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Background of 1the I nvention 10 There is a grow ng
ufacturing to deliver specialty gases to the point
of use at high fP@Wﬂﬁates. Conventi onal conpressed gas storage vessels
(i.e., cylinders and t onGB8nbPBLRAEEBY h&vélﬁﬁqﬁéQWeB%E

&S under its own vapor
pressure at 15 anbi ent tenperature.
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boiling at theiyessehgwakbs. pliRisyr %émh.fc@mdlmcft@lrr y}a\sels aft metgdstflve | i quid

droplets into the vapor phase. In addition, the conventional sources of

conpressed g&dt8foerage deliver 30 sat ur at ed vapor. A decrease inits
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|ne resence of liquid droplets in the WO 021(19s797
e S G 9 st runent s and

ﬁgﬁuEgcQﬁlqh@'%bZ@@llﬁ%% %@@Hfﬁﬂtﬁfgiﬁﬁﬁﬁﬁ)ﬁMﬁSﬁdlnEﬂlver

ow ates from conventi onal sources, wth nlnlwal%ﬁA i d
carryover andfwiskoat highi dleWb&adiSsng. Gﬂﬂ¥ﬁﬂﬁ%ﬂ“%%t¢QﬁE¥%ﬁ dgﬁﬂ sone

storage vessels (i.e., cylinders and ton containers)
have liquefied gas under its own vapor pressure at
ambient temperature. As the vapor is withdrawn from
the vessel, the liquid evéporates at an equivalent rate
to account for the decrease in pressure. This consumes
energy from the remaining liquid in the tank. In the
absence of heat transfer to the vessel, the liquid
temperature drops, leading to a corresponding drop in
the vapor pressure. Further vapor withdrawal
eventually subcools the liquid and the flow of vapor

reduced.

Along with ligquid subcooling, rapid vapor
withdrawal and uncontrolled heat transfer to the
storage vessel also induces violent boiling at the
vessel walls. This results in carryover of metastable
liquid droplets into the vapor phase. ' In addition, the
conventional sources of compressed gas storage deliver
saturated vapor. A decrease in its temperature or a
flow restriction in the process line leads to

condensation. The presence of liquid droplets in the
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delivering high vapor flow rates from conventional sources, but none of the
prior art teaches or suggest a nethod and system for such delivery at high
flora rawe@sn2dd5mM3%i ng an external source with optimal heatP@¥u$Hf53@618f rom t he
storage vessel walls to the liquid as well as mnimzing the |liquid dropl et
formation n the process lines. U S, Patent- No. 6,122,931 discloses a system
that 15 transports liquefied gas froma storage vessel to a distillation
colum and uses the distillate to deliver ultra-high purity vapor to the

poi nt of usevap@di stenRam proeessiRgnEteps care Sthidlsedngsitey addquef i ed gas.

20 U. S. Pat e@ﬁe%@ﬁo?e%@eé thgrggl ﬂ§g§gﬁ_gg@qasi ng the heat transfer between

the anbient and the gas cylin placed in a gas cabinet. The increase is

_achi eved by alterj e flow i he bi,net ddi. fins i nternal
to the cabinet. qug é% g%%@é %ﬁ%%ﬁ'ggtrte%wt%%ar?s%f edreqTr}LS’oe% ?hlgq%ar‘r}tﬁpéjn to the
cylinder. Theloesatebsnfrbhowonstetisnednpatatdess! wildwmikoweMer, the

.increase.in delivery flowate is still not .significant .enough to neet the
curr et denaigi i) GarpgbiRe el BihonFazigidd BN IRGN eq 30
conpressed gas purrlvzggd into evaplojg%t ar,s, .whi ch convert the liquid into vapor

phase before deli i RG1PhedghsN2S\B 851666 P9 POBETMISBEL/FLGLS - 3 to the

poi nt of usedeVUs;88iagNHABAr vabosUEh eV aR@kd! Brom RAGIVGRIT@sonding to a
use point allows for |gh t hroughput through the delivery system U S.
Patent No. 558%3C882 BR&cPE8EsOFhéNGs@TdPTa S tsttGitade sy dseiudgasted with an

internal heaheex6haRARN syWhish rBRI BL@NNgN&§REr afiWie ©Ofou haddui d-gas
interface. The heat is transferred to the interface either by radiation or
conduct il&h tWEdDGhanhexgasnphaseuree Wish paptdmalndies d4agLEWi scl oses

super heat i ngeLhg YAROL+Wi-hREr 9w sEM0MA 15t 912G &V aSSRli £ YUY §jdiINGd i quefied
conpressed gas heated using an external heat exchanger. This superheated
vapor is thehinsedzisdekbRapda@uidadr@tliett HemaguiaR phddwe Brasessi ng t he

lines.

U.S. Patent No. 6,122,931 discloses a system that
15 transports liquefied gas from a storage vessel to a
distillation column and uses the distillate to deliver
ultra-high purity vapor to the point of use.
Additional processing steps are involved using

liquefied gas.

20 U.S. Patent No. 6,076,359 discloses increasing the
heat transfer between the ambient and the gas cylinder
placed in a gas cabinet. The increase is achieved by
altering air flow rate in the cabinet and adding fins
internal to the cabinet. This enhances the heat

25 transfer from the ambient to the cylinder. The
resulting flow rate is comparatively low. However, the
increase in delivery flowrate is still not significant

enough to meet the current demands.

U.S. Patent No. 5,894,742 discloses a liquefied
30 compressed gas pumped into evaporators, which convert

the liquid into vapor phase before delivering the gas



15 vapor through heating tubes imersed in the |iquid phase. This cools the

vapor and induces liquid boiling to maintain a m ni mum vapor pressure in

t he vesswib.o2Mbe9trool ed vapor is then delivered to the poilMiT/B$01F4E8 Al |l the
met hods presented in the patents di scussed 20 above provi de neans of

suppl ying additional energy to the |iquigd_through external sources.

However, these nethods are not adaptable to existing sources of conpressed

gas storage and require additional equipnment. This makes those inventions

capi tal 25 indenisévpeoiktrbfienset heSeingvenniumbsromify sagdy ess the i ssue of

suppl ying addi tiona] ener o.th mn. .. There is_nq t ' r

suggestion on’ARYhdde st %§85958F§8§¥§583§Sigﬁs%hggﬁ fﬁ%@?ggngggistances,

_which al |l owsgéernoghi makoapapati ahrofighhéhdeldelémeryy styerher80 Udi schas R

et al., "Performance and Cost Conparison for Various Bul k El ectronic

Speci alty Gas Del jjverypgekuti 885" 5,865 66ed iisk 1\Wdes e arseGast a WO

W2/ Ws797 - 4 PCT/USIIT/S1G18 Distribution Systenms, SEM CON West 2000
conparedfiheséééﬁgﬁiEeéé@&n?éﬁéegfw&épi8831H§ﬁ39€5§}§V% SHREFBIE Conpr essed

gases. The nmpyi pHMydehiueny thawreabe rusedel @ the aompard-spms was 400
standard liters per mn 5 (slpm anmonia flowrég for two, hours and 1000

sl pm HO f1 ohnhhgrfaceone Theuheapudel énapsierrgd to fhd Svery

Systens for Bt peci al S'or RIGSRRHAGMMIKENOR I JAstribution
Syst ens, SEMg%eglé? %g%agiqgg gsed that 10 externally heaitail ng the ton
cont ai ners crhadel-iver high flowrates (up to 1500 slpnm). The focus of the
paper is to analyze the noisture carryover in the vapor at high flow rates.
In viewld the prios.afatenteNe.i $,84fed@ Y ofl s lios st HERHIRE 54T em whi ch

1) facilitat the w thdr . of ors fir & EXd St | NG S of
conpr essed gggest‘%‘lpgﬁew é:ﬁll'l |rr?(§®r sf\igo%ld & oerlco%gQr#é;i né(;%(és at high chrl?%w rat es
usi ng an ext erdalk fleal coyresse?) qropesesd Woimg oin stxbergyl wkeadh al | ows

for optimal heat transfer, .20 fromthe.storage ves I he Iiquid,
and 3;3 devel 8[5‘§tn5m19§trhod TtholSdeﬁlﬁpveeﬁh%a}tg%cpv‘gagooc?rvﬁ %\?\l} rr’%?eééﬁﬁﬁ% ni ni ﬂ1 zi ng
Ioinqui d dropl fe;txcﬁlfaw@ itarat rwitdre tgv_feoclasﬁl' d:in s s SUNMVARYS OFng HEL ¢ :\Il\/_EI\ITI Oal 25
e aspect of this inventiqgn is directed tg 0 ing the
tenpergt]oﬁ’e JRPLY i%q%q%ebarﬁ)lrrégsste egsasmlmh&a&g(% g}rggégéeggg‘fligonpr?si ng
passing a |i guefdead oy esselh gase ivippra sidragiuvesskiqupdshbeibhhgg a
tenperature neasuring means onto the wall 30 of the ﬁéﬂgrggggglgas st orage
vessel ; posi thiomaig it AR HTETheRE Hy Hreais  bY oXi be ¥8°¢he st or age
vessel ; noni tigfd ngdihey tEImer atdrened dédiei eorgpd essethe point of use.

All the methods presented in the patents discussed

20 above provide means of supplying additional energy to
the liguid through external sources. However, these
methods are not adaptable to existing sources of
compressed gas storage and require additional
equipment. This makes those inventions capital

25 intensive. Further, these inventions only address the
issue of supplying additional energy to the system.
There is no teaching or suggestion on methods of
decreasing the various heat transfer resistances, which

allows for optimal operation of the delivery system.

30 Udischas R. et al., “Performance and Cost
Comparison for Various Bulk Electronic Specialty Gas

Delivery Solutions”, presented in Workshop on Gas



WO 112/09S797 - 5 PCT/USOL/sl (r18 gas wthin the storage vessel with the
tenperature neasuring neans; and adjusting the output of the heating neans
to heat whaolob<iuefi ed conpressed gas in the storage vessdiCT/8SHIFIRot her
enbodi nent, this invention is directed to a nethod for maintaining the
evaporation of a liquefied conpressed-gas-in a storage vessel during vapor
delivery conprising passing a liquefied conpressed high-purity

sem conductor gas into a storage 10 vessel; positioning a ter‘r[%ﬁr ature
measuring nemhstorbotibe Smbteos, t BEMEEONaested88P: CRBERLEONITRG at | east
one heating neans proxi e e sk kle@lsl F@rt he

t enperat ure %‘f'o?%néf%o?r%{r}gég%égggg %’atE%iB%gt ﬁéggt.orgge@@\%essel with the

t enper at ur e aeastessgd 1§aseans; Tpeshekming dgliressude deddhHs MjSFeans at
“an outlet of _the storage_vessel: hHOL 8 r e,0f tike conpressed
gas within tﬁ‘érs?%?aﬁ%ﬂggg%gﬁgww?%otqﬁg %Fggg&?@ %éi%?rél% neans; passing a
_portion of a(gasmputmmbnthefiveiage foesivio; h@m@Sa@jr@st]iOng) tHE™EGt: 20

out put of the_heating neans ilo mai ntain a desired pressure. In yet another
embodi nent , fﬁPglf‘ﬂvgﬂFi 8RS §°Yirected to a nethod for delivering a

| i quefied conpressed gas with a high_rat fl (oXo] | Sd passi ng a
|i quefied conpr es§§@egie@h5pureitt Flsan @&r?g]ug’{lé)rw gsa%sl%"%}} zsaéﬁ;s‘%o%gsge vessel ;
posi tioning g, RMBELALWNE TRASSN] pream tet a1t o mdHopfon Heonpr essed
gas storage vessel; positioning at |east o q}er%' i e to the
storage vess®lst3dbrBACN0SYIFS e ﬁ@%@h&f%se drd;t?u le%f?ﬁé(?ﬁﬂe}.{?é
tenperatyye MBASYLING JTBANS 1 rRPYIHd QMG ch Rl asaty ecaradel i vgr fekgls at the

outl et of the storage”vessel and nonitoring the vessel pressure; adjusting
the heat  WOlO% GS%ES7 (UIbH t@é‘ﬁ/Q@S@@/FS‘i)G'wqglﬁp{HC%? ?ﬁet eﬁa%eg?rreans to
heat the |iquefied safk gasi diltde st Ofager vassehe t vagontaol t he
evaporation g% ttﬁ)eal%%(%ﬁed conpr essed gasolrn the storage vessel; and
control | i ng thelf fdwwfraltes gas 5 fromthe storage vessel. In yet another
enbodi nent, this invention is directed to a nethod for deliveri ng amoni a
with a high rate dh fdiow cofpriesipepassithg BheFrghipuRi B§er gﬁﬁf ed
conpressed ammoni a, gas, i nto t.an. i peLiq10,posi thenyngnharhWwernocoupl e
onto t helval mqﬁ%q%%q%nsyé%%%gﬂ%%?%& t%o%li ngaat | east one heating neans
proxi mate to dhesdpr<ontah neie emhst brg ngoehees hef neeBABFESSPogREi oning a
pressure transducer at the outlet of e : hngg andphmenipioring the
vessel 15 predlsnade n{)?ﬁ’?bl?g?l St réga%é?aaéggﬁ?gﬁt&g? oss of gt he I'iquefied
conpressed anFmDida bshiddeat oaxconhal neeat adpustieng2t hereerpgéfature fromthe
out put of the heating neans to heat t | Lquef nha ikntthgstran

cont ai ner; boFPHHERE h%tWE%‘é?f’i‘églgénﬁ?ggggdgg%g%%.unger convective and
nucl eat engi | § PGk €106 NBBOr8§8t tekbehgwahesevapthat Loqudfl t Bad Bduefi ed
conpressed amonia in the ton container under.t n i e and nucl eate
boi | i ng regi néavehars cdntebPPANGCt ﬁ@ "W gﬁggm% i%a #r@o%gr?’: %%e ton
container. 25,0his hOMEALOAgI $igbsa dirpedeed foomatsyst ém ftdve del i vering a
sem conductor process gas wth a high rate of flow conprising a storage
vessel contai RFrageas| L4éfi-red conpressed seni conductor process gas; a
tenperature nmeasuring nmeans positioned onto th Nof . 30 the storage
vessel ; a pressure probe pOSi$QWYAQFfB_%EQEE§EMt he storage vessel; a
heati ng means positioned proximate to the storage vessel, Cther ein the
tenper at e probe ané peessir @Iptdds e vigded I ajdistected o @

method for controlling the temperature of a liquefied

compressed gas in a storage vessel comprising passing a
liquefied compressed gas into a storage vessel;
positioning a temperature measuring means onto the wall

30 of the compressed gas storage vessel; positioning at
least one heating means proximate to the storage

vessel; monitoring the temperature of the compressed



WO U2/ 095797 PCT/ USOL/s1Gl8 the output of the heater to heat the |iquefied
conpressed sem conductor gas in the conpressed gas storage vessel and
enabl i ngwohe/obd7gh fl ow of sem conductor gas fromthe conpr@EEE¥d/SHE8 st or age
5 vessel; and a valve neans to control the flow of the sem conductor gas
flowng fromthe storage vessel. The stgrage vessel is a cylinder or a ton
container. The liquefied nmay be amoni a, hydrogen chloride, and hydrogen
brom ne, chlorine or 10 perfl uoropropane. Generally, the tenperature
measuring megds Wwikthinheheosbophee Theskéabilhl frbgndampegaderrsni ¢ heater, a

heating jac Ld at, 4t r Vi erein, the
t erm hi gh fﬁ%ﬁ%ﬁ&g&gﬂégﬁégfh%H§5ESBE§§§§? %ﬂicﬁﬁﬁ%ﬁ%é§§$ﬁgﬂs fromthe

. storage vesdetatinghnganaveat heat Foe fLhgquedipdsesonrasised geentinon, the
termhigh flgwrates_ refer that of greater than or about 500 slpm As
used herein,gg d?%é%aggsgg S%gans any the 20 container holding the

. liquefied gas in Ihisnohuent enhodEoenpyr phades iofremhiion nvertiirertcdhe
storage vessegls are ¢C Iiﬁders or ton.con% iners. Ot her types of storage
Vessel's capat? & GRS Rl TRBFFEl Robh AP SRIT6 GoM itpFat ed herein. 25
As used her el hquefdstimabeprebeed Hasaipoai sitoraigediveaisalg dar iingredi at e
vicinity. In at le si%one enbodi nent Eroanate refers .to, the position of

the heating VRS A81H¥PhY EPBRLISINEhRAFELLg 2@ Bt d®Description of the

Drawi ngs 30 &bhereobe@Chsghipattires sand cadvvartagesyaw linteceurstorddeose
skilled in the art fromthe tollomﬁn%f WD 02/ 095797 . g _ description of
preferréd enbddffent BOSAEIPRENPCTH GSPRFLAUYS AR AT adraw ,in

whi ch: the wall of the storage vessel; positioning at least

one heating means proximate to the storage vessel;
monitoring the temperature of the compressed gas within
the storage vessel with the temperature measuring

15 means; positioning a pressure measuring means at an
outlet of the storage vessel; monitoring the pressure
of the compressed gas within the storage vessel with
the pressure measuring means; passing a portion of a
gas out of the storage vessel; and adjusting the heat

20 output of the heating means to maintain a desired
pressure.

In yet another embodiment, this invention is
directed to a method for delivering a liquefied
compressed gas with a high rate of flow comprising

25 passing a liguefied compressed high-purity
semiconductor gas into a storage vessel; positioning a
temperature measuring means onto the wall of the
compressed gas storage vessel; positioning at least one
heating means proximate to the storage vessel;

30 monitoring the resulting temperature with the
temperature measuring means; positioning a pressure
measuring means at the outlet of the storage vessel and

monitoring the vessel pressure; adjusting the heat




Fig. 1 provides a schematic representation of heat transfer across the
vessel walls in this invention; 5 Fig. 2 provides a typical boiling curve
for a | iwWoild/9FwYy. 3 provides a schematics fo the experi rmgi/E$015&418p f or
delivering high vapor flowrates in this invention; 10 Fig. 4 provides a
schematics for the variation of ammoniaef l-ow rate and surface tenperature
with time; Fig. 5 provides a schematics for delivery systens; Fig. 6
provides a flow diagramfor the delivery system and 15 Fig. 7 is a
schemati cs ofuthet ppbt bhyehanafdppamgarsyécy hopdt éme Beraiaid@Description of
the | nventi opodhisshodenlboRnathavs bohoaPldme Ny ddaleficide the
liquefied gas in a storage vessel by confining the 20 I'iquid boiling in

. free convectévapandt hotl edt ehboll LAngiiegi wompHes saw gasi om phevi des
transfer hea&tékaﬁeo@eggeio gRB“Eo%%Qo?W&%b the %ﬂkhy%&'ﬂﬁé(bégxn” 1000

sl pm of ammonr a rle marnfarning the Tiqui®d closé to anbi ent” tenperat ure.
. One enbod nmefitohashshewnrabe 26stednsfer heat flux to be about 93.5 kWri 2
delivering about 500 slpmof.a nia...Sim.l ar . t.ransfer heat .fluxes and fl ow
rates are applica I'e¥? ranggfgggﬁkPg%mg %Vc&ﬁﬁﬁ%fﬁ?"ﬁ%gégléﬁﬁ det erm ned
by the char adieecsédcsood mbahedgdses de3q vErd noy esemniniianweartth en tciayh del i ver
hi gh vapor flow rates.,at relatively | ow surface .tenperature, where the
Surface tenpEREEUPE FLOBXBEBPE SLHIDBARTE ore il BI0C tab v 1He Bl k
liquid or theompbeestkdt efipenatugas inWo Q2/tUI5 EDAtaiheRCT/ L1S01/51( 18 The
delivery of high vapor flowrates at relatively |ow he r t erature can
be condﬁé%edpﬁ 1EHRAEPNG ﬁ@&FmPFgﬁgﬂgr°PF6h$¥%%‘ﬁ%ghé$§53“1ﬁggbessel. The
present inveabheAiakkpWsokheivsenal aglldahe ravaid=liley swddmce area for
heat transfer by an external heat source, such as the use of a hot fluid

bath, to thePFPEtPAtEhASe PR EORt FORTSI ST gyPoR Y R e Hik/i ng and

mai ntai ni ng Bhgbm¥apapitl opokatesndhg AWWSAGR temIAlddest amael | as
enhancing heat transfer to the 10 |liquid. Further the system and nethods of

this inventi8AthafecfhEnpotent FRNtaiNEEd@eIh AN N dpietsS5Fk he vapor
phase wijthou, -8y, addi hbaRab iAst LWRERkAIIR Rk iymennaal ing die vapor
phase in the vessel. A neans for reducing both the external and 15 internal
resi stance téineafiefafstpireisses) semendw ded then tawe qmdpds@risystem a
heat source gégg%gghgt thh%eﬁ%)gtrg@ull% ysed, b SURHMENeF O d 0 evaporate

the |iquid. eat “source could be either a heati'ng jacket or, a hot
fluid in dirbedtéoat acangi th heat2dheedsalueflied sl ofn d-Heottdr ui d

(l'i ke water Ll su hgi.ng .t he o d %Mb |y bath,pffers the

| owest resi s?éﬁgék%grﬁegtggtlgg sfctél% (l\éfLe alb%d; Ct1 . 4#%%% caserP'Lo a heating
j acket, a2the hedeer soavecidviegred forclsagiebaicyer atagianasy conpensate for a

25 poor cont I t ssel .. Thi ﬁyg i ci ent
energy to beét(:é bgggﬁgﬁsgdttg % '?3 E’%E)ﬁrq%l}ﬁg)q]evoe?a t:{}ee t%ﬁleque {ieeg% ?évge esessséoj%ét he
heat er - vessebhmoontiactindeher itonatoestwiitne 1t ivmele FFridoa erdnwhanges afd t he

compres5e IRRRLEIRE, patlifl LR P A U B0 AN ERL PR T

dupl i cat e t hameontiactf rafit éheeveny coyltiandeyr .change. Using a conductive

grease QQSrUbber Q%E%e%%v%% i%%?%gp%ﬂg%ﬂgﬁrected to a system for
delivering a semiconductor process gas with a high rate
of flow comprising a storage vessel containing a
liguefied compressed semiconductor process gas; a
temperature measuring means positioned onto the wall of

30 the storage vessel; a pressure probe positioned at the

outlet of the storage vessel; a heating means
positioned proximate to the storage vessel, wherein the

temperature probe and pressure probe is used to adjust



WO 02/ 095797 PCT/ LI S01/51C18 - 10 and the vessel further reduces the
external contact resistance. A control strategy is proposed to mnimze the
i nt er nal WogRI08%78hce to heat transfer at the vessel 5 |iquitci/gsmitsaets. The
strategy confines the liquid evaporation in the connective and nucl eate
boiling regime. This objective is achieved by nonitoring the tenperature of
the vessel surface in contact with the liquid and the pressure of the
vessel. A decrease in 10 the surface tenperature indicates that the heat
flux from thHehheaitRetred FBeth@a§6§s§Pnﬁ§aFe§§etﬁéﬂuﬁﬁée@nergy required
for liquid vapasiZaléQnséhi 8oghyeRok! wsr%ethéh'c% g&%'s%%tdeg ad high
external heat transfer resistance. InCreasing t nperature of the heat

. 15 source (hetofaaedvessabaendgepabkény theréagésfﬂh@ ledat flux in such a
scenari o. S o e I i ng pressure

i ndi cates tha%ﬂ%%gﬁﬁggtg¥l %sf?%%?tﬁggvgggé?gggg %g g%%ﬁggg | ess than the
. energy requivess¢br dnquadveaperingatsohe Thnsr20 th&léabwsoﬁheh@nset of
vapor f|In1b r h t naI i.stance to heat
transfer. éﬁé%é%&?%@tﬁ Qg g%%%?étgfgﬂeﬁ gngggr%ﬁe H%ateglux inthis
scenari o. The sanﬁhéeatonggeouessens1alsocyiéddém bransften 25 heat to the
vapor phase, thus. resul tin n_del.ivery_of. superheated,v

mi ni ni zes t he AUADRTT of #?%u#ﬁqHFgﬁﬁgt%PH Phe ?nﬁﬁasgygﬁagﬁgduces t he use
of el abor at echmticumpnaﬁcﬂibpdtOgahebebmmapo&haemda@s@trl on in process

| i nes. geated va% V|des h %g ener gy rﬁguired to evaporate
quuid opl% RERRECP n?he §B8Faﬁ Zse tNPhECURFERREECeISFENS Y so
conpensat s fi@in€00ti A0t AEFR680THOW. I eshEei BEROAS gMBIaMIsZiiRg avapor

condensat i on. WO 02/ 1195797 - 11, PCT/USQOL/ sl (~18 This invention does not
require the GREABFCNBGRFCEt ofafj8aldbgeraCkahdogan At Ferid P&Ade range of
vapor flow retgssfepnyéheceonventi onal conpressed gas storage vessels thus

reduci ng capital investment and nmeeting 5 customer needs. The strategy
proposed in the |%%e%§?@nh€5ﬁﬁpol§h?h§eFWqBFEhe§éBUr§?¢@ﬁ g ange thénvect i ve

and nucheat eshoidi 89 FRYEAELHBU§aLNEN BASI @gohh%hae@ttotr%%@s%%s(eqt 8$: The
increased heat flux at a given fenperature |eads to an optiml nethod for

high flow 10this eleenieey:. TRETh&SPsPBFPPRPS OENTEAS dRVeatires tdethe
energy bal a@@rﬁrﬂygﬂ £hew! 9ukd 'r@f@r%o%r %ﬁgﬁdoga?r)%%@ ReLn gglivering

vapor at a flowraté F, as represented by equation
about 500 slpm
As used herein, storage vessel means any the
20 container holding the liquefied gas in this invention.
For purposes of this invention, the storage vessels are
cylinders or ton containers. Other types of storage
vessels capable of storing liquefied gases are also

contemplated herein.

25 As used herein, proximate refers to a position
indicating an immediate vicinity. In at least one
embodiment, proximate refers to the position of the

heating means as being close to the vessel.

Detailed Description of the Drawings

30 Other objects, features and advantages will occur

to those skilled in the art from the following



rNic~ ~~=Q- F~;~P ~~r ~ ( 1) The required energy for vaporization,
FdHvVap (Plat) . either cones as sensible heat loss (drop in liquid

t enrper atwoa2/0937p7 or heat transfer (Q froma heat 20 sourRS&/USOHFaAEPsat ~ i s
the | atent heat of vaporization at saturation pressure, Psat. The synbol m
represents the mass of liquid and CpL_ig Lts heat capacity. To naintain a
constant liquid tenperature (dTz/dt =0), the heat transfer to the liquid
nmust equal the 25 energy required for vaporization at a given flow rate.
The heat tramsferisoiwseofopkdferirhdr ehbodnmextter nald ltéat er or t he anbient.
The rate of heat transferdfron1a heat spyree depends on the avail abl e
surface area®fRyPIVEIEP| Chatt"Erandt el "cSefficient (U) and the Q = UA(To -

CTi) WO 021095787 PCI/ psbiiB2El A sch2matérperatresentisftfiene mde heetonveen t he
source and the Iiguid T04Tz% , _as _shown &n e u%%hon.&réw&.. (2) 5 Fig. Z
schemat i cal | {2t eEehtEOffetPEsiEFSfte "Ed tRedl’ tHafsf &Y ¥R Yhe heat
.source t@ the |iquig. agr pgsvadeks08S+y0alciadn befi itie wessel . fwal Iss. In the
figure, To, Twout. Twin and TL represent the tenperature of the heat

source, outst#@i¥@ssel wall, inside vessel wall and the 10 Iiquid,
respectively. Thep{gl ati gpshipeaf at Reneweralds RatHy agfearinearfdl cient, U,
to the coefficient for heat transfer fromthe _heat source to the vessel,
ho"t, thernafetepdieri dptyveringe hedsapPRa oWk retgsd thdhddef ficient for
heat transfein@égg%59§ walls to the 15 liquid, hi" is shown below. _Z _ 11
In~y /f; UAT 2~oLho"~ + 2~;Lh;" + 2~l~,vL ( 3 Equation (3) assunes a

| ong cyllithdri cal Eieradepveydelesof Isehgimtics QQ:gh?iWﬁQ%QQﬂOQEﬁﬁLB, ri
and an exter [ r he Nhesihsiranee t ;
conductivitygﬁk?ﬁggrg;Pﬁ th%ZgﬁdE%) ) F% F%&gﬁhgg%ﬂgaSﬁsgﬂﬁgfﬁgage vesse

. However, the inFagnab provigedr il lsoherptdss darterdelivery &0 "t) )

heat transfer resistange n &R j r t : t he heat
1% R G PRANHEBLELS A,

source. Typi cal hgg%'tga gﬁggggésgsggngg vagﬂggpfor 25 various conditions

(described | ayetymarentdi sted in Table 1 bel ow. Table 1: Conparison of

RESIStaQE$ to Fba%igtaqsﬁgrab%%%%ﬁ§%féélo§'the prototye ammonia

delivery system.

Detailed Description of the Invention

This invention allows for optimal heat transfer to

the liquefied gas in a storage vessel by confining the

20 liquid boiling in free convection and nucleate boiling
regime. The invention provides transfer heat flux of
up to about 180 kWm™ to deliver up to about 1000 slpm
of ammonia while maintaining the liquid close to
ambient temperature. One embodiment has shown the

25 transfer heat flux to be about 93.5 kWm? delivering
about 500 slpm of ammonia. Similar transfer heat
fluxes and flow rates are applicable for other similar
semiconductor gases and determined by the

characteristics of those gases.

30 The present invention can deliver high vapor flow
rates at relatively low surface temperature, where the
surface temperature is expected to be not more than

20°C above the bulk liquid or the ambient temperature.



WO (12/09; 797 - 13 PCT/USA /sll|S Wal |l Resi stanceExternal Heat Internal

Heat Transfer .~ I n~3o~rTransferResi stance, Resi stance2~ck,vL'1l 101 ~ h ~
10TC10- 4wl$ 0210929TyLho~a | ~2~ L~I ~n ~WAnbi ent Hot Fr ee Nuc|RGH/ESOESIGHA r

VWt er Convection Boiling Boilingll000 157 0.7 14 The listed values are
calculated for an alloy steel ton contaioner with 24 in. outside dianeter
and 0.5 in. wall thickness. The heated length is assuned 5 to be 5 ft. For
t hese cal cul ati ons, an anbi ent tenperature of 21C and hot water tenperature
of 27C is usBde @etivhsyi afehagh WaRer: faeef aptessiadt fifd@tipioperkes of

ammoni a at afpleol Legperature g wietonlite ol gl Akinmdised dagcal cul ate

t he heat transfer icients are taken from "Heat and ss Transfer",
~Chapter 5, Perays§e€hémpmakthBEngiendens tidatdisoslesskih Ed., McGawHi |1, 1999.
Table 1 illustrates that still anbient air offers maxi numresi stance to

ext ernal heat tramséeprebenngibyverhdsm wdllwes ithe hesabovealelgudtd ons, it
~can be shown tha e heat. transfer from anbi.ent air i y. icient to
del i ver ou?v?lifﬂ%ﬂf’oﬁuﬁﬁﬁﬁﬁi AR ASTt "Sgni s ibélu?alt}l‘ seu)ﬁ%%%r}%g. Thi s
cal cul ati on pesynMesuact()Csdedp aish thiequise: todfiTpetaturel fidro@th subzool i ng. In
t he absence of external heat soyrces, the heat transfer fromithe. anbient
limts the raf8 &fFWa opgféﬁ'on%ofcqqtdiﬂqd.Sht‘lrc?toeoqyai ¥'Gh E%/(cgﬂploer‘%fr?l%w rat es
wi t hout | i quipddswbsaehkiingngextiemalagieatt 1Isauncased idke konmeatt furg acket or

hot fluid bath can be used, WO (12/ 095797 PCT/ USOL/ S1GL8. - ﬁ ot h of
whi ch are knb@RPRRAEHESSt 28 Hedddids SH TS, Pede HART IR nfgans Fn this

i nventiofy | i kew,$@ .1 nehudes Oty Seam Gittalelifodd of heriappropriate
devi ces and net'hods known in the art for_ providing heat, 5 Jtté) t he vessel.

Usi ng hot wafeveB&iRNcHRVE Fhie RAFAN LG eRicer ekierMal L Hdat %t r ansf er

resistance a%zr%g%@si AnT#He vhpdh dhis€ase ifui heptddgitasket, the
resistance to heat transfer will depend on the contact between tht? j acket
and the vessénstThaepteddmee of siperheating the vapor phase in the

vessel. A means for reducing both the external and

15 internal resistance to heat transfer is also provided.

In the proposed system, a heat source external to
the system is used to supply energy to evaporate the
liquid. The heat source could be either a heating
jacket or, a hot fluid in direct contact with the

20 vessel. In the case of a hot fluid (like water or
0il), submerging the vessel in the fluid bath offers
the lowest resistance to heat transfer (see Table 1).
In the case of a heating jacket, the heaters are
designed for higher temperature to compensate for a

25 poof contact between the heaters and the vessel. This
allows sufficient energy to be transferred to the
liguid even if the effectiveness of the heater-vessel
contact deteriorates with time. Frequent changes of
the compressed gas vessel, which is inevitable at high

30 flow rates, may reduce the contact effectiveness. In
addition, it is difficult to exactly duplicate the
contact after every cylinder change. Using a

conductive grease or rubber between the heating jacket




10 gaps between the jacket and the vessel will reduce heat transfer since
air acts as an insulator. However, a higher heating jacket tenperature can
conpensawe ko%s7a7 poor cont act between the heater and the REZEWI/SIABaci ng a
thermal |y conductive fluid between the heater 15 and the vessel can al so
enhance the heat transfer. As stated -above; the overall heat transfer
coefficient also depends on the internal resistance to heat transfer. The
internal heat transfer coefficient depends on the tenperature difference
bet ween the 3@f1the Baasehefhir§hird aREUCRE BOPI PGSR aG@tay cs of the
liquid. I'n gepneialantbe pool-boiling characteristics can be broadly divided
into four regines as illustrated by a typical boiling curve in Fig. 2. The
_boiling curve is ; tk X .per .unit. ar 5 (~/A
agai nst the terrpe?a‘lf(glggl:g?f ngéﬁgéybgsmggﬁktc%lgav\gﬁ En&#&ﬁ de Iet?lciezul d (Tw,
,N-TL). The fntermeyi nesiatenckr te bentvettrenefka laitnghenosdssatle- boi l i ng,
. vapor filmbpiling, and radiation boiling. The.schematics on fop of the
curve rer?r esehi't ec%ﬂgﬁggferi&ﬁs-'?i 5§r8?:eggcﬁo§%lrnee i %.e flr% Yée convective
boi ling, theehgpbedtionquid next cbavebeiket anal hudlses edie itld meat ur al
convection currents .evaporates at the,vapor-liquid.i nterface. In the
nucl eate boi ??glbm?egiaﬂg,lsvg BFC%&B'SI &§ F&hrjnegﬁd %WW gC%fS
PCT/ USQL/ sl | eéfipéhetwesself wakl vasdeli sartfackhen icguitdregasviitht erfeace
wi t hout condensi n% in thg bul k 1i quid. \}A';El the te erz{}g{e di fference '
i ncreases, theIBHBoPBE £85I BESEESHASt RE Wl VEGSFate ST vidpor film

This is19 refgeredrtacastbhbrbeilrengndAlcbitewgh Hahte dreymeiat Wiendi f ference
is higher in_this regine e rate of heat transfer is | Qwer conpared to

t
nucl eate boi F¥a. e BERFI SREGREr tPeipsr XEEPE 1dilfT disitc & hamd Rl |

tenmperature LAEFEASEEgFRUS iFG@NtiYul @S WaloRd Ziaft iHh radiatdieehedtow
transfer. In thisS regine, the heat flux to the liquid again increases with

an i ncrease ratéhe TBipPerBfirataist fehdAde SXGKERdr Nadi SHEHIAF i s of

little practigal sUgRcEOr HERkAG idke the WRldy@MREIAIIY &hd Haat er than
about 1000C) near the 15 nelting point of the conventional vessel

mat eri all® Typieapr VBPGedlofid ke heat ingdansicketnedinranaes fhi fhaatent
boi Ii ng regi g5, f oL aARANLA ARalist ed A ;Tahle e K ghdeal-dfansfer rates

are obtained in free convection and nucleate boiling regimes at 20

si gni fi cant | yehparesnper atithe ddicireasdmge prPRisuIfel Jindliecated dratesilst ance to
heat transfey i I i-qui d ase.. .l e . fi | mboj.l { ng. regi e vapor
filmacts asflg%ﬁgi tﬁgﬁfakglﬁﬂn ?%%s%%esgﬁgetst%t ﬁcehehreﬁal'?;q*]ldu%gst ol%ﬁl}aghui d due to
a hi gher heatheranstgy resjustranc€om Ltk ivapepr s gatdsel. THilsl s | | ustr at es

that to liver,.high_ v r fl r from. [ eSS g cqnt ai ners, the
rate of %gpoﬁ‘lngégﬁgﬁsnggt% iorrllcs(r%\gaggt gféprogdl?&ﬁ%g%tﬁzlloggérgﬁl CH(gat transfer
resi stance. Thereneegy ther ivapomiadatdesi standse Sug@EdtedynauSing an

external heaf _source. Low 30 resistance.to internal heat transfer can be
obt ai ned by ESﬁPF&PfJI ﬁéet ﬁlgaﬁe&wt&q%:’lllaitﬁld:% vt en?erseea}'éeonvecnﬁl veor
nucl eat e boi bhnghiegsamenariWw.O | 12/ 095797 - 16 PCT/ USOL/ S1G18
The same heating source is also used to transfer
25 heat to the vapor phase, thus resulting in delivery of
superheated vapor. This minimizes the number of liquid
droplet in the gas phase and reduces the use of
elaborate instrumentation to prevent vapor condensation
in process lines. The superheated vapor provides the
30 energy required to evaporate liquid droplets present in
the vapor phase. The superheated vapor also
compensates for cooling across flow restrictions

minimizing vapor condensation.



The vapor delivered from conventional conpressed gas sources is saturated
since it is in equilibriumwith the liquid present inside the container. In
t he procwex2/b3IdNg t he vapor can cool due to relatively PO/ Sidiperature
of process lines or tenperature drop during expansion across a flow
restriction. A drop in tenperature of_tie saturated vapor will result in
condensation. The presence of liquid droplets nay be detrinental to the

i nstrunment ation. Supplying energy 10 to the vapor to conpensate for any
cool i ng effect cadbhmsninveetihe Hoesanponrebulirguithedigs! etfs no@ednpl e
EXper 1 Ment s MRELLGONJUELET st 0aRuaLUA! Al G LLeas il il Y 0l, JISNG N
containers to detsver rgh™ 15 fTow rates of “ammoni . The experinents were
~used to establoshratesl drbonshiepcbatveathonhe vapwreSises d@se S&od adee
surface tenperature. The experinental .setu I i t; ton

cont ai ners igegﬁ%%?i FRYF; éﬁrggci'g%AC%fégglaﬁpg%%g{%et %gl%t cr)[{né%&)l%?ai ner
filled wsth 538tbhsroficansoni Ahwastusedgfopropesedpdm s inMesihiencer am ¢
heaters were used to ntrol the surface.tenperature of t on _cont ai ner.
The heat er igoﬁtﬁ%iﬁ ggecérlgﬁlilg ?Hﬁé’roégi%lfnxfn |ac esiczoél,vecc}o{\?le‘{el n%él Qg

conti nuous hgatisgtéi baieihg 2egfaeh thesaninerdsiing i ®ak'in size and is
rated for 3.6 kW These heaters were spaced. ~1" art and ti.ed together in
sets of fourtEPBﬁGthéaFgﬁgtthﬁ tRETRasSR PRAde Lnﬁﬁgééiéﬁfgﬂhere pl aced
si de by si detéﬂn?@ﬂath@el ekglk eb e cprniailnalet DM Y noiyt Mldw i nsul ation
30 was used on top of the heaters and the whol e assenbly was cl anped to the
bott om df0 t heatendeéavV&r¥er using WO 021095797 PCT/ USOL/ S1G18 - 17

steel wires. This heating arrangenent covered 250 of the total surface area
of the ton contai Bee. PRsd ss ¥ 486 %t diyerdtlinte 1 Tfshitride SPiBhtrol | ed
at six di ffehﬁﬂhnkgcafr'o%% YHANG i i d her ol s dlistgdbuted in a zigzag
pattern on the heated surface area. The thernoCouples were tag-wel ded to
the surface cbnthéneon cedtigiardna yagsiaiat ehd kU asif fced enper at ure.
Each thernoc I t t 1.0l set of heaters using a sinple
on-of f 10 co%#gggﬁggie#ﬁgg’§§¥%§Hé{ d%g'for mai ntai ning a uni form
tenperature across the heated surface. The ammonia flow rates were neasured
based on average weight | oss over a 30 to 50 mn period. Fig. 4 shows the
vari ation of the amoni a,, Oﬂé%tmri(W? y-axi s)l)and the surface
tenperature (left y-axis) tdr ti Ani'n€fease in the surface tenperature
| eads to a correspondi ng increase in the ammonia vapor flow rate delivered
by the ton container. The pressure and liquid tenperature, which were al so
20 nmonitored during this experinment, remai ned constant. The jncrease in
heat flux at THiegEeQUuEuiach@]sihert JFaPQARE 1 hi iftéme (Gpsbri zat i on rates,
whi ch i ncreasas yhe Jdnk ral &erdh DONSHAML PISSSUl@randihi Ouidid enperat ure

i ndi cate that energy supplied by the heaters was 25 adequate and all the
energy was uttielipeedtturasaplr)i & &eednita aasd i (DaifrThe MW rate. The

observed_tenperature difference at_varjous flow rates n 1 t act ual
heat fl u@(ét 0 SN G5 -quttr=r Febut 2t | E&ﬁﬂﬁ dent T‘?ug Yﬁ%é?r?%%\%?% 4
cal cul at ed ugjnghe | 95136 f | oW, I atEn@neyiieal @f rappesézesi one Tabl e

2: Experinental Result Tenperature Difference Average Ammoni a Average Heat
mass of liquid and Cp; is its heat capdcity.

To maintain a constant liquid temperature (dT./dt
=0), the heat transfer to the liquid must equal the
25 energy required for vaporization at a given flow rate.
The heat transfer source could either be an external
heater or the ambient. The rate of heat transfer from
a heat source depends on the available surface area

(A), overall heat transfer coefficient (U) and the

Q=UAT,~T,)



WO f 12/ UW9~797 - 18 PCT/USOL/sl (118 (TWt-TL) (C) Flowate (F) Flux (QA)
(SIpm (kWmz) 2.78 150 28.61 3.33 327 62.25 4.22 363 70.60 5.56 492 93.51
The maxiwomeiesw7 fl ux that can be transferred to |iquid RGHES/SHUBI ng

nucl eate boiling is 1.5x103 kWri . This heat flux corresponds to the point
of maxi mum between 5 the nucl eate and waper filmboiling reginme on the
boiling curve shown in Fig. 2. The maxi mum heat flux is cal culated using a

correlation taken from"Heat and Mass Transfer"”, Chapter 5, Perry's

Cheni cal EndisfRa HarRisdbkievgnde Beet vapty BN HPPPEC2089< B8FNng t he heat 10
transfer conrglatd oprfor) nugkeahgwRoiihi Bguaich op@n e further shown that the
tenperature difference between the vessel wall (fiwin) and the bulk liquid
. (TL) at this poinf,of nmaximum heat flux is ~20C for anmonia. In the
experinent, the observed tenperature difference 15 between the outside
vessel surface (Tw't) and the bulk liquid (TL) was |less than 6C at a
.flowate of 492 slpm This shows that even at such high flowates the
liquid was just at tge onset I nucl eat e boiL%ng. Still higher_ flowates
can be easi 15 %chh PhE1RR S POr FREFAR UBe RS ERAAACEEC R PRERsfer.
Concept ual | ysrdisd iy theombeng gxpersseptal t608hEIUL ghianat88@sskpm of
ammoni a can be delivered while still boiling liquid amonia in the nucl eate
regi me. The GG TRMEBPD daf at PR cbented 5%%8%-deﬁﬁn§@?a?é§u2§ftHht a range

of ‘vapor fl oy, rates,cannbe rdefeypLednt r ofLt PBnpEANLRLRE! $ FUShRI KRR adequat e
heat source ‘and WO 02/ 095797 PCTI USOL/ 51618 - 19 controlling the surface

t enper at ur e.sTURCYat s sde steodset haall heseshilghvepewlr sedd ead Lhe

achi evednj ust, at. t he cl fLLE .ar ef-e d is

T ust r afed T HoH R e P B o B B ST et s
1) conventi dredt congressedcgasisouent, (U, ety ghe cykifdderdentofocont ai ner),

2) heat source; val Ui ng.-nean i.e., valves to ntraol the flow of the
gas flomjngrﬁ?ghfaﬁ%pﬁg rsgﬁ?%eghé)h%?%sgapacﬁeaguﬁﬁﬁgvﬁggﬁ '(PP@?,
pressure 10 tHansglucesndiwctbiitprofhehpressued walllbe @as sadrerd; 5)
tenperature neasuring nmeans (i.e., tenperature nsor .to neasuring the
tenperature'%@?i##F%%%tgg rséﬁ?Ee&Faﬁg?ﬁrhéﬁP@r%ESnWP&ﬁSb5Q ?gecontrol t he
heat; and 7)lfqdi@Ml§Mﬁﬁ@hsh@wﬁ0®bm@w_the gas flow. In Fig. 15 5, the solid
lines in the figure refer to flow of the gas and the dashed |line represents

control |oops. The conpressed gas sjorage,vessel is filled with I'iquefied
gas under its own vang=mu£Luwe.at£ann% 7?fnperature. This results in a
l'i qui d phase at the 20l b d,.of méhgontaker and alVapor phase at the

top. The gas to be delivered is withdrawmn fromthe vapor phase by fully

opening the valve, In this configuration the pressure transducer reads the
vapor pressfr@dnsPle (Phe?§8EEEFE. aThe PefperAihrEasefEOrade vessel

of length, L, with an internal radius, r; and an

external radius, r,. The resistance due to the thermal
20 conductivity (ln(r./r;i)/ (24k,L)) is fixed for a given
storage vessel. However, the internal (1/(24r;Lhi,))
and external (1/(24r,Lho.n:)) heat transfer resistance
depends on the operating parameters and the heat
source. Typical heat transfer resistance values for

25 wvarious conditions (described later) are listed in

Table 1 below.

Table 1: Comparison of Resistance to Heat Transfer

based on Fig. 1



25 used to nonitor the surface tenperature at the bottom of the vessel,
which is always in contact with the |iquid phase inside. The tenperature is
moni t or ewloaR/obEwast, if not nore, at three different | ocatR@HeSOVARI8ver age
of these readings is used in the control logic. 30 The tenperature sensor
can be an infrared sensor or a tag-wel ded _thernocouple. The control box can
be a conputer or a real tinme logic controller. The heat to WO U2/ W9S797
PCT/t1S01h1C18 - 20 the storage vessel is transferred using the heat

source. T F neg lfource can be a jackef heater or a recirculating 11 dui d
bath. The £ |af, .t idip the liquid bath is nmaintaine
t hrough a g)%tgg%ﬁa he%ﬁrﬁ%%ﬁg ’itl%ésjd f1 o rat énteredht ieRl dF2sfay a

_f1 ownet er.| Thia(j Adket healieh .ran be polered by el BePtI @S (1ike a

resi stance| heagery i n tlhe experi 2&' setup) or byl a recis&ul ating hqg
fluid. 10 Lowfst jat trarlcuif-era["rr;r §tawce is obtglped (T tihe vessel" i
t h

D

. subnerged | n fao ed |l i g8idb Vike|water or oil and the fluid is
recircul ated.\ I f "/hedting jacket (eleftric or hot fluid) is used, then it
is prefera conductive—grease—-o
contact arfpa between the”ﬁ‘%\ft“ r % he v
proposed fpr the delivery-tystem F-Yeh Hy—sHon —The
control defisions are [basggpoen conparih al ue ofpthe 20 pressure} P,
and surfacp tenperaturje, T, at current|tine, t, to the values at a prievious
tirre, t-dt } i I—x.,t)' e \,:C:;VCI)' ayotculluy puLLilg an
upper bound on the tenperature (Tnma,;) and the pressure (Pnax) and al so
ensures an uni nt erpdptedtdd gahuver preAcdecidased tderswlflage tenperature
with increasing flowrate is a warning of inadequate heating supply. The
surface tenpebaglr BORi FPREASPH LS thﬁtl‘-:*‘ %éaﬂnt'r é)hgl’éﬂt'eeébweﬁ?gf P?échers i's

|l ess than thg_beaf rqguir edit®hewanor maienGdaitad d drigytmiing agsumdd ow rat e.

30 An increase in surface tenperature with g decreasing pressure indicates
boi ling i the Papér Ifi| mEregithese Faliiid atd L8 Shé e Rt ansferred from

the vessel tpchfierac(12 0957%na B3y Lhguidrbmpbessurbanst hovener oy
required for vaporization. PCT/USOL/51C18 Under no_flow condition (no
process denahd fieedthe FgasFhendnfginpali Seads ttgangipopeds BRI pressure
and ' 5 tenpgrabure;as readdyrtine dif aRgAUCR! @dithd e sRNSHre arfegonst ant .
The process tineis filled wth the gas. \Wen the custoner requires gas a
flow switch Theopemeelaihiosh useidgder Saliveledim ridle IRp: TR\ HF¥Ssure drops
as the 6as SLALES;LY bl 3nd depending, Ohdde Jdpwiddl errdfsidie Surface

t enper at'ure &rther fremai ns const ant or decreases. This triggers the
control | er tGhiapteeade tHee s dhamimedr &ngiaaar srdiand P cbnst ant

pressure. |In_case,of ecircul-afdng fluid heater (liquid bath or
j acket ed), eFf%hér Mt%ﬁéf%f‘“)l’ %ﬁ(ﬂl]t'errlr?teérg;'t ure or fluid fl ow

Table 1 illustrates that still ambient air offers

l"_lll‘\l‘\f'\v‘
\*A~}

r +ybber—to-—35—inerease
u FoTm

EEef Thdlt

yection  BO.

C (@} _y

he v

t

éﬁ.i?lF§£ﬂé'ﬁg;

maximum resistance to external heat transfer. Using

15 these values in the above equations, it can be shown
that the heat transfer from ambient air is only
sufficient to deliver about 7 slpm of ammonia without
significant liquid subcooling. This calculation
assumes a 10°C drop in liquid temperature from

20 subcooling. In the absence of external heat sources,
the heat transfer from the ambient limits the rate of
vaporization of liquid. To obtain high vapor flow
rates without liquid subcooling, external heat sources

like a heating jacket or hot fluid bath can be used,



15 rate can be effectively used to control the heat supplied to the vessel.
The heat supplied by the electric heaters is controlled by the voltage
appl i ed wo othgs7deat ers or by cycling the heaters on and dGI/USPhE1IHBat er s
supply energy to the liquid phase |eading 20 to liquid vaporization, which
mai ntains a constant pressure in the vessel. Any drop in pressure due to a
further increase in the flowrate demand at a constant or decreasing
surface tenperature increases the power to the heaters to vaporize nore
li qui d. The boidt esSedh 26h heae knpun mai hhei astt helhi gdiddtapnateonst ant
tenperature. \As the flow rate demand.reduces S he vessel
i ncreases dud't%r v %rh%ﬁff%% me??safgoangréésgggéﬁg gur ggg%tenperature
. due to heat ﬁn&i&ﬁeﬁ)oﬁﬂeﬂ%eerbmih hbaeseresondi bitbrs apersatiisftieed t he
control | ex Kﬁguces t he heater teﬁgerature The @e?ter temm %tu%%ars al so
reduced in tHVFIOPF oM AGRENBCEE efBPBs IPFEPS Y E HPT pﬁ?e%sﬁ

. tenperat gre wppehie bosgdels U¥HH2H0B5WA¥er B%thPGEhUS&@hﬁfﬁt&nt&qched
Secondly, if the surface tenﬁerature | i ncreasin he pressure is
[

decr easi ng (VRpeFe ferhebBRLi RGFE E§@P§ ErmE S5 GR CFeaénF 1"y “the control

loop, the flpypsaitch g eheckadet ercanhieamihlatathet( 5h@as is still
needed. ' Heating the whole vessel also results in heat transfer to t he

vapor phase ¥#5tHeane8skp. heptstrangderovddperFosred Fafdr St

cont ai ner. T@@tﬁé&ﬁsﬁhénﬁég)éeﬁf ahhetgupeeheated wapon Relded Bt ke r10
evaporati on of any netas qui d droplets that may have carried over

into théovap@@p®hbgbwevmthh?aﬂﬁﬁ§e§uB@ﬂhé&@eﬂeﬁéﬁérWP L CofSifdssed gas

source nininizes the changes:of sxapon scandensati-ond.n thigdwacess |ines,
whi ch can be a significant problem when 15 wi thdraw ng saturated vapor Any

drop in tenpeidbareheptanyl oackest LREPESA AR ICESY IQCTRE YRGS 0

condensatlo t S u g r.at Ol 2XANMPI € of Bul k
Ammoni a Del i %$§ gﬁg%égﬁTﬁéﬂkegpoarﬁgh%%%%rﬁg@%tﬁ%ﬁigﬁ of a prototype 20

bul k ammmoni aPdletivgr g Systramllyocbhaduestiale &d dd DeEwasst dier hejate&€ T whi ch
uses 2 gossi bLe VAL! GLLQRA.GOMNLel ShslR0k i apnred abae, The del i very

system consi S on contai ner housed 1n and supp ‘a sheet neta

encl osure. 25 The_ton_ contai is horlzo al [\ e sel with an
internal vol une ofS48G°% age *ghd ﬁ¥igh§% §Ve a rmfo %%%%§r¥§§has t her ma

i nsul ation appbfedcuehernabbydeﬁhadﬁomslﬁgmraﬂtmmnaﬂnnﬂdtetﬁﬂaa e
appr oxi mat e enter hal f .is _hinged to ronge 30

ly the ton
access for né?ﬁ?eﬁﬁﬁ@ qrnstgb HIE HEWHV&t 6*'? %O%F Atal her. The
edges are sufkpehast by1 hh@l @ cip cav@ivdodidstffdiarce 'B‘Erte/ﬁeem rnhmfv&r]dntl al

supports bUIl%d t%g 0%&%%%7%%d-€%% boiling characteristics of the

liquid. 1In general, the pool-boiling characteristics
can be broadly divided into four regimes as illustrated
by a typical boiling curve in Fig. 2. The boiling
curve is a log-log plot of the heat flux per unit area

25 (0/A) against the temperature difference between the
wall and the liquid (Twi,—Ti). The four regimes are,
free convective boiling, nucleate boiling, vapor f£ilm
boiling, and radiation boiling. The schematics on top
of the curve represent the characteristics of each

30 regime. In free convective boiling, the heated ligquid
next to the hot wall rises due to natural convection

currents and evaporates at the vapor-liquid interface.

In the nucleate boiling regime, vapor bubbles form on




PCT/ USCOL/ 51(~18 into the bottom of the housing are equally spaced al ong the
~52" cylindrical section of the ton. The center support has provision for
nmount i ngwOwWR/0P3TPT ar ed det ectors, which nonitor the ton sKGI/EYSHE8 5
tenperature. At each end of the housing a sloped guide rail, |ocated on the
| ongi tudi nal centerline, is incorporategd and connected to the end supports
to facilitate positioning of the ton container. To transfer heat to the ton
contai ner four ceramc 10 heaters, 12" inside radius x 11"w de x 28"

ci cunf erent ighe |'engtdl avaelisedd FTheehtat 6he dngquiidsvals| adtien felse housi ng
bet ween the supporis_ i . QL OUPS at er, .a ngenment on the
cylindrical @%@??%% %(%H?%}é@%lgé %ganlgn%w;{sIgﬁggﬁ'i n[AfSKtIE—ll%g. 7. Each band

. has a maxi numemoperating tefiperabueeintr886Esandhies bubibde sf ooai@stekW at 440
V, single phase_ power..Each_band_i ui pped_wi th nounti, ng f.l_ ange on each
end, suitabl®'fD es‘ﬁ?}%gsgfﬁagﬁnﬁﬂa %%6?5 %ggagroer (%%rmécttg l%o he i nsi de of
. the housing satdr28dtbat asheiheabelsiagert 2Adttloagp nhpef armpeagaiurst t he
vessel when ‘%hﬁ ton contaiper. is I.ow%ged i ntg position. Thi S eoérx_irstry of
band/ spri ng/ $bht SEFRER el 8nBuPBETt Gt L SnE SEHRE 1 dFEn& Fandth s carry

t he wei ght of riheréeni sonbakhecoRpdrpHobdas capkit@boiuriiace @antact 25

bet ween the heater and the vessel. This configuration w.l|l also allow
changi ng of $Bhltohtaifsr EeWPEhBtPrEndihéed orGe + &p&at’éd tadj ust ment. Each

heat er band J'cém%gﬂaﬁﬁkédih@r@a@é@cgggnqgatcbelltlle,r e 1S refuinpped with two
t her nocoupl es. One 30 thernocouple is used for control of the tenperature
set poi AQ andefhetéphehepbr LEvRERENperdt e SBA I ndheThE 3T ddes
controllers fgritbe;fQuihaghens iacecARuRt 6d tihn o5 GBI SGONY tlhdox. The
control box WO 02/ 095797 PCT/LIS111/51 | 18 - 24 applies power to the
heat ers t hr obgBPekatpsReAifiREENER - boX WY Sreadd itthe aeMSeriat Wles t hr ough
the signal junctign bgxy;Begfiorgct he begi-RniRg e fdlPWa18 pressure set point
5is enteredy?n t%epuni v:eLrsaI cgntrgl I eFa. '?% heeatoersaare turned of f when
the pressuretempepatntress (gugshed &hant abeed BANO 6N WReA phessure falls
bel ow t e, sef poi A pIBRPLESTHES MilerfialdndUs dupvanpr i fhdr aval - A
heat er te€nperature sBf poi nt i's entered into each 10 process controller to
put an upper limt to the_heater tenperature. el t condi tion
sends a si gnal to&tyﬁécﬁ‘ﬁi versar ((:jgnt%gl i%éera ﬁrré&gﬁ%vet%ertecgog;ﬁe{ao é%?xn, whi ch
shuts the hedtiérsreht. bbnladdi tteoninies tthe ewerortieneraatlirsesi gimal , t he
heat er process, control ler 5 wll praqvide signal tq t.he universal
control ler i aPrCHE ven 1(9?1 ﬁgﬁgertrﬁunrs e&utra%resfaﬁeuroeb%a I}eccﬁ W Iﬁrrseleni tiate
an al arm shubnotbtpeneranidontiae cheat ercd ldamdy inddinatse =n aut o swi tchover to

the standby unit. The t iinfrared surface tenperature, sensqgrs are 20
connect &P t oSLABLEACEEIIY l@&’n?%‘lplegratélrﬁ? é{:]tf[%s’:etr}?ee pﬁ'f ' F@L)sacf%ety devi ces

by limting tenieantasngianall tbemeeratiye s feyihare aipxidughase.
configurabl e val ue of _125F. Bel ow the configured surface tenperature, the

sensors al | oft hBeh&ALE8r&oid igFerademas e @RIGE U a&meétatift e set

point is reaghed)@roelt hehisensehcddithesimgnal omer riglesd heipiagsure
control process described above. The universal control]er shuts off power
to the heat ef¥cah® Pnivdiodeds hgd taitGHREY Wt cHARTS t1 tHE staRffby unit. A

tenperatiye geAser, | $1alsSq 1MRUALRE 440 At R RISCEAS: tRHHIG {98 vapor
tenperature neasurenent and the signal is sent to the universal controller.
In this invedtiovn ratks tieife Camnte SRak i @ R § 55 anyh? enpe? attur e

sensor, preferably A tiRer MeURRre® by reducing the overall heat
transfer resistance. The enexrgy for vaporization can
be supplied by using an external heat source. Low
30 resistance to internal heat transfer can be obtained by
controlling the liguid boiling in the free convective

or nucleate boiling regime.



WO 1121095797 - 25 PCT/CJSOL/s1618 tenperature difference between the
vapor tenperature and the average of the two infrared sensors is conpared
to a setwpainbvsieonfigured in the controller. Tenperature MHEWASHIE val ue
greater than the set 5 point is used as a warning of liquid subcooling.
This gives the operator the opportunityléo-reduce ammoni a demand or switch
to the other ton container. To summari ze the control strategy, the power to
heaters is switched on, if all of the following are 1Q satisfied: 1) the
toncont ai ner surfBee YeRpEr aedi¥eBeRofr Bt CREVRRL 1oNalo FOTBERSTEL vapor

pressure bel oy sety,pELESt i s3%aPArheakies pver ikenpenat Wi 14k abk heaters
operating; S5) ton container surface/vapor tenperature differential bel ow
_set point. |¥idhytbaeligusf popdentonssiyle Fheocodfaigesot fét thSower to
the heaters | ed; 8t foanfeayLBosWebehereh et he SRARA R 1S
initiated byb;f‘%{:ag%%i géﬁéé goﬁtroploer. The test c?f t he prot otyg/e delivery
. syst em est abloehedtenperahuaeepigpranessi a inlesworattenple @I E) &I9Mm can be

mai ntai ned fQr_=2.5 . Lyer F of; 30 psi W :
significant’ Pﬁ%ﬁ%a %gég‘égéﬂﬂngsk?ﬁg t}éegtl%zglss%%gstlabl iogied t hat uslinng t he
above confi guempéopatarsarifnbireasatniratiedowapatre wifl 180@ s31lgmican be

delivered for 30 mns.wtho significant 25. re _dr i ton
cont ai ner. A%OB‘g%HSF‘ﬁlP s ?h@eﬁtgiegﬁfl%t%hgfsglrjﬁ ug?(sju%clt%gr eggssér{s.é}}n%% be any
i quefi ed cooptessehktalgas, tardipseframablty tdrmni Sudpidriogerercitay i de,

hydr ogen brom de, chlori n$ and E)erfl Qr Qpr opane. 3q_ Al t ho hctt hce 1,|l nvention
descri bed abb9etBFeVaP8E QI FYMPEEPEEPn T ar iFAR SiPS1are Contenpl Ated. Sone
of WO U2/ 09574 9i PETERESEbhat &8 o268 idiHel rodiflietat.i on may require
redesi gning the storage vessel. The storage vessel nay be designed as an

i ntegral partxgiptiBe vessel walls. This configuration will S offer heat
transfer coefficrents simlar to that obtained when using a hot |iquid

bath. The use of EQF@&@%@%&' hig of idagluea e Addad ddt d henst or age vessel
to increase the heat transfer area. This has the potential to deliver high
flow rates afeasibility of using ton containers to deliver high

15 flow rates of ammonia. The experiments were used to
establish a relationship between the vapor flow rate

and the surface temperature.

The experimental setup used for testing the .ton
containers is shown in Figure 3. A 4130X alloy steel
20 ton container filled with ~530 lbs of ammonia was used
for the experiment. Twelve ceramic heaters were used
to control the surface temperature of the ton
container. The heater is a mesh of ceramic squares,
1”7x%1” in size, covering a continuous heating filament.
25 Each ceramic mesh is 67x19.57in size and is rated for
3.6 kW. These heaters were spaced ~1” apart and tied
together in sets of four along the length of the mesh.
Three of these sets were placed side by side along the
length of the container. A one-inch thick insulation
30 was used on top of the heaters and the whole assembly

was clamped to the bottom of the ton container using




| 0 even | ower tenperatures. The heat transfer will be enhanced, if all the
avai l abl e outer surface of the vessel is heated and highly conductive

i nt er nalwbionsoghtending into the liquid are present, bot PGTAUYHE1418por and
liquid space. 15 External fins can al so be added to enhance the heat
transfer fromthe fluid bath to the wessel- A thernocouple or a thernal
well may be included in the storage vessel to enable direct liquid
tenperature neasurements. This allows for a nore 20 robust cgﬁﬁrol when the
liquid tenpe?beet evirather TRhaNNERE 1pEs 881 3H0ETEHTe ¥ SHEhi e PTonst ant .

Mol ecul ar sigye gséawsewgﬁesgeaaab&orah@nitronownmi%r.l i ke distillation
at the exit may be used to reduce inpurities |like noisture in the vapor

phase, 25 thus, deliveripgou! LEARIGR Y Lok G iTe dde it of use.

Venting sone percentage of the i ial vapor headspace to an abatement
system wi | | cedtcelledhtti spur diifde rdegddilogata ade iWEmMP of ultra high

_purity 3Q gas, WO 112/119S797,-..27, .P | S5d tion may
al so be oper APEEPHORPEGHAL %ﬁﬁgﬁéb%ég. y Cﬁgﬁ%aﬁgﬁﬁ% can be desi gned
based on t henhpaepasedrifacentiren.. TH&eextihstimugatndreyoraamnttEdersl st be

nodi fied to accept |iquid praqduct continuausly., Li fal 1.S. punped
into this evEBoFgFoF}lg%gﬁeo&t %?15 ggﬁ’t icr%lor{uas nye%écpooroszl{:adlrf%}ga:ﬁ%g? gaseous
product to tharpatst tefipusatulee r daetoftheumpicupplid Iwadepeset drot he fl ow

rate demand. The flow rate %eman and the requi.r edjie\r/acpo_ro% nperature 10
C

wi Il control CPRETR&af FRUx Otto "ERE SPaptrdtDr® SPltiTi ¢ fat ures of the

i nventiom ar 8osReWN 1ieh .onehals EetRofa ke dreo ngsidorircionyeni ence only, as
each feature may be conbined with ot her features (%)n ac ordancﬁbwith t he
gt t

i nvention. APPRAERERN FETEBRBEHIRSHES TS ShiiTe By KBy Se skilled

in the art apgdnane s rhendedted heddcidmad-ov thised hen scepeagé the cl ai ns.
WO 02/ 095797 - 28 What is clainmed is: ) ,
weight loss over a 30 to 50 min period.

Fig. 4 shows the variation of the ammonia flow

15 rate (right y-axis) and the surface temperature (left
y-axis) with time. An increase in the surface
temperature leads to a corresponding increase in the
ammonia vapor flow rate delivered by the ton container.
The pressure and liquid temperature, which were also

20 monitored during this experiment, remained constant.
The increase in heat flux at higher surface temperature
leads to higher vaporization rates, which increases the
flow rate. A constant pressure and liquid temperature
indicate that energy supplied by the heaters was

25 adequate and all the energy was utilized to vaporize
ammonia and maintain the flow rate. The observed
temperature difference at various flow rates along with
the actual heat flux to the liquid is tabulated in
Table 2. The heat flux is calculated using the ammonia

30 flow rate and heat of vaporization.

Table 2: Experimental Result

Temperature Difference Average Ammonia Average Heat




PCT/ USOL/ S1118 1. A nethod for controlling the tenperature of a |iquefied
conpressed gas in a storage vessel conprising 5 a. passing a |liquefied
conpr esswo og@ss7nNt o a storage vessel; b. positioning a td¥geyHifids
measuring means onto the wall of the conpressed gas storage vessel; c.
positioning at |east one heating neans {I{ proximte to the storage vessel;
d. nonitoring the tenperature of the conpressed gas within the storage
vessel with the tenperature neasuring nmeans; and e. adjusting the output of
the heating neans todp heaf the Tiquefl edrleapptessmd gas imMukhé0gaprage
vessel. 2. A nethod for maintaining the evapgsapmon of a |i quaf/imed
conpressed gas st-or age—vessel—duri-ng—20—vaper—deH-very—conprising—a.
_passing a |iquefied conpfes®ed highpurity senmil®¥nduct or gas i it Pla st orage
vessel; b. positioning a_tenperature measuring freans onto the y\% of the
storage vessel; 25 c. posiffoning at |east on%“ﬂeati ng nmeans f)‘r Imate to
.the storage vessel; d. nonitoring the tenperatyre of the conpg&qﬁﬁd gas
wi thin the storage vessel @fth the t enper at ure asuring neans;” 30 e.
positioning a pressure aggri ng neans at an OLH}% et of the st%.aglﬁ vessel ;
WO 02/ U1; 797 PCT/ USUL/ S1 - 29 f. nmonitoring the pressure of the
conpressed ga mwiii Torage vessel W LT LNe pressure neasuri ng neans;
g. passing a portion.of a gas out of the storage 5 vessel; and h. adjusting
t he heat output of the heating.means _to i nt ai desi : 3. A
met hod for d@HFv@?f‘ﬁﬁ‘ugl PRlefisd aétor?prla?lersﬂ)s?e(}r}fgls Wt e%g‘ﬁg}?%ﬁ of
f1 ow conpri shRflofiapassing audlgaefd ediddny dssdd hilgh- piinity SEvigonduct or

gas into a storage_vessel; b. positioning a.tenm . i nmeans
onto the wal Pe8f %ﬂé‘%&f’?ﬁ?@??@&ldﬁagOs&&‘regé)ec)lvngcssogﬁr %#Q%%J‘r‘?g‘% e|Péglni ng at
| east one; heahknguiBaas epadd Rap@rt & itlhe katidriage neesised ;on the

boiling curve shown in Fig. 2. The maximum heat flux

is calculated using a correlation taken from “Heat and
Mass Transfer”, Chapter 5, Perry’s Chemical Engineers
Handbook, 7% Ed., McGraw-Hill, 1999. Using the heat

10 transfer correlation for nucleate boiling, it can Dbe
further shown that the temperature difference between
the vessel wall (Tw;,) and the bulk liquid (T;) at this
point of maximum heat flux is ~20°C for ammonia. 1In
the experiment, the observed temperature difference

15 Dbetween the outside vessel surface (Twou:) and the bulk
liquid (T.) was less than 6°C at a flowrate of 492
slpm. This shows that even at such high flowrates the
liquid was just at the onset of nucleate boiling.
Still higher flowrates can be easily achieved in this

20 regime due to enhanced heat transfer. Conceptually,
using the above experimental configuration 7890 slpm of
ammonia can be delivered while still boiling liquid

ammonia in the nucleate regime.

The experimental data presented above demonstrates
25 that a range of vapor flow rates can be delivered from

ton containers using an adequate heat source and




d. nonitoring the resulting tenperature with the tenperature neasuring
nmeans; e. positioning a pressure neasuring neans at the 20 outlet of the
st or age wegmebs7and nonitoring the vessel pressure; f. adjPéVINYS1H8 heat
out put of the heating nmeans to heat the liquefied conpressed gas in the
storage vessel to control the evaporatijan.of the Iiquefied 25 conpressed
gas in the storage vessel; and g. controlling the flow of the gas fromthe
storage vessel. 4. A nethod for delivering ammonia with a high 30 rate of
flow conpri st el plassi tige ashi facput émyekatueti edTbengréssedsammoni a gas

P A L on AN Nl pi Al Baddy” o800 PEIRUBOTERRILED. 1Ragt 11 onl g @

thernncouple o \ on contarner; c. positioning at |east
. one heating aeatise prioxétabe tocibetéobotdnnginer; 5 d. nonitoring the
thernocoupl e; e. positioning a pressure transducer at the outlet of the ton

contai ner and nomi tréngribe ypseeh Pressunerrhteddint @rigng St.he Taeer age
. weight loss of the 10 Iiquefied conpressed ammoni a in theﬁéon contai ner; g.
adj ustin§ t heY$esperaR Bt atsrofm the 60t porine FH@998§P|ﬁg ans to heat the

liquefied angomiénifothe tORpeeBLalNghs Boubekl i(Aget he ghisqusiliiedieaqnpr essed
amoni a under 15 convective and nucl eate boiling regines; i. controlling

t he evaporatton ePnEnENeryuefi eBeRENPPEESEE §ﬁnﬁﬁﬁ§lpﬁ f%%&"ort Lcntrai ner

under the CO@&P&%évﬁoaBQneyeheeB@ BObLYi BY Eﬁ@l ga% faBehiing GoRkd eld ng the
flow of ammonia fromthe ton 20 container. system for delivering a

seni conduct ogapr deesse gad) mPFﬁsﬁuﬁPgﬁeﬁéﬂélﬁﬂ Wﬁéwscdﬁpﬁ%3|ﬁ§essure
10 transducer to monitor the pressure in the gas source);

5) temperature measuring means (i.e., temperature
sensor to measuring the temperature within the gas
source); 6) a heater control box to control the heat;
and 7) a flow switch to control the gas flow. In Fig.
15 5, the solid lines in the figure refer to flow of the

gas and the dashed line represents control loops.

The compressed gas storage vessel is filled with
liquefied gas under its own vapor pressure at ambient
temperature. This results in a liquid phase at the

20 Dbottom of the container and a vapor phase at the top.
The gas to be delivered is withdrawn from the vapor
phase by fully opening the valve. In this
configuration the pressure transducer reads the vapor
pressure inside the vessel. The temperature sensor is

25 used to monitor the surface temperature at the bottom
of the vessel, which is always in contact with the
liquid phase inside. The temperature is monitored at
least, 1if not more, at three different locations. An
average of these readings is used in the control logic.

30 The temperature sensor can be an infrared sensor or a
tag-welded thermocouple. The control box can be a

computer or a real time logic controller. The heat to



a. a storage vessel containing a liquefied 25 conpressed sem conduct or
process gas; b. a tenperature neasuring neans positioned. onto the wall of
t he storwopazwessel ; c. a pressure probe positioned at theP@uiv$as1@B t he
storage vessel; 30 d. a heating neans positioned proxinmate to the storage
vessel , wherein the tenperature probe ajy pressure probe,.is used to adjust
the output of the heater to heat the |liquefied conpressed sem conduct or
VWO 02/ 095797 - 31 PCT/USII1h1Gl8 gas in the conpressed gas storage vessel
and enabl i ngchdestoghgé| oussél siri toadafeoredassfingmthiee hearipr essed gas
storage vessel; and e. a valve neans to control the flow of the 5

seni conduct ot° %ﬁ% flow ng fromthe storage vessel 6. The system of any of

~clains 1 to 5 wherein the storage ves el is_a or_taon container. 10
7. The system of H9n§ BR&CoFCEFSFnE2R PG 8 ﬁﬁ&#@ %Fﬁgeﬁé§Fiﬁb nmeans is a

heating jackgiciBculheifyslequoli BayhoneTat ekapdbature ivgrei n the
. heating neans is a ceram ¢ heater. 15 9. The system f an one of clains 1

to 5 whePei nt}wed highthat digpif] Baths igpmad kB f0. The system

of any one Oéxﬁéﬁﬁgﬁ ﬂegeea‘é 20awheseirn olyhe atemer @tdmrt&dm%wrumg"r%ans is a
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3344444F57, 9380ket (electric or hot fluid) is used, then it is
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15 increase the contact area between the heater and the

vessel.

The control strategy proposed for the delivery
system is schematically shown in Figure 6. The control
decisions are based on comparing the value of the

20 pressure, P, and surface temperature, T, at current
time, t, to the values at a previous time, t-4t. This
improves the safety of the delivery system by putting
an upper bound on the temperature (Tpax) and the
pressure (Ppx) and also ensures an uninterrupted

25 delivery. A decrease in the surface temperature with
increasing flow rate is a warning of inadequate heating
supply. The surface temperature will drop if the heat
transferred by the heaters is less than the heat
required for vaporizing liquid to maintain a flow rate.

30 An increase in surface temperature with a decreasing
pressure indicates boiling in the vapor film regime. In

this case the energy transferred from the vessel to the
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case of a recirculating fluid heater (liquid bath or
jacketed), either the fluid temperature or fluid flow
15 rate can be effectively used to control the heat
supplied to the vessel. The heat supplied by the
electric heaters is controlled by the voltage applied
to the heaters or by cycling the heaters on and off.
The heaters supply energy to the liquid phase leading
20 to liguid vaporization, which maintains a constant
pressure in the vessel. Any drop in pressure due to a
further increase in the flow rate demand at a constant
or decreasing surface temperature increases the power
to the heaters to vaporize more liquid. The increased
25 heat input maintains the liquid at a constant

temperature.

As the flow rate demand reduces the pressure in
the vessel increases due to vapor buildup, it also
increases the surface temperature due to heat build up.

30 When both these conditions are satisfied the controller
reduces the heater temperature. The heater temperature
is also reduced in the following two scenarios.

Firstly, if a pressure or temperature upper bound is
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[ MALT P F&10 %Qggsfer to the vapor phase in the vessel. This leads
to superheated vapor in the containexr. The excess
energy of the superheated vapor helps in the
10 evaporation of any metastable liquid droplets that may
have carried over into the vapor phase. Withdrawing
superheated vapor from the compressed gas source
minimizes the chances of vapor condensation in the
process lines, which can be a significant problem when
15 withdrawing saturated vapor. Any drop in temperature

or a flow restriction can result in droplet

condensation in the lines while using saturated vapor.

Example of Bulk Ammonia Delivery System

The following is a description of a prototype,
20 bulk ammonia delivery system, to be installed at the
customer site, which uses a possible variation to

control strategy proposed above.

The delivery system consists of a ton container
housed in and supported by a sheet metal enclosure.

25 The ton container is a horizontal pressure vessel with
an internal volume of ~450 L and weighs ~529 kg. The
ton housing has thermal insulation applied internally.
The housing is horizontally split at approximately the
ton centerline. The top half is hinged to provide

30 access for maintenance, installation and removal of the
ton container. The edges are sufficiently rigid to

avoid distortion. Three circumferential supports built
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To transfer heat to the ton container four ceramic
10 heaters, 127 inside radius X 11”7wide x 28”7
ciéumferential length are used. The heaters are
installed in the housing between the supports in two
groups of two. The heater arrangement on the
cylindrical section of the ton container is shown in
15 Fig. 7. Each band has a maximum operating temperature
of 850°F and is rated for ~3.75kW at 440 V, single
phase power. Each band is equipped with a mounting
flange on each end, suitable for spring attachment.
Springs are connected to the inside of the housing such
20 that the heaters exert a clamping force against the
vessel when the ton container is lowered into position.
This geometry of band/spring/ton surface ensures that
at no time do the band heaters carry the weight of the
ton container and provides optimal surface contact
25 between the heater and the vessel. This configuration
will also allow changing of ton containers without the

need for repeated adjustment.

Fach heater band is connected to a process
controller and is equipped with two thermocouples. One
30 thermocouple is used for control of the temperature set
point and the other for over temperature monitoring.
The process controllers for the four heaters are

mounted in a common control box. The control box
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Before the beginning of flow, a pressure set point

5 is entered in the universal controller. The heaters
are turned off when the pressure set point is reached
and turned back on when pressure falls below the set
point. The pressure will fall due to vapor withdrawal.
A heater temperature set point is entered into each

10 process controller to put an upper limit to the heater
temperature. An over temperature condition sends a
signal to the universal controller through the control
box, which shuts the heaters off. In addition to the
over temperature signal, the heater process controllers

15 will provide a signal to the universal controller in
the event of heater burn out or failure, which will
initiate an alarm, shut off power to the heaters and

initiate an auto switchover to the standby unit.

The two infrared surface temperature sensors are
20 connected to the universal controller and act as the
primary safety devices by limiting ton container wall
temperature. They have a maximum configurable value of
125°F. Below the configured surface temperature, the
sensors allow the heaters to operate. If the surface
25 temperature set point is reached on either sensor, this
signal overrides the pressure control process described
above. The universal controller shuts off power to the
heaters and initiates an automatic switchover to the
standby unit. A temperature sensor is also mounted in
30 the process tubing for vapor temperature measurement
and the signal is sent to the universal controller. In
this invention, the temperature measuring means is any

temperature sensor, preferably a thermocouple. The
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temperature difference between the vapor temperature
and the average of the two infrared sensors is compared

to a set point configured in the controller.

Temperature difference value greater than the set
5 point is used as a warning of liquid subcooling. This
gives the operator the opportunity to reduce ammonia

demand or switch to the other ton container.

To summarize the control strategy, the power to

heaters is switched on, if all of the following are

10 satisfied: 1) the toncontainer surface temperature
below set point; 2) ton container vapor pressure below
set point; 3) no heater over temperature; 4) all
heaters operating; 5) ton container sufface/vapor
temperature differential below set point. If any one

15 of conditions 1), 3) or 4) is not met, power to the
heaters is turned off and auto-switchover to the second

ton is initiated by the universal controller.

The test of the prototype delivery system
established that an average ammonia flow rate of 600
20 slpm can be maintained for ~2.5 hrs at a delivery
pressure of 90 psi without significant liquid sub
cooling. The test also established that using the
above configuration a maximum ammonia flow rate of 800
slpm can be delivered for 30 mins without significant

25 pressure drop in the ton container.

As used in this invention, the semiconductor gases
may be any liquefied compressible gas, and preferably
ammonia, hydrogen chloride, hydrogen bromide, chlorine

and perfluoropropane.

30 Although the invention described above operates

fully, certain variations are contemplated. Some of
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the modification may require redesigning the storage

vessel.

The storage vessel may be designed as an integral
part of the vessel walls. This configuration will
5 offer heat transfer coefficients similar to that

obtained when using a hot liquid bath.

The use of internals (like fins) can be added in
the storage vessel to increase the heat transfer area.
This has the potential to deliver high flow rates at

10 even lower temperatures. The heat transfer will be
enhanced, if all the available outer surface of the
vessel is heated and highly conductive internal fins
extending into the liquid are present, both in the

vapor and liquid space.

15 External fins can also be added to enhance the

heat transfer from the fluid bath to the vessel.

A thermocouple or a thermal well may be included
in the storage vessel to enable direct liguid
temperature measurements. This allows for a more

20 robust control when the liquid temperature, rather than

the vessel pressure is maintained constant.

Molecular sieve bed or other separation unit
operation, like distillation at the exit may be used to
reduce impurities like moisture in the vapor phase,

25 thus, delivering ultra high purity gas to the point of

use.

Venting some percentage of the initial wvapor
headspace to an abatement system will reduce light
impurities leading to delivery of ultra high purity

30 gas.
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flow rate demand and the required vapor temperature

10 will control the heat flux to the evaporator.

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

15 will be recognized by those skilled.in the art and are

intended to be included within the scope of the claims.
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5 a. passing a liquefied compressed gas into a

P!
y z

storage vessel;

b. positioning a temperature measuring means onto
the wall of the compressed gas storage vessel;

c. positioning at least one heating means

10 proximate to the storage vessel;

d. monitoring the temperature of the compressed
gas within the storage vessel with the temperature
measuring means; and

e. adjusting the output of the heating means to

15 heat the liquefied compressed gas in the storage

vessel.

2. A method for maintaining the evaporation of a
liquefied compressed gas in a storage vessel during
20 vapor delivery comprising

a. passing a liquefied compressed high-
purity semiconductor gas into a storage vessel;

b. positioning a temperature measuring means
onto the wall of the storage vessel;

25 c. positioning at least one heating means
proximate to the storage vessel;

d. monitoring the temperature of the
compressed gas within the storage vessel with the
temperature measuring means;

30 e. positioning a pressure measuring means at an

outlet of the storage vessel;
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h. adjusting the heat output of the heating means

to maintain a desired pressure.

3. A method for delivering a liquefied
10 compressed gas with a high rate of flow comprising

a. passing a liquefied compressed high-purity
semiconductor gas into a storage vessel;

b. positioning a temperature measuring means onto
the wall of the compressed gas storage vessel;

15 c. positioning at least one heating means
proximate to the storage vessel;

d. monitoring the resulting temperature with the
temperature measuring means;

e. positioning a pressure measuring means at the

20 outlet of the storage vessel and monitoring the vessel
pressure;

f. adjusting the heat output of the heating means
to heat the liquefied compressed gas in the storage
vessel to control the evaporation of the liquefied

25 compressed gas in the storage vessel; and
g. controlling the flow of the gas from the

storage vessel.

4. A method for delivering ammonia with a high
30 rate of flow comprising
a. passing a high-purity liquefied compressed

ammonia gas into a ton container;
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15 convective and nucleate boiling regimes;
i. controlling the evaporation of the liguefied
compressed ammonia in the ton container under the
convective and nucleate boiling regimes; and

j. controlling the flow of ammonia from the ton

20 container.

5. A system for delivering a semiconductor
process gas with'a high rate of flow comprising
a. a storage vessel containing a liquefied
25 compressed semiconductor process gas;
b. a temperature measuring means positioned onto
the wall of the storage vessel;
c. a pressure probe positioned at the outlet of
the storage vessel;
30 d. a heating means positioned proximate to the
storage vessel, wherein the temperature probe and
pressure probe is used to adjust the output of the

heater to heat the liquefied compressed semiconductor
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gas in the compressed gas storage vessel and enabling
the high flow of semiconductor gas from the compressed
gas storage vessel; and

e. a valve means to control the flow of the

semiconductor gas flowing from the storage vessel.

6. The system of any of claims 1 to 5 wherein

the storage vessel is a cylinder or ton container.

7. The system of any one of claims 1 to 5

wherein the heating means is a heating jacket.

8. The system of any one of claims 1 to 5

wherein the heating means is a ceramic heater.

9. The system of any one of claims 1 to 5

wherein the high rate of flow is up to about 500 slpm.

10. The system of any one of claims 1 to 5
wherein the temperature measuring means is a

thermocouple.



