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(57) ABSTRACT 

An ef?uent gas stream treatment system for treatment of 
gaseous ef?uents such as Waste gases from semiconductor 
manufacturing operations. The e?luent gas stream treatment 
system comprises a pre-oxidation treatment unit, Which may 
for example comprise a scrubber, an oxidation unit such an 
electrothermal oxidizer, and a post-oxidation treatment unit, 
such as a Wet or dry scrubber. The e?luent gas stream treat 
ment system of the invention may utiliZe an integrated oxi 
diZer, quench and Wet scrubber assembly, for abatement of 
hazardous or otherwise undesired components from the e?lu 
ent gas stream. Gas or liquid shrouding of gas streams in the 
treatment system may be provided by high ef?ciency inlet 
structures. 
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EFFLUENT GAS STREAM TREATMENT 
SYSTEM HAVING UTILITY FOR OXIDATION 

TREATMENT OF SEMICONDUCTOR 
MANUFACTURING EFFLUENT GASES 

[0001] This application is a continuation of and claims 
priority to US. patent application Ser. No. 11/552,447, ?led 
Oct. 24, 2006, Which is a continuation of and claims priority 
to US. patent application Ser. No. 09/970,613, ?led Oct. 4, 
2001, now US. Pat. No. 7,214,349 (Attorney Docket No. 
9955/D01) Which is a division of and claims priority to US. 
patent application Ser. No. 09/400,662, ?led Sep. 20, 1999, 
now US. Pat. No. 6,333,010 (Attorney Docket No. 9955/ 
C01), Which is a continuation of and claims priority to US. 
patent application Ser. No. 08/775,838, ?led Dec. 31, 1996, 
now US. Pat. No. 5,955,037 (Attorney Docket No. 9955). 
Each of these applications is hereby incorporated by refer 
ence herein in its entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present, invention relates to a system for the 
treatment of industrial e?luent ?uids such as ef?uent gases 
produced in semiconductor manufacturing, photovoltaic pro 
cessing, etc. Such system may variously include an oxidizer, 
gas scrubbing, particulate solids removal, and other unit 
operations for e?luent gas treatment. 

DESCRIPTION OF THE RELATED ART 

[0003] In the treatment of industrial ?uid Waste streams, a 
Wide variety of unit operations and corresponding discrete 
treatment apparatus have been integrated for processing of 
the e?luent from an upstream process facility. 
[0004] For example, various integrated thermal systems are 
commercially available for treatment of semiconductor 
manufacturing e?luents and photovoltaic processing off 
gases. These integrated systems are typically targeted for use 
With CVD, metal etch, etch and ion implant tools. Commer 
cial integrated systems include the Delatech Controlled 
Decomposition OxidiZer (CDO), the Dunnschicht Anlagcn 
Systeme (DAS) Escape system, and the EdWards Thermal 
Processing Unit (TPU). Each of these commercially available 
systems consists of an integration of a thermal processing unit 
for oxidative decomposition of e?luent gases, combined With 
a Wet quench for temperature control of the off-gases from the 
hot oxidation section, and a Wet scrubbing system for the 
removal of acid gases and particulates formed in the oxidation 
process. 
[0005] In the Delatech CDO, the thermal system comprises 
an electrically heated tube, Which may optionally be com 
bined With a frame-based insertable Hydrogen Injection Sys 
tem (HIS) for the destruction of particularly dif?cult-to-re 
move compounds from the e?luent gas stream. In the 
aforementioned DAS Escape system, the thermal oxidiZer is 
?ame-based, using 02 as the oxidiZer and methane or hydro 
gen as the fuel. In the TPU, the thermal oxidiZer comprises a 
?ame-based surface combustion unit Which uses air or 02 as 
oxidiZer and methane as a fuel. 

[0006] In addition to these integrated commercial systems, 
there are also various commercially available stand-alone 
single unit operational systems for the treatment of e?luent 
gas streams, including: a) unhealed physisorptive packed bed 
dry scrubbers, b) unheated chemisorptive packed bed dry 
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scrubbers, c) heated chemically reacting packed bed dry 
scrubbers, d) heated catalytically reacting packed bed dry 
scrubbers, e) Wet scrubbers, and f) ?ame-based thermal treat 
ment units. Each of these unit operation technologies is 
appropriate for certain applications, depending on the nature 
of the gas stream undergoing treatment. 
[0007] In general, each of these respective technologies is 
based on a distinct set of removal mechanisms for speci?c 
e?luent stream constituents. These technologies can provide 
excellent abatement When either: a) the e?luent stream con 
stituents requiring removal are suf?ciently similar in removal 
mechanism pathWay that a single removal technology can 
eliminate the gases of concern, or b) When the particular 
subset of gas stream constituent species that is not responsive 
to that particular removal mechanism is of such character that 
the gas stream constituent species can be vented Without 
abatement. 
[0008] On occasion, the end user of the aforementioned 
stand-alone single unit operationally-based systems may 
choose to combine tWo or more of these various treatment 
units in order to provide a processing sequence for each of the 
categories of the various gases being passed through the sys 
tem. Nonetheless, the execution of such a consolidated equip 
ment approach is clearly less convenient for the end user than 
for the original equipment manufacturer, since the original 
equipment manufacturer can provide an integration of the 
various operational treatment units in a single small-siZed 
treatment system in the ?rst instance. The end user, by con 
trast, must substantially modify the component stand-alone 
units for consolidated assembly and operation. 
[0009] Additionally, While these original equipment manu 
facturer-integrated ef?uent gas stream treatment systems 
clearly can, in certain applications, have advantages over 
single unit operational systems, typically, these integrated 
systems, Which may for example carry out unit operations of 
oxidation, quenching, and scrubbing, suffer from various 
de?ciencies, including: particulates clogging in the respec 
tive sections as Well as the inlet region of the oxidiZer section, 
generation of particulates in the oxidation section, poor 
scrubbing of acid gases in the scrubber section, high con 
sumption of Water for acid gas and particulate scrubbing, and 
condensation of saturated off-gases from the scrubber section 
resulting in collection and concentration of aqueous mixtures 
With acids. 

[0010] Inlet clogging can arise from several sources includ 
ing: (a) back-migration of Water vapor as combustion prod 
ucts of the oxidiZer section, causing hydrolysis reactions in a 
heterogeneous or homogeneous fashion With incoming 
Water-sensitive gases such as BCl3 or WF6; (b) thermal deg 
radation of incoming thermally-sensitive gases; and (c) con 
densation of incoming gases due to transition points in the 
system. These inlet clogging problems may require the incor 
poration of plunger mechanisms or other solids removal 
means to keep the inlet free of solids accumulations, hoWever 
these mechanical ?xes add considerable expense and labor to 
the system. In other instances, the inlet clogging problems 
may be systemic and require periodic preventative mainte 
nance to keep the inlet free of solids accumulations. Such 
maintenance, hoWever, requires shut-doWn of the system and 
loss of productivity in the manufacturing facility. 
[0011] The existing integrated point of use gas e?luent 
treatment systems may also experience problems in plant 
facilities Which have dif?culty in treating the WasteWater 
from their Wet scrubbing processes. A number of plants may 
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have dif?culties processing the ?uorine (F') species in the 
WasteWater generated from these, point of use systems, or 
more generally, in processing WasteWater deriving from the 
gas e?luent treatment system per se. 
[0012] The Water scrubber and quench portions of the inte 
grated system can also have problems With clogging When 
quality of the feed Water available to the process facility is 
poor, a typical condition in the SouthWest United States. Lack 
of readily available Water, high Water costs, and high disposal 
costs for discharged WasteWater are also signi?cant problems 
in many localities. In some cases, these factors necessitate the 
use of high quality deioniZed Water in the process facility to 
prevent clogging problems. While effective in preventing the 
scrubber and quench plugging, such solution involves a very 
high cost of oWnership associated With the substantial costs of 
high quality deioniZed Water. 
[0013] In the scrubbing operation, poor scrubbing of acid 
gases in scrubber toWers can be due to the small ?oWrates that 
are processed through these systems. The diameters of scrub 
ber toWers processing such small ?oWrates are correspond 
ingly small, Which When combined With the use of conven 
tional large diameter packing can result in a packing element 
diameter to column diameter Which is excessively high and 
results in large Wall effects in the scrubber toWer. Such scrub 
ber toWers as a result require large Water ?oWs, Which in turn 
can cause channeling, ?ooding and slugging, With pockets of 
process gas passing untreated through the scrubber system. 
Due to the poor scrubbing of these systems, corrosion in the 
ducting doWnstream of these systems is commonly observed, 
Which is due to condensation of the untreated off-gases from 
the scrubber. When halide gases are being treated in the 
e?luent stream, the off-gases from the scrubber toWer Will as 
a result of the poor scrubbing performance of the scrubber 
contain unscrubbed halogen content. The unscrubbed halo 
gen content may result in formation of pools of highly con 
centrated acids, condensed at the VLE deWpoint condition, 
and a substantially higher than expected acid/Water mix. 
[0014] It is an object of the invention to provide an 
improved system for the treatment of industrial e?luent gases. 
[0015] It is an object of the present invention to provide an 
improved integrated ef?uent processing system, utiliZing 
Water scrubbing and oxidation treatment of the e?luent gas 
stream. 

[0016] It is a further object of the invention to provide an 
improved system for the treatment of industrial e?luent gases, 
Which reduces the susceptibility to clogging and solids accu 
mulations in the system. 
[0017] It is a still further obj ect of the invention to provide 
an e?luent gas treatment system utiliZing Water scrubbing, 
Which substantially reduces the Water required in the scrub 
bing operation; relative to scrubber systems of the prior art. 
[0018] It is another object of the invention to provide such 
a system for the treatment of ef?uent gases such as are pro 
duced in the manufacture of semiconductors, photovoltaic 
processing, and the like, Which overcome the above-dis 
cussed de?ciencies of the prior art systems. 
[0019] Other objects and advantages Will be more fully 
apparent from the ensuing disclosure. 

SUMMARY OF THE INVENTION 

[0020] The present invention relates to an integrated e?lu 
ent gas treatment system, having utility for the point of use 
treatment of industrial gas e?lluents, e.g., those produced in 
the manufacture of semiconductor materials and devices. 
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[0021] In one aspect, the integrated e?luent gas treatment 
system of the present invention is con?gured to include, for 
example in a unitary housing as a compact point of use device, 
some or all of the folloWing system components: 

[0022] (i) a pre-treatment unit for acid gas and particu 
late removal (e.g., a (pre)scrubber); 

[0023] (ii) an electrothermal oxidiZer or other oxidiZer 
un1t; 

[0024] (iii) an oxidiZer exhaust gas quenching unit; 
[0025] (iv) an acid gas scrubber unit; 
[0026] (v) gas ?oW-inducing means, such as an active 

motive ?oW means (bloWer, fan, pump, etc.) or passive 
?oW means (eductor, ejector, aspiration noZZle, etc.); 
and 

[0027] (vi) associated control means, Which may for 
example include in?uent gas temperature control means 
(e.g., including a heat-traced foreline, heat exchanger, or 
other means for ensuring appropriate thermal character 
istics of the gas ?oWed through the integrated system), 
poWer supply means (surge protection, uninterruptable 
poWer supply (UPS) connection or dedicated UPS com 
ponents, etc.), and other process control elements and 
subassemblies, for monitoring and selectively adjusting 
the process conditions (temperatures, pressures, ?oW 
rates, and compositions) in the system during its opera 
tion. 

[0028] The integrated e?luent gas treatment system of the 
present invention may utiliZe a pre-scrubber, oxidiZer, and 
scrubber assembly, in combination, With a clog-resistant inlet 
structure for introducing a ?uid stream to the assembly from 
an upstream process facility. 
[0029] Such clog-resistant inlet structure in one embodi 
ment comprises ?rst and second generally vertically arranged 
?oW passage sections in serial coupled relationship to one 
another, de?ning in such serial coupled relationship a gener 
ally vertical ?oW passage through Which the particulate sol 
ids-containing ?uid stream may be ?oWed, from an upstream 
source of the particulate solids-containing ?uid to a doWn 
stream ?uid processing system arranged in ?uid stream-re 
ceiving relationship to the inlet structure. 
[0030] The ?rst ?oW passage section is an upper section of 
the inlet structure and includes an inner gas-permeable Wall 
Which may be formed of a porous metal or porous ceramic, or 
other suitable material of construction, enclosing a ?rst upper 
part of the ?oW passage. The gas-permeable inner Wall has an 
interior surface bounding the upper part of the ?oW passage. 
[0031] The gas-permeable Wall is enclosingly surrounded 
by an outer Wall in spaced apart relationship to the gas 
permeable inner Wall. The outer Wall is not porous in charac 
ter, but is provided With a loW pressure gas ?oW port. By such 
arrangement, there is formed betWeen the respective inner 
gas-permeable Wall and outer enclosing Wall an interior annu 
lar volume. 
[0032] The loW pressure gas ?oW port in turn may be 
coupled in ?oW relationship to a source of loW pressure gas 
for ?oWing such gas at a predetermined loW rate, e.g., by 
suitable valve and control means, into the interior annular 
volume, for subsequent ?oW of the loW pressure gas from the 
interior annular volume into the ?oW passage. A high pres sure 
gas ?oW port optionally may also be provided in the outer Wall 
of the ?rst ?oW passage section, coupled in ?oW relationship 
to a source of high pressure gas for intermittent ?oWing of 
such gas into the interior annular volume, such high pressure 
gas ?oW serving to clean the inner gas-permeable Wall of any 
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particulates that may have deposited on the inner surface 
thereof (bounding the ?oW passage in the ?rst ?oW passage 
section). The high pressure gas may likewise be controllably 
?oWed at the desired pressure by suitable valve and control 
means. 

[0033] The second ?oW passage section is serially coupled 
to the ?rst ?oW passage section, for ?oWing of particulate 
solids-containing ?uid doWnWardly into the second ?oW pas 
sage section from the ?rst ?oW passage section. The second 
?oW passage includes an outer Wall having a liquid injection 
port therein, Which may be coupled With a source of liquid 
such as Water or other process liquid. The outer Wall is cou 
pleable With the ?rst, ?oW passage section, such as by means 
of matable ?anges on the respective outer Walls of the ?rst and 
second ?oW passage sections. The second ?oW passage 
includes an inner Weir Wall in spaced apart relationship to the 
outer Wall to de?ne an interior annular volume therebetWeen, 
With the inner Weir Wall extending toWard but stopping short 
of the inner gas-permeable Wall of the ?rst ?oW passage 
section, to provide a gap betWeen such respective inner Walls 
of the ?rst and second ?oW passage sections, de?ning a Weir. 
When liquid is ?oWed into the interior annular volume 
betWeen the outer Wall of the second ?oW passage section and 
the inner Wall thereof, the introduced liquid over?ows the 
Weir and ?oWs doWn the interior surface of the inner Wall of 
the second ?oW passage section. Such ?oW of liquid doWn the 
inner Wall serves to Wash any particulate solids from the Wall 
and to suppress the deposition or formation of solids on the 
interior Wall surface of the inner Wall. 
[0034] The ?anged connection of the ?rst and second ?oW 
passage sections With one another may include a quick-re 
lease clamp assembly, to accommodate ready disassembly of 
the respective ?rst and second ?oW passage sections of the 
inlet structure. 

[0035] Further, the ?rst ?oW passage section of (he inlet 
structure may be joined to an uppermost inlet structure quick 
disconnect inlet section, Which likeWise may be readily dis 
assembled for cleaning and maintenance purposes. 
[0036] In another aspect, the invention relates to an e?luent 
gas treatment system comprising a pre-scrubber for removal 
of acid gases and particulates from the e?luent gas, an oxi 
diZer for oxidation treatment of oxidiZable components in the 
e?luent gas stream and a subsequent Water scrubber for 
scrubbing the ef?uent gas stream subsequent to oxidation 
treatment thereof. In such pre-scrubbing/ oxidation/ scrubbing 
system, a gas/ liquid interface structure may be employed, 
Which is resistant to deposition of solids, clogging and cor 
rosion, When a hot, particulate-laden gas stream containing 
corrosive components, as discharged by the oxidiZer, is 
received by such gas/liquid interface structure. Such gas/ 
liquid interface structure comprises: 

[0037] a ?rst vertically extending inlet ?oW passage 
member de?ning a ?rst gas stream ?oW path thereWithin, 
such inlet ?oW passage member having an upper inlet for 
introduction of the gas stream to the gas stream ?oW path 
and a loWer exit end for discharge of the gas stream 
therefrom subsequent to ?oW of the gas stream through 
the gas stream ?oW path Within the inlet ?oW passage 
member; 

[0038] a second ?oW passage member circumscribing 
the ?rst ?oW passage member and in outWardly spaced 
relationship thereto, to de?ne an annular volume ther 
ebetWeen, such second ?oW passage member extending 
doWnWardly to a loWer exit end beloW the loWer exit end 
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of the ?rst ?oW passage member, such second ?oW pas 
sage member having an upper liquid-permeable portion 
located above the loWer exit end of the ?rst ?oW passage 
member, and a loWer liquid-impermeable portion de?n 
ing a gas stream ?oW path of the second ?oW passage 
member; 

[0039] an outer Wall member enclosingly circumscrib 
ing the second ?oW passage member and de?ning there 
With an enclosed interior annular volume; and 

[0040] a liquid ?oW inlet port in such outer Wall member 
for introducing liquid into the enclosed interior annular 
volume betWeen the outer Wall member and the second 
?oW passage member; 

[0041] Whereby liquid introduced via the liquid ?oW 
inlet port in the outer Wall member enters the enclosed 
interior annular volume and Weepingly ?oWs through 
the upper liquid-permeable portion of the second ?oW 
passage member, for subsequent ?oW doWn interior sur 
faces of the liquid-impermeable portion of the second 
?oW passage member, to provide a doWnWardly ?oWing 
liquid ?lm on such interior surfaces of the liquid-imper 
meable portion of the second ?oW passage member, to 
resist deposition and accumulation of particulate solids 
thereon, and With the gas stream ?oWed through the ?rst 
?oW passage member being discharged at the loWer exit 
end thereof, for ?oW through the ?oW path of the second 
?oW passage member, and subsequent discharge from 
the gas/liquid interface structure. 

[0042] By such arrangement, the gas stream is prevented 
from directly contacting the Walls in the loWer portion of the 
structure, in Which the gas stream ?oW path is bounded by the 
interior Wall surfaces of the second ?oW pas sage member. The 
falling ?lm of Water from the “Weeping Weir” upper portion of 
the second ?oW passage member resists particulate solids 
accumulating on the interior Wall surfaces of the second ?oW 
passage member. The motive liquid stream on such Wall sur 
faces carries the particulates in the gas stream contacting the 
Water ?lm, doWnWardly for discharge from the gas/ liquid 
interface structure. Additionally, corrosive species in the gas 
stream are prevented from contacting the Wall, Which is pro 
tected by the falling Water ?lm in the loWer portion of the 
interface structure. 

[0043] The upper liquid permeable portion of the second 
?oW passage member may be of suitable porous construction, 
and may comprise a porous sintered metal Wall or a porous 
ceramic Wall, With pore siZes Which may for example be in the 
range of from, about 0.5 micron to about 30 microns, or even 
larger pore-diameters. 
[0044] Still another aspect of the present invention relates 
to a system for the treatment of e?luent gas streams, in Which 
the system comprises a pre-scrubber unit, an oxidiZer/quench 
unit, and a scrubber unit, in Which the pre-scrubber unit 
utiliZes a counter-current gas/liquid contact toWer, Wherein 
Water ?oWs doWnWardly from an upper portion of the toWer 
and contacts gas introduced at a loWer portion of the toWer, 
and in Which the e?luent gas stream is introduced via an inlet 
structure comprising a ?rst tubular passage Which is generally 
horiZontally aligned and is concentrically arranged in relation 
to an outer circumscribing tubular member having a shield 
gas port for introduction of shield gas thereinto. The inner 
tubular member receiving the e?luent gas terminates Within 
the outer tubular member. The outer tubular member extends 
generally horizontally into the loWer portion of the pre-scrub 
toWer, With the outer tubular member having a diagonally cut 
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open end disposed in the lower portion of the pre-scrub toWer. 
The diagonally cut end of the outer tubular member is 
arranged so that the maximum length circumferential portion 
thereof is arranged to diametrically overlie the shortest length 
circumferential portion of the outer tubular member, so that 
the gas stream is discharged from the inner tubular member 
into the interior volume of the outer tubular member and is 
discharged from the diagonally cut open end of the outer 
tubular member into the loWer portion of the pre-scrub toWer. 
By positioning the maximum length circumferential portion 
of the outer tubular member above the minimum length cir 
cumferential portion of the outer tubular member, the outer 
tubular member is arranged to prevent doWn-falling liquid in 
the pre-scrub toWer from entering such tubular member. Fur 
ther, such arrangement of the diagonally cut end permits the 
gas ?oW stream being introduced to the pre-scrub toWer to 
become developed at the point of its entry into the toWer for 
contacting With the doWn-falling liquid therein. 
[0045] Additional aspects of the present invention may 
variously include the folloWing features: 

[0046] l. The provision of a totally integrated gas e?lu 
ent stream treatment system in a unitary cabinet con?gu 
ration including a non-clogging inlet, pre-scrubber, oxi 
diZer, Wet/dry interface, quench, post-scrubber and 
motive means. 

[0047] 2. The use of a pre-treatment subsystem for 
hydrogen ?uoride absorption. Such pre-treatment sub 
system is in essence utiliZed as a particulate pre-removal 
system by removing particulate precursors rather than 
trying to remove ?ne particulates formed during the 
oxidation process. 

[0048] 3. The provision of a Wet/dry interface of a slit/ 
hole injection type or of a porous type interface, Which 
can substantially reduce Water usage and render system 
leveling unnecessary. 

[0049] 4. The provision of a shell and tube heat 
exchanger type oxidiZer using radiative ?ux as a Work 
ing “?uid” on the shell side. 

[0050] 5. The provision of sub-cooling in the Water 
scrubber (together With other features hereinafter more 
fully described) yielding a condensationless or mini 
mum-condensation design and enhanced thermo 
phoretic acid gas and particulate scrubbing; addition 
ally, an ejector for ?uid discharge may be employed to 
render the e?luent gas treatment system “invisible” to 
the exhaust line of the processing system, or such dis 
charge means may be employed to increase the draW on 
the upstream process unit (e.g., semiconductor manu 
facturing tool) if necessary. 

[0051] 6. The use ofa demister mesh as a packing ele 
ment in the scrubber column. Such demister mesh can 
substantially reduce Wall effects in scrubber columns of 
small diameter. Mass transfer and heat transfer in the 
scrubber column as a result are comparable to or better 
than scrubber column performance With standard com 
mercially available random packings, and demister 
mesh-containing scrubber columns achieve relatively 
loW pressure drop. The void fraction at the top of the 
scrubber column can also be ?exibly designed to con 
stitute the scrubber column as a good particle collector; 
random packings are not as ?exible and do not readily 
permit the ?exibility achievable With demister mesh 
containing scrubber columns. 
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[0052] 7. The use of heat transfer enhancement inserts in 
the oxidiZer to tailor the ef?uent gas stream treatment 
system to applications requiring varying thermal ?uxes 
in the overall operation of the system. 

[0053] 8. The recycle of a saturated H2O/ exhaust stream 
from the quench of an oxidiZer unit in the e?luent gas 
treatment system to the inlet of the oxidiZer unit provides 
a loW cost hydrogen source for oxidation of per?uoro 
carbons (PFCs). 

[0054] 9. The addition of chemicals into the pre-scrubber 
may be employed to alter the characteristics of the mate 
rials to be scrubbed. An illustrative example is the addi 
tion of NH3 to tungsten hexa?uoride e?luent to form 
ammonium tungstate, thereby yielding a material With 
elevated solubility for scrubbing removal thereof. 

[0055] 10. The utiliZation of a transpiration tube reactor 
design for the oxidiZer unit to eliminate Wall accumula 
tions of reactant/product solids in the oxidation step. 

[0056] 11. The use of a dual ?uid atomiZing noZZle in the 
quench unit receiving the hot ef?uent stream from the 
oxidiZer unit, in order to minimiZe quench unit siZe, or 
the alternative use of other small droplet atomiZing 
means such as ultrasonic noZZles or pieZoelectric 
noZZles in the quench unit. 

[0057] 12. The integration of the gas ef?uent treatment 
system of the present invention With speci?c semicon 
ductor manufacturing process tools, 

[0058] 13. The utiliZation of e?luent gas introduction 
(inlet) means to avoid clogging, as for example by 
deployment of the anti-clogging inlet structure 
described more fully hereinafter. 

[0059] 14. The ?exibility in the oxidiZer unit to utiliZe 
electric or ?ame (methane, propane, hydrogen, butane) 
based oxidation, and/ or the ability to use air or 02. 

[0060] 15. The use ofa Wet scrubber or a dry scrubber as 
pre-scrubbing and post-scrubbing means. 

[0061] 16. The use of a ?uidiZed bed thermal oxidiZer 
unit. 

[0062] 17. The use of a non-PFC-destructive PFC-re 
cycle/recovery unit in the e?luent gas stream treatment 
system. 

[0063] 18. The provision of a clog-free oxidiZer unit 
employing inserts for disruption of the gas ?oW stream 
laminar boundary layer. 

[0064] Other aspects, features and embodiments Will be 
fully apparent from the ensuing disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0065] FIGS. 1-3 are consecutive sections of a schematic 
?oWsheet for a gas ef?uent treatment system according to one 
embodiment of the invention, shoWing in dashed line repre 
sentation in FIG. 3 a variation of the ?oWsheet for a gas 
e?luent treatment system according to another embodiment 
of the invention. 
[0066] FIG. 4 is a schematic ?oWsheet of a gas e?luent 
treatment system according to another embodiment of the 
invention. 
[0067] FIG. 5 is a schematic ?oWsheet of a further e?luent 
gas treatment system embodiment of the invention. 
[0068] FIG. 6 is a schematic ?oWsheet of a process system 
similar to that illustrated in the FIG. 9 ?oWsheet, shoWing the 
modi?cation thereof in accordance With a further aspect of 
the invention. 
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[0069] FIGS. 7, 8 and 9 are respective schematic ?oWsheets 
according to further aspects of the invention. 
[0070] FIG. 10 is a schematic ?oW sheet of a gas e?luent 
treatment system according to another embodiment of the 
invention, shoWing the gas/liquid interface inlet structure 
associated With the pre-scrub toWer. 
[0071] FIG. 11 is a schematic representation of another gas 
e?luent treatment system according to the invention, sche 
matically shoWn as being contained in a cabinet enclosure. 
[0072] FIG. 12 is a schematic representation of a gas e?lu 
ent treatment system according to another embodiment of the 
invention, shoWing various optional ancillary features 
thereof. 
[0073] FIG. 13 is a schematic representation of a clogging 
resistant inlet structure according to an illustrative embodi 
ment of the present invention. 
[0074] FIG. 14 is a schematic cross-sectional elevation 
vieW of a gas/liquid interface structure in accordance With 
another illustrative embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION, 
AND PREFERRED EMBODIMENTS THEREOF 

[0075] The objective of the present invention is to provide 
an improved gas e?luent treatment system, Which may be 
utilized to treat a Wide variety of e?luent gas streams, deriving 
from correspondingly diverse industrial processes. 
[0076] In one aspect, the present invention contemplates a 
system for oxidation treatment of an ef?uent gas stream deriv 
ing from an upstream process unit generating such e?luent, in 
Which oxidization and scrubbing processes are carried out, to 
abate hazardous or otherWise undesired species in the e?luent 
gas stream. 

[0077] In a particular aspect, such e?luent gas stream treat 
ment system may comprise oxidation and scrubbing unit 
operations, in Which the system is constructed and arranged to 
minimize the adverse effect of solid particulates in the gas 
stream, such as may derive in the ?rst instance from the 
upstream process, or Which may be generated in-situ in the 
e?luent treatment system, e.g., as a result of the oxidation 
treatment of the e?luent gas stream, resulting in particulate 
reaction products. 
[0078] The invention additionally relates to ef?uent gas 
treatment systems, in Which gas/liquid interface structures are 
employed, to minimize adverse effects of ?uidhydrodynamic 
behavior, and to minimize particulate solids accumulation 
and suppress clogging incident to the accumulation of solids 
in the system. 
[0079] In another aspect, the present invention contem 
plates an integrated thermal treatment system Which is com 
petitive With, and superior to, other integrated thermal treat 
ment systems on the market. Such integrated gas treatment 
system combines front-end thermal treatment With exhaust 
gas conditioning, and provides loW cost of oWnership to the 
end-user. 
[0080] The integrated ef?uent gas stream treatment system 
of the invention may utilize an electrically based thermal 
oxidation treatment unit. While the ensuing description of the 
invention herein is primarily directed to ef?uent gas stream 
treatment systems employing an electrical thermal treatment 
unit, it Will be recognized that the treatment system of the 
invention could alternatively be con?gured to include other 
thermal treatment components, e.g., ?ame-based treatment, 
?uidized bed treatment, plasma treatment, etc. 
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[0081] By providing a ?exible unit-operations based modu 
lar platform, the e?luent gas treatment system of the invention 
can be readily tailored to a Wide variety of ef?uent gas 
streams, e.g., semiconductor fabrication tool emissions, and 
may be readily modi?ed to incorporate other unit operations 
treatment Without undue effort. 

[0082] The e?luent gas stream treatment system of the 
present invention to various embodiments thereof provides 
signi?cant advantages over prior art treatment systems, 
including resistance to clogging Within the constituent e?lu 
ent gas treatment units and associated ?oW piping and chan 
nels, enhanced resistance to corrosion as a result of ef?cient 
gas/liquid interface structures extended on-stream operating 
time before maintenance is required, loW Water usage rates 
When scrubbing treatment is employed, superior scrubbing 
e?iciency, With removal levels greater than 99.99% by Weight 
of e?luent scrubbable species, and reduction beloW TLV lev 
els for halogen species such as HCl, C12 and HF, oxidative 
destruction of hazardous species beloW TLV levels, elimina 
tion of corrosive condensation of acids in process lines doWn 
stream of the oxidizer unit, ?exible arrangement of constitu 
ent treatment units in the ef?uent gas treatment system, and 
the capability for accommodating multiple sources of e?luent 
gas from upstream process facilities. 
[0083] Considering the oxidizer unit in the e?luent gas 
treatment system of the invention, the oxidizer may utilize an 
electrical poWer source for electrothermal oxidation of e?lu 
ent gas species, or the oxidizer may utilize fuel such as hydro 
gen and methane. If the system is arranged to carry out 
destruction of per?uorocarbons in the oxidation treatment, 
the system may be arranged to utilize Water vapor as an H+ 
radical source for effecting destruction of the per?uorocar 
bons. The oxidizer medium for such oxidation treatment may 
comprise air, oxygen, or other oxygen-containing gas. In the 
quenching of the hot ef?uent gas stream from the oxidizer, 
and for scrubbing purposes, Water may be employed for gas 
contacting, being dispersed for such contact by atomizer 
spray nozzles, or other suitable dispersers, Which minimize 
droplet size and Water consumption in the operation of the 
e?luent gas treatment system. In the treatment of streams 
from the oxidizer Which contain signi?cant quantities of 
silica particles, it may be desirable to utilize a caustic solution 
as a quench medium, to effect removal of the silica particles. 
[0084] Relative to ef?uent gas treatment systems of the 
prior art, the system of the present invention achieves various 
advantages in terms of clogging resistance and corrosion 
resistance, minimization of Water use, and ?exibility in 
arrangement of e?luent gas process unite of the treatment 
system in a compact, e?icient conformation. 
[0085] A pre-treatment unit may be employed in the e?lu 
ent gas treatment system of the invention to remove particu 
late and acid gases from the process stream before they get to 
the heated oxidation chamber and While they are at loW tem 
perature, thereby simplifying the duty requirements of the 
doWnstream equipment. 
[0086] While prior art systems may clog and require the 
introduction of special unplugging mechanisms, the system 
of the present invention relies substantially on inherent ?uid 
dynamics to prevent the system from plugging in the ?rst 
instance. 
[0087] The e?luent gas stream treatment system of the 
present invention may be arranged in a compact unitary cabi 
net having a suitable small footprint, so that the ?oor space 
area required by the cabinet in a process facility is minimized. 




























