi abnEdat iomhi ch the
sanple 2 was not treated by the prelimnary arsine and the test containers

whi ch WerStfn@ﬁ?ﬁékéVﬁhYah@éixgéré*tufén})&‘ﬁé‘éUd_Sﬁ_Ss@(ﬁ 2O entc 100G dey freating
the sanple 2 by the 57 2 0 JAN 2003 prelimnary arsine, and the purity
of the prghhniBacypaEstBe ¥8Sabel ot 88n SrehOheMPOL 4 VWOeNSEKStuFe t he test

range of 700 to 1100°C in a range in which a weight

decrease rate based on the carbide is 5 to 40 %.

In heat-treating the granular formed product under

the non-oxidation atmosphere in the temperature range of

500 to 900°C, as described above, to obtain the carbide,

heat-treatment is carried out under a non-oxidation

atmosphere such as nitrogen, argon, or helium using a heat

treatment apparatus such as an electric furnace or an

external heating gas furnace. The temperature at which

heat-treatment is carried out is generally 500 to 900°C, as
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container in which the sanple 2 was not treated, for about four weeks in
the test contai ner which was heated at 50C, and for about seven weeks in
the test container which was heated at 100C. On the other hand, it is
expected that the purity of the arsine for storage is hardly decreased in
the test containers which were respectively heated at 150C andzﬁQMQZWB
treating the sanple 2 by the prelimnary arsine, and the purity of the
arsine for storage is not below 99.9 ~ until an el apse of one year since

the arsi naefs%fi:iﬁtegr a88vWaspiBkeEbBly 560tH8 BE6HE N DA Ind¥sine is heated at
at least 150C to pre-treat the activated carbon, therefore, inpurities can

be prevenpedehrag hekng Lachyged | nrhber aishResbor i orp0C pyer a long Lime

period, a € arsine for storage can ored over a long tinme period
wi t hout decreasing the puri teof .. Fig. i i jch is the
sanp as FRgeigatin CgaBUt, bE EPEIERkae Ty %petrbinde AR AR v, Vi ch
i ndi cates _that althou gsthe te of decrepse jn purity of phosphine for
st or age i§C§FV6ﬁPPQ Fg rlPhgﬁetﬁg SEAYER %%tévg?l%?S?Fﬁfgﬁ?n$ssﬁ?%ferable
t hat the hosghine for storage is heated to a ,tenperature of 150C to 200C
to treat REEPPEFedOWatbohPBy tEPREFAFRERY2bNBRARR NReatriFeRIMeRE X3  Z 0
JAN 2003 store the ghqsph[ne for storage for a long tinme period, as in the
case of tRargisdneut(kRahpobes)thantfR0eGanshéle thetgxanetRrEafooed hat is
the sanple 2 produced in the exanple 1 and general coconut shell activated
car bon foprgdyciddsr giiféacubtetaseuffiioiaphsyrearbeniz®brcawde gelk®dr bed
arsine per litter of the activated carbon under pressures at a tenperature
of 25C. ThempesatugewdseloWwoandi hhFaphbeqatsghick thggramulari (Table 4)

formed product is carbonized becomes low if the temperature

is lower than 500°C.

A temperature region where the granular formed

product or the carbide obtained by the heat treatment is

subjecte&_to activation treatment is generally 700 to

1100°C, preferably 800 to 1000°C, and more preferably 850

to 950°C. The reason for this is that the pore volume in

the obtained activated carbon is decreased by thermal

shrinkage, and the surface of the activated carbon is

oxidized to reduce the abrasion resistance if the

temperature at which activation treatment is carried out is

higher than 100°C, while the activation is not sufficiently

performed to reduce the adsorptivity in the obtained

activated carbon if the temperature is lower than 700°C.

In carrying out the activation tréétment, as

described above, it is possible to use oxygen, carbon

dioxide, steam, or a mixed gas of two or more types of the

\ m——
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Amount of adsorbed arsine per litter of activated carbon at 25C arsine
pressureanmount of adsorbed arsine (g)(Tory) sanple 2 coconut shel

activated

ar si nel09364201167730131884014397501531041001891262002341583002651784002901
98500310210600328225700344234 As a result, in the activated caf E?zmrat i's
the sanple 2 satisfying the above- nentloned condi tions, the anoun

adsor bed arsi ne was nmuch higher, as conpared with that in the general

coconut shgkksachhvatfdspaePoR §85, 988cRU8S! Rit PBgek FXaPHdR, 4r 60 2 0 JAN
20D3 The apparatus for gas storage shown in Fig. was enployed to measure

the wel ghp Y4 eohea&nﬁﬂatehge§aéesa 6858 LbifbEs aloftakPenayas packed

into the test codntainer in-con wth a net measuri ng the anount

of adsorb?gcﬁr %nﬁgag Ehepggﬁgg%hogrrghggﬁgd arS|ne inthe item{1l) in the
enpo

above- nmenti one en neasure the melght W2 of the test

container in a.,ase where an arsine ecte r |nto
condi tions of rﬁﬁ%f%&uﬁ% %ﬂﬂﬁ#ﬁhlwf gnpéF UF%S%hSI e%g e test
cont ai ner at 28 bt%of calculatlon of unt . of adsor bed
arsine (=% ﬁlfs s 96 #ﬂe°?£§¥188n?%PnB?e|ﬁ° Yehithe arsine gas
was i njected was evacuated to a pressure of nn+@ W th vacuun1punp as
descri bedtaggtRent, p8| d58erihedarkPre b%stBﬁthfd he heigit i est cont ai ner.
The weight WB of the test container at this time was neasured, to find the
amount of dPEFEASEdrarsi ae {espptbang) EndtPReP@R@sinet okhe ch@t HY3ELGr si ne (=
WB - W). Further, the releasing ratio was found by the follow ng equation
fromthe GAbhAD ereadssnféicaeafhe dAvelmpednpemtthat ral satBiCient ne.
Rel easing ratio (% - (amount of released arsine / anmobunt of adsorbed
arsi ne) xpegformanceasannhtrbet Apsusadedneute aftehesmatl poweriner in
whi ch the arsine gas was injected was set to 20C, 35C,

volume in the obtained activated carbon. On the other

hand, if the weight decrease rate is more than 40 %, the
ratio of the pores having a pore diameter of 0.6 to 0.8 nm,
which efféctively function in adsorbing the gaseous
compound such as arsine or phosphine, becomes low in the
obtained activated carbon, and the bulk density of the
particles of the activated carbon also becomes low, so that
the amount per unit volume of adsorbed portions which
effectively function decreases, and the amount of the
gaseous compound, such as arsine or phosphine, to be
adsorbed decreases when the activated carbon is packed into
the container such as the bomb.

The activated carbon obtained in the above-mentioned
manner is packed into the container such as the bomb in a
gas manufacturing company, for example, and is used for

adsorbing the gaseous compound, such as arsine, phosphine,

——
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50C, 100C, and 150C, to release the arsine gas fromthe 61 2 0 JAN 2003
test container, the anmount of renaining arsine, the anount of rel eased
arsine, and the releasing ratio were found. The results were shown in Table

5. (Table 5) heated tenperature ( )anount of remaining aré% %N
(g)amount of released arsine (9) releasing ratio ( )201051 .gp%ot
heat ed) 359017065. 4507918169. 61005720378. 11504621482. 3 As can be seen from
the results, the anmount of

or boron trifluoride, used as an ion implantation gas in
the semiconductor industry and stably storing the gaseous
compound until it is used. 1In a location where
semiconductors are manufactured, the gaseous compound
adsorbed to the activated carbon is taken out of the bomb
upon being evacuated to a negative pressure, as required.
Since the interior of the bomb is maintained at a pressure
which is not more than atmospheric pressure. Accordingly,
there is little danger that extremely toxic arsine or
phosphine leaks out of the bomb to environmental
circumstances.

Examples of the gaseous compound which is stored upon
being adsorbed to the activated carbon include gaseous
compounds selected from a group consisting of arsine,
phosphine, boron trifluoride, boron trichloride, tungusten
hexafluoride, silane, diborane, chlorine, B,D,, (CH,),Sb,
hydrogen fluoride, hydrogen chloride, hydrogen iodide,
germane, ammonia, stibine, hydrogen sulfide, hydrogen
selenide, hydrogen telluride, and NF,. Particularly,
examples of the gaseous compound suitably adsorbed and
stored include arsine, phosphine, and boron trifluoride.
(Embodiment)

Measuring and evaluating methods used in the present
invention will be first described below.

(1) Method of Measuring Amount of Adsorbed Arsine and
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rel eased arsine can be greatly increased by heating the test container in
whi ch the arsine gas was injected to a suitable tenperature, thereby nmaking
it possible to efficiently utilize the stored arsine. (Exanple 5) In the
exanpl e, phosphine was used, to measure the weight WL of a tesf(cpftai;ner
in a case where an adsorbent was packed into the test container, and then
neasure the weight W2 of the test container in a case where a phosphlne gas
was injected thereinto under conditions of 700 mmHg whil e mai ntaining the

tenper at YWk dfside ddedasi cantad ner 62 2 0 JAN TU-~ at 20C. The result
of cal cul ation of the anount of adsorbed phosphine (= W - W) was 80 g.

e Lot ot o) et R AR RO ING ASAS e s s pevachal od Lo

a pressure of a vacuum punp, eSCI’I to rel ease

t he phosp rneer qﬁ[sa“?%evi@r c% fg(pqant h% tes &%o%tfafl@ Th%n\éel glht WB of the

t est contalner 1S t 1'me was neasur e anDunt of rel eased

phosphi ne, unt, .of remai_nin Qsphin W - W).
Furt her, ’ﬁ%el}féﬂleas‘t eractlit (I;he%éan (%Htfhb);’atsh@ A3 %ng\ﬁl 58‘ &5‘ a@ 5n fromthe
anount of dsor bed BP phi ne and the amount of, released %hlne
Rel easi ng’3-a{§ P{YHL ef%dn‘ts NG SNsh I RHRYSomistY ?}ﬁg‘@%t 4adsor bed
phosphi ne) X 100 In a case where the tenperature of the,test container in
whi ch t heehAbGt R pRC8as Thi é'@tltﬁ‘]‘tw&;[r dde tesrocongsarespet thde, and

150C, to rel ease the phosphine gas fromthe test container, the anount of

r emai ni ngt MO sHitRken RS Afbunt of rel eased arsine, and the rel easing ratio
were found. The results were shown in Table 6. 63 2 0 JAN 2003 (Tabl e 6)
heated tenperAftiesapbupdserbentnusafngor a test is packed into the

test container, the test container is connected to a vacuum
pump via the cut-off valve and is evacuated to a pressure
of not more than 0.01 mmHg. Further, the test container is
gradually heated to a temperature of 350°C from outside by
a heatiné-device, and is successively evacuated to a
pressure of not more than 0.01 mmHg with the vacuum pump.
Thereafter, the test container is returned to an ordinary
temperature by being allowed to stand, and is weighed
again. The weight of the test container at this time is
taken as Wl.

Arsine is then fed into the test container via the
cut-off valve while maintaining the test container at a
constant temperature of 20°C by an incubator, and is
introduced into the test container, while adjusting the
pressure inside the test container to 700 mmHg which is not
more than atmospheric pressure, until it is absorbed no

more. The weight of the test container at this time is
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phosphi ne (9)anount of released phosphine (g) releasing ratio

(20245670. 0O(not heat ed) 35196176. 350166480. 0100116986. 315087290. 0 As can be
seen fromthe results, the amount of rel eased phosphine can be greatly

i ncreased by heating the test container in which the phosphine?@.ﬁwﬁ@3
injected to a suitable tenperature, thereby nmaking it possible to0
efficiently utilize the stored phosphine. Industrial Applicability As
described in detail above, according to the present invention, if a gaseous

compound, ¢ SEh 8§ W5 Si Nene PIASRIE N6 Ohe BAUIADEEAL | O #6lena Yseq was an ion

I npl antation gas in the sem conductor 1 ndustry is stored upon being

adsorbed @) ackjyafgd GaLhop ﬁ] @h@@&é&{ﬁ%dwﬂfé‘iﬂé Le P Hj‘ W2

at nospheri c’ pressure, and I's en evacuated to a negative pressure, one or

nor e extrenﬁix toxi c gases do not |eak out to environnmental circunstances
AN 10

64 20 j | 03 at atnospheric pressure. Therefore, the gaseous conpound

can be, ULIT e upan hel g easlly desqbed e te dasgaus compound. such

aCtlvatedchromatography mass analyzer via a pressure gauge, a flow
rate controller and a vacuum pump, to conduct a
quantitative analysis. The pressure gauge is located to
measure the pressure inside the test container in a case
where the test container is evacuated with the vacuum pump,
and the flow rate controller is located to control the flow
rate of the released arsine in a case where the arsine
flows out of the test container. The test container is
evacuated to a pressure of 20 mmHg with the vacuum pump
while adjusting the flow rate of the released arsine to 1
ml/min to 10 ml/min. The test container is then weighed
again. The weight of the test container at this time is
taken as W3. The amount of the released arsine is
determined by (W2 - W3), and the amount of the remaining
arsine is determined by (W3 - Wl1).
(2) Method of Measuring Pressure Change After 20 Days

An adsorbent used for a test is packed into a test

container made of stainless steel having an inner diameter
of 30 mm, a length of 150 mm, and an internal volume of 100
ml which has a diaphragm cut-off valve provided at its one

end, and is then connected to the test container via the

——
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carbon is utilized upon being desorbed, if the gaseous conpound is heated,
t he anbunt of the desorbed gaseous conpound is increased. Accordingly, the
extrenely toxic gases do not |eak out to the environnental circunferences
at atnospheric pressure, thereby nmaking it possible to incregqf @Tﬁ@Latio
of the gaseous conpound to be extracted. Furthernore, when t A ted
carbon is treated by a series of steps conprising a step of adsorbing a
gaseous hydrogenated conpound or a gaseous hal ogenat ed conpound upon

bringi ng the-gagepysveonPeHadbot OcERPA Pdr W & heddt@uA0dd wad ed carbon in
advance in a seal ed space, a step of accelerating a reaction of a system

passi ng tgieggnr&h ErafserRbid EhER: 0201 dupd b Alr e 1Y {dig gaseous

conpound passing throug e reaction accelerating step fromthe seal ed
space, on I JP paes ated by
cont act bg &éggg%ﬁe& y%é§¥ gfi %%g%n ﬁgééﬁh) gaseous conmpound, and
the purity_of th s coppoun revent e rQ ei ng
decreased¥rﬁ$c8PgFﬁéFy, bggl% %}?% f%% %%és é??% §H%§hpound havi ng

a significantl gh pur 0 JAN 200 1, .A nethod
of treati ﬁ&aﬁﬁgf' d &9 EaPB%ﬁsﬁfle °€e??%s’“%¥e s%’é?)% t&béﬂp ‘\%L%"?A%E}/”E’aQ}Ettetbe of
adsor bi ng a gaseous hydrogenated conpound or a gaseous, hal ogenated conpound
upon br|n&PﬁBuWhE“BBseo@geEEﬂﬁBﬁﬁd nﬁ dtﬁﬁht%ﬁﬁt%&Q?Feﬁﬁ|RE&%£P?§H?RNI|n
advance in a seal ed space, a step of accelerating a reactlon of a system
passi ng tﬁﬂoeﬁﬁlﬂﬁéyag§EPBFﬁ§u§?eBY Bﬁﬁnﬁ.§%%RW%$ e pEtdtty t he gaseous
conpound passing through the reaction accelerating step fromsaid seal ed
space, to prevBRginghin Bhenstedsimbeirbeericasd QUNPMIRE dfid Hhdseous

hal ogenat ed conpound of a type which is the sane as or different fromthat
of said gavteaffcuapuenwhiieamabrbaining behetbeel conteajney tat of the stored
gaseous conpound from bei ng decreased due to one or nore inpurity gases
gener at edcbypstentatemperatanet bé 2¢1¢ vby eain chm¢patow), tard st®Hred gaseous
conpound. 2. The nethod according to claim1l, wherein in the reaction

accel er at ingretiepedt hetanbhat test/ conthenéeatwingl ¢ enppustt ing et he gaseous
hydr ogenat ed conpound or the gaseous hal ogenat ed conpound which is packed
into the pfessidrd 1ABlId608Bhectéet spataimer sel 2CQ aunH@. whHimh nid homt
according to claim1 or 2, wherein the anount and/or the heating

t enper at umeref thhe gamesphehydrpgesatee, conpdLnit ofs tdlesgetsaduso hal ogenat ed
conpound which is packed into the seal ed space are sel ected such that the
pressure mogede rhe weabhRd spatkei tekbecenpeinéngatiEpis stimg i®re than

at nospheric pressure. 4. The method according to any one of clainms 1 to 3,
wher ei n athuéheasswace for snoothly expelling in said expelling step the
inpurity gases included in the gaseous hydrogenated conpound or the gaseous
hal ogenat ed compeuwdightSat dtheatésOrcoreLl wentd AgeSIAEP deyPriwyviiash in the
seal ed space. 5. A nethod of storing and delivering a gaseous hydrogenated

compound feagudageqHs1Bahagftal fing OPROUNEst Wb Kta iSe € e agt@dngeshd n t hat
a gaseous hydrogenated conpound or a gaseous hal ogenated conpound in a

predet er mpree2ARURE b$ ShotedyURRNi RELPSLEESOrPRE §oiqet | yatEek carbon
treated using the nmethod according to any one of clains 1 to 4 by being

brought 'EEQtCQBBﬁﬁEn@&tQtthﬁléciiMéth EQ&@R”aQWﬁ?r apipd OF &ffe &W1 1 onmrent

at a pressure which 1s not nore than atnospheric pressure, and is evacuated

to a negajipye _phessytechicQideta! ocdeaghPish {£26tRePE s Ao the adsorbed

gaseous conpoun
difference due to leakage and read the internal pressure.

(3) Method of Measuring Amount of Adsorbed Arsine under
Plural Pressures
A test container made of stainless steel having an

inner diameter of 30 mm, a length of 150 mm, and an
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the part to a work environnent. 67 2 0 JaN Q03 6. The nethod according
to claim5, wherein the storage environnent is heated when at | east a part
of the gaseous hydrogenated conpound or the gaseous hal ogenated conpound,
which is adsorbed to said activated carbon, is desorbed and is delivered.
The met hod according to claim5 or 6~ wherein said activat&d) gaN ioh i s
conposed of a phenol resin as a main raw material. The nethod according to
any one of claims 5 to 7, wherein said activated carbon is a granul ar

carbon f of fied- P PARSLu OIS NEFh %\ﬁgﬁﬂ hACd Al AY ickites fror med by

car boni zi ng phenol resin powder, as a specific surface area of 700
to 1500 Q Vi i : . t he pore
vol une o;o%\]/%f%[F]%S%\ploé{étgyli‘{}gcog}eggrﬁdag%ﬁeghﬁg{ﬂl%g%lég’reéogpgﬁeter of not
nore than,,10 n t.h ore vaqlunme_ of i s Q2Q t ) cl/ q,

cont ai ni ncgher{'bjtcr%]esbsaﬁtaﬁhcne75%—heowevlcﬁt#]n§(¥;c}:rheesqhe§‘\% ﬁg’n%aggl\ﬁ%r ag’l é%tg't%er of
0.6 to 0.8,nn1,h§$ a bul k insity of 0.4 to 1.1 g/cc, has a packing density

of 0.30 tof 75 YTt 128 W ash content of not nore than 1.0 and has. a
tensile strength of not |ess than 30 kg/cm-. An 8gratus usi ng the

, a

met hod accor di AGTES 23Ry 28RETHENE| YFRE °Foa4FgB§ ls2E naRpcked: _° 10, An
apparatus for storing and delivering a gaseous hydrogenated conpound or a
gaseous hHMeR)erle Seorfniinethi dhe affaraantaingdd lisn coppect egadOous
hydr ogenat ed conpound or a gaseous hal ogenated conpound in a predetern ned
amount i s ST UPURP el hrlsirtbef § v acte \andked sc @vieevnatiesad®d ausi ng t he
nmet hod according to any one of clains 1 to 4 'under a storage environnent
at a presuesswe of imothgormrharndh Gt myssher ifnyhhersurtdiebytesdi ng br ought
into contact with the activated carbon, and is evacuated to a negative
pressur e eantoaiesr tis desoidally |essted tpard tofmpdmm tadeo ofe @ 5§d<eous
conpound and del i ver

from outside by a heating device, and is successively

evacuated to a pressure of not more than 0.01 mmHg with the

vacuum pump. Thereafter, the test container is returned to

an ordinary temperature by being allowed to stand, and is

weighed again. The weight of the test container at this

time is taken as W7.

Arsine is then fed into the test container via the

cut-off valve while maintaining the test container at a

constant temperature of 25°C by an incubator, and is

introduced into the test container, while adjusting the

pressure inside the test container to 10, 20, 30, 50, 100,

200, 300, 400, 500, 600, and 700 mmHg which are not more

than atmospheric pressure, until it is absorbed no more at

the time of each of the pressures. The weight of the test

container at this time is taken as Wn. The amount of the

adsorbent is determined by (W7 - W6), and the amount of the
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the part to a work environnent. 11. The apparatus according to claimlo.
wherein the storage environnent is heated when at | east a part of the
gaseous hydrogenated conpound or the gaseous hal ogenat ed con?gpqﬂﬁ ichis
adsorbed to said activated carbon, is desorbed and is delive dJ @ The
apparatus according to claiml1lo' or z1, wherein. said activated carbon is
conposed of a phenol resin as a main raw material. 13. The nethod according
to any one of clains 1o to 12, wherein said activated carbon is a granul ar

car bon f gygEflpe P i rebtia @@Qé@mﬂm@@dbqg (%at Lvagd particles 69 2 0 JAN

2003 fornmed by carboni zi ng phenol resin pomder whi ch has a specific

surface ﬁ‘:ﬁa M P de© M@%rﬂ\%’TMl%O@%eB@‘éhng a pore dianeter of 0.01
u

to 10 , t he pore vol une ichis 0.1to 0 cc/g, has pores haV|ng a

pore di ameter %e”?&né“?ig é@f‘g? h"8k é@ﬁgP&I%yV&% e 2f , 8y Cc.ﬂaa +20 to

0.80 cc/g, and con alnlng no vol une pores ving a pore
di aneter ,of 0. bul k nS|t Qf 0.4 c, has a
packi ng d‘ésnélﬁafl}ﬁecg bé'o atng(lgaﬂ:y@ecé)arﬁlggsgn EﬁeEOnt Lepﬁf 8?“%85? m)re t han
Lo S and s, ! e“;te' e UL 1Y 2SRy LRENSRRelgkE™

CACACA AL A A AY. A A A .AY. A Al . AC. A Al . Af. A Af _As. As. Af. AL AS. As(Y. A
LA LA AQK %%&[e%}w tA’@ Apdilomiggn equation £xom A@OAf| PARKE)ASE. As . AsL.
A5L A . AnL. AL3_. A . As9. AY . A&[ . A9;

. AL. As_ MBFFA)] _qNWMH%”NTHéTHRaP@Ql@aP@éFé&P@aP@&p@&]éaIEﬁPcéPcé]ca}ca]ca

]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca cal] ca] caV] cRa! ) bBw&Tij _ ~
Y] ~=>} xs faf ZWheyg d)hea paaftds] yecapedica) ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal>CP 6
Tensile strength : o([kg/cm2] = 2P/(7m - d - 1)
(5) Method of Measuring Specific Surface Area of Activated
Carbon
Approximately 0.1 g of each activated carbon is
accuratei& weighed, and is then put in a cell dedicated to
a high precision full-automatic gas adsorber BELSORP28
(manufactured by Nippon Bel Co., Ltd.). Nitrogen is
adsorbed using the adsorber, to find a specific surface
area by the BET (Brunauer-Emmett-Teller) method.
(6) Method of Measuring Pore Volume
In measuring the pore volume of pores of an
adsorbent, the pore volume of pores having a pore diameter
in a range of 0.01 to 10 um is measured by a method of
mercury penetration using a porosimeter (Poresizer 9310
manufactured by Shimadzu Corporation), and the pore volume

of pores having a pore diameter of not more than 10 nm is

measured by measuring nitrogen adsorption using a full-
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0%@ () - #1ow%}&i YLO%@E ()-3 10%@ ()-y 10%@ ()- MBni K— K710%@& () - 5S
109 ()-3319 -1 1

10%@& ()- S/ 10ty ( 10% F+10%&& () | 109408
10%08: () - %5100 !% 160} %W %‘é‘dg@l‘) %&fﬁaﬁc Wf&%@‘é’) 3
#yT0%K! (1 S109K! () 3 109K ()1 10%%
GlO%C)& ()lardes: kY wlfﬁé‘?@%ﬁoﬁ (32 “V”EL‘WR% ()°%§d191®}@£r( pangy
10908 ()-11 10%08& ()-f/!10%0& ()- -' 10%0& ()-: <=>?L])[i K9$10%& () -
MLO% u&' (¥be 1pedYRinyl fakephl (Was 14 igpglye UELO@].I@DW>§ POFOEM P [ ?' ]
1 K- Kf 510% u& () -L310% u& ()-F110% u& () -, /310% u& ()-9-10% u& ()-
109&u& ()15 19%eugqus solution by weight. The polyvinyl alcohol
IsETITTTTT KF510% u&' () -f1099& ()-$10%& ()-10-ul0-ul0-u@@>s10% ué& ()-s9$10
% u& () - 74Q9eQEs (§olutyon; e Knad) MOV & €9in 1ppERYs) solution, the
1099°& ()-1090& ()-"109F& () - F109%& () -
10907& () - SOBBACRAERRIE VIS DO LT -WeltRlz0 T R@aslodl & o t-he) KDBFHYL(, ) -
71090& ()-f51090& ()- +10%& ()-&_&&& s((&) i J+K f&10%[& ()-@
f&10% & (JolduE&YHAR' ) er@ilyafox )Edrther 15 minutes.
109 & ()-S109% & ()-%0%& ()-&) ") *nmt**+aB+K f&10%]
181092 & () - / &0k yre ARERS {Dicnl Qs ied WISl extruded by a
| 109& () - Z+++, ,,,,.-bC f&10%[ &10% u& ()-y 10% u& ()- F%r10% u& ()- 10z 10z
10z>s10% 81 43 1 &BIEOAEI{ng grdnulator dElleterdouble EXDF-100,
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10%&' () - £6rMé§@rdducts having an outer diameter of approximately

1.0 mm and respectively having different binder contents
from the mixture composition. The composition ratio of the

above-mentioned raw materials were shown in Table 1:

(Table 1)
binder additive
henol total | total
phen solid [ liquid
resin . total
melamine] PVA surfacej total |content|content
. . , |amount .
solid | solid of starch| active | water
content Jcontent], . agent jcontent
binder
composi
tion 100 2 4 6 8 23 20 114 43
ratio
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1000 () HLOIAGI (T VAT SOhAES T 1o8 hakig 40 s”i’b%/%r&i’(a)meo‘WBbc
f8&10%[ s10%& () - @ 10% & () Y&10%& ()- 10T 10T 10TS>10%d& () - 9$109%4: & () -
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10%& () -6 10%& () - #10%y &f(%-'l :$109%& ()- f10% &'Qg JJ, K KKKKKKdYNC
f&10%[ 19geam under different conditions as shown in Table Z,

obtain seven samples. The activation treatment was carried
out using nitrogen gas containing steam (activation gas
composition molar ratio : N,/H,0 = 1/1, flow rate : 1.0
NL/min) at 750°C for 1.5 hours for the sample 1, at 900°C
for 1.5 hours for the sample 2, at 950°C for 1.5 hours for
the sampié 3, at 980°C for 1.5 hours for the sample 4, at
1000°C for 1.5 hours for the sample 5, at 1000°C for 2.0
hours for the sample 6, and at 700°C for 1.5 hours for the
sample 7. The weight decrease rate in a case where the
activation treatment was thus carried out and the
properties such as the specific surface area in each of the
obtained samples 1 to 7 were examined, and the results were

together shown in Table 2.
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of released arsine. With respect to the samples 1 and 2
and the general activated carbon, the ash content and the
change in pressure after 20 days were examined, and the
rate of internal pressure increase after 20 days was found
by the following equation. The results were together shown
in Table 3.

The rate of internal pressure increase after 20 days =
(internal pressure after 20 days / initial internal

pressuref.x 100.
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10% u&' ( y—S5+-69e-t&—) “”3%0“’ H&— Dc'“:‘ NS+ &10% L0~ -5
@o%& ()-10%& () - OW&&T() %Wﬂﬁy /f 8
-$10%& () -F +10‘V<z&'T() asliof%z 6?ease %Kées %\g% &10% 10
content . p
(%) arsine arsine increase after
(9) (9) 20 days
sample 1 0.6 33.1 19.4 100
sample 2 0.5 36.0 21.8 100
sample 3 - 35.6 21.5 -
sample 4 - 35.7 21.4 -
sample 5 - 28.4 17.8 -
sample 6 ~ 27.7 13.3 -
sample 7 ~ 25.5 16.4 -
general
- activated- 4.2 25.5 16.1 129
carbon

As a result, the samples 1 to 4 satisfying conditions,
that is, a specific area of 700 to 1500 m’*/g, a pore volume
of pores having a pore diameter of 0.01 to 10 um being 0.1
to 1.0 cc/g, a pore volume of pores having a pore diameter
of not more than 10 nm being 0.20 to 0.80 cc/g, the ratio
of the pore volume of pores having a pore diameter of 0.6
to 0.8 nm to the pore volume of the pores having a pore
diameter of not more than 10 nm being not less than 75 %, a
bulk density of 0.4 to 1.1 g/cc, a packing density of 0.30
to 0.70 g/cc, and a tensile strength of not less than 30

kg/cm?, were higher in the amount of adsorbed arsine and

e
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In the samples 1 and 2, the ash content was
significantly lower than that of the general activated
carbon. Even when they were allowed to stand for 20 days,
the internal pressure was prevented from being raised as in
a case where the general activated carbon was used.
(Example 2)

In the example 2, the sample 2 prepared in the
above-mentioned example 1 was used. In a case where the
sample 2 was not pre-treated and a case where the sample 2
was pre—f}eated upon being brought into contact with arsine
or phosphine (hereinafter referred to as preliminary arsine
or preliminary phosphine) in advance at various heating
temperatures in the test container, arsine for storage or
phosphine for storage was then injected into the test
container, to conduct a comparative experiment for
measuring the change in pressure in the test container and
the change in purity of the arsine for storage or the
phosphine for storage with the elapse of time.

In the experiment, an experimental apparatus shown in
Fig. 2 was used.

The experimental apparatus comprises a gas injection
system, a gas expelling system, a gas analysis system, and
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10g$f 10%&aXvyes V1 to V10. The gas injection system is
independently connected to the test container system,
respectively, from gas sources Rl to R3 of arsine,
phosphine and helium via the cut-off valves V1 to V3. The
gas expelling system is connected to S1 from the test
container system via a vacuum pump Pl and a molecular turbo
pump P2, so that extremely toxic arsine and phosphine can
be removed to be safely expelled outward. The gas analysis
system comprises an ordinary gas analyzer Al using gas
chromatography, a pressure gauge Gl, a Pirani vacuum gauge
G2, and éh ionization vacuum gauge G3, which are
respectively connected to test containers via the cut-off
valves V6 to V10. The Pirani vacuum gauge G2 is used for
measurement on the order of 10'mmHg, and the ionization
vacuum gauge G3 is used for measurement on the order of 10°
*mmHg .

The above-mentioned test container system has four
test containers Cl to C4 respectively comprising inlet and
outlet cut-off valves CV1l to CV4 at their inlet and outlet
ports, and has electric heater units for heating the test
containers Cl to C4 from outside the test containers C1 to
C4. The electric heater units respectively have
temperature control units using thermocouple sensors Tl to
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the inlet of each of the test containers Cl to C4.

It will be clarified that impurities are produced by
a reaction between arsine or phosphine and the sample 2.
(1) Initial Vacuum Treatment Step

An initial vacuum treatment step was first carried
out such that oxygen, nitrogen, water, etc. would be
removed from the test container and the sample 2 which are
exposed to air.

In the initial vacuum treatment step, the inlet and
outlet cut-off valves CV1l to CV4 and the cut-off valve V4
are opened, and each of the test containers Cl to C4 is
evacuated to a pressure of 0.1 mmHg with the vacuum pump Pl
to expel air from the test container, and the cut-off valve
V4 is then closed.

The cut-off valve V1 is then opened, to inject helium
which is an inert gas into each of the test containers Cl
to C4 from the gas source R3 until the pressure inside the
test container is approximately atmospheric pressure, and
the cut-off valve V1 is then closed. Thereafter, the cut-
off valve V4 is opened again, to evacuate each of the test

containers Cl to C4 to a pressure of approximately 0.1 mHg.

Since helium is effective in accelerating the replacement
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helium, then introducing helium gas into the analyzer Al
via the cut-off valve V6 to conduct an analysis. Although
helium is adsorbed to the sample 2 by being injected, no
impurities are generated by the adsorption of helium.

Each of the test containers Cl to C4 is then
continuously evacuated while being heated to a
predetermined temperature of 300°C to 350°C, respectively,
by the electric heater units, to close the cut-off valve
V4, while opening the cut-off valve V5 at the time point
where the degree of vacuum is approximately 0.1 mmH. At
this time, the test container is evacuated to a high
pressure of not more than 10 mmHg by the molecular turbo
pump P2. Finally, the inlet and outlet cut-off valves CV1
to CV4 and the cut-off valve V5 are closed, to terminate
the initial vacuum treatment step. After each of the test
containers Cl to C4 is allowed to stand until it is
returned to an ordinary temperature, the weight W8 of the
test container is weighed.

(2) Step of Injecting Preliminary Arsine or Preliminary

Phosphine
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150°C, and 200°C using the temperature control units.

In order to measure impurities generated in each of
the test containers Cl to C4 and the pressure inside
thereof, the test container is suitably communicated to the
analyzer Al and the pressure gauge Gl.

While heating each of the test containers Cl to C4 to
maintain the temperature inside thereof at 200°C, the test
container is evacuated to a pressure of 10°mmHg using the
vacuum pump Pl and the molecular turbo pump P2, to expel
the preliminary arsine or the preliminary phosphine
containing impurities from the text container. At this
time, the preliminary arsine or the preliminary phosphine
containing impurities can be accumulated in the buffer
space provided at the upper part of each of the test

containers V1 to C4, so that it is smoothly expelled.
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cut-off valve V2 or V3, and opening the cut-off valve V7,
to measure the pressure inside the test container using the
pressure gauge Gl, arsine for storage or phosphine for
storage is injected into the test container until the
pressure inside thereof is approximately 400 mmHg, and is
adsorbed to the sample 2 in the test container. After it
is confirmed by the analyzer Al that no impurities are
generated in each of the test containers Cl to C4, the
inlet and outlet cut-off valves CV]l to CV4 are closed, to
measure the weight W10 of the test container, and calculate
the weight of the gas (W10 - W9) stored in the test
container.
(4) Results of Experiments

Figs. 3 to 5 show the results of experiments in a
case where arsine is used, and Fig. 6 shows the results of
experiments in a case where phosphine is used.

Fig. 3 is a graph showing the changes with time in

the pressures inside the test containers Cl to C4 in a case
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where the test containers are respectively heated to

temperatures of 50°C, 100°C, 150°C, and 200°C to pre-treat
the activated carbon which is the sample 2 in the step of
injecting the preliminary arsine or the preliminary
phosphine described in the above-mentioned item (2).

As a result, in the test containers Cl1 and C2 which
were respectively heated at temperatures of 50°C and 100°C,
the pressures inside the test containers were gradually
raised to approximately 33 mmHg and approximately 93 mmHg,
respectively, in cases of 50°C and 100°C, after 48 hours
from the start of heating treatment. It is expected that
the pressures are further gradually raised with the elapse
of time. _Contrary to this, in the test containers C3 and
C4 which were respectively heated at temperatures of 150°C
and 200°C, the pressures were rapidly raised from the start
of the treatment, and were hardly raised at approximately
480 mmHg and approximately 740 mmHg, respectively, after
approximately 14 hours from the start of the treatment and
approximately 8 hours from the start of the treatment.
Therefore, it is presumed that the generation of the
impurity gases is terminated after approximately 8 hours
and approximately 14 hours, respectively, in the test
container C4 which was heated at 200°C and the test
container C3 which was heated at 150°C, while being still

continued even after an elapse of 48 hours in the test
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containers Cl and C2 which were respectively heated at 50°C
and 100°C.

Fig. 4 is a bar graph showing the difference (W9 -
W8) between the weight W9 of each of the test containers Cl
to C4 in which the preliminary arsine was injected after an
elapse of 48 hours in Fig. 3 and the weight W8 of the test
container in which the preliminary arsine has not been
injected. It is presumed that the difference is based on
the fact that impurity atoms composed of oxygen, nitrogen
and hydrogen bonded to the pore surface of the sample 2 and
the preliminary arsine are subjected to a replacement
reaction, so that the arsine increases in weight by being
ineversiﬁiy bonded to the pore surface by chemical
adsorption.

When the test container Cl which was heated at 50°C
and the test container C2 which was heated at 100°C were
compared with each other, the difference in the test
container C2 which was heated at 100°C was larger by
approximately 50 %, as compared with that in the test
container Cl which was heated at 50°C. Contrary to this,
the difference in the test container C3 which was heated at
150°C and the difference in the test container C4 which was
heated at 200°C were approximately the same, and were
approximately three times that in the test container Cl

which was heated at 50°C. It is presumed that almost all
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of the impurity atoms on the pore surface of the sample 2
are replaced with arsine upon reacting with the preliminary
arsine.

Fig. 5 is a graph showing the change in purity of the
arsine for storage in a case where the arsine for storage
is injected into each of the test containers Cl to C4 as
shown in the step of adsorbing the arsine for storage or
the phosphine for storage in the above-mentioned item (3)
using the test container in which the sample 2 was not
treated by the preliminary arsine in addition to the test
containers in which the sample 2 was treated by the
preliminary arsine in the above-mentioned manner. The
arsine for storage was injected at a temperature of 20°C
until the pressure inside each of the test containers Cl to
C4 would be 400 mmHg, and was then allowed to stand at
35°C, to examine the change in purity of the arsine for
storage. The purity of the arsine for storage was
calculated by finding the total of the concentrations of
impurities composed of hydrogen, oxygen, nitrogen, methane,
carbon monoxide and carbon dioxide.

As a result, the purity of the arsine for storage was
greatly decreased in the test container in which the sample
2 was not treated by the preliminary arsine and the test
containers which were respectively heated at temperatures

of 50°C and 100°C in treating the sample 2 by the
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preliminary arsine, and the purity of the preliminary
arsine was below 99.9 % for about two weeks in the test
container in which the sample 2 was not treated, for about
four weeks in the test container which was heated at 50°C,
and for about seven weeks in the test container which was
heated at 100°C.

On the other hand, it is expected that the purity of
the arsine for storage is hardly decreased in the test
containers which were respectively heated at 150°C and
200°C in treating the sample 2 by the preliminary arsine,
and the purity of the arsine for storage is not below
99.9 % until an elapse of one year since the arsine for
storage was injected. 1If the preliminary arsine is heated
at at least 150°C to pre-treat the activated carbon,
therefore, impurities can be prevented from being included
in the arsine for storage over a long time period, and the
arsine for storage can be stored over a long time period
without decreasing the purity thereof.

Fig. 6 is a diagram, which is the same as Fig. 5, in
a case where arsine is replaced with phosphine, which
indicates that although the rate of decrease in purity of
phosphine for storage is slightly lower than that in the
case of arsine, it is preferable that the phosphine for

storage is heated to a temperature of 150°C to 200°C to

treat activated carbon by preliminary phosphine in order to
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store the phosphine for storage for a long time period, as

in the case of the arsine.

(Example 3)

In the example 3, activated carbon that is the

sample 2 produced in the example 1 and general coconut

shell activated carbon for gas adsorption were used, to

measure the amounts of adsorbed arsine per litter of the

activated carbon under pressures at a temperature of 25°C.

The results were shown in Table 4.
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(Table 4)

Amount of adsorbed arsine per litter of activated carbon at

25°C
amount of adsorbed arsine (g)
arsine pressure
(Torr) sample 2 coponut shel}
activated arsine
10 93 64
20 116 77
30 131 88
40 143 97
50 153 104
100 189 126
) 200 234 158
300 265 178
400 290 198
500 310 210
600 328 225
700 344 234

As a result, in the activated carbon that is the
sample 2 satisfying the above-mentioned conditions, the
amount of adsorbed arsine was much higher, as compared with
that in the general coconut shell activated carbon for gas
adsorption.

(Example 4)
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The apparatus for gas storage shown in Fig. 1 was
employed, to measure the weight W1 of a test container in a
case where an adsorbent was packed into the test container
in conformity with a method of measuring the amount of
adsorbed arsine and the amount of released arsine in the
item (1) in the above-mentioned embodiment, and then
measure the weight W2 of the test container in a case where
an arsine gas was injected thereinto under conditions of
700 mmHg while maintaining the temperature inside the test
container at 20°C. The result of calculation of the amount
of adsorbed arsine (= W2 - Wl) was 260 g.

The test container in which the arsine gas was
injected.ﬁas evacuated to a pressure of 20 mmHg with a
vacuum pump, as described above, to release the arsine gas
outward from the test container. The weight W3 of the test
container at this time was measured, to find the amount of
released arsine (= W2 - W3) and the amount of remaining
arsine (= W3 - W1). Further, the releasing ratio was found
by the following equation from the amount of adsorbed
arsine and the amount of released arsine.

Releasing ratio (%) = (amount of released arsine /
amount of adsorbed arsine) X 100

In a case where the temperature of the test container
in which the arsine gas was injected was set to 20°C, 35°C,

50°C, 100°C, and 150°C, to release the arsine gas from the
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test container, the amount of remaining arsine, the amount

of released arsine, and the releasing ratio were found.

The results were shown in Table 5.

(Table 5)
amount of amount of .
heated . releasing

remaining released .
temperature . . ratio

(°C) arsine arsine (%)

(9) (9)
20

(not heated) 105 155 59.6
35 90 170 65.4
50 79 181 69.6

100 57 203 78.1

150 46 214 82.3

As can be seen from the results, the amount of
released arsine can be greatly increased by heating the
test container in which the arsine gas was injected to a
suitable temperature, thereby making it possible to
efficiently utilize the stored arsine.

(Example 5)

In the example, phosphine was used, to measure the
weight W1l of a test container in a case where an adsorbent
was packed into the test container, and then measure the
weight W2 of the test container in a case where a phosphine
gas was injected thereinto under conditions of 700 mmHg

while maintaining the temperature inside the test container
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adsorbed phosphine (= W2 - Wl1) was 80 g.
The test container in which the phosphine gas was
injected was evacuated to a pressure of 20 mmHg with a
vacuum pump, as described above, to release the phosphine
gas outward from the test container. The weight W3 of the
test container at this time was measured, to find the
amount of released phosphine (= W2 - W3) and the amount of
remaining phosphine (= W3 - W1l). Further, the releasing
ratio was found by the following equation from the amount
of adsorbed phosphine and the amount of released phosphine.
Releasing ratio (%) = (amount of released phosphine /
amount of—adsorbed phosphine) X 100
In a case where the temperature of the test container
in which the phosphine gas was injected was set to 20°C,
35°C, 50°C, 100°C, and 150°C, to release the phosphine gas
from the test container, the amount of remaining phosphine,

the amount of released arsine, and the releasing ratio were

found. The results were shown in Table 6.
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(Table 6)
heated amount of amount of releasin
temperature remaining released ratio gl
po phosphine phosphine
(°C) (%)
(9) (9)
20
(not heated) 24 56 70.0
35 19 61 76.3
50 16 64 80.0
100 11 69 86.3
150 8 72 90.0

As can be seen from the results, the amount of
released phosphine can be greatly increased by heating the
test container in which the phosphine gas was injected to a
suitable temperature, thereby making it possible to

efficiently utilize the stored phosphine.

Industrial Applicability

As described in detail above, according to the
present invention, if a gaseous compound, such as arsine,
phosphine, or boron trifluoride, used as an ion
implantation gas in the semiconductor industry is stored
upon being adsorbed to activated carbon at a pressure which
is not more than atmospheric pressure, and is then
evacuated to a negative pressure, one or more extremely

toxic gases do not leak out to environmental circumstances
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at atmospheric pressure. Therefore, the gaseous compound

can be utilized upon being easily desorbed.

When the gaseous compound, such as arsine, phosphine,
or boron trifluoride, which is adsorbed to the activated
carbon is utilized upon being desorbed, if the gaseous
compound is heated, the amount of the desorbed gaseous
compound is increased. Accordingly, the extremely toxic

: gases do not leak out to the environmental circumferences
at atmospheric pressure, thereby making it possible to
increase the ratio of the gaseous compound to be extracted.

Furthermore, when the activated carbon is treated by
a series of steps comprising a step of adsorbing a gaseous
hydrogenéfed compound or a gaseous halogenated compound
upon bringing the gaseous compound into contact with the
activated carbon in advance in a sealed space, a step of
accelerating a reaction of a system passing through the
adsorbing step, and a step of expelling the gaseous
compound passing through the reaction accelerating step
from the sealed space, one or more impurity gases are
prevented from being generated by contact between the
activated carbon and the stored gaseous compound, and the
purity of the stored gaseous compound is prevented from
being decreased. Accordingly, it is possible to feed the

gaseous compound having a significantly high purity.
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a type which is the same as or different from that of said
gaseous compound is adsorbed to be stored, the purity of
the stored gaseous compound from being decreased due to one
or more impurity gases generated by contact between the
activated carbon and the stored gaseous compound.

2. The method according to claim 1, wherein in the
reaction accelerating step, the amount and/or the heating
temperature of the gaseous hydrogenated compound or the

gaseous halogenated compound which is packed into the
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step is not more than atmospheric pressure.
4. The method according to any one of claims 1 to 3,
wherein a buffer space for smoothly expelling in said
expelling step the impurity gases included in the gaseous
hydrogenated compound or the gaseous halogenated compound
by said reaction accelerating step is provided in the
sealed sbéce.
5. A method of storing and delivering a gaseous
hydrogenated compound or a gaseous halogenated compound,
which is characterized in that a gaseous hydrogenated
compound or a gaseous halogenated compound in a
predetermined amount is stored upon being adsorbed to
activated carbon treated using the method according to any
one of claims 1 to 4 by being brought into contact with the
activated carbon under a storage environment at a pressure
which is not more than atmospheric pressure, and is
evacuated to a negative pressure in order to desorb at

least a part of the adsorbed gaseous compound and deliver

the part to a work environment.
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gaseous hydrogenated compound or the gaseous halogenated
compound, which is adsorbed to said activated carbon, is
desorbed and is delivered.

7. The method according to claim 5 or 6. wherein
said activated carbon is composed of a phenol resin as a
main raw material.

8. The method according to any one of claims 5 to
7, wherein said activated carbon is a granular carbon
formed product obtained by bonding activated particles
formed by carbonizing phenol resin powder, which has a
specific surface area of 700 to 1500 m’/g, has pores having
a pore diameter of 0.01 to 10 um, the pore volume of which
is 0.1 to 1.0 cc/g, has pores having a pore diameter of not
more than 10 nm, the pore volume of which is 0.20 to 0.80
cc/g, and containing not less than 75 % by volume pores
having a power diameter of 0.6 to 0.8 nm, has a bulk
density of 0.4 to 1.1 g/cc, has a packing density of 0.30
to 0.70 g/cc, has an ash content of not more than 1.0 %,
and has.a tensile strength of not less than 30 kg/cm’.

9, An apparatus using the method according to any

one of claims 1 to 4.
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formed by carbonizing phenol resin powder, which has a
specific surface area of 700 to 1500 m?’/g, has pores having
a pore diameter of 0.01 to 10 um, the pore volume of which
is 0.1 to 1.0 cc/g, has pores having a pore diameter of not
more than 10 nm, the pore volume of which is 0.20 to 0.80
cc/g, and containing not less than 75 % by volume pores
having a pore diameter of 0.6 to 0.8 nm, has a bulk density
of 0.4 to 1.1 g/cc, has a packing density of 0.30 to 0.70
g/cc, has an ash content of not more than 1.0 %, and has a

tensile strength of not less than 30 kg/cm’.
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