; e3eLKLHDF"r 6T: E=t *JI wo n2/oal s2 PROCESS FOR PRODUCI NG AMMONI A W TH
ULTRA- LOW METALS CONTENT 5 Background of the Invention PCT/CISII 1 /-4A LY
11(1 U trgon@RRerity amoni um hydroxi de is commonly usegdritshNgsioo
manuf act ure of sem conductor products such as m croprocessors. In
particular this is used as a cleaning solution in the formation of
integrated 10 circuits. As these circuits becone smaller and smaller,
inmpurities becone |ess tolerable. In particular, the ammoni um hydroxi de
utilized nust be free of any conducting contam nants and in particul ar
metallic contam nants. There is also an integrated circuits market for high
~purity specialty gas ammonia. 15 Generally comercially produced amonia is
totally unsuitable for such applications. The production of anmonia such as
for use in fertilizers introduces contam nants including oil and netal
.particles. This commercial grade or fertilizer grade ammoni a may include up
to 10 ppmfree oil and several ppm cadm um calcium sodium iron, zinc and
pot assium To be WO 112/ Ual752 Pﬁmm\“mmmﬂmm 111U useful for
integrated circuit production the net ion should be I ess than
about 100 ppt. There are a nunber of process®® which are designed to purify
this commercial grade anmmoni a. However for various reasons, they are not 5
optimally designed. Hoffrman et al., U S. Patents 5,496,778 and 5, 846, 386

di scl ose draw ng i IAGLRM nia reservoir and passing
t he vapor througlwg. ﬁsﬁgﬁﬂ%& d? C‘gllge)l\?ﬂ'qﬂc))ut particles. Due to the
amount of inpurith - ) ] i Wh

ese inpurities in the vapor
phase is inefficient and to a large extent ineffective. The small size 10
of many of the netal particles makes vapor filtration ineffective. Further
t he évaporator d&dagkyrpandidfghenhveitiorent of the inpurities. Japanese

Pat ent 8-119626- A di scl oses passi ng amoni a gas through a saturated aqueous
sol ution of anmoni a. IS, i I-AyiRein i a
Subsequent m st separ ot o L PR A ERIR Y AR REeT T PR Lo e
particles are not %}‘]\/fen sufficient tine todrlae removed in the liquid hath.
There are filtraty UBPW&%Q@”&E@?%&W PSR THCBI S MHBTARA P BOt

these are not capable of to producing ultra
particular this is used as a cleaning solution in the formation of integrated

10 circuits. As these circuits become smaller and smaller, impurities become
less tolerable. In particular, the ammonium hydroxide utilized must be free
of any conducting contaminants and in particular metallic contaminants.
There is also an integrated circuits market for high purity specialty gas
ammonia.

15 Generally commercially produced ammonia is totally unsuitable for
such applications. The production of ammonia such as for use in fertilizers
introduces contaminants including oil and metal particles. This commercial
grade or fertilizer grade ammonia may include up to 10 ppm free oil and

several ppm cadmium, calcium, sodium, iron, zinc and potassium. To be

A .
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hi gh purity amonia. -2 WO 02/(1;17;2 PCT/US(IILI.t100 Summary of the

i nvention The present invention is prem sed on the realization that
uItra-pugfoﬂquggp.can be obtained fromcomercial grade paFRRARN first
filtering/coalescing liquid ammonia with a liquid phase filter/coal escer to
5 renove alnost all of the oil and netal particles which are carried by the
oil. The partially cleaned ammonia liquid is then directed to a qui escent
evapor at or whi ch pronotes vapor formation w thout creating turbul ence or
bubbl es which woul d pronote entrainent of inpurities. After vapor phase

filtration, theygsmpfiraniegpaed eabuibprdductibanhé sl eshdeht@ifiondiRouspd0
scrubber. The aqueous scrubber is particularly designed to provide small

bubbl es which f gh a saturated water bath. The path

provi des suffi c?éeslr?ﬁw?ﬁr?@%gpéghgyparti cles within the bubbles to contact
.the bubble wall and mgrate into the aqueous liquid. Further, this is done
with mini num t ur bul ed@&ra arep? BYBRET aRiicaeeshs Whigharie designgslio purdy thishe 15
anmoni a vapor collected fromthe scrubber can be conbined with ultra high
purity water tocbairmeial gradaamnginipuHdwe spliot vamows reasepei theyhardripti de
suitable for use in the sem -conductor industry. |If ammonia gas on

anhydr ous amoni.a;.i ; I r , ra fi) i S IS
puri?gse can be ((:)gfl eclzliggsgﬁ?%rﬁgg@%ﬁ%g%g’sg' |Flt%t!r§§§|5g%§@&zg %&%@ngﬂ 2
PCT/ USO01/ ~~11111, Thi s gr ocess can be gr ac;i ced j ngg | ar ge, free standing
plant or can be HRGPSEI JERWAS (BPPBIR YBPYNIreM: @ Ui deMBRicoresavRIh Al
hydr oxi de or ammobni a gas. The objects and advantages of the present
invention will Ipassiogtthevapordpmugtizafileet capabieghitfiliering reut fpaficies.nPudadai | ed
description and drawi ngs in which: Brief Description of Drawings Fig. 1 is

a di agrammatic @ﬁ@bmduﬂﬂoﬂ?npmﬁeénrnetﬁ@ramﬂnaﬁ%p}érﬁavméQhEb@ -imﬁuhﬁe@m the
cross-sectional view of the bubbler for use in the present [ nvention.

system 1015 aduBPRaPE R dRIert ek o prer it Tt ThE €98l she”
corifbored 1o a ofmany of ihe matal patticies makes vapor Hitration inafective. Eurther <
the evaporator design permits entrainment of the impurities.

Japanese Patent 8-119626-A discloses passing ammonia gas
through a saturated aqueous solution of ammonia. This allows
entrainment in the mist and requires a subsequent mist separator. Further

15 due to the design of the device, particles are not given sufficient time to be
removed in the liquid bath. There are filtration processes designed to

remove oil from ammonia. But these are not capable of to producing ultra

high purity ammonia.



vaporizer 18. To the extent possible the parts are nmade of materials which
do not interfere with this process and are generally stainless steel,
Tef I on or wigfl@yshi ned. 20 More particularly, amonia tankd4soMigh can be
a tanker truck of ammonia or a portable tank of ammonia for smaller vol une
requirenments, -4 V4'0O 02/11al17S2 PCT/U 5011e 1111l provides liquid

ammoni a to apparatus 10. The ammnia is directed to inlet 38 and through
line 40 to the first liquid separation prefilter 12. Fromthe first filter
i 2 the anmonia is directed through fine 42 to liquid/liquid coal escer 14.
5 Preferably thgummhil bethd bhventiorpol ypropyl ene filter which renoves
~solids which could disturb the ammonia oil emulsion. This is a 1-10 micron
filter (preferably 1 i . i i I The,.
liquid/liquid coal es?é‘ra\g{%l&l@j eé’ﬁéﬂ%gﬁﬁ‘é%ﬂ- b t@%?nég.'%ag?ﬂgﬂﬁt @?5 RS
.outlet (free oil). The coal escer can be a hori zo,n} al coal escer g&vi.gnsg t wo
stages. 10 The PPIMAMG SRR WDIAINGG fM sERIPMESPR! @rade ABMBiz Y 8e into
| arger droplets by passing through a pol ypropylene filter elenment. This is
desi gned for uséltiidiceateksingrisultbamnmpréa suthf adigutcepbasm fiiér/CodBesaer40
dyne/cm 1In the second stage, the |arger droplets separate fromthe

contd nuous anmoni i il 4 ”@q)%] ; h 15
coaldescer 14 shg% 8@%%%@%%”8}3@&%% erab 3336%1'%3 g@ﬁf&%ﬁ%ﬁgﬁpbgm@%‘?her
inmpurities sepacated in filter 12 and separat.or, 14 are discarded thrqugh
drai ns 44 and 46)*er @%ﬁ@t’i‘%}@?‘}e.dl?ﬁ@“w'au '%'ghlast@egnﬁﬁ?ﬁtﬁdp §egU'1er°’%?ﬂc{t he
coal escer 14 to the vaporizer 18. Vaporizer 18 is sinply a tank which has a
heat exchanger 29aporatorashiahwatroetesaeket fosmation atibeuhcreatipgttudwmgnsetdron of
t he vaporizer. The ammoni a enters the vaporizer through |iquid amonia

inlet 52 which tapple¥VihitRHSukiprdmted MBhihAent of Hdukticdi 1gREr yapdieprazaDNI @

subsurface. The vaporizer further has an ammonia vapor outlet 54. As shown

in the draw ng, . .he. ta 18 is til t S raj. [ j, LS

wi t hdrawal of tﬁ@r%@ﬁsgﬁec%m%ne'ént\}a@grtcr%\gahgqﬁ“?t&%rﬁa'&acg%gY@ergnisgﬁg. u}Snl et
52 is a conduit having a bend 53 directed toward drain 58. |ncaom n% amoni a
encHr ages fl owScoiped. dhgianusgus sHabRenisgarticularly designed to provide small

bubbles which follow a path through a saturated water bath. The path
provides sufficient time for any particles within the bubbles to contact the
bubble wall and migrate into the aqueous liquid. Further, this is done with
minimum turbulence to prevent again entrainment of impurities. The
15 ammonia vapor collected from the scrubber can be combined with ultra-
high purity water to form an ultra-high purity solution of ammonium
hydroxide suitable for use in the semi-conductor industry. if ammonia gas
on anhydrous ammonia is the desired product, purified ammonia gas for

this purpose can be collected after vapor phase filtration.



component will be oil or an ammonia oil enulsion along wth netal

particles. This denser conponent drains through drain 58 to val ve 60
directed -?ﬁgonia bl owdown pot 64. Periodically valv irect 10
l'iquid th?gU§@° ine 70 to punp 72 which forces the annnni?cﬁﬁ#gggﬂq?ine 74
back into inlet 38. This can be used to recirculate portions of the liquid
in vaporizor 18. The outlet 54 fromvaporizer 18 is directed to first and
second vapor phase filters 78 and 82 which include drains 84 and 86,
respectively. The 15 filters 78 and 82 are Teflon coated filters rated for

.05 mcron to .2 mcron wWth i : S (o] f psid.  Annoni a
_vapor passes fron1f?ﬁygP“§fsﬁ%agqé%ﬁ%ghg%fﬁvgkﬁggéTEE%ﬁné?ﬁ@@?gvaﬁggpeither
to an outlet 83 or to a manifold 88 connected by conduits 90 to the bottom
portion 92 of aD&EEHEE dowiruienProyide\epsite aredistien of @nymeniim §3draxideodn ect ed
_for further use 20 as anhydrous ammonia. -6 ~'~"0 112/ 0s17?; 2
PCT/ US01/ ~~10l lagrhh®n@geei a vapor when directed to conduits 90 is
i ntroduced t hrough the bottom of the bubble colum through inlets 98 and
passes through a sp e SOAR i re. d
evenly distributed 3@@%8§k@ﬁ%?%%$ﬂ%%ﬁ5§%ese %&@%#ggmbgig@Pqﬁ%q%ﬂgqggﬁunn 94
5 through the water 93 and then to head space 101 to, a vapor outlet 102.
The®bubbl e col uaRPresiated gplight oTdarIfolieysag fiekalladodpsstnlios amATavwiBhies. The
|l ength of the colum is further designed so that the bubbles so produced
will reside in wheghtiquid for a sufificient period of tinme to allow any
particles in the bubbles to mgrate fromw thin the bubble to 10 the wall
of the bubble via Stokes and Browni an notion. Thus, the |length of the
colum then will depend on bubble size and the speed at which the bubbl es
pass through thg.ltﬂuid.i? thefﬁolunn. To pronote purification, the bubble
si ze shoul d be = ! AWING3hi ch t he ammoni a vapor is introduced
shoul d be controlled. 15 The solid Teflon sparge plate 100 has as nmany
smal | hol es 108 as pogsilli$ e.diagraammed@appistion phthe prelsemhinyantion a | i quid
depth of about 10 feet and a vapor space of four feet, the dianeter of the
hokgs 108 shoul d be pig. ghieatcessd-sadtionboHdw I e bisihiEhRdr dserintthe pestent | ow of
about 42 Ibs/hr-ft° ="lbs/hr.ft, any inpurities will separated into the
liquid within tmge&ﬁhﬁnn. 20 Vapor outlet 102 is connected to third and
fourth vapor filtérs 104 and 106. These filters are preferably rated for
0.2 mcrons wth a maxi num -7

Detailed Description

The present invention is a separation apparatus or system 10
15 adapted to produce ultrahigh purity ammonia. The system includes first
and second liquid filters/separators 12 and 14 which are connected to a
vaporizer 18. To the extent possible the parts are made of materials which
do not interfere with this process and are generally stainless steel, Teflon
or Teflon lined.
20 More particularly, ammonia tank 34, which can be a tanker truck of

ammonia or a portable tank of ammonia for smaller volume requirements,



V1' O 112/11S17S2 PCT/L1S111/~~ 100 pressure drop of 15 psi. Filter 106
directs ammonia gas to either a collection unit or to a mxing unit where
it can beygaphispgd With high purity water and forn1annoni@@w§% pgﬁh@e
According to this process, ammonia fromtank 34 is introduced into i nlet
38 at anbient tenperature where it passes through filter 12 and
liquid/liquid coal escer 14 which reduces the oil content to | ess than about
1 - 2 ppm Entrained netal particles within the liquid oil will also be
removed. Collected inpurities are drained through drains 44 and 46.

Pressure causes, goﬁﬁgﬁgﬁbgnﬁﬂohih%%ﬂpéﬂmﬁ@ e f oﬁﬁrlg‘dgr@cﬂebqs i@t 52

. into vaporil zer ter such as water acket mal nt al ns

te erat ure Of to create vaporo ut not
Lo h e o Al TBRlchy e eaRadih Rt Shedral Hwarﬂb o s at o

.water should be no greater than about 55 - 65C. Heat ed water is supplied to
wat er j acket 50irshifiteghi 2 ihee abiRomiadisdduécied thhowgliyHinki 42 b1 4quitiBiqlide
vaporizer is operated quiescently, i.e., with mninmal agitation of the

| i qui d anmoni a. Addiddronal |y, the vapor space above the liquid level in the
vaporizer is such that very |ow vapor velocities are formed. Generally the

mum vapor vel oci era ly i, is less than 0.1
fpsband nost pref era%?leif @gy é\@h%rﬁ%[seb?fspg Q,rﬂp%%@iﬂﬁf& WMEEP’Q%% ance
20 that no liquid is entrained in the vapor. This prevents |iquid amonia
and any entr ai né@lidshieh eowd distwintee eaphagatdiemnupioni Adis is y1-10 roicray
| 12/ OS17s2 PCT/ USO1l/ ~~I flfl Because tank 18 is tilted, denser inpurities

wi Il collect atfilgsraiprebfabiyhe0xalithegt €8l poipunbkingsm agﬁr@sduﬂee@thﬁ tOTreénmm a
bl owdown pot 64. The vapor that fornms in head space 118 of evaporator

flows through Vlflﬁ@%&u:h%@é%s@@r ﬁﬁgl fe5ig nBaefoPg%S uB)gt é‘r’?@g gnedﬂtﬂa@ '5 >

preferably abou psrg vapor fi I
renove partl cl es havl ng_ha Si % of about .1 m cron Second vapor filter 82

inturn 'is des\§fed) CBMEARIT Pe pégorgpn@l FRREFeeraYiIng W SHaa% 0. 05

mcrons. If desired, the vapor can be directed by valve 81 to outlet 83 and
coliDected. 10 ATherpmhianyei;twgetvhié csapser sroalh diledmdptets tte dcdayescal ndo 84rgeo
mani fol d 88 which divides the gas streaminto |lines 90 | eading into the

ol umn 5415 pr SPEARY HeRsTOGHTOud o SREVRORTRHECRY Biénsiis his s ent er <
designed for use with emulsions having a surface tension of 0.5 to 40
dyne/cm. In the second stage, the larger droplets separate from the
continuous ammonia phase in a settling zone. The pressure drop through

15 coalescer 14 should be 0-10 psid preferably 0-15 psid. The oil and other
impurities separated in filler 12 and separator 14 are discarded through
drains 44 and 46, respectively.

The iiquid phase ammonia passes from the coalescer 14 to the
vaporizer 18. Vaporizer 18 is simply a tank which has a heat exchanger

20 such as a water jacket 50 located at a bottom portion of the vaporizer. The

ammonia enters the vaporizer through liquid ammonia inlet 52 which



The bubble colum is filled wth saturated high purity amoni um 15

hydr oxi de. The ammoni a gas passes through the holes in sparge plate 100
form ng bykpjpsi ki ch rise through the annoniun1hydroxidep%qhH%hQQ00A heat
exchanger such as water jacket 120 mai ntains the amoni um hydroxide in the
colum at a tenperature of about 20 to about 30C. The bubbles rise through
t he anmoni um hydr oxi de and the 20 anmoni a vapor passes fromthe bubbl e
colum through port 102. The g V10 (12/f1S17S2 PCT/ US(11/-41f 111
bubbles mgrate at a rate to prevent entrainment of |iquid anmoni um

hydr oxi de and i td i AN a e ~d:arough
~athird and fou??ﬁkgiggfaTﬁ??g? %04r%0%bg?kuﬁéch Fiﬁﬁﬁgggkﬁﬁﬁégﬁgn%ﬁﬂa si ze
of 0.2 mcrons. 5 The ia vapor is nowready to mix with high purity
water to fornla%ﬁBRfBHﬁﬁgggoxide. Alternately it can be collected for use
.as a gas or anhydrous liquid. This amoni um hydroxide is suitable for use
in production of intégrafewnd thruditavingsahertami 8 is tiked tovwarde andraivo68 t han
about 100 ppt netal particles, and preferably nmuch | ess. 10 Thus by

utilization of whectppessitswitidtewhi §fihe 8XAIR BB PINEARBIALA i 38pbiszdror med
wi t hout the problenms encountered with the prior art separation aBparat us.

In particular, By r ﬂﬁgt’!\a@gisté‘%oﬁﬁbﬁ”hi&%gg% tl}é#@ubgwée's&é@%ﬂ)}v%%%éb'&“ d

phase prior to evaporation, entrarnnen

Further, by using a quiescent evaporator, as opposed to a 15 turbul ent
evaporator, ent r“g?c?fﬁ’é‘ﬂt SMPRBULNEPEaTRH fave towissd @imis8.s Bbai denser
mnimzed. This perm-ts further purification using vapor filters. Finally,
the bubbl e col umonipndesigiieble tal oT rNTareneiar 6l EELIA| aloMuUNithi gRetand at
the sane tinme provi de adequate separation tinme to allow any entrai ned

T o' COEBTLERR BTEE Bt i LS EORCSL o PRINE
of the present ipnvention along with the preferred nethod of practicing the
present inventi @H?C%\?@r?m?ﬁ@% tH@‘@WPWBBOf %‘geIp1e”§’ﬁt9@“ﬂV%'HP@OHBEHQW‘Hed by
t he appended cl ains wherein | claim

10 liquid through line 70 to pump 72 which forces the ammonia through line

74 back into inlet 38. This can be used to recirculate portions of the liquid
in vaporizor 18.
The outlet 54 from vaporizer 18 is directed to first and second vapor
phase filters 78 and 82 which include drains 84 and 86, respectively. The
15 filters 78 and 82 are Teflon® coated filters rated for .05 micron to .2 micron
with a maximum pressure drop of 15 psid. Ammonia vapor passes from
filter 82 to a valve 81. Valve 81 can direct vapor either to an outlet 83 or
to a manifold 88 connected by conduits 90 to the bottom portion 92 of a
bubble column 94. Vapor directed to outlet 83 is collected for further use

20 as anhydrous ammonia.



5 -11 WO I12/051762 PCT/USII1/~~11111 1. A nethod of purifying |iquid
ammoni a conprising: passing said liquid ammoni a through an oil separator;

di rectingygahfsi-kAui d anmoni a from said separator and qui pse@Rb1/M100
vapori zi ng sal dl ammonia to formammoni a vapor; 5 directing said amoni a

vapor through a bubble colum, said bubble colum including a saturated

sol ution of ammoni um hydroxi de; and collecting said anmoni a vapor after
passi ng through said amoni um hydr oxi de. - 12 V1' O (12/ 0S17S2

PCT/ USOL/ a~100 The nethod clained in claim1 wherein said liquid ammonia is

passed through a firsheldrfithonid Vhper whehodigdras $ tentihite @ihiss mitddackd
~separator and wherein said oil separator is a coal esces. 3. The nethod

clainmed in clai [ ' = ' ' [

whorein said vagbersain b B RIS SNPRRHARS [ik® JTRRE R e i 1y
inmpurities are drained fromsaid vaporizer. 4. The nethaod clained in claim
2 wherein said @J@bg%a@aﬁmfﬁplﬁt&s‘@ﬁ%@r&rﬁm@ﬁa‘amie&ar@ﬁ@r%ﬁi ABE eNEWng a
size small enough to provide any particles entrained in said bubbles

suf ficient tineddtiibeepassosgthichcolugin. sdahdsdbhbbiesciodwsirup the ooluawt 941 de
wal | s of said bubbles to thereby be 5 captured by said |iquid amoni um

nydrpxi de. 5. | TiroliBh sl weh Ik i &1 kot YOl 01 td BWaAbor BTREL f02.5

introduced below a Fiquid surface of said vaporizer. The nethod cl ai med
e oot o e & ARG ! P SR RO e
| / ~~1110 7. The nmethod clained in claim®6 wherein said vaporous filter
syst em i ncl udes sndli bgtblesd Thedergthdoftapsoldrn isfurther designed so that the
bubbles so produced will reside in the liquid for a sufficient period of time
to allow any particles in the bubbles to migrate from within the bubble to

10 the wall of the bubble via Stokes and Brownian motion. Thus, the length
of the column then will depend on bubble size and the speed at which the
bubbles pass through the liquid in the column. To promote purification, the
bubble size should be small and the rate at which the ammonia vapor is
introduced should be controlled.

15 The solid Teflon® sparge plate 100 has as many small holes 108 as
possible. As an example with a column having a liquid depth of about 10
feet and a vapor space of four feet, the diameter of the holes 108 should
be no greater than about 3/64” so that for the gas flow of about 42 Ibs/hr-ft?
= |bs/hr.ft, any impurities will separated into the liquid within the column.

20 Vapor outlet 102 is connected to third and fourth vapor filters 104

and 106. These filters-are preferably rated for 0.2 microns with a maximum



8. The method clainmed in claim5 further conprising passing said vapor from
sai d bubbl e colum through a vapor filter system -14 WO 02/ 11; 17; 2

PCT/ USI | L{yi5bkiss®. A nethod of purifying ammonia conprisipegRasslg |1 quid
anmoni a through a |iquid phase separator systemto renobve 0|{ fromsaid

i quid ammoni a; passing said |liquid anmonia to a vaporizer; and 5
separating vaporous ammonia fromsaid |liquid anmonia in said vaporizer. -15
WO 02/ 11i 1762 PCT/ 11 SO11~-tl Ul 10. The nethod clainmed in claim9 wherein
sai d vaporizer vaporizes said liquid anmonia qui escently. 11. The nethod

claimed in clal B fiIdhe o CRIPLL SIMEP3B8! Atb ! i ASn el 83?“?8”&@1&33

~through a bubbl e colum an I'ecting annnnla gas paSS|n rough 'said

bubbl e col unm wherei.n th bbl e col um has ffectjv to perm t
solid inpuriti egoklef?t@aﬁ@e{@ugcb?é@x‘f‘@ U WNeTs ”aC%‘ Bﬁg F‘g’ rifﬁﬁja‘é’é rgfsaw&ybubm e

~colum. - 16 V1-' O 02/f1S1752 PCT/USIT1 /~~ 1 UII 12. A nethod of
purifying |iqui wateman wroEmpmosiung hypasddarg said | i qui d anmoni a t hrough an
oil separator; directing said liquid anmonia from said separator and

qui escent |y vapori zi pgcsrird 3THEHracd®, BRIMbAIHRIM ?aﬁ{@mrsmﬁoeuﬁéémtag sai d
anmoni a vapor through a vapor filter; and col[ecting said ammonia vapor.

-17 5 WO 1l 2/1 lrﬁégég ADC%H%% }er%peral%ure wlIJlere it passes through filter 12 and

liquid/liquid coalescer 14 which reduces the oil content to less than about
1 - 2 ppm. Entrained metal particles within the liquid oil will also be
removed. Collected impurities are drained through drains 44 and 46.
Pressure causes the remaining liquid ammonia to flow through line
10 52 into vaporizer 18. A heater such as water jacket 50 maintains the
temperature of the ammonia high enough to create vaporous ammonia but
not so high as to cause boiling of the ammonia. The temperature of the
heated water should be no greater than about 55 - 65°C. Heated water is
supplied to water jacket 50 through line 112 and drained through line 114,
15 The vaporizer is operated quiescently, i.e., with minimal agitation of the
liquid ammonia. Additionally, the vapor space above the liquid level in the
vaparizer is such that very low vapor velocities are formed. Generally the
maximum vapor velocity is 0.5 to 1.0 fps. Preferably it is less than 0.1 fps
and most preferably less than 0.02 fps which provides added assurance
20 that no liquid is entrained in the vapor. This prevents liquid ammonia and

any entrained impurities from escaping the vaporizer.



13. The method clainmed in claim 12 wherein said l[iquid ammonia i s passed
through a first liquid filter before passing through said oil separator and
wher ei n s@iglmisi7sseparator is a coal escer. 14. The mnet hod pelrAisgpdshd cl ai m
12 wherein said ammonia i s vaporized in a vaporizer, wherein said vaporizer
is tilted towards a drain and whereby higher density inpurities are drained
fromsaid vaporizer. 15. The nethod clainmed in claim 12 wherein said
anmonia is vaporized at a rate less than 1 fps. 16. The nethod clained in
claim 15 wherein said ammonia is vaporized at a rate less than 0.1 fps. 17.

The method cl ai med | Baaaksatdfk MOEY Gidd, SRhde RPN Wil aMRR Zedtafif 58 rate
less than 0.02 fps. 18. The nethod clained in claim15 further conprising

1
o umn hac a_ el o CAlRE BL S LEES A P B TRl R ERY B iR behongn 1o

_provide any particles entrained in said bubbles sufficient tine while
passi ng through - 18 Thewspgry tbal formspoThembspeae 11181 of eveporaid €8 dowsmm t o
contact side walls of said bubbles to thereby be captured by said liquid

ammoni um hydr oxitdeugh9vagdvefiltas sl aad a8 redT e pebsdure 14 NERT @pAcs iag &
ammonia is introduced below a |iquid surface of said vaporizer and in a

diregtion towar | ral hod I Lo clai. - further
corrpe?i si ng passicbr%%srgPlg %%d&gr%& o-r@gaflﬁgé'bubEﬁ%ﬁggﬁﬁnﬁ@?rh?%d%nﬁjeg'%’%80{;
filter system _19 W 11%/0; 17; 2 PCI/L: S111 /~~ 1011 21. A nethod of
puri fyi ng anmmoni'§TRYRHELGISRHNBLRE ArirS Pl QitahTBisren-t Re6oRh varei Hiard2phase
separator systemto renove oil fromsaid |iquid amoni a; vapori zing said

l i quid ammoni a tio thor s desioméd to egroove anpuritigeast anparticledizs cbBbsat d.cBmoni a
vapor through a bubble colum and coll ecting ammoni a vapor passi ng through

sai d_bubbl e col ynmprMrerelidsitdie tHuPRP caRIbaMrdasq By Vap@tdy g)fc%ﬁfett 8% P

permt solid inpurities in said bubbles to pass to’a |iqui ase in said

bubbl e col um. 22 cAie\c/iapori zer adapted to purify anmonia conprising an

colle
10 Alternatively, the vapor can be directed by valve 81 to manifoid 88
which divides the gas stream into lines 90 leading into the bottom portion
92 of bubble column 84. The pressure of the gas as it enters column 94
is preferably about 50 - 60 psig.
The bubble column is filled with saturated high purity ammonium
15 hydroxide. The ammonia gas passes through the holes in sparge plate
100 forming bubbles which rise through the ammonium hydroxide solution.
A heat exchanger such as water jacket 120 maintains the
ammonium hydroxide in the column at a temperature of about 20 to about
30°C. The bubbles rise through the ammonium hydroxide and the

20 ammonia vapor passes from the bubble column through port 102. The
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109 () - separation apparatus. In particular, by removing the majority of the
impurities in the liquid phase prior to evaporation, entrainment of impurities

is minimized. Further, by using a quiescent evaporator, as opposed to a

15 turbulent evaporator, entrainment of impurities in the vapor phase is again
minimized. This permits further purification using vapor filters. Finally, the

bubble column is designed to minimize entrainment of impurities and at the

same time provide adequate separation time to allow any entrained

impurities to be gathered and retained by the liquid phase in the bubble

20 column.
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This has been a description of the present invention along
with the preferred method of practicing the present invention. However, the

invention itself should only be defined by the appended claims wherein |

claim:

- 11 -



L-: 109& ()- +&LOY%& ()- (F9A0%& ()- &&LOY& ()- L$&LOYE ()- !&LOY% ()- s_bC
10&s 109%6& ()-!109%6& ()- 10 10 10: 10%&' ()- 110% ()- /MLO% ()- _CJhdEbC
10& YG 10 %&, ;OE , 10968 () - $109%& ()-F 1096& ()- @O0Y%& %T%SWMN,

EpC 1

&10%%& () - hL 0&&@ 294 0% & ()-&s109%B& ()- $910%& (
1096& () FOL096& () - MLOY%& ()-)vdELC 10&F 6: 10%& () - &4m)/<10%3&' ()-F
@&10%& ()-F 0:10%& ()-3 -M0%& ()-F +&10%& ()-+=bC 10& : 10% & () -
$:10% & ()-"10% & ()-10% & ()- 105 105 105; 109%B&' () -, r KIEbC 10&
FLIO% & ()- 910% & ()- 910%W & ()-s$10% & ()- 3109 & () -
1. A method of purifying liquid ammonia comprising:
passing said liquid ammonia through an oil separator;
directing said liquid ammonia from said separator and
quiescently vaporizing said ammonia to form ammonia vapor;
5 directing said ammonia vapor through a bubble column, said
bubble column including a saturated solution of ammonium hydroxide; and

collecting said ammonia vapor after passing through said

ammonium hydroxide.
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The method claimed in claim 1 wherein said liquid ammonia
is passed tnrough a first liquid filter before passing through said oil

separator and wherein said oil separator is a coalescer.

3. The method claimed in claim 2 wherein said ammonia is
vaporized in a vaporizer, wherein said vaporizer is tilted towards a drain

and whereby higher density impurities are drained from said vaporizer.

4. The method claimed in claim 2 wherein said bubble column
has a height and bubbles are formed having a size small enough to provide
any particles entrained in said bubbiles sufficient time whiie passing through
said bubble column to contact side walls of said bubbles to thereby be

5 captured by said liquid ammonium hydroxide.

5. The method claimed in claim 3 wherein liquid ammonia is

introduced below a liquid surface of said vaporizer.

6. The method claimed in claim 5 wherein said vapor obtained

from said quiescent vaporizer is passed through a vapor filter system.
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7. The method claimed in claim 6 wherein said vaporous filter

system includes a first and a second vapor filter.

8. The method claimed in claim 5 further comprising passing

said vapor from said bubble column through a vapor filter system.
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9. A method of purifying ammonia comprising
passing liquid ammonia through a liquid phase separator
system to remove oil from said liquid ammonia;
passing said liquid ammonia to a vaporizer; and

5 separating vaporous ammonia from said liquid ammonia in

said vaporizer.
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10. The method claimed in claim 9 wherein said vaporizer

vaporizes said liguid ammonia quiescently.

11. The method claimed in claim 10 further comprising passing
bubbles of ammonia gas through a bubble column and collecting ammonia
gas passing through said bubble column wherein the bubble column has
a length effective to permit solid impurities in said bubbles to pass to a

5 liquid phase in said bubble column.
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12. A method of purifying liquid ammonia comprising:
passing said liquid ammonia through an oil separator;
directing said liquid ammonia from said separator and
quiescently vaporizing said ammonia to form ammonia vapor:
5 directing said ammonia vapor through a vapor filter; and

collecting said ammonia vapor.
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13. The method claimed in claim 12 wherein said liquid ammonia
is passed through a first liquid filter before passing through said oil

separator and wherein said oil separator is a coalescer.

14, The method claimed in claim 12 wherein said ammonia is
vaporized in a vaporizer, wherein said vaporizer is tilted towards a drain

and whereby higher density impurities are drained from said vaporizer.

15. The method claimed in claim 12 wherein said ammonia is

vaporized at a rate less than 1 fps.

16. The method claimed in claim 15 wherein said ammonia is

vaporized at a rate less than 0.1 fps.

17. The method claimed in claim 16 wherein said ammonia is

vaporized at a rate less than 0.02 fps.

18. The method claimed in claim 15 further comprising passing
said ammonia vapor through a bubble column wherein said bubble column
has a height and bubbles are formed having a size small enough to provide

any particles entrained in said bubbles sufficient time while passing through
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3" &10%¢& () - E" FpFvFwFxFyFFFDC 10! " 109%& () -s10%& ()- 10b 10b

10b:, 109%& () - 8ai&03@bié oolumn to contact side walls of said bubbles to thereby be

captured by said liquid ammonium hydroxide.

19. The method claimed in claim 14 wherein liquid ammonia is
introduced below a liquid surface of said vaporizer and in a direction toward

said drain.

20. The method claimed in claim 18 further comprising passing

said vapor from said bubble column through a vapor filter system.

-19-



F4: 10%& ()- FF GGGGGGIELC 10! F &10%& () - 4F 310%& () -F 910%& (?- Y
10%¢& ()- F yl0%é& ()- F 9&10%& ()- G H&H H(H) HVHzHHbC .10! 310%&' () -

9@ O%& (o 02/05998& ()- 10b 10b 10b& @O%& ()-F " &10%& (,) o A4l dEBC
10! &10%& ()- &l0%& ()- 3 10%& ()- 9s10%& ()-3 10%& (C) .
GlLOY%& ()-1(J JJJIIAELC 10! &S10%H& ()- s$ 10%& ()- 3" 10%0& ()'-' 10%9& (0)-
10%& ()-3 -10%& ()-JKGKLKIELC 10! &s10%& () - s$ 10%& () 3"10%& ()'-'
s:10%& ()- )1 10%& ()- &10%& ()- Nornal " "Heading 13]c" Hgadl ng 23] c )
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c

"Headi ng 83]c" "4¥ading 9 A ¥ g =) . " (-=3A46: ;
Q<>| ?xc? ELHLNPRTi\j)’E(Z\ A bdfﬁﬁlﬁ?&??@g ?E'g‘{éi’ﬂla:{'ﬁ%i‘g‘ig@%%éa | erLn«/ CRSTONK
g #%Q&' s) 6+), ~- ./ 023U5>6: 778r 9: ws&=>?s?@ AuB) CDEFGHI JLK _ MNOP |
YZ[\]~_ abcdef ghi j kl rmopqrpﬁsﬁ{ﬂ%(%%'F}afﬁmoﬁi?s%r}(@%@cﬁrﬁ%ﬁ(ﬂl Rz sEparatew’ h
_Root  EntryWrdDocunent | "#$%& ()*+,-./0123456789: ; |
<=>7 @\BCDEFGHI J K9P ORSTTOVVKYL o saidbicdet gimimjddianopqr st uvwxyz{| } ~
vaporizing said liquid ammonia to form ammonia vapor; and
5 passing bubbles of said ammonia vapor through a bubble
column and collecting ammonia vapor passing through said bubble column

wherein the bubble column has a length effective to permit solid impurities

in said bubbles to pass to a liquid phase in said bubble column.

22, A vaporizer adapted to purify ammonia comprising an

elongated tank having a bottom surface;

said tank tilted providing a first end of said tank lower than a

second end of said tank;
5 a drain located at said first end of said tank; and

a heater adapter to heat ammonia in said tank.
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