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ABATEMENT OF NF3 USI NG SMALL PARTI CLE FLUI DI ZED BED i
BACKGROUND OF THE | NVENTI ON - Nitrogen trifluoride (NF[err]) is o
generally used as a dry etching gas or1la reactor chanber cleaning gas in

t he manuf acture of sem conductors. The etching of silicon with an ionized
reactive gas, such as-NF[err], gives volatile reaction products. This is .
desirabl e because unlike earlier nethods of etching in a fluorocarbon

pl asma, chances for fouling of wafer surfaces with reaction by-products,
such as carbon and sul fur are elimnated, and accordingly the etching

speed is expedited. For this reason, NF[err] gas is currently wused nore
often, bit since NF[err] is highly stable at ordinary tenperatures, it is

not deconposed in the atnosphere, ~and thus confributes to global warm ng

of the environnment. Moreover, Hﬂﬁ&?gﬂ”ﬁl#\éé?‘ﬁé@ not flamrable, NF[err]
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probl em for the sem conductor and industrial gas

- BACKGROUND OF THE INVENTION

Nitrogen trifluoride {NF,) is generally used as a dry etching gas or a reactor
chamber cleaning gas in the manufacture of.semicoqductor,s. The étching of silicon with
an ionized reactive gas, such as NF;, gives volatile reaction products. This is desirable
because uniike earlier methods of etchiﬁg in a fluorocarbon plasma, chances for fouling
of wafer surfaces with reaction by-products, such as carbon and sulfur are eliminated,
aqd accordingly the etching speed is expedited. For this reason, NF, gas is currently
used more often, btit since NF; is highly stable at ordinary temperatures, it is not
decomposed in the atmosphere, and thus contributes to global warming of the
environment. Moreover, although NF; is not flammable, NF, is toxic with a maximum
allowable concentration of 10 parts per million. Therefore, disposal of waste NF, is
desirable and has represented a problem for the semiconductor and industrial gas

industries.



I ndustri es. 2 us
5,417,948 di scl oses the use of zirconiumalloys to abate NF3. It lists
fluidized beds as a possible nmeans of contacting the alloys with NF3. A
control exanple used iron wire cut intd 5 to 10 nm pi eces as a bed

mat eri al . Japanese Patent Publication H7-155,542 discl oses the use
of chrom um nmanganese, iron, alum num cobalt, nickel, copper, zinc,

pall adiumand tin to abate NF[err] at 150 to 500[err] Cwth a surface
area of 1 rr[err][‘&g US 5, 176, 889 di scl oses the use of
car bonaceous na 5-&@ Eﬁﬁﬁﬁﬁ thenseof Zrcorirealiouste abate Ny it listsdlvidized
Japanese Patent Publication 2-30731 discloses the abatenment of NrF[err]

usi ng act beds a8 anessible ragrnsaf gpoteglingthe alleys WithWEx A gortral example vspd iron
Japanese Patent Publication 07155, 540 discl oses the use of m xtures of
metal fl ummlm&twéﬂmwms%shed@atamlg iron, aluminum nanganese and
pal | adium and fluorides of zirconium sodium zinc, alum num and cal ci um
t o abat e NF[ er r [Japanese Patent Publication H7al 54 dibtlossstthe nséafl BRrobiimdi scl oses
the use of netal hydroxides and oxides to abate NF[err]. Chromum iron,
zi rconi um neargamese) dnoasaluminudy cabalt, iniokel, coypareing ealteadiunmand tin teeabate NF,
Shen, et al., Nanosize Silicon Wiskers Produced by Chem cal Vapor

Deposi ti on:at ABO to/B0B0 With afsurfatéd-hreardf 1 iigor greaterof Materials, (1995), Vol.
7, pp. 961-968 describes the use of silicon whiskers of 120-300 A (0.012

tO 0. 030 m crong)s Bq'{amgeiiscf&Eé@ﬂfe]useﬂ?%amhbwus%awﬁﬁlﬂo é‘dnbéﬁNF;, hCrkers
were determned to be the nost active NF3

and nitrogen.

-

Japanese Patent Publication 2-30731 discloses the abatement of NF; using
activated carbon and charcoal of 4 to 8 mesh (4.7 to 2.4 mm).

Japanese Patent Publicaﬁon 07155,540 discloses the use of mixtures of metal
fluorides and reduced metals including iron, aluminum, manganese and palladium, and -

| fluorides of zirconium, sodium, zinc, aluminum and calcium to abate NF,.

Japanese Patent Publication 07155,541 discloses the use of metal hydroxides
and oxides to ab%té NF,. Chromium, iron, zirconium, and manganese oxide and iroh.
hydroxide are mentioned.

Shen, et. al., Nanosize Silicon Whiskers Produced by Chemical Vapor
Deposition: Active Getter for NF,, Chemistry of Materials, (1995), Vol. 7, pp. 961-968
describes the use of silicon whiskers of 120-300 A {0.012 to 0.030 microns) to abate
NF;. The smaller diameter silicon whiskers were determined to be the most active NF,
getters.

Vileno, et.al., Thermal Decompasition of NF; with Various Oxides, Chemistry of .
Materials, (1998) Vol. 8, pp. 1217-1221, describes the use of various oxides to abate

NF;. The oxides included aluminas, calcium oxides and zeolites.



getters. Vileno, et.al., Thermal Deconposition of NF3 with Various
Oxi des, Chem stry of Materials, (1996) Vol. 8, pp. 1217-1221, describes
the use of various oxides to abate NF[err]. The oxides included al um nas,
cal ci um oxi des and zeolites.

3 . Vileno, et.al., Thermal Deconposition of NF3 by Ti, Si,
and Sn Powders. Chem stry of Materials, (1995) Vol. 7, pp. 683-687, *
descri bes the use of various powders to abate NF[err].-The powders

i ncluded titanium silicon and. tin of 45 m g¢rons, ... Th rior art has
attenpted to provi devm-%g-'%ﬁm&e&ﬁﬂ‘pﬂﬂa%@F%ﬁ‘iWga“cfxlggl.%%er,
the prior art has not achieved a commercial |y viable process for NF3

abat enent {heaYstEt Matenals. (1995 Vol abR- £83:687 odescribes theyise of vainysRawders

avoi dance of clogging, efficient destruction of NF[err] and a nethod for
rechar gi ngt‘bﬁbi!fﬁé'%g-b @ pewders inpludedhtitaniurg.csificon aod §n of 42 BderPRsy. These

advant ages are achieved by the present invention, as will be set forth in
greater detail O#epnorart has attempted to provide various metho@RuEREmsanswiabatifg THE
| NVENTI ON The present invention is a process of destroying NF[err]

in a gas cdif:atHoweyen\th@ pripr ad bas act aahipveti @ apasnericially \dalile pratiese foriNfg of
netal particles capable of reacting with NF[err] wherein the particles
have a par tabalement which generates|roypoliotagtse allews fohbigh thppughputraleldgnGDOf

m crons. Preferably, up to 10 wt.% of the bed of netal particles

are | arge piogging| efficientdestructionofNF, ahd ashethod fof techamyirid of theabatenightin 300
mcrons to assist in mxing of the bed of netal
system for continuous processing. These advantages are achieved by the present

invention, as will be set forth in greater detail below.

BRIEF SUMMARY OF THE INVENTION

The present invention is a process of destroying NF; in a gas containing NF; by
contacting the g_aé with a fluidized bed of metal particles capable of reacting with NF;
wherein the particles have a particle size essentially no greater than approximately 360
microns.

Preferably, u§ to 10 wt.% of the bed of metal particles are large particles having
a particle size sufficiently larger than 300 microns to assist in mixing of the bed of metal
particles.

Preferably, the large particles have a particle size of approximately 500 to 2000
microns. _

Preferably, the metal particles are selected from the group consisting of iron,
nickel, copper, calcium, aluminum, magnesium, manganese, cobalt, zinc, tin and

mixtures thereof.



particles. Preferably, the large particles have a particle size of
approximately 500 to 2000 m crons. Preferably, the netal particles
are selected fromthe group caonsisting of iron, nickel, copper, calcium

al um num nmagnesi um nanganese, cobalt4 zinc, tin and m xtures thereof.

4 Preferably, the contacting is performed at a tenperature in
the range of 150 to 550[err]C Preferably, the gas is contacted
with the fluidized bed until the height of the fluidized bed increases due

to reaction wi tprefdrabiitBe contactiictid Pefommatat 4 RATpRARGE iR & rahge ahi50 to

Preferably, the gas alternately contacts one of at |east two parall el
sw t chi ng sédeyt di zed beds where one bed is contacting the gas while one or
nore other fluidized beds are being recharged. Preferably, the

gas contact is puiddg ihé?g‘éﬂﬁ%{té&éd @fthﬁ{eduﬁ@%édsﬁégéwﬁmé ht of el CNI NG

fluidized beds to an | zed bed that ha en recharged when the

first bed i el
ori gi nal bfé‘a&%%‘?gﬁ‘?'.?‘%%‘é%é tCJIJr%g?ﬁeornii@ Y, ﬁﬁh%{; e gﬁg{l con %‘% géc?ﬁeed
fluidized g he gas contains no greater than 10 parts per mllion by

vol une of err]. o Preferably, the flow of the gas is sufficient
Lo oLl ot B e o) STHAP o Bt o Ll g o
fiuidized beds where one bed is contacting the gas while one or more other fluidized
beds are being recharged. .
Preferably, the gas contact is switched from a first of at least two parallel
switching fluidized beds to an other fluidized bed that has been recharged when the first
bed has expanded to at least apprbximately 90 percent of the original bed height.
Preferably, after the gas contacts the fiuidized bed the gas clontains no greater |
than 10 parts per million by volume of NF,.
Preferably, the flow of the gas is sufficient to obtain at least a minimum
fluidization velocity of the ﬂ.uidized bed for the metal particles contained in the fluidized
bed.
Preferably, the gas has a residence time, .deﬁned by the ratio of ;Sacked bed
. volume to the volumetric feed flowrate at narmal conditions, in the fluidized bed of
greater than approximately 3 sseconds.
Preferably, the gas is at superatmospheric pressure.
Preferably, the flow of the gas is approximately at least two times the minimum
ﬂuidization velocity. |
Preferably, the gas contains a gas component selected from the group consisting

essentially of N,, O,, F;, CF,, C,Fs, CHF;, SFy and mixtures thereof.



bed. Preferably, the gas has a residence tine, defined by the
rati o of packed bed volunme to the volunetric feed flowate at nornal
conditions, in the fluidized bed of greater than approximtely 3 seconds.

Preferably, the gas is at superatnosphe&ic pressure. Preferably,
the flow of the gas is approximately at |least two tines the m ninmum
fluidization velocity. Preferably, the gas contains a gas conponent’

selected fromthe group consisting essentially of Nerr], (err], F[err],

gF[ err], (err ]a}fd;s‘ihfa rasng{r@ érhzen{?ﬁ{v@ﬁﬁdn g3 r&%&%&&ﬁo@%@%ﬁé-m agas

Most preferably, resent rnvention I's a process
conponent SR e &G Ardof el Sl bl I F5uEPoRER,
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approximately 100 mcro era , _the iron netal ‘particles

. rons. . Pref bly ] . y
react wit [FofieaPending tojsubgtagisly siqiehierastric reqctiah af NF withyie iron metal particles.

Preferably, the iron metal particles are at least approximately 99% iron by weight.

-

Preferably, the iron metal particles have an average particle size of
approximately 100 microns.

Preferably, the iron metal particles react with the NF; to generate FeF, and
nitrogen.

In one preferred embodiment, the gas containing NF; contains predominately

. nitrogen and NF,.

In an alternate embodiment, the metal particles are continuously being added to
the fluidized bed and metal particles that have been reacted with the NF; are
continuously being removed. in this alternate embodiment, preferably a single fluidized

bed is utilized.



In one preferred enbodi ment, the gas containing NF[err] contains

predom nately nitrogen and NF[err]. In an al ternate enbodi nent,
the netal particles are continuously being-added to the fluidized bed and
metal particles that have been reactedgvth the NF[err] are continuously
being renoved. In this alternate enbodi nent, preferably a single fluidized
bed is utilized. _ 6 N
DETAI LED DESCRI PTI ON- OF THE | NVENTI ON The present invention is a

met hod of destroyi ng NFpgfalLgts bREcCRIFRoRROR I THEOMENTIONR fl Ui di zed bed
reactor. The preferred netal powder is iron and should have a purity of

areater than 90ffie Blesiiihiora % M bBHs RGN Uir TE rACARRER 421 | ¥

no greater than approxi ma m crons, an average parficle
parti ol co HAEBEgtear Th bt ol R i'ror Bdho e Bl 8F ¢ ..
appr oxi o PO B R srefSrsBBl deh€ b el B3 ARl e S BV T arbalBE
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* oy eéi denc‘@‘q?ff?é‘,*”ﬂb?‘gi‘ﬂ%}t sizg 10,assistdn pibdag of the particies%f essentialiyp no greater

than approximately 300 microns during. operation and fluidization to prevent caking of

the latter particles. These larger particles could preferably have a size of 500 to 2000
microns. |

The preferred operating conditions are:

e temperature; 150°C to 550°C;

e pressure; greater than atmosphéric pressure;

» feed flow; greater than the minimum fluidization velocity of the powder;

. residence time; greater than 3 seconds.

Other metals such as Ni, Cu, Ca, Al, Mg, Mn, Co, Zn and Sn that can form non-
volatile metal fluorides will also be good candidates. The reaction -conditions, however,
will vary depending on the metal of choice.

This invention can be used in a process to selectively destroy NF; in a
semiconductor exhaust stream to recover one or more of N,, CF,, CHF,, SFs and C,F,.
Operation conditions can be such chosen only to destroy NF; and leave one or more of
N,, CF,, CHF,, 8F, and C,F; untouched for recovery. The gas ¢an also contain O, and
F,, but these gas components will compete with NF; for the metal particles and will be

removed from the NF,-depleted product gas stream.



O her netals such as Ni, Cu, Ca, Al, Mj, Mi, Co, Zn and Sn that can form
non- . volatile netal fluorides will also be good candi dates. The reaction
condi tions, however, wll vary depending on the netal of choice.

This invention can be used in a procesgto selectively destroy NF[err] in a
sem conduct or exhaust streamto recover one or nore of Nerr], CFerr],
CHF[err], SF[err] and CJerr]F[err]. Operation conditions can be such
chosen only to destroy NF[err] and | eave one or nore of Nerr], CFerr],

CHF[ err], SF[ efThk obfedtivd efrthisfrvention isrto providech test-effective aiethod bidegiayingn al so
contain Jerr] and F|err], but these gas conponents will conpete with

NF[err] f qitrdgen tifiofitle,NF,! INF, @5a fiXit oMelrlica Yith aRFRSRIbIA IAAVERE (TLV) of
NF[ err] -depl et ed product gas stream

7 10 ppRICH @185 K GobAIarrid 1 e 4 QUMY I et fd | oot ve |

met hod of destroying nitrogen trifluoride, NFferr]. err] is atoxic

cheni cal ‘&rh@sﬁwe?élrﬂFiJQ%erfﬂle@r%{uB{éH#{ﬁatéfr LAa rafaier stdbiP R Foothitereda® @ known

gl obal warmng gas and has a relatively long lifetinme in the " atnosphere.
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are of othgr fluorinated compounds {FCs). The primary use of NF; is in the semiconductor -
industry to clean chemical vapor deposition (CVD). reactor chambers and etch metal
layers on a semiconductor microchip. Other FCs, such as CF‘,,, C,Fe, CHF, and SFg are
used in the semiconductor fabs for similar purposes. However, thei.r consumption in the
manufacturing processes is usualh; .not complete, and the exhaust stream will contain a
mixture of FCs with the bulk gas being the diluting nitrogen. Such an exhaust stream
néeds to be treated before venting into the atmosphere. The semiconductor industry
prefers the option of reclaiming and recyling the FCs for reuse. Because of close
similarity of physical prdperties of NF:, and CF,, separation of these two components will
be very difficult and costly. Selective destruction of NF, becomes a logical ailternative.
The present invention suggests a method of destroying NF; in a fluidized bed of
preferably fine iron powder. More specifically, a powder with high purity (>99 wt.%)
prepared, for example, electrolytically with a particle size of essentially no greater than

approximately 300 microns can be used for this application. The high purity iron powder,

which is commercially available at a reasonable cost, minimizes the generation of other



used in the sem conductor fabs for simlar purposes. However, their
consunption in the nmanufacturing processes is usually not conplete, and
the exhaust streamw || contai-n a mxture of FCs with the bul k gas being
the diluting nitrogen, Such an exhaust gstream needs to be treated before
venting into the atnosphere. The sem conductor industry prefers the option
of reclaimng and recyling the FCs for reuse. Because of close simlarity -
of physical properties of NF[err] and CF[err], separation of these two

cOMPONEN! S ilhiond Ikl s bt REIOn'A AR USA b et

NF[err] bec s a log erna resent 1 nvention
suggests a W; V] err] in a fluidized bed of preferably
fine iron pomugel’ﬁg“%‘ﬁ%%@g‘iﬁwg'&“f\%? a powder with high purity (>99 wt.%
o breater than TRRRMTTEEREPoRAs e e b B Loearor this o o
application. The high purity diro wder Lch is nmrercially avail abl e
at a reasonabl e cost, mni n%z#é's*'gllu\@%gé%&efﬁ% of ot @r

8 impurities. The small particle size provides adequate fl uidi zation of
the iron-bed and rate of reaction between the iron and NF[err].
The presuned reactions between Fe and NF[err] are: err]

Theoretical ly, each nole of 3@ tB&yraddeh.& Napabl e (& renmoving 71 grans
of NF3. The products are FeF[err] and N err]. No NJerr] is formed. O her
metal s, such as N, Cu, : :

Theoretically, each mole of Fe (56 grams) is capable of removing 71 grams of
NF;. The products are FeF; and N,. No NO, is formed. Other métais, such as Ni, Cu,
Ca, Al, Mg, Mn, Co, Zn and Sn and their alloys that can form nonvolatile metal flucrides,
will al_so be good candidates. In addition, minerals containing these metals may be usea
for this application. The reaction conditions, however; will vary depending on the méta_l
of choice. |

Operating conditions will depend on feed composition and flowrate. The fresh
iron powder can start to reagt with NF; at a temperature as low as 150°C. The method
works practically under any operating pressure. Conveniently, an exit pressure close to
the atmosphere will be adequate. Depending on the feed concentration, operating
pressure and residence time, the reactor temperature can be chosen to remove NF;,
compléteiy, The velocity flowing through the reactor shouid be high enough to fluidize
the solid powder. The fluidization velocity can be measured by plotting pressure drop
across the bed versus flow as described in “Fluidization Engineering” by Kunii and
Levenspiel and published by John Wiley in 1968. When a significant drop-off in the rate
of pressure drop increase for increasing flow of fluidization gas is measured, fluidization

has occurred. Fluidization as used herein includes percolation or ebulation as those



Ca, Al, Mj, M, Co, Zn and Sn and their alloys that can formnonvolatile
netal .fluorides, wll also be good candidates. In addition, mnerals
containing these netals may be-used for this application. The reaction
conditions, however, wll vary depending on the nmetal of choice.
Operating conditions will depend on feed conposition and flowate. The
fresh iron powder can start to react with NF3 at a tenperature as | ow as
150C. The method works practically under any operating pressure.

Conveni ent {érmsaie BidérstBoE FtHE ArtS TR Nuidizatibh ShaliidBS BIEENtb devafe mgequat e.
Dependi ng on'the feed concentration, operating pressure and residence
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velocity flow ng through the réactor s I r'ze the
lid powd o9 . . ] - .

o essur o deraiateR ot el Is3edtel B tle FARGBE IR I il B blondtley 15,

Engi I Nga, : I ' ' W | in 1969.
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ungz(rast ood idizption rafes argfiom 2 1 19 Ymes e rmivieyra ﬂB@’Zéqu‘?éﬁﬁhec 'Bg r]rgvg'[: t he
ticl L nitiall i t hout hagvi th ) g f nthe bed initjall
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rising and fajling due to proximty to the fluidizing gas. The bed of

particles P)‘.akﬂ'%m%%?m&*% qiid gdditigh Rpd mithdrawal BRrdwae. properties of a

fluid, or near fluid if they are nerely being percolated. Preferred

fluidization rattB8inyeatiqnwibe demongtratediin therfallowing exammiessi di zation rate for

the nmetal particles. Continuous operation could be possible wth the
fluidized bed react.or design

Example 1

A total of 253.4 grams of Fe powder was loaded in a reactor with an inside
diameter of 3.81 cm (1.5 inches). The resulting packed height was 9 cm, which yielded
a packing density of 2.48 gmlﬁc. The reactor was made of quartz and heated with a
clam shell heater. |

| The iron powder was produced electrolytically by SCM Metal Products, Inc. with

a purity of 89.5%, the +150-325 mesh iron powder (G:fade A-277) had an average
particle size of approximately 100 microns. A preblended gas mixture with a nominal 1%
NF; in nitrogen was used as the feed.

The iron powder bed was fluidized under a flow of nitrogen and heated to 80°C
before switching to the NF; feed. At the beginning, the feed flow started at
1,580 standard cubic centimeters (@21.1 °C) per miﬁute (sccm) with a pressure drop
across the bed (including a porous plate gas distributor) of 22 inches of water. As the

reactor temperature was raised, the feed flow was reduced to maintain the pressure



by utilizing appropriate solid addition and w t hdrawal hardware.

The i.nvention will be denonstrated in the foll ow ng exanpl es.

Exanmple 1 A total of -253.4 grans of Fe powder was | oaded in a
reactor with an inside dianmeter of 3.8 cm (1.5 inches). The resulting
packed height was 9 cm which yielded a packing density of 2.48 gmicc. The
reactor was nade of quartz and heated with a clamshell heater.

The iron powder was produced el ectrolytically by SCM Metal Products, Inc.
with a pudepuntiithe exibhfs wasless §mratlbppms At 2AGE, ptmsécommemme@m ofhad an
average particle size of approximately 100 m crons. A prebl ended gas

m xt ure w NF; wanobsenved arvd thelfdest fidw was at 784hgpem.was used as the feed.

The iron powder bed was fluidized under a flow of nitrogen and heated to

80[ err] C bef or thesarhe bkpeginient Wias répdated $evieesidimelitusingehdsgnebateh ofirbr f eed
flow started at 1,580 standard cubic centineters (@1.1[err]C) per mnute

(sccm) W t hovededr A% e encllsfale exutiffent, d90% &ad expansioh wigs cbseredsiggbstirg gas
distributor) of 22 inches of water. As the reactor tenperature was raised,

the feed fjenangsinsorttdas I\%Guéfm thiedbictioRe TRESPEAY Rlids were analyzed by X-ray
10 drop until the exit 3 was less than 10 ppm At 240[err] C, al nost

conplete C&ﬁ#&f@h 8Ad 8imajdfit] 8f thb FeARaLRERE Y& Be Atfe it éfq"%# MtRiMNGs at 784
sccm he same experinment was repeated several tines using the sane

bat ch of Iéﬂﬂun@@f\#@p aripd he end of the experinent, a 90% bed expansion
was observed suggestlng a change in solid density due to the reaction. The
spent solids were analyzed by X-ray

Example 2
A fresh batch of 253 grams of the same type iron powder was loaded in the
same reactor as described in Example 1. The iron bed was exposed to a feed
containing a nominal concentration of 7% NF; in nitrogen. Following a similar
experimental procedure, the exit NF; dropped to below 10 ppm when the temperature

reached 300°C. Significant bed height increase was noted after the experiment.

Example 3

Anocther fresh batch of 253 grams of the same type iron powder was loaded in
the same reactor as described in Example 1, and.the challenging feed stock contained a
nominal 3 wt.% CHF,, The purpose of this experiment was to check the ability to |
destroy other FCs, namely, CF,, C,Fs, SFs and CHF;. Since CHF;is the 'most reactive
chemical of the four FCs used in the electronics industry, it was chosen for the
experiment,

As the reactor temperature was raised from approximately 80°C to §34°C, no
CHF, conversion was observed. The feed ﬂdw was varied in a range of 782 sccm to

1,654 scem. No increase in bed height confirmed that no reaction took place.



diffraction and a magjority of the Fe was found to be in the form of
FeF[err] with m nor anounts of FeF2 and Fe.

Exanpl e 2 A fresh batch of 253 grans of the sane type iron powder .
was | oaded in- the sane reactor as described in Exanple 1. The iron bed was
exposed to a feed containing a nom nal concentration of 7% NF[err] in
nitrogen. Following a simlar experinmental procedure, the exit NF[err]
dropped to bel ow 10 ppm when the tenperature reached 300[err]C.
Significant bed height increase was noted after the experinent.

Exampl e 3 Anot her fresh batch of 253 grans of the sanme type iron
powder was | oadéekheimostdistinguishing feature of this invention ixthe iuse Bk afipidized bednd t he
chal I enging feed stock contained a nomnal 3 w.% CHF3. The purpose of

t hi s exper ireastor withsstall partidé sizeenetbi readtant partictesfor efficientreactivig The ] nanel y,
CFlerr], C(err]Ferr], SF[err] and CHF[err]. Since CHF[err] is the nost
reacti ve dhigigeddeddliows enfarnr tehperatgrednside theded|and preventsspluggigdugyto it was
chosen for the experinent. As the reactor tenperature was raised

f rom appr oxmetat ‘sinferBal er pdviergeharblion.r Véry significehiiedcexpansion aaswas observed.
The feed flow was varied in a range of 782 sccmto ™ 1,554 sccm No increase
in bed hei gitiexpeuvtédly neted aftar thB Peddtion! TAR Hel @ipaisishbwould cause operating

problems for a fixed bed reactor, but a fluidized bed can accommodate the bed

expansion conveniently. In addition, a'continuous addition and withdrawal of solids can

be designed into the unit so that a continuous operation can be possible. Alternatively,

several parallel connected switching beds can be used which are switched from on-line

contact with the NF; cbntaining gas to off-line regeneration depending on the

achievement of either a predetermined'bed height due to bed expansion or a bed weight

gain, preferably at least a 90% bed height expansion or bed weight gain, respectively.

A comparison example was performed with a packed bed rather than a fluidized

or percolated bed,

_ Example 4

Experiments were started in which a gas stream containing 1 to 5% NF, was
passed through a packed bed of iron powder at various ten'iperatures to reactively
remove the NF;. Different particle sizes of iron powder were tested. The iron powder
was from an electrolytic production process (SCM Metal Products, Inc.} and containéd
low levels of oxygen. The first test used a granular particle size (-80+20 mesh,
2.4-0.85 mm) and at 500°C it showed complete removal of NF,, but it had a low
“capacity.” This means that only a low percentage of the iron available reacted with the

NF;, and NF, breakthrough occurred quickly. The iron surface may have been



The nost distinguishing feature of this invention is the use of a fluidized
bed reactor with small particle size netal reactant particles for
efficient reactivity. The fluidized bed allows uniformtenperature inside
the bed and prevents plugging due to rm@tal "sintering"” or powder
generation. Very significant bed expansion was unexpectedly noted after
the reaction. This bed expansi on woul d cause operating problens for a
fixed bed reactor, but a fluidized bed can accommpdate the bed expansion
conveni ent | jpaspiNatedtiwith an iron fluerise Iayes dhat saused arepiddedline indthaveaction ratel ifds
can be designed into the unit so that a continuous operation can be

possi bl e. Asmaliarperticla size Fe powder (484326 mshc%afﬂetbtsemrrg wiasdested nedandcan be
used which are switched fromon-line contact with the NF[err] containing
gas to of f - shoveed significantly highettagtividwithyatdeast lac1 0-inkhincresse im capacity ats00°G.
predet ermi ned bed hei ght due to bed expansion or a bed weight gain,
preferably Atprolsemtwith ekppessutechddup eequired therexperiinent Megé‘hd)pp;ﬂlbefore

respectively. A conpari son exanple was performed with a packed bed
rat her thanbeeakthmouthzeedurred spesmpletet cappatitydwas not determined. The back pressure
Exampl e 4 Experinments were started in which a gas stream

cont ai ni ng dvabk @abed\hy the fdrmation opﬁéifﬁﬁle bérticleg bf irorpMenied fdratédan thd@dbk@dwder
Ive

at various tenperatures to react renove the NF[err]. Different

particle si pgd The fi6w ﬁata@w&rfow&eiwewerewmsbﬁ 8f\gib® wOelsecHR® rdsideiican
el ectrolytic production process (SCM Metal Products, Inc.) and contai ned

low | evel s ﬁﬁ'te(??imbd ah@1tre iindhr &&6&%%&%@@2 Ehé&%ﬂs&? TthperEiufessheléw ( - 80+20
mesh, 2.4-0 m’r) and at 500C it owed conpl ete renoval of NF[err], but

it had a '0‘5’0 i&e@ﬁ%@@ﬁ%eanghﬂ%?\g%ﬁdkaﬂn% E‘dﬁr@ﬁ aRfcléshe Iron

avai l abl e react br eakt hrough occurred

qui ckly. The, s rgﬁe%tfnﬁ%etré@%ﬁ%?Y&cﬁﬁ%nd particle maintenance.

Uniike tﬁe packed bed Example 4, which had poor performance, the fluidized or
percoiated bed examples of the present invention showed good performance and
efficient utilization of the iron particle reactant. That is because the latter reactor was
operated in a percolating or fluidized mode. In the reactor, the solid iron powder was
'percolaﬁted'by the feed flow. The movement of the solids minimizes the potential of bed
plugging and maintains uniform reactor temperature. Small particle size also contributes
to improved per.t'ormance by maximizing the capacity of the iran for reaction while
minimizing the impact of iron fluoride passivation layers from forming on the iron particle
and precluding further reaction and also by allowing for greater relative expansion of the
particles, and therefore the bed, as the reaction proceeds.

The Fe powder can be fluidized easily at room temperature. At ambient
conditions, the Fe powder bed started to fluidize at a nitrogen flow of 1,000 scem. The
minimum fluidization flow gives a minimum fluidization velocity of 1.8 cm/sec, which is

reasonably close to the estimated value of 1.3 cm/sec. As temperature increases, the



12 "passivated" with an iron fluoride |layer that caused a rapid decline
in the reaction rate. A smaller particle size Fe powder (48+325 nesh,
0.3-0.045 mm was tested next and showed significantly higher activity
with at least a 10-fold increase in capag8ity at 500C. A problemw th back
pressure buildup required the experinent to be stopped before breakthrough
occurred so conplete capacity was not determ ned. The back pressure was :
caused by the formation of very fine particles of iron fluoride forned in

L he_packecmifitm filiifzahib Velbatlyl BEdalOtud 1 fig '&&éﬁ%@@%ﬁn to give a

10 second residence tinme in and t | fear v was 0.02

net ers/ se mﬁ?lﬁfe@} ures below 500[err]C were |ess effective,.but still
operational and avol ded sintering of iron particles, thus representing a

tradeof f of reagfi\wi REE;'; «RRI N o Unl.j ke the
packed bed Exarr%# l’gﬁlﬁ%ﬁ%ﬁpgrﬁ ad( p (gﬂr Egeer" %ﬁ &ﬁ%@f’“ﬁﬁ‘éﬂ?‘l"fﬁ'ﬁ'%éhe %F
percol at e resent. i nvent.i on.showed good .perfornmance
e 11 et PG 5oifinelsfe bl kTGt to SRR MR TE8 BUSREnPR S KWL 8% aicc
the latter,teactqr operated in a percolating.or fluidized node. In the
reactor, t ﬁg&%@gi 'aarlﬁg?ﬁ"p Eat %\E@peﬁ%tﬁ@omﬁ?fééelﬁg' ﬂP‘?lE‘eL’ESéPF‘F gihetpgal
novenment of the ﬁfli S mnimzes éhe otential of bed plugging and
mai nt ai ns RAYIS: FApicieagaglon will sause gasehansgiing tBrqugh the.beg ard eeslves i but es
to inprov§% perforpance by maxim zing the capacity of the iron for reaction
while mi nRieXieng ot 9as-sqlig sentack unless aflpigized hed sanditionisivlifeedayer s from
formng on the iron particle and precluding further reaction and also by
al | owi ng for gr ERR iempegature; effeckambis destrustion was nieasuried by saising dhe haactoiror e
the bed, as the reaction proceeds. The Fe powder can be fluidized
easi |y at ‘eswsraturepuhilgrcheeging\thedlow torkeepaotatistanbpressure across rovbied. Bxitl
started to fluidize at a nitrogen flow of 1,000 sccm The m ninmm
f 1 ui di zat i NFs saneentatioosvas continunusiyfrhonittredht Temsuoekssive ryns ivefie Gonductee(,
which is reasonably close to the estimted value of 1.3 cmsec. As
t enper at ursingronecharge of the Fe powder.
The uniformity of bed temperature was confirmed. A temperature profile was
measured during the second run. The temperature variation inside the bed was less
than 10°C. |
The exit NF; concentration as a function of reactor temperature for the first, fifth,
seventh and tenth run was measured. The temperature at which the exit NF;
concentration started to drop was similar for all the runs {150°C). However, a closer
examination reveals that the temperature required to achieve near 100% conversion
Increases with successive runs.
in the second run the flowrate was varied while keep?ng the reactor temperature
constant at 300°C. The purpose of the experiment was to explore the flow fimit of the Fe
powder for NF, destruction. We observed NF, breakthrough at a flow of approximately

2,000 scem, which is equivalent to a residence time of 3 seconds.



13 m ni mum f | ui di zation velocity will decrease due to higher gas

vi scosity :at higher tenperatures. At hi gher tenperatures (

>400[ err] ©), even under nitrogen atnosphere, the Fe particles tend to

aggl onerate by sticking to each other. ql4ie phenonenon i s known as
"sintering", and it can occur at a tenperature nuch below the nelting point
of the nmetal powder-. Particle aggloneration will cause gas channeling

t hrough the bed and reduce the extent of gas-solid contact, unless a°

fluidized bed [ t] ' t. 1] . t
(UL zed bed CORRUdg et kb e wsckea ppdBEghERESRINR, ofect o |
h ' the fl to k t LEoi  NF3
oncont s at | SrPaRAEn W R sRoMSatR, A InshisGi i or ¥ R MlitngHed cbahsion
ducted, - ' Sh f wder . Th i f 1t f
ggg ?gngera‘f’%;lélgg%&ni%%f’?p%eﬁe 'O'.g ’"ﬂ}{’]%%?’gfu_rgrprofi | e was ﬁe;ghrgamdu)r/i (rjlg
L0rerria "M TS AGEREG Satrsion it iftipaRietn Thet s HiRARTLNRE e Rh acy?
t t f he first, fifth, th d t h,. . d. Th
D o ek oty i bk e RSB PR B HBRaR Bl ™
simlar for all the runs 1504ne,rr] Cé. I:b\geve!i, as%lélgs&r e>§am' ?at i on
reveal s t hafan feal With/{as Bed PXPaNsigNcPRYFTIETIY @R IANSASRYLACS ARATYINHNR [Son
i ncreases with successive runs. In the second run the fl owate was

vari ed whi | allacatasi fagtherpsticipated eXpansigier at ure constant at 300[err]C. The

purpose of the experinment was to expl-ore the flow limt of {he Fe
At the end of 10 runs, a totai of 4,228 standard liters (@70°F) of the feed gas

was treated with the same batch (253.4 grams) of iron powder. 337 grams of the
powder from the reactor were reclaimed. In addition, 3.5 grams of fine powder in
various parts downstream of the reactor were collected. Compared to the original Fe
loading of 253.4 grams, a weight gain of 87.1 grams or 34.4% was realized. The
resulting packing density is 1.73 gm/cc. The stoichiometry of Reéction (1) suggest
253.4 grams (4.525 moles) of Fe is capable of reacting with 321 grams (108 liters
@70°F) of NF,. Therefore, the 87.1 grams of weight gain {equivalent to 108.5 grams of
NF,) represent 33.8% of saturation, which is lower than the 42.5% utilization calculated
based on total NF, treated. As can be expected, the 33.8% number is conservative and
the 42.5% number is aggressive.

Minimum fluidization velocity is deﬁne& fo_r a given particle size and density as
the point at which there is a drop-off if? increasing pressure drop as fluidization gas
increases through a bed of the particles in question_. During fluidization, there is little
additional pressure drop as fluidization gas flow increases.

Although the experiments were conducted with a single bed, it is contemplated
that switching beds could be used with one bed on feed, while the other beds are being

recharged with fresh iron powder. Additionally, a single bed could be utilized for



powder for NF3 destruction. W observed NF[err] breakthrough at a flow of
approxi mately 2,000 sccm which is equivalent to a residence tine of 3
seconds. ’ 14 After
each run, an increase of the packed bedidei ght was observed. The expansion
was quite significant. At the beginning of the tenth run, the bed expansion
was close to 90% of the original bed height. This | arge bed
expansion i s unexpected. That is the reason why the iron powder cannot be
conveniently used in a packed bed de of, operation. A fluidized bed
reactor cEptinEes %W‘ﬁeghémm% ‘thwﬁﬁpl"r&@ﬁf‘gﬁﬂpwg%”FHW égge ui tabl e
reactor volune is allocated for the anticipated expansion. At the
end of 10 WG a0 inét helowttheyfreshward ot ha Paqolatios or fuligedbed. and sreferabit ced
gas was treated with the sane batch (253.4 grans) of iron powder. 337
grams of thear thehase ofithe bed waeredthe flyidizing @r peseaiatingwas isintredigedi and a3. 5
grans of fine powder in. various parts downstream of the reactor were

col | ect ed. taRemwffafluent ling isdogatedabaye thelevelnftheiglebbupbeiow the lenel of thewei ght
gain of 87.1 grans or 34.4% was realized. The resulting packing density is
1. 73 gni cciredtiard obihe petsniating opfluitized bed to emoveuerpted irorpBipride powder fams25
nol es) of Fe is capable of reacting with 321 grans (109 liters @O[err]F)
of NF[ er r] theHee dherreactet rod fiudrideris less densethgh theyfnésh ilcaqpowdar smthat thel 08. 5
grans of NF[err]) represent 33.8%of saturation, which is |lower than the

42. 5% ut i | effilaémtdine widuldpretiotlinahthstaéie off irontflabridd; rather tham eareacted Asncan be
expected, the 33.8% nunber is conservative and the 42.5% nunber is

aggr essi vepowder. Thus, dtontinusus pratesszedn tenenvisianediwithi eithered single bedrorawgi ven

particle size and density as the point at which there is a drop-off in

i ncr easi ngopmefspdrailgibeds.as fl ui di zation gas

A critical feature of the present invention is the metal powder particle size of

essentially no greater than approximately 300 microns. For the purpose of the present
invention, this means that up to 10 wt. % of the particles could have a larger particle size
sufficient to provide enhanced mixing of the bed and to prevent caking of the smaller
particles during fluidization. Particles of 500 to 2000 microns would be able to perform
this function. Small particles are known to provide greater surfac; area, but at the cost’
of greater pressure drop through a bed of such smaller particles. The inventors have
found that a passivating layer of metal fluoride forms on the iron particles, which
deactivates them for reaction with NF;. Even in the circumstance of passivation by
metal fluoride, the particles of essentially no greater than approximately 300 microns
would experience gréater utilization than larger particles that become deacﬁvatéd by
passivation, leaving the relatively large interior of the_large particle unreacted.
Additionally, a desirable feature of the present invention Is the use of bed expansion, as
metaf particles react to form metal fluoride, to determine on either a continuous basis or
a batch basis when to replace a charge of metal particles. Small metal particles of

essentially no greater than approximately 300 microns make this bed expansion property



i ncreases through a bed of the particles in question. During fluidization,
there-is little additional pressure drop as fluidization gas flow

i ncreases. Al t hough the experinents were conducted with a single
bed, it is contenplated that sw tchingideds could be used with one bed on
feed, while the other beds are being recharged with fresh iron powder.
Additionally, a single bed could be utilized for

15 continuous service by utilizing a bed design where fresh iron powder
is introduced through an inlet below the freeboard of the percolating or
f1ui di zed TEER PrRRUNSEd e dntheir aneater degredafreactiontthan weuld phdictestdidarger
fluidizing or percolatin .%as is introduced, and a take-off effluent |ine
i s | ocat edsiE®hich %wt@xglbl dire extent; of resction, piresuntably duectol sefate péssivation
freeboard of the percalating or fluidized bed to renove reacted iron
fluoride péomdnetakfiveride fasmptioh. The reacted iron fluoride is | ess dense than
the fresh iron powder so that the effluent |ine would predomnantly take
of f iron fluori @lke progesemof thepresentrineesttion has agapauitytietreat B isast 206 Rafs STUOUS
process can be envisioned with either a single bed or two or nore parallel
beds. NF; pek litaricf irompartieles.uTRis @bmiparesfaestably with \USPatent 5412, 648 WBIcH
powder particle size of essentially no greater than approxi mately 300

i crons. Fads 4 bapgeity PS4 liedrs bNRF Ps&rIedtiof irbmw@aL i on, this means that up to
10 wt. % of the particles could have a |l arger particle size sufficient to

provi de enhanceﬂhﬂmehaﬁ ifentitrehAE Bed ¢kt FOHMBY R8hrd B8 b staPbretdieas T | er

particles during ui di zation. Particles of 500 to 2000 mcrons woul d be

abl e to pesmbédimehidi HoweRes thefull SSBBL lof FRTikventies sRERd 58948 ria eQrfR:t‘ﬁ}\]ﬂgeugh .

greater surface area, but at the cost of greater pressure drop
bed of sucainfsBifies folawti cl es. The inventors have :



found that a passivating |ayer of netal fluoride forms on the iron
whi ch deactivates themfor reaction with NF3. Even in the

ci rcm ﬂﬂm',u ﬁwatlon by: metal fluoride, the particles of

esse t han approxi mat ¢y 300 microns would experience

greater utili zZati on than | arger particles that beconme deactivated by

passivation, leaving the relatively large interior of the |arge particle

unreacted. Additionally, a desirable feature of the present invention is

t he use of bed expansion, as netal: §U\M%es react to formnetal fluoride,

to determne on either a continuous b a batch basis when to repl ace

a charge of netal ticl es Small nmetal particles of essentially no

greater than apb roxH&ﬁf nshlfamsa%mrga‘ﬁ@a NEq by semiarting $aidr t v

16 nore pronounced due to their greater degree of reaction than would

parti cl es G witty 3 flvidized ped ofymetahparficias carabls of reacting with My whereinsgid i on,
presumably due to surface passivation fromnetal fluoride formation.
The pr oceshariiglies havern particie sizeesaentially na greaterdpanapproxidatale3do micrensast 700
liters of NF[err] per liter of iron particles..This conpares favorably
‘wth US Patent 5,417,948 which has a capacity of 3-7 liters of NF[ferr] per
liter of iron wire. The present invention has been set forth with
regard to several prEfeproeedss air@iaidi hwhemin Wpteetowt. Yohod shidlbedwf apdalof t he
i nvention should be ascertained fromthe «clains which follow.

particles are large particles having a particle size sufficiently larger than 300 microns to

assist in mixing of said bed of metal paﬁic!es.

3. The process of Claim 2 wherein said large particles have a particle size of

approximately 500 to 2000 microns.

4.  The process of Claim 1 wherein said metal particles are selected from the
group consisting of iron, nickel, copper, calcium, aluminum, magnesium, manganese,

cobalt, zinc, tin and mixtures thereof.

8. The procéss of Claim 1 wherein said contacting is performed at a

temperature in the range of 150 to 550° C.

6. The process of Claim 1 wherein said gas is contacted with said fluidized
bed until the height of said fluidized bed increases due to reaction with said NF, to a

predetermined increased bed height.



CLAI M5 1. A-process of destroying NF[err] in a gas containing
NF3 by contacting said as with a fluidized bed of netal particles capable

reactyi lﬂ“ﬂﬂlﬁﬂﬂu ein said particles have a particle size
essentl |m an approxi mat ¢8y 300 m crons. 2. The
process of (dai'm? ¥ wherein up to 10 wt.% of said bed of netal particles

are large particles having a particle size sufficiently |larger than 300 ®
mcrons to assist in mxing of said bed of netal particles. 3.

The process of g?fh% s§of CRfth 4 W8 S3RY éflscélt%ﬁlﬁgéiy’é rﬁa&é%tfi' F' ze of

approxi mat el y 500 t mcrons. r 0Cess o a| m 1

wher ei n Sfié% EW& raﬁé&rs’&vhfﬂ;ﬁ%ﬂ&&ﬁ?& Bé&’sc&aﬁé’refJnQrBeh'?secorﬂé&Hg sg@gﬂsﬁrgﬂéiggl .

i ron, nick nesium mnman

zinc, tin &g%éow‘% %Eh%?ﬂﬁl?ﬁég%? ?fﬁeb&'"ﬁfeghaﬁpsﬁpeThe process of Claim 1

wherein sal n per rature in the range of 150
to 550[err]C 6. The process of Cdaim1l wherein said gas is
contacted with said fluidized bed until the height of said fluidized bed

Ihg?(t:;ﬁ? S es due té? re teI ;:%cevgsto? C?almdl \:'V\F~|:et'<e:n()tl'lg1 gag Egrﬂgét?sr srgwpc%gd Ifrrcla(r:mr ae lrss? d Ped

at least fwo paraliel switching fluidized beds to an other fluidized bed that has been
recharged when the first bed has expanded to at least approximately 80 percent of

original bed height.

9. The process of Claim 1 wherein after said gas contacts said fluidized bed

said gas contains no greater than 10 parts per million by volume of NF;,

10.  The process of Claim 1 wherein the flow of said gas is sufficient to obtain
at least a minimum fluidization velocity of the fluidized bed for said metal particles

contained in said fluidized bed.

11.  The process of Claim 1 wherein said gas has a residence time in said

fluidized bed of greater than approximately 3 seconds.

12.  The process of Claim 1 wherein said gas is at superatmospheric

pressure.

© 13.  The process of Claim 10 wherein said flow of said gas is approximately at

least two times said minimum fluidization velocity.



7. _The process-of -C-ai-m 1l wherein said gas alternately contacts a first
of at. least two parallel switching fluidized beds where one bed is

cont act e one or nore other fluidized beds are being
rechar gumnmllﬂmmm The processqgf CGaim7 wherein the gas contact
is switched*from"a firdt of at least two parallel switching fluidized beds
to an other fluidized bed that has been recharged when the first bed has
expanded to at |east approximtely 90 percent of original bed height.

9. The process of Claim1 wherein after said gas contacts said fluidized
bed said gas contains no greater than 10 parts per mllion by vol une of

s ene «one APPSRt ot S St Al Bt

11 " The Sl ioRihe o T BRlid fesBRa i NG G b B8P "G o

fluidized %%g%{g%]ﬂ%rrgﬁt er than approxi mately 3 seconds. 12 The
| <]

process of rein said gas is at superatnospheric pressure.
13. The process of Claim 10 wherein said flow of said gas is
approximately at least two tines said mninumfluidization velocity.:

156. A process of destroying NF; in a gas containing NF; and one or more gas
components selected from the group consisting essentially of N, O, F,, CF,, C;F,,
CHF,, SF and mixtures thereof by cor{tacting said gas alternately with one of a pair df
switching parallef connected fluidized beds of iron metal particles capable of reacting
with NF; wherein said particles have a particle size essentially no greatér than
approximately 300 microné and switching beds when the height of the bed being
contacted with said gas increases to a predetermined bed height corresponding to

substantially stoichiometric reéction of N_l‘-‘a with said iron metal particles.

18.  The process of Claim 15 wherein said iron metal particles are at least’

approximately 99% iron by weight.

17.  The process of Claim 15 wherein said iron metal particles have an

average particle size of approximately 100 microns.

18.  The process of Claim 15 wherein said iron metal particles react with said

NF, to generate FeF, and nitrogen.

19.  The process of Claim 1 wherein said gas containing NF, contains

predominately nitrogen and NF;.



19 14. The process of Claim1 wherein said gas contains a
gas co elected fromthe group consisting essentially of Nerr],
qerr]miiiﬁm'“"mla"m Cerr]Ferr], CHF[err], SF[err] and m xt ures
thereof & "¢ L W g 5, A process 20 destroying NF[err] in a gas

contai ning NF3 and one or nore gas conponents selected fromthe group
consisting essentially of Nerr], Jerr], Flerr], CFlerr], (err]F[err],
CHF[ err], SF[err] and m xtures thereof by contacting said gas alternately
‘'with one of a pair of switching parallel connected fluidized beds of
iron netal particles capable of reacting with NF[err] wherein said

particles have agpar tjhg! ' [ i i
approxi mat el y S%OPm' gpor@%ﬁggg%&?\gEIS'r\@'eh%fragﬁdv\%gﬁ@%ﬁémﬁg?g%tcog}alqshe bed

bei ng pRRIoATIRAElY WitkdheR ahd N#2S 1 ncreases to a predeterm ned bed hei ght
corresponding to subst anti al’l y stoichionetric reaction of NF[err] with

said iron netal particles. 16. The process of Caim15
wherein said iron netal particles are at | east approximately 99%iron

metal parii ol es Have THR Plokess of CRIR' iEpn BaeTh el Ref ook it SoflunEh iy, "

parti ol es Peg P o vt guidzdd ReB o] Fita Bpulet MR baud EQT 1eAcRl e S 1 %

NF, are continuously being removed.

22,  The process of Claim 21 using a single fluidized bed.

23.  The process of Claim 15 wherein up to 10 wt.% of said bed of iron
particles are large particles having a particle size sufficiently larger than 300 microns to

assist in rﬁixing of said bed of iron particles.

24.  The process of Claim 23 wherein said large particles have a particle size

of approximately 500 to 2000 microns.



19. The process of Caim1l wherein said gas containing NF[err] contains

predam nat el y nitrogen and NF3. : 20 - 20. The process of
Claim 15 wherein said gas containing NF[err] contains predom nately
nitrogen and NF[err]. 21. Tk process of Caim1l wherein said

nmetal particles are continuously being added to said fluidized bed and
nmetal particles that have been reacted with said NF[ferr] are continuously”
bei ng renoved. 22. The process of Caim?21 using a single
fluidized bed. 23. The process of Caim15 wherein up to 10 wt. %
of said bed of iron particles are large particles having a particle size
sufficiently larger than 300 mcrons to assist in mxing of said bed of
iron particles. 24. The process of Caim23 wherein said | arge
particles have a particle size of approxinmately 500 to 2000 m crons.

ABSTRACT OF THE DISCLOSURE

ABATEMENT OF NF3 USING SMALL PARTICLE FLUIDIZED BED

A process for destroying NF; in a gas containing NF; by contacting the gas with a
fluidized bed of metal pérﬁcies cépabie of reacting with NF; wherein the metal particles
have a particle size essentially no greater than approximately 300 microns. The process
can be conducted in parallel connected switching fluidized beds wherein the beds are
switched based upon achieving a predetermined bed height expansion based up'_o_:n the

reaction of the metal particles with the NF,.



