WD 01137985 PCT/ US00/ 32053 I N-SI TU Al R OXI DATI ON TREATMENT OF W%SS
EFFLUENT BACKGROUND OF THE | NVENTION Field of the Invention This i'AVe n
relates to a process and apparatus for the treatnent of effluents produced
by nmetal organic chem cal vapor deposition (MOC VD). 10 Description of the
Rel ated Art One of the fastest growi ng sem conductor markets is the
conpound sem conductor market. The products in this market include devices

formed fromlll-V conpositions, such as light emtting diodes (LEDs), high
t enper awvaeB78&n conduct ors and hi gh frequency semuseauwsictors for 15
t el econmuni cati ons devices. The I11-V conpound sem conductors include as

the "Il GPORH TR @E%? lsrfEf]aq'metalsin Goup I
of the F;grl od?&“?gg[?'ie],‘lagﬁrﬁi\as &%dﬁ%bﬁg})rﬁﬁl} gh'? ?:nonsti tuent of such
conpound sem conductors is constituted by one or nore of the non-netals in

G oup V of the 20 Periodic Table, such as P or As. The nost w dely used
manuf act uri ng nmet hod BAGKGROUND OF THI lopound sem conductors is netal

organi ¢ chem cal vapor deposition (MOCVD). Typical sources for Goup V

el engantﬁ”o&{ﬂg* 9-:%1 but are not limted to, arsine (AsH3), phosphine (PH3),
tertiary-pbutyl arsine (TBA), and 25 tertiary-butyl phosphinc (TBP), all
gaseous materials. In a typical MOCVD recipe for formng a ill-V conpound
sem contis gvetion relftes ¥ Begess apghaiparapyh &s i rertment pf effispts TiBjcediid TBP, pass into the

I eact Okne@br@ cidinkdd vpa @6sitbh ®&EVDS hydr ogen. An estimated 70-95% of arsine
and 30-50% of phosphine is destroyed in the, MOCVD processing 30 tool, with

the As_and P depgsiting on the sem conductor wafer. The remai nder of the
unr’é’acp%‘ﬁupt—'ﬁ%{”ﬁ%%%hosphi ne passes through the tool and then through
t he punping systemat the exit of 2 MAY 2004 WO 01/37985 |' CT/ USGO 32053
t he t OOdke,of hfadiedt gtobving SmRbrid@Gr Miriteh islii@ kdn@&ind Rinfcénd@OmaieO et he punp. Tabl e |
bel ow ﬁ&]ﬁé’éﬁn thnenarket include devices formed from HI-V compositions, such as light emitting

diodes (LEDs), high temperature semiconductors and high frequency semiconductors for

15  telecommunications devices.

The 1V compound semiconductors include as the "HI" constituent one or more of the metals or
semimetals in Group III of the Periedic Table, such as Al, Ga, or In. The "V" constituent of such
compound semiconductors is constituted by one or more of the non-metals in Group V of the

20 Periodic Table, such as P or As.

The most widely used manufacturing method for forming IiI-V compound semiconductors is

metal m.'ganic chemical vapor deposition (MOCVD). Typical sosrces for Group V elements

include, but are not limited to, arsine (AsH,), phosphine (PH,), tertiary-buty! arsine (TBA), and
25  tertiary-butyl phosphine (TBP), all gaseous materials.

In a typical MOCVD recipe for forming a III-V compound semiconductor, the arsine and
phosphine, and/or TBA and TBF, pess into the reactor along with large flows of hydrogen. An
estimated 70-95% of arsine and 30-50% of phosphine is destroyed in the MOCVD processing
30 tool, with the As and P depositing on the semiconductor wafer. The remainder of the unreacted

arsine and phosphine passes through the too!l and then through the pumping system at the exit of



conmponents and constituent flows of the gases entering a typi call MMAD 2004
tool. Table |I: Gases Entering Typical MOCVD Tool GasFl ow Rate (sl pm
Arsine0.5 - 1.5 Phosphine0.5 - 1.5 Hydrogen50 TMG (trinethyl gallium0.002
The correspondi ng conponents and constituent flows of the gases discharged
fromthe tool and post-punp systemare set out in Table 2 below 10 Table
2: Gases Exiting Tool & Post-Punp System GasFl ow Rate (sl pn) Concentration
(ppm Arsine--300-6000 Phosphi ne--3000-14, 000 "?491( RD- Ni t rogen25-- |, The
f or egoi r’{‘éo%%ﬁse 1 and Table 2 gas conponents, flow rates and concentration
are illustrative, wth actual conposition of the post-punp effluent in a
speci fi e ppDeBssS! B\sicdmtbeilagilvegfloy tt pudie plabiel & htlovoshowshike oper at i ng

condi ti QRS aneriddd bl dobor MEGicPGefR Bhidal MtvpasM] the efficiency of the
tool. In general, however, the concentrations of arsine and phosphene
exiting the tool are signi fi_cant_IY hi gher than the threshold [imt val ues
(TLVs) of these gad#hdel: G4 Entirige Tygire %?%‘ﬁjrﬁé""i s 50 ppb while the TLV for
phosphi nefaas 300 ppb. It therefor&obBoois) necessary t¢ abate the arsine
and phOSpLKrgng exT timgthe toot. 2gsEffTuents tfhat contai n arsi ne and
phosphi ne,__otg{p;-ea,' Hy—+refer+redtoras—hyardess—HromMSSYD processes have
been succddSMf|y abated with dr bL"g?:"slrjbbers These dry]|scrubbers

convent i drittrdibggn 2 MVAY 2004 WO 01/ 37085 PCT/ US00/ 32053 cpnprise a mi xture of
met al oXi|§eR(hbi@Kinde€s, usuallyoem the formof a powder, are conbined

5
The corresponding components and constituent flows of the gases discharged from the tool and
post-pump system are set out in Table 2 below.
10 Table 2; Gases Exiting Tool & Post-Pump System
Gas Fiow Rate (slpm) Concentration (ppm}
Arsine - 300-6000
Phosphine - 3000-14,000
Hydrogen 50 : -
Nitrogen . 25 -

The foregoing Table 1 and Table 2 gas components, flow rates and concentration are illustrative,
with acmal‘,cnmposin‘on of the post-pump effluent in a specific process system being highly
15  dependent on the operating conditions, including the recipe conditions and the efficiency of the
tool, In general, however, the concentrations of arsine and phosphine exiting the tool are
significantly higher than the threshold limit values (TLVs) of these gases. The TLV for arsine is
50 ppb while the TLV for phosphine is 300 ppb. It therefore becomes necessary to abate the
arsine and phosphine exiting the tool.
20
Effluents that contain arsine and phosphine, typically referred to as hydrides, from MOCVD
processes have been successfully abated with dry scrubbers. These dry scrubbers conventionally -
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with a small anmount of binder material to yield a formbl
can then be extruded, ©pelletized, or otherwise fornmed in
t o enhance the total surface area and the mass transfer

material. These shaped materials are then placed, in bulk,
contai ner where they are used for the abatenent of hydrides.
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hydride is arsine (As), is as follows: 10 3 MO + @&UQP
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rious metal oxides
are not limited to, oxides of transition mefals such as copper oxide, zinc oxide, silver oxide,

cobalt oxide, iron oxide, nickel oxide, manganese oxide, and molybdenum oxide. '

Metal oxide dry scrubbers have been proven to work well in the abatement of hydrides in the

effluent of MOCVD tools, but there are accompanying deficiencies of such effluent treatment.

Firstly, the effluent from MOCVD toels typically contains a large amount of hydrogen. The
mctal oxides in the dry scrubbing material can be reduced to metals by reaction with hydrogen,
thus depleting the capacity of the dry scrubber for the hydrides. Such reduction reaction
generally occurs at temperatures greater than room temperature, although the exact temperature

necessary for such reaction to proceed depends on the metal oxide species in question.

Secondly, the reactions discussed hereinabove, wherein the metal oxide-containing dry scrubber
reacts with hydrides, are exothermic in character. The heat generated by the hydride/metal oxide

reaction is problematic as it can cause the reduction reaction between the metal oxides and

hydrogen to become accelerated, thus depleting capacity.

scr ubber SQFriaCts with hydrides, are exothermc in

oxi des

t hus depleting capacity. 1 2 NMAY 2007
in the use of the ~MOCVD process,

it



rates of hydrides to the processing tool, in order to effect hidgh? MAY 2004
t hr oughput operations. Such increase in hydrides, however, yields an

i ncrease in hydride concentration in the effluent of the tool, 'thus
ultimately and undesirably increasing the heat formed during abatenent.
Fourthly, an analysis of the reaction products of the above-descri bed netal
oxi de/ hydride reactions reveal that arsenic and phosphorus are forned.
Phosphorus is particularly problematic as it can react upon exposure to
air. |f vaasMscted dry .scrubbing nedia is not gropef3treated, a 10
potentially hazardous situation may result. In general, the problens
associated with using dry scrubbing for the abatenent of hydrides in the
ef fl uent_ of D pro ing can b | i fol |l owi ng

cat egor | 'G&- 5y eﬁ'ga"?me ﬁ&gﬁ%grfgﬁ‘t‘ “?e%lrl))ﬁg%g&@g SE%S%’E‘%% ﬂ{erﬁg”at ment capacity of
the scr uistsef hdiger | Procgsing ook i 95T 1 GTepichieh SRAEIPY PP %Pﬁlht to restore
capaci t yncte@sin hghtrides,thowenmtyixlds andpcgase mawiindet donseptratipnig the iivepief & cunul at i on  of
hazardoys; mRlfih@) sd bidesk B9 inceyingikembtbio@ied doegd soadéle t he resul tant necessity of
treatment to renove hazardous materials fromthe dry scrubber bed. It

woul d therefore be a significant advance di n.the grt. 5 QarRY ovi de an abat enent
pr ocess Feubly. an 2ol oF fp Feion Fatst 8t BRERBABY BrOBHE  Sssociated with the
t r eat Memhetiok rekd@Derpriome shospheafs frk (poped-SPhasplisrup s pratcuigll SBWBIERRST f | uent s posi ng
COr I €S P HNGacBibdnl k2t td 4ir Btt¥ReAdted i SdiBlng nBLMVINRMofely tF4E, 4 NVENTI ON 25 Thi s

invention rel . I,9g8ss and apparatus for the treatnment of effluents
prod@ceﬂot%@aﬁy%a?dg‘fsg@atgﬁpg chem cal vapor deposition (MOCVD). The present

~Jdnvention relates in one aspect to an effluent abatenent process for

- Jabati ngInteynewl; @eproblypeasiogiated iwith yingdrifeTubhing fptt R gl KPRt | sai d process
conpr i Stig@nt (ol MOTVYDt Betskifygeah be ghyrdliziddieo 3Q fdonivpcaremgs: ef fidtuent with a dry
scrubbep, JRLAE brens Ul S REméke BB ofQel selBbvkr Mteridl, Sucde@imilgi ve Wi th the

hydride speci es Ore?}ileta% hidsPdu e Gedhdlh, BY BluldumBski s fromthe
effl'&en?',"gili’ﬁtfe?t?mk tmmﬁc{‘]’tll’ ?‘ngf%"{&mé{%& \ EbBer material fur hydride

he ca?e{ l%/ he gry scrubber mater|
speci esefiigardpes maegaly n fhedry serypiespeds g S S EY "SR © dontacting the 1 2 MAY
2004 WD:2idb8 masbls PAThUBOOIRIHE3 at | east partially exhausted capacity dry
scrubber material with an oxidant to at |east partially regain the

capaci ty .ofis hhfordbea SHinERPGLrBE BE bilto ol th@abiear jrédas Gpeci es. Preferably
the ZOOXI oq'?fg:gnw the aforementioned problems associated with the treatment of MOCVD process

effluents and other gaseous effluents posing corresponding effluent treatment issues.
SUMMARY OF THE INVENTION

25  This invention relates to a process and apparatus for the treatment of effluents produced by

metalorganic chemical vapor deposition (MOCVD).

The present invention relates in one aspect to an effluent abatement process for abating hydnide
species in a hydride-containing effluent, said process comprising (1) contacting the hydride-
30  containing effluent with a dry scrubber material comprising a metal oxide that is reactive with the
hydride species to substamiially remove the hydride species from the effluent, until the capacity of
the dry scrubber material for hydride species is at least partially exhausted, and (2) contacting the



contacts the at least partially exhausted capacity dry scrubber1§p§ﬁﬁi?bmgn
t he absence of contact wth the hydride-containing effluent In'an e
aspect, the invention relates to an effluent abatenent system for abating
hydride species in a hydride-containing effluent. Such process system
conprises: a bed of dry scrubber nmaterial that is reactive with the
hydri de species in the hydride-containing effluent to renove the hydride
species fromthe effluent; a source of the hydride-containing effluent

j oi ned WP%aSsupply 10 rel ati onship to the bed oYW Scrubber naterial; a
source of an oxidant effective to regenerate the dry scrubber material
Subsequgnt gt} Binsbsttd QciQ laryRiebbdr iRera WD b bxida k04 ildhsy pakthalr €of , | oi ned in

oxi dant supply relationship to. . y : terial; and fl ow
circuit F?a"g‘!’)er%pﬁﬁtéaﬁ%% & ?CT"%b\% "tmﬁre'_atj E}%ﬁ%@%@?%ﬁ%’a};rﬁg%g%faﬁnt and the oxi dant
in cont st theahleastpartipiy phgptedrrRyciy &Y srRBRE M HEIRP] R B@¥Er abl y, the flow
Ci r cui t wyh theSiydnitie-c@mgeng cflgeny epetitively and alternatingly flow the 15
hydrisde- cont ai ni ng ef fluent and the oxidant in contact with the bed of dry
scrubbeyr naterial .AlLer Vel ] Rnd
hydr i dei“cag‘?l‘}_t"%ﬁ“ *’—?‘hg’e &y i r?a% e} gn,gt{,,ﬁﬁggst%{ gassmgg,t&%rr materi al
si mul t ameshsRPYIigyRRsning5iiaet $uh PRE fER °°£'1’i'(’fesa‘(’:l\faﬁ‘tc'%’gsér§ of the invention
wi | | bemaepislghafisredetve apfpiber hadride Picistin pydridoepniginiag fifvgpt BrEE1*€ur e and appended
cl ai ns. 1,BRE BRiDRAGH dRTbkEMsok: T HE:y BRAMIMNGE: cFlugtiviesd In gasumly gr aph of Cunul ati ve
Capagl tr‘éan%%l’]ig B 806 &) LofbverNiaterid% kARl it HbnichaOfiedvesOhieRfuc@l 25 standard
capacity tests. FI gltl’e 2((‘? %uﬁgg’%ehdﬁ%fmngogq@aercﬂiaﬁgf 'o%d #S a function of
Ltime, f&F oHbepgt ST M RTRG Cal'Cirum  hydr oxi de OH)2) that was

- )cont act dsminpily rltiorssin toctheched efany(seEpby merish g oY CFRITH EPIEH Rrance  behavi or of
t he tr embvMRMydridddobtainigDeher addlibé oRig@in W20 WitB 1O 881 PET|seW8VPV132053 Figure 3 is
a schenpihif pRRLSS AR Pl afenfll id dy@tiveln Ritakuimivgly SIye them accor ding to one
embqgi et Qe REE I8 dANER T i bR KACr ) Hafr @i 7€l At onshiTp wi th a
seni'® ot S e U Ac uring. o ant ..

Alternatively, the flow of oxidant and hydride-containing effluent may contact the dry scrubber

material simultaneously.

Other objects, features and advantages of the invention will be more fully apparem from the

20  ensuing disclosure and appended claims,
EFD 1

Figure 1 is a graph of Cumulative Capacity Percentage after Air Oxidation, for a series of

25  standard capacity tests.

: ) Figure 2 is a graph of temperatare (°C) as a function of time, for a canister containing calcium

hydroxide (Ca(GQH),) that was contacted with carbon dioxide {(CO;) to model the performance
behavior of the treatment unit. '

30



Figure 4 is a schematic representation of another preferred enbzd%qﬁﬁtd@hq
the present invention wherein the oxidant and effluent stream ar

t hrough the dry scrubber systemin the sane direction. DETAILED
DESCRI PTI ON OF THE | NVENTI ON. AND PREFERRED 10 EMBODI MENTS THERECF in
accordance wth the present invention, effluents froma sem conductor
manuf acturing plant, typically containing hydrides, such as AsH3, PHS,
TBA, TBP, SiH4, GeH4, H2S, H2Se and conbinations thereof, are introduced
into a WOMvHMBRer or vessel to be abated by a netadl83de. It 15 should be
noted that the effluent stream may include other gaseous conpounds in

addi t i O3 tiNS scnbdld reph@Bnratibnt T 4 ErBue robucms0 sysR@tacainghd ori ne- cont ai ni ng

conpounds arc present. |t he:.efifl HeRly rfifoh®pWin hisdi@sutigen found that
chlorlne-ﬁon.alnldb conpounds can Interfere with the oxidation of the

hydr i dem®dfpfEPetfls and/ or depl ete capacity of the nmetal oxides in the dry
scrubbi ng system 20 Cenerally, any netal oxide that can be reduced and/ or
OXi dis Z &l fBYs Anehsid EhprsthnudibHet Qi8S Griferred Enfbudmidni b e présgpliniegtisbl € et al  oxi des may
i nclude, for ex | e r ' [ lorub&P Rabd in He L@,  Ni ckel
nanganégg?nﬁ5FV%%gﬁﬁg¥&g r%ﬁ?dﬁ*ﬁgﬁm%éﬁgﬁnatioﬁg thereof. The netal oxide
may be diriolowder form and conbined with a binder material to be used in
bul kK or may be supported on a porous ceranmc material, such as silica,
al um na, zeqlithagpangcrireioN JRTHEISVENTION, AND AREFERREDt h t he present
inveption, a flow of ai ks contai ner that holds the m xed
met al oxide dry scrubber material. Preferably, the air is added to the
. ~container after the process effluent has stopped flow ng, and functions as
" Dan oxi di apagnea grishhe present Myeaon CERB TR £ FHCPEUCoE BEREHPAP B r ubbi ng mat eri al |
accor digp@ally Qordudinerg fopdri@vduebps Stsidi Bhi TR TBY, Sihefwh.iLE.HeSHWdr i de gas 30
CONPONERiinhidfd hABS ardiheobdd®. intét\BMEnertor 1ck&llo beabated bB A®iOekjde. 2t + 6MO + heat 1 2
MAY 2D0 . VIO 01379850 PCTHhd RO RRAQRS sAlotfbRRlayif bdtivod hiné he case where the
dr1 de"gas conponent. co

B?/a::e- hydndes with ihe prgvelsrc]v that no oxl'insc-%osn anE% m%uga%’arctpbe?enj Qltﬁeoe}ﬁu&g reaction takes

stream. It has been found that chiorine-containing compounds can interfere with the oxidation of

the hydride components and/or deplete capacity of the metal oxides in the dry scrubbing system.

20  Generally, any metal oxide that can be reduced and/or oxidized may be used in the present
invention. Applicable metal oxides may include, for example, copper, zinc, silver, cobalt, iron,
nickel, manganese, molybdenum, chromium and combinations thereof, The metal oxide may be
in powder form and combined with a binder material to be used in bulk or may be supported on a

porous ceramic material, such es silica, alumina, zeolites and the like.

25 .
In accordance with the present invention, a flow of air is added to the container that holds the

: ) mixed metal oxide dry scrubber material. Prefecably, the air is added to the container after the
process effluent has stopped flowing, and functions as an oxidizing agent in interaction with the

spent dry scrubbing material, according to the foliowing stoichiometry wherein the hydride gas

30 component includes arsine.

4M,As + 110, = 2M(AsOy), + 6MO + heat



)

AMP + 11 Q >2M (PG ), + 6MO + heat Ot her reactions may occur as well in

the contacting of the air flow wth the netal

oxi de scrubber rted el 200 he

ai-r may al so acts to oxidize any free arsenic or phosphorus that nmay have
formed, to convert sane to its respective oxide species, by the

been

foll owi ng reacti ons:

|0 2As + 3/,0, 4 As2G3 2P + 5/,0,4 P2C5, 15 Thus, the

addition of air and/or oxygen to the dry scrubber system acts to overcone

t he hazardous effects that otherw se nmay occur Pgi.,[,{a%%g%r

phosphort&BREt is formed during the abatenent

Furt her,

free arsenic or
ocess effluent.

the addition of air and/or oxygen to the spent dry scrubbing

material acts to oxidize any 20 netal oxide that was previously reduced by

hydr ogen,. or

oxi de

such br GIRYHFEUGHY BEY &t On, | [
oxi di zechatifat HTha sicBrSHsAMES 1F POHHF BY T8 BT,

hety LedUG RY nAH&MESobdenchiREnpal-efBkinl me o484 , by the follow ng

‘O'E
reacti ot =M MX 25 The oxi dation of the el enmental metal

back to the netal

adPFgRHFEdi ent thereby serves to increase the total capacity of
the dry scrubbing system This increase in capacity is significant in
magni 4 ude. Bw,mayopod 2@pep;fdMOexanpl e, Figure | shows the inprovenent
afforded by the invention. A 30 conventional copper oxide dry scrubbing

et eri al was exnoSed t Ot I utinl Ir Br ARG OHAR R SERE ect ed. Fal | owi ng
The pent i

[rﬂ% }?C”ﬂ,btb' n V‘gpteri al was air
okt P EHAY "Fol | owi ng t he

oxi dat i @medfth@meht jamd to Bs ridPevtiva DG4 speds, 01 h-FPBRBE TERCHPNYSOO 32053 scr ubbi ng
al was again exposed to arsine. This cycling of arsine and CDA in

mat ef,
cont gadct with ”1?3%”93%‘?’ material was carried out until
regai n of capacity vas e

dat a,

Cap al(:'vi t ¥hu;|: %1% !’-:d)di’lionvgf;inmcg@tn@gctl Rlthe %@\’cﬂﬂbeﬁs’ﬂm acts to overcome the hazardous
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cted. Figure 1 is a graph of

no significant
the resulting

show ng the anount of capacity (Cunul ative Capacity  Percentage)
gai ned after subBed®eh®Oair oxidation cycles (each air oxidation cycle
being followng by a capacity determnation (identified as Standard

effects that otherwise may occur with any free arsenic or phosphorus that is formed during the

abatement of the process effluent.

Further, the addition of air and/or oxygen to the spent dry scrubbing material acts to oxidize any
metal oxide that was previously reduced by hydrogen or other reducing agents to the elemental

metal, by the following reaction:
M + */,0, 2> MOy

The oxidation of the elemental metal back to the metal oxide active ingredient thereby serves to

increase the total capacity of the dry scrubbing system. This increase in capacity is significant in

magnitude.

By way of specific example, Figure 1 shows the improvement afforded by the invention, A
conventional copper oxide dry scrubbing material was exposed to arsine until breakthrough was
detected. Following such breakthrough detection, the spent dry scrubbing material was air

oxidized with a constant flow of clean, dry air (CDA). Following the oxidation, the dry



cy'cles being shown in Figure |l |I. In the preferred practice {d lﬂﬁY 2004
invention, air is flowed into the dry scrubbing systemas cle rz &alr

(CDA). The air may be flowed into the system during process effl uent
abatenment, or 10 preferably only after the process gas has stopped flow ng.
During air oxidation, the process effluent may be flowed to a second
container of dry scrubbing material, as hereinafter nore fully described.
In such fashion, the air flow nay be toggled on and off to each contai ner
whi |l e raiond7@dsni ng conti nuous process effluent PATGRMAYS t hat whil e the
scrubber materi aI in one container is undergoing air oxidation, the

scrubber material in fhe ine PES 2| 2hatd g the 15 process
ef f | uenf®™ bl"f‘? nl ox1d ,{pos%n%% 95]&?&1[{@9&} gr/r“ﬁalledrdl%% @Qﬁ be thermally managed
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associ at éda whghhoftiliveesdstigciath.i shewing Spreagiofnt efaﬂairagﬂy (Eywlaive ey heat that is
formed padsigh)@aiftis sHol sasQbnthuid Riicilioyl cyciei(eat@l addntisecyelt bedg fulovay t he capacity of

the qr Y 32 Qapa%ézyr&éprgﬁn @n ﬁ%ﬁh’@ﬁls\@tamardr@p%HJytTesl),F»Q{h X MG, su@l Senic trioxide is
f or méd I'rT oxidatron of any free arsenic. Arsenic trioxide has a

subl i rra‘fYF‘Efr‘?""EgéFﬁ?}’éf“gthfFé of between 180C and 190C. If air oxidation reaction
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SOOﬁ%Z@!S’?S%e@Hi?ér atures higher than the reductl on tenperature of the netal
oxide(s) during air oxidation treatnment of the scrubber material. Although
hy dr og@ge drlogitidahehpanResal Sist e sty mted fibsowh mgn tlsounght t he scr ubber
contal I fileat ﬁigybtehﬁncd during the reactions associated with the oxidation. Specifically, the excess

heat that is formed must be displaced rapidly, or negative effects on the capacity of the dry

20  scrubbing system will result.

For example, arsenic trioxide is formed upon air oxidation of any free arsenic. Arsenic trioxide
has a sublimation teﬁj:eramre of between 180°C and 190°C. If air oxidation reaction is allowed
to proceed at temperatures higher than the sublimation temperature of arsenic trioxide, there is a
25  potential for arsenic trioxide to pass through the dry scrubbing systern and condense to a solid

downstream of the system, where it may constitute a hazard to persons exposed to the condensed

solid.

Additionally,-the metal oxide active components of the scrubbing material are susceptible to
30  being reduced when they are exposed to reducing agents, if the temperature conditions are
favorable for such reaction. The "reduction temperature” of the scrubber material is dependent on

the metal oxide in question. There is a potential for the dry scrubber system to reach



time of air oxidation of the netal oxide material therein, if the heat that

is generated during air
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to the metal oxide active ingredient during subsequent air oxidation. The temperature at which
tbe metal is oxidized to the metal oxide can affect the crystal size of the reformed metal oxide.
‘The higher the temperature, the smaller the crystals of reformed metal oxide will be, The smaller
the crystals, the more total surface area of the erystals will be provided. If the oxidation reaction
of the metal to the metal oxide is allowed to proceed at heightened temperatures; small pockets of
exh’em;aly active, high surface ar;-:a metal oxides can be formed. These pockets can (hen be
reduced by hydrogen at room temperature, thercby depleting the capacity of the metal oxide(s)

for the hydrides.

Based on the foregoing considemtions, it is important to maintain the temperature of the dry
scrubbing system as low as possible both during abatement as well as during air oxidation of the
spent dry scrubber material. Preferably, the temperature of the dry scrubbing system is
maintained from about 25°C to about 150°C , and more preferably not exceeding 100°C, e.g., ina

range of about 50°C to about 100°C, and most preferably from about 70°C to about 100°C.



The tenperature of the dry scrubbing system may be correspondi ngly
controll ed by any suitable neans, such as for exanple by thq ?S@ ﬁggmg
interiorly disposed heat exchange structure in the bed of drlycs A g
material, such as a heat exchange coil inserted into the bed of the dry
scrubbing material, by deploynent of a jacketed container for the dry
scrubbing material provided with coolant flow through the jacket of a

sui t abl e heat%transfer medi um by use of a contgipsab.bhRy the dry scrubber
mat er i al"War™i s externally finned with extended area heat transfer surface
el ements, or by any other neans or nethod for nmmintaining the tenperature
of the dry scrubbing material at the desired tenperature level. 10 By way
of SpeCh&hﬁmé%ﬁﬂHhﬁmykhﬁm&h%kﬁakymﬁaﬁgaﬂﬁaimﬁumﬂsyﬁweﬂnﬁor mai nt ai ni ng the

c % | th
et e el Sl LGS IR QTR Al PRGL Db hnclueRazed col | 10 the

pAhe @ t«;\bcml is constructed
of a h|ﬁﬁvmgﬁm%ﬂdﬁbfslwgtﬁ%@?T“&l“s""?d‘l’:“n‘ cped o b%éfcm "ol d water or other
aquesd usmaprial Nty riepamet o jesbtrd aentainereeli tgrdry seruljing maferigl Avidtd/ WAt er sol uti on, nmay
15 be E‘cﬁmnpb’ﬁdhra&h thhecke 00 saifble KERGHdeA ctiu BE e suberginatieme and be fl owed
through%yf) [‘ebb:{”t ;% i eptémﬁﬂﬁemm L,!;Lﬁdcmalheat ﬁnﬁar ﬁ,sfscpaznﬁmany heat that may be

- fornmed bat epent  of ‘g l S &S 4, e matenarartl ng the air

oxi dat |°6’i’¥a6’f°"te’rfé°a’§6€?ﬁh°%lff’wa§’8}‘"ﬂf) d’m Bt erra coil is advantageously
f or ned tsdehedttdmatraplesst gni f i cantly | arge regi ons of the dry scrubbing bed
areiput of heat transfer relationship with the coil. To determ ne the

Opt I mely %Q,‘?‘Qt’ §ic g&mﬁlb%e 19(‘le nﬁaﬁ)%fgenﬁﬂt sﬁQ&s&c}ﬁQ‘nrQﬁQ{aﬁliﬂQme &:i2® hydride may be

ghrou i ial and nonitored
) f OI‘ t éﬁ’?ﬂmi ﬁ?yecoinws%jl fotenm('? Ehsposec? coxl m i;ontalﬁcr ?0891 ngfﬁﬁbth@% i rray be

st ruct gl whirgit bgypol fssapsigied ¢ hlg%l’ b “6‘?"“°“\’Fd‘|mf5ﬂ“é %P 2 ¥¥%cont ai ner hol di ng
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volume of the container holding the dry scrubber material, e.g., using a support structure to

fixedly position the coil.

25  The displacement of the dry scrubbing material by such coolant coil, and any capacity loss
thereof, is more than compensated by the capacity reclaimed during air oxidation, Cold water
) may be flowed through the coil system continuously or intermittently dependeat upon heat

generated during air oxidation, and preferably the flow is continuous.
30  The effluent abatemnent system of the present invention may be advantageously configured, in one

embodiment, as a dual bed system, comprising two containers holding respective beds of dry

scrubber material, and arranged for cyclic altemating and repeating operation as hereinafter more

10



scrubber material, and arranged for cyclic alternating and repeating
operation as hereinafter nore 10 1 2 MAY 2004 WO 01/ 37985 P(C1? I’%}_ﬁt Dpgi32053
e

fully descri bed.
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Preferably the temperature does not exceed about 100°C, e.g., in a range of from about 50°C t

about 100°C, Most preferably, the temperature is maintained in a range from about 70°C to about
100°C. Maintaining a temperature within the scrubbing system at approximately 100°C or below
provides for both effective oxidation of the hydrides and regeneration of the metal oxide material
when the active ingredient of the dry scrubbing material is primarily copper oxide. Moreover,
reduction of the meta! oxide by hydragen gas is decreased thereby maintaining increased capagity

of the metal oxide. Further, concerns regarding the formation of solid arsenic trioxide are

eliminated.

The dry scrubbing bed used in the practice of the present invention may be of any size and shape
appropriate to the gases being processed. The flow of both process effluent and clean dry air
through the bed can be in either an upward or. a downward direction, in a vertically upstanding
bed. Fixed or fluidized beds may be employed. Further, the process effluent may flow in the

same direction as the clean dry air, as shown in Figure 4, or in the opposite direction, as shown in

11

c?a%g etgnﬁgr%ﬁ%‘%ril&gacmsrﬁngdWﬂﬂ’LWPXi de. Further,

arseni c'trloxide are elimnated.
o



The dry scrubbing bed used in the practice of the present invention may be
of. any size and shape appropriate to the gases being procesﬂ;eﬁiMNihéUﬁ'l ow
of both process effluent and clean dry air 30 through the bed can be in
either an upward or a downward direction, in a vertically upstanding bed.
Fi xed or fluidized beds nmay be enpl oyed. Further, the process effluent may
flowin the sane direction as the clean dry air, as shown in Figure 4, or
in the 8?@8’3@%6 direction, as shown in 11 1 2 Mp¥wsebh263 4 NO 01/ 37955

PCTI USO Figure 3. The flow preferably enters the bed at its
cross-sectional center at the bed inlet (the cross-section being

t r ansveFigee 8.0 Thetflow forefmplinters e beshpt 8 crasesriopalconect 7 s 9B f | owed t hrough t he
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" centser @b teldpwtrubbar contaiohn B pides £ SepporyiedyStbbesE t o the bed counteracts any
flow distribution problens that otherwi se may occur in the flow of gas
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ut i l10Zi Rgnaypise deseble il agineociprticagm emubatypminizize By, distipution eoblePer ed up-fl ow of gas at
the bed inlet, a heat exchange coil in the bed arranged for naintaining

ybed tenleggaééi%{:ril?sn%gve SRS §8y LATRELALMY iy bEkBbyes, dukhemmpwel | 15 into which
“may be |nsper_ ed a t her nocoupl e tofrmqlthteQerdiiiegghgmee g&tmwne of the dry

scr ubbefovpieten anf ppsritp Wigerkeed usirofes i e N AT M oxi tion, and a sensor tube
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control functjonality. oS o d wi th a cal ci um hydr oxi de,
Ca(O—|)Q’Y?Féfsé’?dl’eéfs%'fﬁ%éhe%%feeg@gqt§'¥p§@nmvxidéj gl(%ggegd to carbon dioxi de, CC2.

The reaction of the two materials proceeds as follows: Ca(OH) 2 + CO2 -
CaCO4+ Afétype it container described in. the preceding paragraph was medeled for temperature

20  control functionality. The canister was filled with a calcium hydroxide, Ca{OH), material. This
material then was exposed to carbon dioxide, CO,. The reaction of the two materials proceeds as

follows:

Ca(OH), + CO, > CaCO, + H,0 + heat

25 .
The flow rate of the carbon dioxide was determined with the specific purpose of setting the heat
resulting from the above reaction so that it was equal to the amount of heat that is generated when
approximately 5 standard liters per minute {slpm) of arsine reacts with a copper oxide dry
scrubbing material. By such determination and comesponding fixing of the carbon dioxide flow
30  rate, the container system with in-situ temperaturc control was exposed to the amount of heat that
it would see in regalar usage when processing a representative semiconductor manufacturing

effluent. During testing, the system was monitored for temperature. Figure 2 is a graph of the

12



25 The flow rate of the carbon dioxide was determ ned with t‘ITez SPQE{:;?‘M:
pur pose of setting the heat resulting fromthe above reaction so't Q it
was equal to the amount of heat that is generated when approximately 5
standard liters per mnute (slpm of arsine reacts with a copper oxide dry
scrubbing material. By such determ nation and corresponding fixing of the
carbon dioxide flow 30 rate, the container systemwth in-situ tenperature

contr ol

was_exposed to the anmount of heat that pifdusiastsyl see in regul ar
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140C_ Referring now to Flgure.d, there is shown a schematic representation
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of a sefiEeHanEFrss ™

acturing plant 36 and an effluent abatenent

process system 10 according to one enbodinment of the present invention.

The ef frepeing n@bat Rgvert, thor dT Bigen & yohimatn rResintor o @ SSRGS ners 12 and 14

hol dj NG 8SREG! HMe 3088kSan el Nilarckint Qfocs sytint ablagondig &l orexi de dry scrubber

material , e.g. . copper oxide. In container 12, the 15 dry scrubber materi al
")bed 16 ﬁmg’dfmec%ooguée r%ﬁt a scr een, grid or other support structure 20, with the
~“bed being correspondingly confined at its u%er end by a correspondi ng

St r uct Umneef@Bnt aiBymdnhrirgess wesers t0rngladep epprainegs 1Hnd

digg SPEFIFAF s provi ded at t he
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er gnds by sareen or ark 6, glegrnts 22 and 30, to

32 is likewise formed at the upper end of the container.

The container 14 is similarly constructed, with the dry scrubber material bed 18 being confined at
its respective lower and upper ends by screen or grid elements 22 and 30, to thereby define lower

plenum space 26 and upper plenum space 34, as illustrated.

The semiconducter manufacturing plant 36 may comprise any suitable semiconductor tool or
muiti-too} assembly, to carry out the desired formation/fabrication of semiconductor materials

andlor device structures. The effluent gas comprising hydride constituents is discharged from the
semiconductor menufacturing plant 36 in effluent discharge line 38, which is coupled to inlet

manifold 40 of the effluent abatement process system 10.

The inlet manifold 40 comprises gas feed lines 56 and 58, joined to one another by manifold lines

42 and 50. Manifold line 42 contains valves 46 and 48, and manifold line 50 contains valves 52

and 54.

13



pl enum space 26 and upper plenum space 34, as illustrated. The

sem conduct or manufacturing plant 36 nay conprise any suitabl eT 2 MAY 2004
sem conductor tool or 25 nmulti-tool assenbly, to carry out the desired
formation/fabricati on of sem conductor materials and/or device structures.
The effluent gas conprising hydride constituents is discharged fromthe
sem conduct or manufacturing plant 36 in effluent discharge |ine 38, which
is coupled to inlet manifold 40 of the effluent abatenent process system
10. 30 THRMBB%t nmnifol d 40 conprises gas feed ACTH¥E MY and 53, joined to
one another by manifold lines 42 and 50. Manifold line 42 contains val ves
46 and 48, and manifold line 50 contains valves 52 and 54. 13 2 MAY 2i 10
V0 0L St BTt SRR T c;ra.cgmcu 89,50 Thas. womapct ed thereto an
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may be of any suitable type, and preferably are selectively actuatable
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/oper at i mtferblyere el °9¥P‘E’41“F’é§?f@'6‘f """"E ﬁ’“‘t“ﬁé’ '?‘“'65'&‘ h°8? igid®ed character,
accor di fgmjuer atogikicteanbbl eysey Gikevise nershown ) premtine 18 vallgewisfrfictient  abat enme nt
Pr OCES Sto SYiSdp@Hr ddded@haStrer :a@ldidghe 8 sulible ekclf timsprgranani f ol d 66 i nt er connecti ng
the ,containers 12 and 14 as illustrated. The effluent nmanifold 66 conprises

gas flow lines 80 and 82 c egut:u \Gaki Ygssels, termnating
t her ei n’r FFfﬂL[eﬁébatc[ncm rorﬁesgs ét{::nés a % 1 dgxﬂ.ggﬂl& hgnmc %ﬁggﬁxk}c%ﬁ M'IE

the containers 12 and 14 as illustrated. The efﬂuent manifold 66 comprises gas flow lines 80 and

82 commected to the respective vessels, terminating therein in the plenum spaces 32 and 34,

N

respectively. At their termini, the gas flow lines 80 and 82 are coupled to gas distributor elements
20 112 and 114, which serve a same purpose as the gas distributor elements 60 and 62, viz, to ensure

distribution of introduced gas across the entire crass-section of the respective containers 12 and

14,

The gas flow lines 80 and 82 of the effluent manifold 66 are interconnected by manifold lines 68,
25  containing valves 70 and 72, and 74, containing velves 76 and 78. Manifold line 74 is coupled to
an air feed line 84, joined in tum to a source 86 of clean dry air (CDA).

Manifold line 68 is joined to effluent discharge line 88.

30 As in the case of the inlet manifold 40, the valves 70, 72, 76 and 78 in the effluent manifold 66
are selectively actuatable with respect to their open or closed character. Preferably, such valves

are automatic valves which are equipped with associated valve actuator elements (not shown)
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respectively. At their termni, the gas flow lines 80 and 8% 2r gOﬂ@Ied to
gas distributor elenents 20 112 and 114, which serve a sane r@é e % t he
gas distributor elenents 60 and 62, viz, to ensure distribution of

i ntroduced gas across the entire cross-section of the respective containers
12 and 14. The gas flow lines 80 and 82 of the effluent nmanifold 66 are

interconnected by manifold |Iines 68,

feed i ne

25 containing valves 70 and 72, and

cont val ves an nifo i ne pled to an air
ad"é‘h'}ag I 76 and 78. Manifold | ASoRRyp! ed i
joined in turn to a source 86 of clean dry air (CDA).

Manifold line 68 is joined to effluent discharge line 88. 30 As in the case

of the jomkdin iy heoifakmd@ioned ppmpyje [oy@vee oy

compgl syse (B ghovl P t he ef f 1 uent

mani f ol ﬁlmﬁn@ncoaerrdﬁozﬁ:@hae@&dmmkejma&bmte&bﬂt&cyWetuhue;sraeqnaect to their open or
cl osed character. Preferably, such valves are automatic val ves which are

equi pped wi th _associ ated vg%Tgmﬁgtggé Hmn :cQ%ﬁm ot shown) 14 1 2 MAY 20
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orement i oned conput er

or cycl bath fis % e et §3}‘st“ér??(‘%ot"“@"n%?\/ﬁ‘i):""‘a'l“d’ied‘“’&dl‘%r‘i‘ht"?“ﬁ operation of the
Syst em yalmBend fycac @ayfiaRee id lr difacsuiyic het tahsfe mpiwwgriafite Cont ai ner 12 as

i11ustr P}hﬁg cagﬁqutt ﬁ??&oblﬂgcoﬁ %Oldls;%ﬁ-d ALSPAS Bk b} @bk BanciMAt ®h 1S j oi ned by

cool ant

and coolant flow line 92 to a source 90 of cool ant

medi um ©&WEN gE!inGay er, (pol y) et hyl ene gl ycol, (poly)propylene glycol or

ot her suitable heat transfer medium In |ike fashion, container 14 has a

c ool 1o ngTHe @idl of tRlhg dbisBEsr@gie thacried rp cagkdt trapihried94bly jomerbte aevtentbr anch [ine 96 to

cool ant |, gMhch ]11@@04%:&%13@)]:\3“@ cddfant @R lchud GneC106. ICorRipoappasi te that joined to
)COOl antcut:Img coqn()ll la c?ntamer 14 Isdmllegltdﬂlc%gant th%%g!mﬁqae 108 %Mﬁ A hm @nCh line 104, which

inturnT's°join

main return |ine 106. Correspondingly,

cooI|ngm@&FP“EGB“PﬁWEBHFQWHQQ 14 is joined to coolant return branch |ine
102, which in turn is coupled to the coolant main retur
cooliantrri@bitht m&h tfd lihd 10€is idfBed 1 a Baphagr 108 fopexhwdin otheaframger 108 f or

ext r actoom fﬂfvmpﬁﬁﬁe A RainGROA B3t 11 Wial\Gehhoger idBRtisQ@Ms alflea MBI N return |ine

106. The_ h .
ool sea e mﬁenﬂ%ggootmtgﬁnq 1RO A 60Uk Eolaf QOhAD b

20

25

30

refurns. t he ¢ o] Aﬁnt
from which 1t is flows in coolant feed line 92 to the rcspectlve coils in contamcrs
Although not shown, the coolant flow circuit comprising lines 92, 94, 96, 102, 104, 106 and 110

will have disposed therein 3 pump or other circulator element, for effecting flow of coolant

mediom throagh the circuit.

In operation, one of the containers 12 and 14 is in an active processing mode, with effluent gas
from the semiconductor manufacturing plant being flowed in line 38 through the inlet manifold
40 to the active one of the containers 12 and 14. For example, container 12 may be “on-stream™

during this time, with valve 46 being open and valve 52 being closed. Concurrently, valve 48 is

closed and valve 34 is open.

With the inlet manifold thus arranged, effluent gas flows through lines 38, 42 and 56, being
discharged throoglt distributor element 60 to the jower plenum space 24 for up-flow through the
scrubber bed 16, to abate hydride constituents of the effluent gas stream. The resulting hydride-
depleted effluent gas then flows into upper plenum space 32 of container 12 and is collected by

15

n line 106. 15 The

to the regenerated
to source 90,



fromwhich it is flows in coolant feed Iine 92 to the respective coils in
the containers 12 and 14. Although not shown, the cool ant flowlcZrHAYt2004
conprising lines 92, 94, 96, 102, 104, 106 and 110 20 will have di sposed
therein a punp or other circulator elenent, for effecting flow of cool ant
medi um t hrough the circuit. In operation, one of the containers 12 and 14
is in an active processing node, with effluent as fromthe sem conductor
manuf acturing plant being flowed in line 38 through the inlet manifold 25
40 to tNOUBPHve one of the containers 12 and 14°"F8V*&kanpl e, container 12
may be "on-streanmt during this tinme, with valve 46 being open and val ve 52
bei ng clyReRbutdEaakekt 11 Bfidtining Wted rierseBodi, 8s « coleo@p ehddime ivie$® 54 is open. Wth
the inle ni,f ~arranged, effluent gas flows through lines 38, 42
and 56, "%’e%ﬁdg h”g%ﬂalfﬁg:kﬁar ged through distributor element 60 to the | ower
pl enum space 24 for up-flow through the scrubber bed 16, to abate hydride
const i t iethe disclfee rrhmifoids vellvag @hend G are ghep @atalvert{a =198 gte elossd) By dr i de- depl et ed
ef f | yentreag@smichiams dbadMBrebynitods I Pes0 tphawfeldrig fhod tERinofefflsont ai ner 12 and i s
col | ect %gchgeeu;le%s30:3sc%¥r,meﬁmmbgaa(ea;,e@&s,a@ﬂwsoa 32053 the distributor
el ement 112 (functioning in a reverse node, as a collector), and flows in
line 80 into the discharge manifold 66. In the discharge manifold, valves
70 and P@cugendly g Gonaimeich2 \PAPS, B En povVepleresiae Bpde ErACRY B PHE treated ef fl uent
gas st r paRardddey Sivof fidandugaii tivovgh thebe@ B thewin Ryridefsesh opefeiionesle®@@ryand t hen into

ef f | jgent; aoi SrNAEGS dridR) 8836 ihrotihdisda g shiioisd, hevirgftfdugbent abat ement
process_syst r?na"géé%gvgﬁ?g%gg&%;&gé%ﬁ;w ko005 @ BRE pidlm B8IRBed N an active

~yprocessthng no | ] ei n regener at e .flow of clean dry
Jair thr@ﬂf%ﬁf {4 Bre agyintioguopdy lepmedny pir * ‘F'i“ﬁ% R ﬁ“&ﬁs"%ﬁtgre}a f"(t)ﬂ?{ ™) ean dry 10 air

fl ows fRe@mbehghaie et I8 didry sr@BAmaterisl flevdnegigvavarly (Rythe PYReles82 to the manifol d
66, fl opiceg. through nmanifold line 74 (valve 78 being open) into line 82
for yentry into the upper plenum space 34 of container 14. The

thus-introduced cl ean dry-air, is disck is DEneflissii butor el enent 114
and f I'M?EIW?EP'S"ﬁﬁﬁpafe%g’%béﬁuTg ofdry(;fr:? gg{teg%dde?y“%t erl Sﬁl f1 owi ng downwar dl y
to the qOU%/\'B‘P l'fﬁséﬁ{ﬁ'ﬁ inlgtﬁ&reféldz%. In the inlef manifold, valve 54 is open, so that the

effluent clean dry air flows from line 58 through line 50 to effluent clean dry air discharge line
64, from which it passes out of the effluent abatement process system.

20
During the flow of clean dry air through tlic bed 18 of dry scrubber material, the heat of reaction

generated in the oxidation reaction is dissipated from the bed, by heat transfer to the coolant
medium flowed through coolant coil 100, Coolant is supplied to the coolant coil 100 through the
aforementioned flow circuit, being pumped from source 90 through lines 92 and 96 to the coolant
25  coil 100, and being returned through lines 102, 106 and 110 to the source 90, with heat exchange

removal of the sensible heat from the coolant medium, in heat cxchanger 108.

Although the coolant flow circuit in some instances may be valved and operated to selectively
flow coolant medium through one or the other of the respective coils in the respective containers,

30  the coolant medium preferably is continuously flowed through the coolant flow circuit and the

constitzent cooling coils 98 and 100.
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15 20 In the | ower plenum space 26, the effluent clean dry air isZCﬁIA}(eg@gd
at distributor element 62 and flows into line 58 of the inlet i d .
Inthe inlet manifold, valve 54 is open, so that the effluent clean dry
air flows fromline 58 through Iine 50 to effluent clean dry air discharge
line 64, fromwhich it passes out of the effluent abatenent process
system During the flow of clean dry air through the bed 18 of dry scrubber
mat eri al wo hil@gheat of reaction generated in thecoxswk@bsson reaction is
di ssipated fromthe bed, by heat transfer to the coolant nediumflowed
t hrough cool ant coil 100. Cool an i$ fswgl ibed to, }Opaecﬁ‘pool ant coil 100
t hr ough Teedunngrepens iR PR FEEW T EdPt T BEiRE binbed ¥ om source 90
t hr ough skéan erece@ig efioiflv@Gelanndry Frdrom eyicaifts fowed deugh g @4 “44i¢82pei ng r et ur ned
t hr ough ghdupsntalR214, ADGeand0 hdB. t 0 t he source 90, with heat exchange
removal of the sensible heat fromthe cool ant medium in heat exchanger
108. Although the coolant flow circuit in .song.in > may be val ved and
oper at ed g BeFERined RiOF ofropTRL ghﬁlﬂg?ft mrrsewc'ltlchﬁ‘??f? Flhr“oﬁggﬁ%oﬁ% or the other of
t he respeatrtdebed dp lis cinyprgdhie aptiss pagetsing & ERt fioRePsm8BNRe cool ant nedi um
pr ef er abktfub&ing Qi 36 ddObiSed/ 1 sTubdege credederatvuJihe tyivm veloo @t S2f How circuit and the
constit '7'@% 789@'7&%8 Q'Qbén&hc%gr s@{&qw%@}@em 46ir dperland/Osed fbhlizond/ 6 01/37985 PC ftIS
0 32053 TS, QurL il SISPSL ALLRN SRELAL Al @ LEACHLAR Ded of dry
scr ubbeFrerRgtedhedgTed Tops BEEP P& PEH- STT eam processing of effluent, ciean dry
ai r Mromdzptifcan®d-is flowed through lines 84, 74 and 82, through
container 14, and lines 58, 50 and 64. 5 After a predeterm ned period of

"‘)ope_rati B purdoliEofrlobiing @& BmSitulcG Ry se@bdr Biad, a héneal porwinpdesitey 1 egener at ed bed

718 is Cfl verLedd, & Qg%lua{@r | Q56T D Bhd 9F, aEfifskiBNEn 1 ABHdRe sem conduct or
manuf ac url’hg _plf_a{nt_ an sfﬁe G?ectL 16 undergoes regengration. The system
val ves gmal ggnitotipg devicy 118 may be deployed; g the wpper-sad RO B8 5 di cal 1y swi t ched
bet W e nredpbrever thegymrb morittibe clevinse 416 jad i 18] e e lipksd e i CPEEREEMt he desired flows
t hr oughyeihld@ship 85D € 6dnipit@ of Ak Ritaigticprotdds @mgdl dedns, sueh g theyamippter, al ternating 10
and re p&LrLJley c%u]ﬁ@ QfEike valve actuators of the valves in the inlet and discharge manifolfis, to

effect switching operation of the beds in response to the monitored temperature of the beds. In

this respect, a number of thermal monitoring devices, e.g., thermocouples, temperature probes,
20  pyroclectric devices, ctc., may be employed along the length of the bed in the direction of gas
flow therethrough as shown in Figure 4, or otherwise in a selected arrangement for thermal

management of the effluent abatement process system.

Additi;)nally, for purposes of monitoring the abatement effectiveness of hydrides, sampling ports

25  to determine breakthrough of unabated hydrides may be deployed at the upper end region of beds

16 and 18, as illustrated. The respective sampling ports 122 and 120 may be linked in signal

) transmission relationship with a computer or other automatic process control means, such as the

‘ computer operatively coupled with the valve aciuators of the valves in the inlet and discharge

manifolds, to effect switching operation of the beds in response to the capagity of the dry

30  scrubber matenial.
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For pur poses of nonitoring the tenperature of the dry scrubber beds, a
thermal nonitoring device 116 may be depl oyed at the upper end T&giMAY 3804
the bed 16, as illustrated. In |like manner, a thermal nonitoring device
118 may be depl oyed at the upper end region of the bed 18. The 15
respective thermal nonitoring devices 116 and 118 nmay be linked in signal
transm ssi on relationship with a conputer or other autonmatic process
control such as the conputer operativel %cgpuihad Wth the val ve
act uat ors o tshe valves in the inlet and discharge manifolds, to effect
sw tching operation of the beds in response to the nonitored tenperature of
t he beddJunherpvhile e gnbpdiagyierf the ingentiop Hipnspivelfshavg énFigare 3 isgRrided *ithg devi ces, e. g.

t her Mo c eubRSners bdmpemighing @ergll 0B i 5, recifizqd yimolelireationinpy gowitces, etc., my be
enmpl oyed;ql QRY deh)@mL G9 Ghubbi natt AL beH@ Chedatdd ih B BurcH bro@Gibd 80de, ©F, gas  f | ow

theret hr ol st]lrge nk%)eln mvtdedf?rh?ﬁlgmfl#?elfﬂ t\gl}lleﬁgm&l%bbngmgcrﬁl%OECt ed arrangenment

for thert atenent “process system

Addi t5 offeindeqgoing %3’r°"t§‘Eﬂ°bfP§"é"s’a"6‘f vy ¢ Srglerhgd b BbsrRre ReeB f ect i veness of
hydr i desvithosiaRipgeitanmiydE inplem@fod whirh detveoryridret flow dwikg duicdunbn tf  unabat ed hydri des

nmay be gl gyigd ;a&mah.tmy RIS agpfaGhicd @8 RnverkioRH e frfiian®ink8, as illustrated.
The respecti ve Saﬂ’a Gu%l POk %ﬂslr;i%e andahal JFoH, gultgﬁs'ahd“ke@th' n signal
a (0]

transni 0N T 6! atio nput er aut opati c process

cont r ol coFEEIRdnE '%‘ifi@ﬁ‘"‘a‘é’f?ﬁ@“'fmﬂﬁl?%gr“%‘ﬂcﬁaé?’?%??’s&o%“f“é& with the valve
act udt osueh ogerembdimgrtd. ves in the inlet and discharge manifolds, to effect
swi tching operation of the beds in response to the capacity of the dry 30

bb 2 ; 32063 Furth
Vo 1ot Faiet Bl b s R "g‘%ﬁ"‘f mgé‘fjﬁ?&i ) “;vg‘f;;ﬁ?&‘n ‘n Figure 3 |

provi de¥*sf TR 7 e 4dﬁ‘is‘§m Elesl’“'§ fecnﬁmp&év SFURS it will be
r ecogni tugeh thiydry scpubhingisy§igma pftie SREcHHipye "B’é %‘f‘%fbthE@e’“ HPRP BEE P ngl e bed of the dry
SCr ubbi ighdBinéia @npontnei 48 gesodelr latewowerrelambat shsyproeeEgreny node, e.g., wth

a sur geauﬂo@&hopﬁlbﬂg ﬁxléQM\lv de6kidh® hnd ptueht Bpcef fsrdabEm ik lidBRkeaWhi | € the dry

scr ubbi ng, el erLAl DD 1 T 9910 Shodl heckll by GGETET aLi N FUI t her
a singl B‘“élﬁ’"sdﬁ‘ he e//\gscru lrig%ma er) al hout a _@urge tank nay be
i npl enerEREEXRHiEh septiglly 2B RTORsh T B 8ﬂ’rfm& P& 0d€ when the tool is

of f | i nallustprfed erptererrivides| fay multiple ygjvgs ps hepgin %?ﬁfﬁ‘i‘eé (‘,"P‘&t""éH’e&“ﬁa‘P Figlie® i nventi on may be
prags i Cr€lvalidkstala s@itched between open and closed positions to effectuate the desired flows of the

oxidant and/or process effluent stream. For instance, valves 146 may be closed to restrict the
fiow of oxidant during introduction of the process effluent into dry’scrubber system. After a
certain period of time, the flow is switched to provide for regencration of the bed by opening
valves 148 and closing valves 146. Valves 150 will be open during the regeneration process for

25  exhausting air and closed doring exhausting of the abated cffluent process stream.

The system of Figure 4 further shows the addition of a temperature monitoring device 140
comprising a plurality of temperature probes 142 or a similar devices positioned along the length
of the bed. This multiple temperature probe arrangement provides for monitoring the temperatore
30  front along the entire bed to determine the capacity of the bed and anticipate depletion of activity.
Also, shown is a sensor tube 154 to monitor the concentrations of hydrides in the gas stream at

the 90% consumption point of the dry scrubber bed.
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greater nunber of beds than in the illustrative enbodi ments of FilgRr BEaY 37604
and 4, with corresponding nodification of the manifolding, valving and

t hermal nmanagenent sub-systens in 10 such other enbodi nments. Figure 4
illustrates another preferred enbodi nent of the present invention. The dry
scrubber system shown in Figure 4 illustrates a single directional flow of
the oxidant and effluent stream through the dry scrubbing system of the
present Gy shki on. Further, the system shown i npdi@biagsy? 15 i ncl udes
sim | ar conponents as descrlbed her ei.nabove relating to the system of
Figure 3, although not shown. The flow of oxidant and effluent process
streans may be introduced sinultaneously into the systeminlet manifold
144, or nore preferably, altermattngly and repetitively until abatenent of
essentially all hydrides within the effluent process stream The

il ust r\gt gg:ges %énerr'.] UI’ eVI d téatlﬁchr ﬁcn%ed%er@mv‘ﬂé}xv l§re toheali‘lmsn deSCI’I bed above

with re are swtc bet ween open and

cl oséd %@Mqﬂbﬁ’é d'ﬁ scd ey, il ge 1"?1’&““’8%@?‘f"éd“"l"?"a\ﬁé‘c"d'f“ ¥HE&: oxi dant and/ or

pr oces Sue frditet @néndss tor eginncdrpssses merheame eariaops \reodifickieds Aedy ot ¢l osed to restrict
the  flQWbafentd XdcoliadMly ChuivBigon iihisradluctebRmiyabnsibenphegesss ef f | uent into dry
ST UDDEL, SYSHETh LG wiincfiBls il dhefibbeiflalinh MWl ik O 15 swi t ched to
prOV|de g generatron o bed by opening Vvalves 148 and cl osi ng
vaIves‘@ﬁG‘“WﬁW@@%“Tgﬁ will be open during the regeneration process for 25
exhausting air and closed during exhausting of the abated effluent process
stream The systemof Figure 4 further shows the addition of a tenperature
nonitoring device 140 conprising a plurality of tenperature probes 142 or
a simlar devices positioned along the length of the bed. This multiple

t enperature probe arrangenment provides for nonitoring the tenperature 30
front along the entire bed to determne the capacity of the bed and
anticipate depletion of activity. Al so, shown is a sensor tube 154 to
nonitor the concentrations of hydrides in the gas streamat the 90%
consunption point of the dry scrubber bed. 18 1 2 MAY 2004 WD 01! 37985

PCT/ US00/ 32053 Wil e the invention has 'been illustratively described herein
with reference to various enbodi nents and di sclosed features, it will be
appreciated that the invention is not thus |limted,
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but rather extends to and enconpasses nunerous vari ations, modi fitdt MMs 200!
and other enbodi nents. Accordingly, the invention is intended to be
broadly construed and interpreted as including all such variations,

nodi fications and other enbodinments within the spirit and scope thereof,
as hereinafter clainmed. 19 1 2 MAY How CLAIMS: 1. An effluent abatenent and
regene gkhgg process for abating hydride species in a hydride-containing
efflu id process conprising: (1) contacting the hydride-containing
effluent with a dry scrubber material conprising a netal oxide that is
reactive with the hydride species to substantially renove the hydride
speci €ls fr dhn efiicat abatementuamd negeheratlapqxrba:@smrabatmig hydiddeibpecies mat er i al
for hy ride spe art i al 5 exhausted, and (2) contacting at

| east "B YA '@ﬁﬂ'&ﬁ&%@“@ﬁﬁé@l RIOGFYS SRMRHBENY  naterial with clean, dry
air to at d(¢pst domtddtinlg the H@ALE- ddh?alﬁm?%ﬁhﬁé’nt%tﬁ 8%r dﬁé&ru%éﬂﬁ%‘?éne{mte“ al

for the hydride species wherein ste I s conducted on an at | east
par t | £OMPrisihametaloges tB@Trlﬁtm@@tMeaw tha hydridssspaniesid subshantislire time as

that 1€noN2 108 PREHAR RBePRs Mol 1 BRE D PG ar 2RV of T B Rb e, '
abat enmttanahﬁd)r hydrde species ipavleastpartially britawsiew arsd ng thermal |y managi ng
to maintain a rature of the dry

t he cont act ng ste nd e
scr ubber ma( kri &en B%qt'g aﬁ%@%(pa)gtlallvh@(qg,ugt%g%a@cng% gerubbgneatenialt he
cl ean iy r | in
t he ag\gen%’lgégfd ﬁ% tg)g%ﬁeéﬁﬁpeﬁﬁ I%(?%:%dte co t al%oﬁal{hye 3&#83[2@(%erqﬁéﬁif|ﬁf‘
pr oce$er b hyldziden specigserieenein E@pn@ﬂ & Cmﬁdbntkad‘,omanleﬂéeasﬂ paetizlly sel ect ed
rom tin Si Iv cobalt,..iron, nickel,
mnga%ggﬁgétggmfg%gﬁ‘m% r‘r&ﬁ%ﬂ% Bt'%lb/n%e ﬁgietallﬁé?t@Bfﬁ) ¥ The process
of cl gbAtidctedttsy Giysdriishe& thhtegial comphémg Qhe‘fé]'d%d@ﬁa@@ﬂe%bﬂ\!/é‘%th
the hydride species, wherein in the effluent abatement and regeneration process
further comprising thermally managing the contacting steps (1) and (2) to maintain a
temperature of the dry scrubber material below 100°C.

2. The process of claim 1, wherein the clean, dry air contacts the exhausted
capacity dry scrubber material in the absence of contact with the hydride-containing
effluent.

3. The process of claim 1, wherein the metal oxide comprises a metal selected
from the group consisting of copper, zing, silver, cobalt, iron, nickel, manganese,
chromium, molybdenum and combinations thereof.

4. The process of claim 1, wherein the effluent is free of chlorine-containing
compounds.
5. The process of claim 1, wherein the hydride-containing effluent includes a

metal hydride formed in a semiconductor manufacturing operation.

6. The process of claim 1, wherein the hydride-containing effluent includes a

hydride species selected from the group consisting of arsine and phosphine.
20



conpounds. 5. The process of claim1, wherein the hydride-contai m1gg \} i
effluent includes a netal hydride forned in a sem conductor manu ctwﬁ" g%ﬂ
operation. The process of claim1l, wherein the hydride-containing effluent

i ncl udes a hydri de species selected fromthe group consisting of arsine and
phosphine. 2u 2 MAY 2001 7. The process of claim1, wherein the thermally

managi ng step conprises extracting heat fromthe dry scrubber material. 8.
The process of claim1l, wherein the thermally managi ng step conprising heat

exchangi ng ?%Bl‘%}éﬁ% HRRGM, W{e‘?éfnghe"l‘héljf‘na”} %Qhﬁﬁﬁg%aﬁg%pse The process

of clai'm8, rernt ecoola I'um co I SEs 2cted from
t he greoatmctmgmeatfrug'l the drgtserubdozd nmtbyalene gl ycol. 10. The process of
claim1l1, wherein steps (1) and (2) are carried out repetitively in

al ternating sequence thereof in nultiple beds of dry scrubber material. 11.

The prgocessr @p@cébé‘bf-@lalrﬂheﬁrﬁé?elﬁ tﬁé‘i‘héﬁnéﬂg%gﬁe}( Hﬁg b élﬁ Ilgt1 s

provided in a container through which e- con | uenit and

cl ean exghanging thedey sersipber masenal avith a@aolaw nwldwnnau ngly and repetitively
flowed to effect the contacting steps (1) and (2). 12. The process of
claim 10, wherein the dry scrubber material conprises copper oxide. 13.

The piocesShef processoiclathe, WH@réthhéwoﬁmt HgeRIm Rhesrisls d Sodlamli ded in
mul ti pl e beds thereof, further conprisin %aratel y flowi ng the

hydri §elecird HPM the arebip|ceasisting @f wateran ﬂhy ne, QB’CPbspectl ve different
ones of the nultiple beds, in a cyclic operation in which each of the
mul ti pl e beds under goes contacting steps (1) and (2) in a continuing
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11.  The process of claim 10, wherein a bed of the dry scrubber material is
provided in a container through which hydride-containing effluent and clean, dry air
are respectively cyclically, alternatingly and repetitively flowed to effect the
contacting steps (1} and (2).

12.  The process of claim 10, wherein the dry scrubber material comprises copper
oxide.

13.  The process of claim 1, wherein the dry scrubber material is provided in
multiple beds thereof, further comprising separately flowing the hydride-containing
effluent and clean, dry air to respective different ones of the multiple beds, in a
cyclic operation in which each of the multiple beds undergoes contacting steps (1)
and (2) in a continuing alternating and repetitive sequence.

14,  The process of claim 1, wherein the dry scrubber material is provided in a
cylindrical container through which the hydride-containing effluent and clean, dry air
are selectively and sequentially flowed.

15. The process of claim 1, wherein the hydride-containing effluent derives from

manufacture of lll-V compound semiconductor products.
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are selectively and sequentially flowed. 15. The process of claim]1,
wherein the hydride-containing effluent derives from manufacturg DAY b
conmpound sem conductor products. ?1 "CY 2Cg' 16. The process of claim 15,
wherein the hydride-containing effluent conprises a |east one hydride
speci es selected fromthe group consisting of AsH3, PH3, TBA, TBP, Si H4,
GeH4, H2Se_and conbi nations hereof. 17. The process of claim 1, wherein
cont ad® ng @@éﬁf@c?% Ogﬁ'a'r(' 2P, wherein the Bydide-corlaining gfbent compriges ah

efflu t i i [ ' ydripde-

cont a?fﬁ%%’@fﬂ%@ﬁ@%ﬁ%@%@ggﬁgﬁQﬁfgoa@rsﬁﬁﬁg&?ﬁ?r ? Héi ?%‘F\ty of beds
of dr yBR&ibkbEeeHarlts$¢ ahd chatbisationsdwaeofie with the hydride species in the
hydri de-containing effluent to renove the hydride species fromthe
effluent, a source of the hydride- containing effluent joined in gas supply

r el at itgnshithetsroeesdiobeidingfl, dhereif rcbhia%ﬁigggt’é;%'a {ﬁ'anda(.??QHJ &&righ diean, dry

air effective to regenerate the dry scru érial " subsequent to

di mi n§tngiRNsousldr i de renoval capacity thereof, joined in clean, dry air
supply relationship to each bed of dry scrubber material, and fl ow
circuitry arranged to flow the hydride-containing effluent and the cl ean,
dry ail8. i nanamiflzert akiatémehiesystem fof aUaﬁngshydrwmespeméﬂniaahYm-ei n the flow

circuitry.i.s agranged.so that at |east one of the nultiple beds is being
cont aEPR¥@NINg ﬁ%[%'ﬁ'\?’u?d PIRREsSS syptess semprisinga pHitiRiighy of PRES oA€Y east one
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thermal |y managing the systemto maint
mat er eiluebtioemoGEihelltydridespeicidafcom the affrent a sggtcernfdie bydiide-18, wher ei n

the f s | ' [r d to repetitively and alternatingly flow the
nyari GOEBRE Bt Ifred i SEE PR e BfoTs Yo et dR AgEbEG t n each
bed ofmaténalsa sy oﬁfﬂé@tﬁ,lcﬁy airkffectiVe 1erédarmthicaBalRRBIubDEE hiuteRal cl aim
18, wherein the flow circuitry .

subsequent to diminution of hydride removal capacity thereof, joined in clean, dry air

supply relationship to each bed of dry scrubber material, and flow circuitry arranged

to flow the hydride-containing effluent and the clean, dry air in contact with the bed

of dry scrubber material wherein the flow circuitry is arranged so that at least one of

the multiple beds is being contacted with effluent while at essentially the same time

at least one other of the beds is being contacted with clean, dry air, means for

thermally managing the system to maintain a temperature of the dry scrubber

material below 100°C.

19.  The effluent abatement system of claim 18, wherein the flow circuitry is
arranged to repetitively and alternatingly flow the hydride-containing effluent and the
clean, dry air in contact with each bed of dry scrubber material.

20.  The effluent abatement system of claim 18, wherein the flow circuitry
comprises valved manifolding coupling each of the hydride-containing effluent
source and the clean, dry air source with the bed of dry scrubber material.

21.  The effluent abatement system of claim 18, comprising a multiplicity of beds
of the dry scrubber material, arranged for operation wherein each bed undergoes

the steps of (1) contacting the hydride-containing effluent with the dry scrubber
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conprises val ved mani fol ding coupling each of the hydride-containing M%I il
effluent source and the clean, dry air source with the bed of dry scrubbeéer
material. 21. The effluent abatenent system of claim 18, conprising a
multiplicity of beds of the dry scrubber material, arranged for operation
wherein each bed undergoes the steps of (1) contacting the

hydri de- cont ai ni ffluent with the dry scrubber 1 2 MAY 20 material in
the baBateil 1 therked; aptibihe,cappctine’ the oceriuRar meiesal tr yardeyar i de
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t he alxdacetestcapssity sy saiubber mategalwithecleant diyrdinip thefabsente of o at | east

partial| ipt iBfyv.of the d crubber. material_ for the hydride
B peci qonass S e FRRRAN D alSay Y af BRI it ina et 1 si ng
a coolgifite thsmubbéﬁuiaftetﬁlﬁ@%émgﬁdﬁdb%@bci%éghange relationship wth each

bed of dry scrubber material. 2 The effluent abatenent system of claim

22, wherein the coolant flowcircuit is a coil forned such that no

Si gni fd-cant | . ' LS transfer
el at anani euy THef SSEER ot 5ySieth SF ey kg BB oBolpBF Ry i 1 1
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sem con uctPr tool utilized for manufacturing a Ill-V sem conduct or
product®€88: The effluent abatenment system of claim 18, wherein the dry
scrubber material conprises a nmetal oxide material. 26. The effl uent

abat enent system of claim25, wherein the netal oxide conprises a netal
sel ec8d f rihve effleenirahaicment BystemyoiaflaiopgRerhersimthe edalantrflove obeuit isi r on,
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heat transfer relationship with the coil.

24.  The effluent abatement system of claim 18, wherein the source of hydride-
containing effluent comprises a semiconductor tool utilized for manufacturing a l1I-V
semiconductor product.

25.  The efiluent abatement system of claim 18, wherein the dry scrubber material
comprises a metal oxide material.

26. The effluent abatement system of claim 25, wherein the metal oxide

comprises a metal selected from the group consisting of copper, zinc, silver, cobalt,
iron, nickel, managanese, chromium, molybdenum and combinations thereof.
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