.| }e3e| dr|a. 6TrCJ/ WD 02/ 47783 PCT/ USOL/ 47196 1 METHOD OF VAPORI ZI NG O
b

LI QUI DS BY M CROMVE HEATI NG Fi el m I ntion This invention is
general | ywipdoalzgd to a nethod 5 faﬂlwm ﬁ’m "'Hmmsaturat ed | ipguigsoa/4ios e
specifically, this invention is relategsyis @ nethod for purifying saturated
| i quid using m crowave energy during the vaporizing process to produce
ultra high purity gases. Background of “the"I nvention 10 Process gases for
use in sem conductor manufacturing facilities are generally supplied

through cyl i nderggridp obfeyabORIEENG NeQUASSs eagi MOcCRewARME fiaThkgh flow
rate product an = Urity requirenents for 6S€e gases, gas

. producers often use 15 an ultra-high purity bul k vaporizer delivery system

to treat polar liquefied conpregs . ral, the on-site system
uses a mcrowave source of en Sl gt e fﬂ%éﬂ% o control the
evaporation rate ofhaguieusnpobarisi gehdsalsychedstednosi a)meThedon-site
systemis 20 able to provide purification, short response_tine, and

accurat el P cof@¥ dPRELTIRGpIRTIRRTRA LiTYEAS- hi ¥ere | sRFFLEESaEE¥ ceedi ng

1000 liters/ nmyps LN, : yol he,sgni CEQF Lngdustiyy. To
sustain the C%%%%i%%?%%ﬁl% ?ﬁ§§%%?g?§z§% %P%ﬁ?ﬁ?#eg co%poung, éS ener gy
nmust be addedsi&butaecedysiguidousepyanécrbeaneaenehay dsringribd off with

t he gaseous flow t t he

th t int. t hi t d
tenperature i YlaP‘Pl’ég 6h§§vﬁg$ $C§$§|rot§ﬁ§r gﬁ‘légﬁoﬁlg{;r?i hggh'sgggéﬁggsgg?%n rate

wi || decrease until the ga%égﬂ&lﬁgp PO heVeERidad 1 dh sub-cool s and al |

vapor flow cease. |f the |i"quefied gases require additional purification,

t he vapori®Qzer systBrpcassredaca fas usewmogemyggrduchorpCr/ US01/ 47196
manufacturing facilities are generally supplied through

cylinders. In order to meet the increasing demand for
high flow rate product and ultra-high purity
requirements for these gases, gas producers often use

15 an ultra-high purity bulk vaporizer delivery system to
treat polar liquefied compressed gases. In general,
the on-site system uses a microwave source of energy to
increase and to control the evaporation rate of aqueous
polar liquids (such as ammonia). The on-site system is

20 able to provide purification, short response time, and
accurately controllable vaporization at very high flow
rates (exceeding 1000 liters/min in large volumes for
the semiconductor industry). To sustain the
vaporization of the polarized liquidfied compound,

25 energy must be added to the system to replace the heat
that is carried off with the gaseous flow to the
customer use point. If this is not done, the
temperature in the gas will drop and the polar liquid’s
vaporization rate will decrease until the gas-liquid

30 pool eventually sub-cools and all vapor flow cease.

If the liquefied gases require additional

purification, the vaporizer system can reduce the

MR
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anount of inpurities that is introduced into the vapor phase, thus adding a

purification step. The inpurities that will be excluded fromthe vapor
phase andwpaaRbgsi n the liquid pool as a result of |iquidpevadei/aiben 5
includes Goup I, Goup Il and Goup IIl netals, as well as oxides,

carbonates, hydrides and halides of thesg elenments. These inpurities cone
froma nunber of sources including frictTon fromval ves actuation, thernal
expansion and contraction of liquid containers, 10 pressure stretch or
expansi on on amesget cONmpeTt opentings dsrimgrddibcedginied cthd/brspare is
anot her source of inpurit Based on vapor-]iquid equilibrjiumdata, the
concentrat i orPRAS F&‘Eﬁ eglci‘?ﬁrf%ea | P pRESRY i LD pr oX PRt BPYE B 3 ti nes

greater than {fie: 1pi CONSENUL A UREG | Prém e NEPPIpPPASEas 8 &l Uter@dl i ng in

evaporating the Iiquid phase to the vapor phase can reduce noi sture and
. ot her non-volitithke resquiid p¢dWVRYs by veslels of hihgwid uelcapdrabhemn practice

for deliverin rifie as 1s 20 through the vaporizer approach, which
uses el ect%_ri c%?gf"é%?it‘%f]%ép at Jﬁ%‘?lpTﬁg ?)?%Q(SE%‘%R% ﬁférlﬁw_sggi’po?sf roma . tank
and heats it wéih & heaidedureerbonates | Neydaidést eidahapaésropr external
band heaters to provide heat in excess of avail able anbient heat. The vapor

25 then passedhesg crigmenteat Bhepanieruiithes heopdofrom aomumbgdoehi c
| i quefied co . pro. t V. i Lon. J he tank
Conducti on ann?é&g%?l%%c%?%ln&cﬁrg%s?%&f%%ﬁ higg mtgi)?ﬁéeszg%ﬁﬁu?{fgﬁg’d froma line
sour ce, whi chthenmahsespdrhei sy sded cespoaseion nef Blgibheé cesetainenmer si on
heat ers %r shel |l and tube heat exchangers can rel ease particul ate and act

I

as a nuclat i RFEITHF S FFEHDI PF nGXBRI P HYr PR BES Pk eCONYHI DT 47783

PCT/ USGL/ 4719@pen§n%§0&§ﬂ&ﬁc§%f§iﬂfﬁgﬁ herpucl gal ORr80Us CEnbehspbst antial Iy
hotter than the bulk liquid. Agitation pronotes boiling as gradients and

nucl eati on sisesree cofeimpuaritly. Aghaaed opn avapotrntidateseqhel Hobivwnty of 5
non-vol atile égéégugﬁe(g%ggénéggéfggigg ﬁgfs Q?QCEE Qge liquid phase
is approximately 2 to 3 times greater than the
15 concentration in the vapor phase. Careful handling in
evaporating the liquid phase to the vapor phase can
reduce moisture and other non-volatile residues (NVR)
by orders of magnitude.
A common practice for delivering purified gas is
20 through the vaporizer approach, which uses electrical-
resistance heating. The process withdraws vapor from a
tank and heats it with a heat source from either an
internal heater or external band heaters to provide
heat in excess of available ambient heat. The vapor
25 then passes through a heat exchanger with the pool of
non-cryogenic liquefied compressed gas to promote
further vaporization in the tank. Conduction and
convection transfer the heat to the bulk liquid from a
line source, which increases the system response time.
30 The use of immersion heaters or shell and tube heat
exchangers can release particulate and act as a

nucleation source for boiling of impurities like



al | owi ng passage into the vapor phase. U S. Patent No. 4,671,952 discloses
a process and apparatus for generating sul fur dioxide vapor from

cont am nafy@fyalsrehdi d sul fur dioxide. The process uses 10 cotraysonates |iquid
sul fur dioxide and subjecting it to m crowave energy at a frequency of 915,
2450, 5850, or 18000 Mz for a sufficign% period of time to produce sul fur
di oxi de vapor, Collecting the vapor and Tenoving the resulting contam nated
liquid sul fur dioxide, if Z5 any. The vapor pressure of the sul fur dioxide
is 34.4 psig mbigbure andipeeitlye chusLéduioni sxudeeachi svestastP8199. U. S.
Pat ent No. 4,285, 774 di sc] oses aratus_that continuously produces

_ concentrat ed 3PEERBI tRRBFHS %@@?.fggbi raI%@%tBFlBBnBEﬂ??gF%r cells and a
plurality of salvege £8!45a81&nesr angeubledtibResifesi deeby-side relation.
Beer is supplied to"the Tirst upstreamconcentrator cell through a supply

. conduit. The pemerathed.f|dgstahiongalpasingeeadeswebs mdbasehy 28 cells in

response to the vol . 0f Dbeer .reachj a predetern.n I j e
adj acent &bst?%%ﬁ¥%§$€%ﬂi ﬁ?%f%&% e(ygﬁ?tigﬂgﬁg?ﬁlp gggi ¥§h%ggié?ea0h
cell to heat gshecheey padsagel igtoveperivapothphakeohol content. The gaseous

al cohol serially bubbles through a fluid 30 passage from each concentrator
cell to the next adjacehdtepstNeanfcbil,BpLi AipRbOFaSeBUBTAFEBROR Feaches

the first congepirator gstlouherecihe 0aseausqsoW02(4g283 BGY USOL/ = 7196

4 _ al cohol concen ensed in a colum'to a [1qu
sol uti on cont abntagiappedxlimtbdysQb$ual dbbridand Appr pxboetel ys8e wat er.

The al cohal obtained fro he dilute, sulstantially spent beer | he

sal vage g‘benganmtﬁ?Lﬁgliﬂqﬁﬁa FEEEPﬁealPﬁlgﬁeagépﬁﬁgj88 aﬂgtlgo%O
recycle. U S nPatgRhvloenér§f2a€18 di-sgheney arl bgyi d2debi vesgosystkem for
delivering a liquid reagent "1 n vaporized formto a chem cal vapor

deposi tion red8008p.Mhp The meauvféicisnkrpanged pPh Liwapbe- PEeERgENg
| at i hip t he Liquid.del] ., _Th i quid..d
oo L I LA YR e e et

i ncl udes an ef apori zatiroh assag I'ne

| ongi t udi nal axksrapdlborHgdednbymanaeaal 0sgogdwahilfud dapatdaat f@n- heating
15 el ement contained wthin the fluid fIOM/passa%e transverse to the
| ongi t udi¥fal ar¥s f8hen¥aPPRgPERESEER 8Tt §heapblingt AdRxX1dRe15apbr Fzed

liquidis thepg.earcriedat Shem £t VaPoL, fERPShE b4 s 8aG i Uved) i3 Patent
No. 5,846,38685?§c%g528 g%%%n-gg%efé% vapo??zer t%atﬂ%ramsléﬁﬁ%nﬁé vapor
froma |iquidoanadhia reservoir. The ammoni a vapor then passes through a

mcrofiltration filter, _and is_the u d usi hi gh-pH purified water.
Conmer ci al grade aﬂnﬁni§a£8ﬁgewfs goiggfpﬁgigﬁFFggﬁFthﬁuFPE§r$ nia
W thout 25 thenaeedoheintenyelt beBalces! oA cdnsihkkat kOBohbLgErdmamm™Ni a is
stored in a reservoir. An external imrersion heat source draws vapor from

the vapor2@n keprqui 8 aksalatyuppl goresatvaitert RallsePhes@as a single
stage diStillg&hgglik9a%kngaiggb@i@ei@%igrE”BQEg 5%% in a line in
side-by-side relation. Beer is supplied to the first
upstream concentrator cell through a supply conduit.
The beer then flows through passages between adjacent
25 cells in response to the volume of beer reaching a
predetermined level in the adjacent upstream cell. A
microwave ignition bulb is positioned in each cell to
heat the beer and boil or vaporize the alcohol content.
The gaseous alcohol serially bubbles through a fluid
30 passage from each concentrator cell to the next
adjacent upstream cell until the gaseous alcohol

reaches the first concentrator cell where the gaseous




' 30 and high-boiling inpurities behind in the |iquid phase. The ammoni a
vapor drawn fromthe vapor space in the reservoir passes through a

m crofi | twp.o2A718s€SSUr e WO 02147783 - 5 PCT/USOLL. 1719eThgyaver
controls the flow of the filtered vapor and directs it to a scrubbing
colum/circul ati on punp conbination and ,then to either a distillation
colum, a deionized water dissolving Jni4t for purified liquid 5 product

poi nt of use, or to transfer |ines for gaseous point of use. The vapor
headspace of atlBehbeseEvebhcentiratles el idonienaieel iM @ auEverener gy rapidly

replaces the_energy | oss to the proposed m crowave system A circul ation
_punp is enpl é}gb}lgnSpﬁét}@nmcﬁn&ﬂé@éfkgaﬁ&ﬂr?érm@&&&(%&[% A whi ch can

be a sour ce ghyMELALLLeHRYL LaeSacdsS. Haleny Mhoi5 MR Hivl 0ses
usi ng mcrowave energy In a dielectric plasm chanber, a pair of
. vaporizers, ahsi didwéee subistgnddicltlyaspentsibeerlinsdentdalvage a magnetic

field ti nblLy. Th hamber_ def i interi ' in which
a sour ce Yas CPLIPoGPeOMEIEN 200 6 HIARDIERS TS PRI KB & uni ng and

transm ssi ongagseablyikeeds nicrowave energy to the chanber in the TEM
mode. 20 None of thé prior art is believed to teach or suggest using
m crowave energy PeScokeitentydisor iSzi88d 4 atdisalesas quildBEidbw its boiling

poi nt and praduce ultr i_gh i . . Su L Of vention 25 An
aspect of thlgg ilX\‘?%Xt Fgﬁtllegﬂ cﬁ%%reé%i&q%gﬁz“gw% hrfolﬁr"?&gfr) rsete rde;{t]il(ra{g a pol ar

li qui d conpr vaipdgikd Foradwe Y cvendidac tiape ramapds iafion areawsieer ener gy at
a depth of up.to about 30 mminto the liquid below the surface of the
liquid; B cBher SERCHST HE RRRRRk 2N Fp VARTGFRIFHVH™ i ntr oduced into

the liquidt [ I 3 tt:‘:‘om?ﬂ'{eatl‘ir kel it PalJddign Poitte of i ddigy | i qui d;
c) evaporati (r%gqtglﬁgtoﬁsgﬁ d in the prqglslence olf tﬁg r%{cr owave eV\l% 2/ 17783 -
6 PCT/ US01/ 4196 egyesys bem linclustes mme tdngatetharamanizdfsiaow t he boil i ng

point of the Jiquid.to formpurified vapors: .and. apturing the

evapor at ed pélﬂiug%e%l\?&p&aﬁsa%‘?ot T g)é{ aoflmlggq‘%\}g%i%’ﬁl Ffrected to
a 5 nmethod f@puseRd #y Bt 2riR9layidd G .CONPRIEHIWE dd Tdrthied 10 rig Cr owave
energy at a depth of up to about 30 mMm.into the |iquid below the surface of

the |iqul¥ t elesgsit Ceatainad witdin ithe fdind Lo mAFIFEL t he i crowave
energy to near__th il | nt : |J.gu &, evanaratd he I'iquid
in the pr ese%é:éz‘%ossletq%ee r%rl’gri%\%\r}eon%le%&&?ﬁ Ide}&;gus oallenl ng J'[axf"fw&eq%]ré&rlrrper ature
bel ow t he boiflivigl pei Mapafrideerddmui d’He faponimed fljediddpos ssheand
capturing the evaporated purifjed vapors. The nmicrowave energy is

i ntroduced t G3FTiBd &fpér AAE G HPRY SFRASTE AbARATHRE boi | i ng poi nt of
the liquid by contydf |igid ddte AP, dESFE &1iYcides an on-site

20 vaporizer that draws ammonia vapor from a liquid
ammonia reservoir. The ammonia vapor then passes
through a microfiltration filter, and is then scrubbed
using high-pH purified water. Commercial grade ammonia
converts to sufficiently high-purity ammonia without

25 the need for conventional column distillation. Liquid
ammonia 1s stored in a reservoir. An external
immersion heat source draws vapor from the vapor in a
liquid ammonia supply reservoir that serves as a single
stage distillation, leaving certaiﬁ solid impurities

30 and high-boiling impurities behind in the liguid phase.
The ammonia vapor drawn from the vapor space in the

reservoir passes through a microfilter. A pressure



liquid. The resulting purity of the purified liquid is |less than 1 ppm of
inpurities. 20 Brief Description of the Drawings Other objects, features
and advanjygops7ydsl | occur to those skilled in the art fromdigsoietiew ng
description of preferred enbodi nents and the acconpanyi ng draw ng, in which
Fig. 1 provides a 25 schematic diagranloﬁ the storage, evaporation and
delivery nmethod in this invention. Detailed Description of the Invention .
This invention uses inpure polar liquid (i.e., ammonia) and add heat
thereto to vapegukatohecpotaols BHel ffawdofhthe Hblbenedgvhpgheangurity in

Tadiatton | s GGEECTH Hal RbafnerhaPPeRGeral e/ Shpeiaaf Ipyrpgte” M OO

PCT/ USCL/ : L7196m9{ndHEoR0hAl thaH dopeothbel avaiBeiboatisg BeiLGhnpf at he
polar liquid at that pressure. Boiling or agitation of the polar liquid

. does not genedeityiredevptatedippadveryg hpitsfprepurabiedt digppty
sufficient. mcrowave 5 ener to reach,_th Lking e u he pol ar
liquid, and t R ?%té%?ﬁgﬁ gﬁeu§$br§g65é gﬁ§$5§é?ol%§$§mﬁ§%egggg P%g poi nt

of the pol ar pbomt dofbukeenonpb whpbevwasedspecgyofotiapeeszevbhe pol ar
liquid. It is believed that_this use of m crowave energy to Eurify 10 pol ar
liquid mai nt afFPREFPLS pliket FLleBr 2akie - r e¥SERSVAERr SRV NFAPZARY agitati on,
whi ch woul d o Logt susbem,i §oRei Linghbspkepbsk8 AiBVBlAVET keeps the
inmpurities atfgﬁgagg?tgﬁ$o¥ﬁtﬁgyl?8u?d pooP mﬁerg 3apor%zation i s not
occurring. Sespstemnoi 3t aieculBtdpgapimpoibsemphdyadninokhei | e resi dues

prefer tglrenaln in the IiguLd Ezase of %he golgr IthLd Secogd, noi st ure,
organi ¢ did s BhArAERYG ol aPPEE ZPESPURBSTBFRF er YE 5 Perk M i Pn CEReFi ui d phase
of the polar Lbg¥td. ofhRetBYERE ORpAFEYERES the system from 20 boiling by
mai ntai ni ng the tenperature bel ow t he b0|I|ng.p0|nt of the polar |iquid.

i

This ensures a carBf8l FapertpNasedt PaRsPPR PhschaseshusABOst ure, organic
oi I s and non- ' resi s.leqai;n i | Lqui i.t hqut.. .
transferring %ﬁ%gg?%gev§§8g8§hé§eQHQEeFECFEgcpégg%ﬂﬁfgggﬁb%%'a?|Eﬁéé to

boil at an exbendedoperend, aonecebwhke tuhihyrendotgansmisisisnand
nonvol ati |l e resi dues would be able to transfer (in,lar ncentrations)

. , e . ¢

to the vapor pRESEPLY BRE AgMRERFEAC @PF#Q&E@P?FaFﬁégi%§§ﬁ@?gﬁ'isT Bleto
produce vapor chaifle ANHBRE AW LA RAELS1BES reghbhomnl WRYEHt ¥ Leueks. _
M crowave energy replaces the energy that iS ost fromevaporation, while
mai nt ai ni ng tbesvaporohkgdi dnd WOn@2e47%83fory plasma. The

microwave tuning and transmission assembly feeds

microwave energy to the chamber in the TEM mode.

20 None of the prior art is believed to teach or

suggest using microwave energy to control vaporizing a

saturated liquid below its boiling point and produce

ultra high purity gases.

Summary of the Invention

25 An aspect of this invention is directed to a
method for separating a polar liquid comprising a)
introducing an effective amount of microwave energy at
a depth of up to about 30 mm into the liguid below the
surface of the liquid; b) controlling the microwave

30 energy that is introduced into the liquid to maintain a
temperature below the boiling point of the liquid; c)

evaporating the liquid in the presence of the microwave



PCT/ US01147196 equilibriumin the vessel. As the liquid in the vessel
evaporates and the vapor flow increases, the vapor pressure drops. Al so, as
the |iquiwoaapmsates and the liquid in the vessel evapor @caysoi/rase
tenperature drops 5 and the |iquid subcools. The pressure drop al so
prevents spot boiling. The m crowave eneggy naintains the appropriate
pressure and tenperature equilibrium thereby maintaining the evaporation
rate and energy in the system 10 One nethod of operation is to run the
process in a draundy rmiticl e Tées pal ming | the démperdwee helowciraise to a
certain |evel d then turn.the mcrowave off, while.t vessel . w ||

. subsequentlykﬁﬁﬂEQQIRQ&PBM?% ?%% OFar I?%ué%ﬁmﬁ%%¥h%+gﬁéY%§%E%f operation
is through 15¢@md) negstsuageldt 198 efaperated i gt Uf 16d | apdes i cr onave
energy is applied. Spot boiling may occur as the evaporated polar liquid is
. drawn of f the top Aothrr vagpectef  this sinwerkitRsis dlprekedred Al so, as

the polar ¢l iquid i d h f : r the tenperature
of the Ii qui %ﬁ%ﬁ@ %%55%%%Q¥%%I?éq%i%gg%Psh%ggﬁﬁaa%?%E%%£%%oIed i qui d

wi || spot boiintodiieingdutetovaporepersyuate. a Tiepth codway eso ezivogy

repl aces the heat and pressure | pss tor estabt#sh, he vapor

: OL t he systgg
25 | i qui d/ pr esQUie 1REDFRE Ut BIeHDi PEHRY uiHie THET ﬁ%?!?_r?%ﬁ1. dYH@E vesse
Is at a te”peié‘tﬂé%%}‘?%ﬁé" {p ,ié(%YbGiP%@gtl%iﬁ‘E'? boht 1891 PR§ NEnbor that

pressure. By reestablishing this equilibrium the invention Operates to

prevent spot mbcrowgvefendegpotarngdr| tiyeiboliThegbpadhitteffbheusing

m cr owave .ene as_a source of hegat includes; rapid respops o rapid
WO 02/ 47783 -{ggﬁ¥éﬂ7fﬁiﬁ?ﬁ%iﬁ%gh§§? %*qgé o%Pzé%?o%P%%%?gﬁ ?gp %%enent to
avoi d boi | i ngnasr®Rade i 8nkigyi #hprel sudtadhsngcenef tpapetavhaé ebelow
contam nati on; and SL.efficlent energy_use. M crowave energy sources are
very ef fici entheopohbbRd ngoEnpoPhr thabsidntdstonhere PRELHHRML i ve and
negati ve char te a t i e % t charge
o the ol coul SPYES cERAGEREARPRG Efle ByERAFaC U BLLREVEL 3PoPS! |
ammoni a, the char gehsepacadvwanceanblgs tsuphtngdotethtonmsl ecul es to the

15 temperature of up to about 5°C above the boiling point
of the liquid by controlling the vapor pressure of the
liquid.

The resulting purity of the purified liquid is
less than 1 ppm of impurities.

20 Brief Description of the Drawings

Other'objects, features and advantages will occur
to those skilled in the art from the following
description of preferred embodiments and the
accompanying drawing, in which Fig. 1 provides a

25 schematic diagram of the storage, evaporation and
delivery method in this invention.

Detailed Description of the Invention

This invention uses impure polar liquid (i.e.,
ammonia) and add heat thereto to vaporize the polar
30 liquid while obtaining higher purity in the vapor
phase. This ensures that heat addition is done slowly.

Microwave radiation is used to maintain the temperature



10 energy, thus resulting in heating. Mcrowave energy, when delivered into

a tank holding a liquid, will penetrate the liquid to a depth dependi ng on

t he permyioosisbigs perneability, and microwave node of opempatris1/41196 heat

vol une layer. As 15 the surface recedes by evaporation, further |ayers get

heated. Since the heating elenent is tbe7ILquid itself, when the power is

turned off, heating ceases instantly, resulting in "rapid response".

M crowave energy is delivered through a wave-guide 20 and a quartz w ndow.

There is |ittéf e nolant hiduibd i probeealce the kobiypgipodetiefrelew t hout
contact with qgg nugl eation_source for boilin o%her inpuriéiﬁs. Volunetric

_ heating prodRetahi GHIHF 2t iyt BrpRAESe i POUOERINDE dBpehaBh ©

conduction an@h@O@aﬁgflpﬂqﬁpuadaégaﬁo@xg@ﬁérafy%thske pegagse the

penetration depth is estimated at up to about 30 nm preferably between

. about 16 mm towevesn ihelsdbuetepibiastecappivigsthiticierboBtarPrayfe tank

by evaporation is 30 heate ef. ] e o] e cost

ef fecti ve “bul ¥*%b é%gdﬁ eI#@%?@gﬁ§%%§n$g%%§£%F%ggn £ gb&)éﬁ?%%783 - 10

PCT/ USO1/ 471951 avent 4nd pheni tesaajaet hole amticappavat esetgy del i vering
ultra high purity pol ar. and, non-pol ar process gaseiﬁ Tag del i ver sgsten1is
fHh-LEBRA

an evapor at | 0AeL9%1 B¢ daphbiBI 0P Lkt @F nbRg BO aPBt §heug
evaporation t & r i 0 af 1 8fflgnonypol ar

sat ur at ed Iié%?%fgﬁgﬁgcgﬁggggdtgtg ﬂ?gg%hﬁﬁgh%ﬁ?§£|ﬁﬁ§s gt | east a vapor
phase and a |bgliedvetaskat \Vabbs-hsquoll Bijarbwbreuendagy torpuhéfyrace 10
nDi st ur e-amMmmoni a system be, generated. Mst of the npisture reside in
the |iqui ph%%g?rT éqﬁbazéﬁfPﬁngﬁ b SnBngﬁyegPﬁ EH@ fF3dartSphase is
approxi mat el yp2rs0, 3mOpgRi 8105 98990htUde, JhBAERT wbhial bBeueongepheation in
t he vapor phase. A simlar distribution between phases 15 of trace oils and

other non-vol avstemr &5ibadsipsViy kaBtheenaoBseine®, Basea &hethe
vapor- 11 qui d eayl,} br Ly dat feusbplohnge SERLER: RHBLI B8bLORhetle vapor phase
y g or

noi sture nmay be" redace evaporatin rstilFling"the ammonia fromthe
| i qui d phase taparvapbicphasenof0osonerings kBewonds moisapoe, phase

transfill". Careful vapor phase transfill _can reduce noi sture content by

, €
two orders of ORggRLEUBELSy . 8nd PPBAV2OBCpHR FESHENES: RERLELppM This

purification pgnoihy;iACRLHEYedquhanshhgel bewhat Bobrt Reghransiill is
carried out 25 g?omﬂ§ enough ?o prgven? rapid bgﬁliﬁg o? the liquid
ammoni a. | f béetbnd, omolissprae pugahicavios ahdl nbe-zcdenwpleshed, as all

the noisture in the i uig Ehgse wi |l sankﬁev$gorL e hnto tg? ggs phase.
Hovever, a | oW FIoWPgaE™ph&Se Pr ARSI i FHCar TG0 EnB 88t 8 f 30
mai ntain the éayafamhguyaporTheqwhdeﬁﬁmbhlp&euahﬁglshurey@tamrtbumlon and
produce a two order of magnitude noisture concentration reduction. A
simlar 2000 boilyngiby maintaining the temperature below the

boiling point of the polar liquid. This ensures a

careful vapor phase transfil in that the moisture,

organic oils and non-volatile residues remain in the

liquid phase without transferring into the vapor phase.

25 If the polar liquid is allowed to boil at an extended
period, some of the moisture, organic oils and non-
volatile residues would be able to transfer (in large
concentrations) to the vapor phase by the agitation.
Ultimately, the invention is able to produce vapor

30 ammonia with parts per billion impurity levels.

Microwave energy replaces the energy that is lost

from evaporation, while maintaining the vapor-liquid



PCT/ USOL/ 47196 - 11 reduction in vapor phase oil and NVR concentration

w Il occur at the sanme tinme. To maintain the slow rate of evaporation,

ener gy nuglo BR7added to the systemto 5 required for vapomicaaiSoon719é f
tenperature of the systemw || evaporation will decrease, and to boil. As a
result, all pur noisture, oils and NVR_ w,;l | be replace the heat this is not
done, the drop, the rate of the ammonia will begin ification advantage for

| ost. A standard 10 evaporator approach using internal or external heaters
with agitatioaqtehilsriompionbhe bessehg bisgeher dtangdgindibat yeanmdl

nucl eation sites. Agttatio Eéso incregies t he nDbiIit¥hof NVRr t her eby
. increasing thE"¢R3h §So?nga 48g82PRt o™ tHE vaKoPAphgse™"T5VTR8 current
I nvention Use§r€b§ﬁ9éﬁa§o?§§t'ﬂﬂsb? §8r tpet 1t haianmevapoehteenkhdl kabl e
energy needed to sustain the evaporation process. In the practice of this

_invention, vapbaizddiprbbacvesseh endparAteponthieteppesptine e¥apsr at or,
20 the vapor hayi a,lower, concentrati of I Lti t t he conpressed
a&ﬁegﬂ$c}6aﬁld & Q?CSES. Qﬂetﬁgégggéﬁddﬁgp gigo

| i qui d phdase. Ve sou causes 0~ evapor at e.
M crowave heapiragentspspat bbdliflgis DReemiepovheepeasirge mhahtahaspositive
and negative charges are not coincident in space. 25 Consequently, the

mol ecul es havEh@ eBREEREJ2bE BFPERRFAg2RAchBEPGES IR 89K %@rFB. he
D f'e'gheg%%gvﬁéinEQEnF+§C£ﬁéCe@hﬁb?ah@ohh§aﬂbcéﬁﬂaﬁﬁekeg'QB of the

el ectromagnetic trum osci tes at a rate that far exceeds fhe novenent
of the nol ecutbks. s¥hktem'. 30 creates an internal resisting force, which

interacts wth the_ electric.field and, generates heat.,.The_precise_m_crowave
frequenc?i}or thisoPﬁp@e%bOGiggoagera9g982f§7§§3rB&TFB§CEF§?f§§ M3
heating is nopatBROMbARL. YHat pblakrMPeghiaat ishawewvweed ks teakehdst tenough

internal friction is generated by the electric field of the el ectronagnetic
wave to increaseerhainapsvepr eandr hen tHENsiher BLeyorryE @ffo whid€tain a
required flow,_fat he.cus r i,hg N : (e T i.C LQvi des
for a schenatFégd§8%§Fﬁoﬁlg$ %ﬁgggﬁgggEE? g&a%%?%?ﬁgg gﬁéhde Fngga%éthod
for this inventigabd.A Rackhekrunledhbd afgpbpertyibadiwi thdoaghng system which
feeds saturated 10 |liquid product. For ggreoses of this [nvention, the

t

sat ur at ed-3 i gGPREBRBAYEL 89RAT 1PRcPHIROL YL WRitEd thE RESTIOMRYeS) HO 3,
Si H2dl 2, C4H8eng§5§1iHBépp§§E§u C1F3 and TECS. The saturated liquid
products are fed ih ton containers 1 and 5, which are set on scales 2 and
6. 15 Line purgi ngSbat! bdéd isgpmeat eCES® panthe 3vaperztgdd peilerogen

pur ge- panel -for, |ine-pur,ging. Product_ ton containers_ 1 5 include ESO 3
and 7 with isgﬁgPFanlgoﬁgﬁ83d0§§|$§§ FPaRd E%F Vavar g%ﬁﬁfol&3éﬁves 12 and
16, as well ageekegke%akvne bfedBdr@anuallsbsokat icdle $314@ tlagpadnils |iquid
products 38 and 39 to be introduced into m crowave evaporator 19. The

amount  of2pr odgewni REEn&hey per afothies VABAIL Sidd /by Mo FEMPEFAAES O 13
R
subcooled liquid will spot boil at the reduced vapor
pressure. The microwaves energy replaces the heat and
pressure loss of the system to reestablish the vapor-
25 liquid/pressure temperature equilibrium. The
equilibrium of the vessel is at a temperature below
(but very close to) the boiling point for that
pressure. By reestablishing this equilibrium, the
invention operates to prevent spot boiling of the polar
30 liquid.
The benefits for using microwave energy as a

source of heat includes: 1) rapid response to rapid



25 value 2 and 6, and isolation valves 11 and 15. Once the evaporator is
filled to a certain level, control valves 12 and 16 are cl osed. The

m cr owavewpaasssuppl i es and magnetron 22 is turned on. TheTnisol/oweye unit
i s capable of supplying a high nunber of wafts and 30 its duty cycle is
controlled by the conmbination of a reverse acting pressure controller and
reverse acting tenperature controller via a | ow sel ected signal. The WO
02/ 47783 PCT/ USOL/ 47196 - 13 m crowave power supply and magnetron operate
at 2.45 Ghz. ndt i ofDeepat L ovbeSegengy at el byemagnet o oav@idconduct ed down
wave guide 22 are introduced into, the 5 evaporator by way_of symetric

. pl asma couplé?ok#lmgtﬂﬁﬁp@eaihns%%%u%dwﬁ9°fﬁa£) ﬂ%s%gﬁﬁtgfc field vector E

'ies_e“tire'¥p¥£{f§@1£@é PbRPEmPhat DGh deRsE 8P éPEi&ﬁ@Hf'éﬂéi?ﬁiﬂééfface
and is parallel polarized. The incident wave that approaches e plane
. vapor 10 | i quilMi¢ntesvacendegvesourhest abe phasesefEsoient nfart haatnigt ed

inthe liquid medi d fl d ' first nedia. Th il 1
be soro 1| RT1Bh SUTERAGrPI HORBFrE R RS EhE P deRtIRBY S and pr oduce a

standi ng waveshheyevesntbhs aetl e6phpatdlll inbspyeeyetbnstRbhighAtRENi a is a
dielectric, therefore, the electric field and magnetic field depth of

penetration imeo ¢hauge emmbheanoierube ifoaeEPout TABSMiPoP@bREt 20 nm at
a te”perat”res§$sﬁéggé$b?Eﬁe29§££9 ?POEB éﬁ&%n&@ont gaLhfggedbout 16 mmto
3 0

about 20mm | ay anmonia W | T~ evaporate. Product vapor is withdrawn
through flow gephtraeidid endbleswcbuplingoofrbhevabiec8leswhochhes
controlled by reverse acting flow controller 33. The evaporator product is
sanpl ed 30 podRere¥r 3EhugngeaRAF¥PEd1Bt PGALEYTer 36. Automatic 25 shut of f

mechani sm 37 wi || i jgagsvkf cRELGYSt wRBRI E¥119kkeqouhebds deakgnat ed
limts. The current 1 nvention provides that the product flow to custoner

battery |initBoatiingrat dighidppwdkinpereprabeothenmlaguldi soi 8 depbhpl i shed

b i i ni h h I iLibepue b he.liqui h .
The PID cont r4POPEBRRSWTChEBoREFOT ELRECHT PRURURRAF Gy BHA rpi ol y -

respond microwave mode of operation, to heat volume layer. As
© 15 the surface recedes by evaporation, further layers get
heated. Since the heating element is the liquid
itself, when the power i1s turned off, heating ceases
instantly, resulting in “rapid response”.
Microwave energy is delivered through a wave-guide
20 and a quartz window. There is little or no
contamination because the energy is delivered without
contact with any nucleation source for boiling other
impurities.
Volumetric heating produces high efficiency
25 Dbecause it does not depend on conduction and convection
to a great extent. Further, because the penetration
depth is estimated at up to about 30 mm, preferably
between about 16 mm to 20 mm, the volume of gas
reaching the freeboard in the tank by evaporation is
30 heated.
In order to satisfy the need for safe cost

effective bulk source and delivery system, the present



WO 02/d7783 PCT/USQOL/: L7196 - 14 to the need for naintaining steady vapor
pressure by replenishing heat to the systemloss by high flowrate. This

i nvent i onwigpspesggper at ed using any polar saturated |iqui dpcThgsoeNabe for
purposes of this 5 invention, particularly interested saturated |iquid may

i nclude, but are not limted by NH3, HF, - S HO 3, SiH2Cl2, C4H3, C3F8, HBr,
C5F8, Cl1lF3, TECS and the like. The fréqG@nEy chosen for this device is 91S,
2450, 5850, and 18000 MHz. Flow rates from1 to 1000 1/mn 10 or higher can

be achi eved byn¢dnsidi 95591 8b S Na NBESHH Cadd dapPpird eyl Sotess than about 1
ppm Contam nants which remain in the |iquid pool can be continuously

~dunped with cdetiveming filtiraghbeh peurbey coelad. amhen@ysPeh®s perf or mance

|5 optim zed By AOLeQraling ndS SEPIBLLL Coslags Y8, TULLLDL e TBgnet rons

| ocat ed surr dt uid  volure on a’s desi gned apeé. This may

. reduce the nuspetemnfcdipabDaoye snsesietence phdhefhow hedtean Theate spot
focusi ng and uneven heating. 20 Specific features of the inyentjon are
shown in Gne SFapR¥FELEAN{ FESERBWFARERIRF RohVEDT cHR@ bhtY, OhsPRYRR feature

may be conbin it i 4 r it £ N, Lon.

Al ternative é%%%g@%@d@éf§f|%§ eyégg%ggfﬁggabgﬁgﬁggéis {%#Eﬁtiﬁﬁ?%% art and
are 25 int endele tchdrel catl baedani 1éast t hevapopepbése hand| ai hsquidWo
02L17783 - 15  \What is clained is: PCI/USOL/ 47196 1. A method for
separating a PFEF- liquid . conprising 5 a) introducing an effective amount

of mcrowave energyagéral dgR1A OGuiDibeiaRoght30L6M tRéOcthegel i quid bel ow
the surface of the liquid: b) controlling the mcrowave energy that is

i ntroducdd i meisteretanenia AEsheni Ray penperaraked. Most of the
moisture reside in the liquid phase. The concentration

of moisture in the liquid phase is approximately 2 to 3
orders of magnitude greater than the concentration in
the vapor phase. A similar distribution between phases

15 of trace oils and other non-volatile residues (NVR) has
been observed. Based on the vapor-liquid equilibrium
data using the Smolen publication, the vapor phase
moisture may be reduced by evaporating or distilling
the ammonia from the liquid phase to a vapor phase,

20 sometimes known as a “vapor phase transfill”.

Careful vapor phase transfill can reduce moisture
content by two orders of magnitude, i.e., from 100 ppm
to less than 1 ppm. This purification is only achieved
when the flow rate of the transfill is carried out

25 slowly enough to prevent rapid boiling of the liquid
ammonia. If boiling occurs, no purification will be
accomplished, as all the moisture in the liquid phase
will simply wvaporize into the gas phase. However, a
low flow gas phase transfill will allow the system to

30 maintain the favorable vapor-liquid equilibrium
moisture distribution and produce a two order of

magnitude moisture concentration reduction. A similar



10 below the boiling point of the liquid c) evaporating the liquid in the
presence of the m crowave energy while sustaining the tenperature bel ow the

boi | i ng pRio4efgsthe liquid to formpurified vapors; and Peri)segandsri ng
the evaporated purified vapors. 2. The nethod of claim1 wherein said

i ntroducing mcrowave energy to a tenpergture up to 20 about 5C above the
boiling point of said liquid. 3. The fettod of claim1 conprising
controlling the vapor pressure of the liquid. 25 4. The nethod of claim1l

further Conprfédﬁﬁkfﬁﬁﬂﬂﬁn@aﬁ@ﬁr?Mﬁyé &hEer gydanvR Eorgerbeytbehweehl 915 MHz
to 18000 MHz. 5. The nethod of claim 1 conprising maintaining 30 the
. mcrowave ene?@FuE el the | $RMOJIEERR]- into the liquid to evaporate the |iquid

at a flow rate bet : . 10 L. 2L+ 1 onk0
PCTI USOL/ : 17196 6.¥§ﬁﬁ%%%% l%dgggé%g%gtf%%ggbgo%grgg?iﬁ%a 60%%?%%Yng a)

. introduci ng nesoviee eadded gyoatha septémofoupepdaabothe3beatn into the

| iquid bel ow the surface 5 of the liquid g each,the Li uid' s _poiling

poi nt: b) ScontFEH+THY tAE ﬁ?E?Bﬁé@El%%ergg tghﬁéa}stﬂg bg?P?hgt€8int of the
liquid: c) evagpsalingrénes! tHyi dybhehhgipicaeBes ehet Baral ggowave energy
whil e sustaining the 10 tenperature below the boiling point of the liquid
to form puriféezsbonpoien whdldiiecapasei ngnehthevapspaiadwplii Ppednvapors.

22 mor e, T BRSL L ADLS MOSLELD S94Cl4 0dueL o, Ehgavaye fgeray to @
moisture, oils and NVR will be lost. A standard

10 evaporator approach using internal or external heaters
with agitation tends to promote boiling by generating
gradients and nucleation sites. Agitation also
increases the mobility of NVR, thereby increasing the
chances of passage into the vapor phase.

15 The current invention uses microwave heating to
correct the amount of controllable energy needed to
sustain the evaporation process.

In the practice of this invention, vaporized
product is withdrawn from the top of the evaporator,

20 the vapor having a lower concentration . of impurities
than the compressed liquid phase. The microwave source
causes the liquid to evaporate. Microwave heating of
polar liquid is based on the premise that the positive
and negative charges are not coincident in space.

25 Consequently, the molecules have a tendency of
orienting themselves in response to the electric field.
However, the electric field in the microwave region of
the electromagnetic spectrum oscillates at a rate that
far exceeds the movement of the molecules. This

30 creates an internal resisting force, which interacts
with the electric field and generates heat. The

precise microwave frequency for this type of viscous



8. The method of claim®6 conprising controlling 20 the vapor pressure of
the liquid. 9. The nmethod of claim®6 further conprising applying mcrowave
energy atwp dhisgyency between 915 MHz to 18000 MHz. 25 10.pcthssoigibed of
claim6 conprising naintaining the mcrowave energy that is introduced into
the liquid to evaporate the liquid at a flowrate between 1 to 1000 1/ m n.
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<HN{\ =! 10%& £dn8d0%08s()- aA8<5105hich are set on scales 2 and 6.
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containers 1 and 5 include ESO 3 and 7 with isolation
solenoid valves 11 and 15, level control valves 12 and
16, as well as check valve 17 and manual isolation 18
20 to permit liquid products 38 and 39 to be introduced
into microwave evaporator 19. The amount of product in
the evaporator is monitored by level transmitter 13 and
controlled by a combination of level controller 14,
level control valves 12 and 16, feedback from scale
25 wvalue 2 and 6, and isolation valves 11 and 15. Once
the evaporator is filled to a certain level, control
valves 12 and 16 are closed. The microwave power
supplies and magnetron 21 is turned on. The microwave
unit is capable of supplying a high number of wafts and
30 its duty cycle is controlled by the combination of a
reverse acting pressure controller and reverse acting

temperature controller via a low selected signal. The
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: wave in a first media. There will be some reflection,
which will combine with the incident wave and produce a
standing wave, however, the reflection will be very
15 small. Ammonia is a dielectric, therefore, the
electric field and magnetic field depth of penetration

into liquid ammonia will be from about 16 mm to about
20 mm at a temperature of from about 20°C to about

40°C. Upon heating, about 16 mm to about 20mm layers

20 of ammonia will evaporate. Product vapor is withdrawn
through flow orifice 31 and flow limit control valve
34, which is controlled by reverse acting flow
controller 33. The evaporator product is sampled at
position 35, and analyzed at analyzer 36. Automatic

25 shutoff mechanism 37 will trigger 1f product purity
falls outside designated limits. The current invention
provides that the product flow to customer battery
limits at a rate of approximately 1000 1/min. This is
accomplished by maintaining the thermal equilibrium

30 between the liquid vapor phase. The PID control loops

which controls the microwave energy can rapidly respond
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saturated liquids, however, for purposes of this

5 invention, particularly interested saturated liquid may
include, but are not limited by NHz, HF, SiHCIlj,
SiH,Cl,, C4Hs, Cs3Fg, HBr, CsFg, ClFs;, TEOS and the like.
The frequency chosen for this device is 915, 2450,
5850, and 18000 MHz. Flow rates from 1 to 1000 1/min

10 or higher can be achieved by this process with moisture
and NVR levels less than about 1 ppm. Contaminants
which remain in the ligquid pool can be continuously
dumped with continuous filling or periodic dump. The
system’s performance is optimized by integrating a

15 geometric shape with multiple magnetrons located
surrounding liquid volume on a specially designed
shape. This may reduce the number of microwave
interference pattern that can create spot focusing and
uneven heating.

20 Specific features of the invention are shown in
one or more of the drawings for convenience only, as
each feature may be combined with other features in
accordance with the invention. Alternative embodiments
will be recognized by those skilled in the art and are

25 intended to be included within the scope of the claims,
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the liquid below the surface of the liquid;
b) controlling the microwave energy that is
introduced into the liquid to maintain a temperature
10 below the boiling point of the liquid;
c) evaporating the liquid in the presence
of the microwave energy while sustaining the
temperature below the boiling point of the liquid to
form purified vapors; and

15 d) capturing the evaporated purified

vapors.

2. The method of claim 1 wherein said
introducing microwave energy to a temperature up to

20 about 5°C above the boiling point of said liquid.

3. The method of claim 1 comprising controlling

the vapor pressure of the liquid.

25 4. The method of claim 1 further comprising
applying microwave energy at a frequency between 915

MHz to 18000 MHz.

5. The method of claim 1 comprising maintaining
30 the microwave energy that is introduced into the liquid
to evaporate the liquid at a flow rate between 1 to
1000 1/min.
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of the microwave energy while sustaining the
10 temperature below the boiling point of the liquid to
form purified vapors; and
d) capturing the evaporated purified

vapors.

15 7. The method of claim 6 wherein said
introducing microwave energy to a temperature up to

about 5°C above the boiling point of said liquid.

8. The method of claim 6 comprising controlling

20 the vapor pressure of the liquid.

9. The method of claim 6 further comprising
applying microwave energy at a frequency between 915
MHz to 18000 MHz.

25

10. The method of claim 6 comprising maintaining
the microwave energy that is introduced into the liquid
to evaporate the liquid at a flow rate between 1 to
1000 1/min.



