PF 0000057799/ Kai As originally filed Process and apparatus for determ ning
the totdl oxygen content and/or the total carbon content in ammonia 5
Description The invention relates to a process and to an apparatus for
determning the total oxygen content and the total carbon content of

amoni a whi ciPF 00005 E99Ekit 0 be 10 designated as high-purity and, if
appropriate, conprises oxygen- and/or carbon- conprising conpounds. The

process and Aé’l&ipg%ﬁﬁﬁﬁhus are suitable in particular for the determ nation

of the total tent and/or of the total carbon content in

hi gh-purity amonia. 15 H gh-purity ammonia i S gaining ever greater
industrial pgpdds! GRNgShardtus RS detdttining Mel {otd) Dxfytdoribmlndirapgiedtion
sector. Such light-emtting di odes conprise a Ight-emtting body which is
general |y pr@RAEEPNIRA BrABPRIaxy process. This means that the

| ight-emgtting body is produced by a | ayer-by-layer buildup of atons. Hi gh-
per f or mance 6i5§ht.-em'tti ng diodes, i.e. light-emtting diodes with a high
li ght out put28PUe general |y manufactured from GaN on Si C. The nitrogen
required for this purpose is supplied fromammonia in the production
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t he amoni a Go8'PsiBNG tCcoMpoENds. tThe quecass NAyiae agearalus are suiable s pardiewdi i si ng

vessel at a gheiRRYeliriirfiibh of ihe t61aN&§gbh eamtBRCardlor B tiCotal BErH3R coRtedt Ur €
content is subsequently determ ned by a noi sture-neasuring device,

preferably d"HER-PEMRMMA8Rr ument or an infrared spectrophotonmeter. The
process carried out in this way allows noisture contents in the amoni a of
froml t%

Trom L8 SRR Rl 5 S e b TERSER SRR
ammoni a. 35 emitting diode (LED) production sector. Such light-emitting diodes comprise a
light-emitting body which is generally produced by an epitaxy process. This means
that the light-emitting body is produced by a layer-by-layer buildup of atoms. High-
performance light-emitting diodes, i.e. light-emitting diodes with a high light output,
20 are generally manufactured from GaN on SiC. The nitrogen required for this
purpose is supplied from ammonia in the production process. Since every
extraneous atom, especially oxygen and carbon atom, weakens the light output of
the LED, it is necessary to use high-purity ammonia. This need for high-purity
ammonia makes it necessary to detect oxygen and carbon even in the slightest
25  traces.

JP-A 08-201370 discloses a process for measuring moisture present in traces in
ammonia. To this end, the ammonia is split into nitrogen and hydrogen in a
catalyst-comprising vessel at a temperature in the range from 600 to 1000°C. The
30 moisture content is subsequently determined by a moisture-measuring device,
preferably a dew point instrument or an infrared spectrophotometer. The process
carried out in this way allows moisture contents in the ammonia of from 1 to
10 ppm to be determined. However, this measurement accuracy is insufficient fo
satisfy the specifications which are placed on high-purity ammonia.
35
A measurement process with which the water content in a gas stream can he
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A measurenment process with which the water content in a gas stream can be
B0640129PC | B/ KUD/ any/cd 4 i PF 0000057799/ Kai -2- determ ned down to a
detection limt of 0.2 ppb and the nethane content in a gas streamdown to
a detection |limt of 2 ppb is cavity ring-down spectroscopy. This is known,
for exanple, Proa9W§7A99805/ 0122523. Correspondi ng equi pment is sold, for
exanpl e, by TigerOptics. However, it isZevident fromthe specification for
these 5 instrunments that they are not suitable for determ ning water or
nethane in gaiERAhad dINE t& 8UeRchdn itk 8f 0.9 pobandithé hithaneohtent P a Yad er

met hane and ammgl a. A further di sggvag\ta e. of. tge 'E)rocesses kgﬁwn fromthe
prior art isSYeRR apwniiqa depcioslimibple PRO ISty Hagdpwh SREUORPRY- SREVS t he

vva'éI er cpnlt enknclﬁnﬁn,tféreemtdw_ ,m@rrcustﬂlemosm1mmaﬂorr@ﬂﬁmh@eqmip|dlamedfsold, ':1 he
industrial scale conprises not qnly water a nmet hane [t her
oxygen- and; B XaMRan% DOEIRR g RbyBh. e o Podai B PRCRssiika®nIphefe,

exanpl e, 5 ongetrumbets nthiay dneyc are mos ,suitablé dor eteminieg waterr bomethane de and

mol ecul ar Oxélgl%nia-rhﬁ‘?ee cggég)gawiﬂ% lOtheC QRfal Sty 98 "whler 1ﬁ1eﬁ1¥ngognd\m' Ch.
can be introduced into a diode layéer as an extraneous atdm Tor exanple in
t he course oAmpaviducti on of LEDs. It is therefore an object of the present

I nvention to provide a process by which the total oxygen content and the
total carbon content can be determ ned even in slight 20 traces in ammonia
whi ch is int &nlydber disadvastageaefi B RIgcersgh -Kpawntfiyomdee prier agpprtbal itds e,

conpri segg OXP_Sééﬁble ANsHcRrcat PGe HARP bNIG HOwSRIBGHE Dr thd mbfhade boitbier obj ect
of the inventjion to provide an apparatus for formn rocess. 25 The

per ] the p
obj ect is achiP¥F¥R], BPMenF Reducedian the MdusialFcals W"@‘Bgaﬁ QUK YR 88t ent and
the total cami@ianedniedo Rithamo®yijed- whd/eh carbohtbmpesiay icompeustes iThesé ed as
hi gh- purity and, if appropriate onprises oxygen: and/or carbon-conpri sing
conpounds, cS%P?lg‘dﬁga{)eﬁefofcﬁxﬁmenaoﬁ%ﬁi‘?'%gy%gc BPi% ¢ F47BOT RO hia into
ni t rogen andchnpdn digpaitle and molecular oxygen. These compounds too comprise oxygen or
15  carbon, which can be introduced into a diode layer as an extraneous atom, for

example in the course of production of LEDs.

It is therefore an object of the present invention to provide a process by which the

total oxygen content and the total carbon content can be determined even in slight
20 traces in ammonia which is intended for designation as high-purity and, if

appropriate, comprises oxygen- and/or carbon-comprising compounds.

It is a further object of the invention to provide an apparatus for performing the

process.

25
The object is achieved by a process for determining the total oxygen content and
the total carbon content of ammonia which is intended to be designated as high-
purity and, if appropriate, comprises oxygen- and/or carbon-comprising
compounds, comprising the following steps:

30 a) splitting the ammonia into nitrogen and hydrogen;

b} essentially fully reacting the oxygen of all oxygen-comprising compounds
with hydrogen to give water and the carbon of all carbon-comprising
compounds with hydrogen to give methane;

C) determining the water content and the methane content in the gas;

35 d) determining the total oxygen content from the water content and the total
carbon content from the methane content.
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b) essentially fully reacting the oxygen of all oxygen-conprising conpounds
wi th hydrogen to give water and the carbon of all carbon-conprising
conpounds with hydrogen to give nethane; c) determ ning the water content
and the nethane content in the gas; 35 d) determning the total oxygen
content from Ph&00RAS79%aAt ent and the total carbon content fromthe

met hane content. B06/0129PC PF 0000057799/ Kai -3- The ammonia in which the
total oxygen content and/or the total carbon content are deternm ned may be
present either in liquid or gaseous form The process is suitable for

determ ning the total oxygen content and/or, the c{IOtﬁ]l C rboH) contieg{l 5 both
in liquid andNgAEuDRNe ifhethe tetaljenvegpRicratenhan/gt e '8%9@’ O8 gt and/ or
the total Cﬁhba)aeteamh@@rmagabesprrképém éitﬂﬁt mklejmicﬁﬁldgé&oaﬁlcfidwh}.iTﬂnt—:-q:drb@ﬁﬁsdgeln and
ni trogen. The e et n,either as, an_indivi random sanpl e or
ol se Spr et or SHPRLIgE PFmitEng, hecah gyt RE ghdPL M b PR
required 5o épthi in liquid sacdngaseaus rimondnialr 6g etetermihen titer tainoxyges comteni a whi ch
i's supplied .S ' TN m bef ore
the opli t 41 ngiile! fea B EARBhERRR, o i i ahd 5 it ud BpiEn i 7 01
the total oxyiegeroltecsampliemayibguakengitnenasian Kslividuabmndomosanmte osglset ti ng of
all oxygen-c LBk ATRRKN i i eh%‘ Fd S nds and
their reconbigﬁ%datﬁ)lkrggﬁmt e'y' g’ﬁ‘ﬂ‘% ﬁ%tmdgﬁ{e, i tratﬁrg ﬁ@gﬂgﬁ f)élqgg?(ﬁggg@gr dance

with the i nvéift pPEMONE ke Bydipgas antknitregen. th paumenid whichtis syppliedhle thet al

carbon cept emedsiirethett | AreBBN eRireRNkY Ja¥edlRt R Béfag: tRe sphdieg in ARt ent and
t he nmet hane content . urther advantage | ess accor di ng to the
S

20 A f n the pro
i nventi on of daEMBINGTIoNR f thy fotal sakpm,content W%o‘?{-‘gﬁﬁf’@f REYRFceinBs by
converting thguwammdiigr and nethane respectively is that especially CO2
enters into a |l arge nunber of conpounds with amonia and for this reason is
difficult to isolate and to detect quantitatively. Since it is generally
sufficient whena tésaltpofaperspliting of akkxkygenemupridibgatomunds Bhe alincadre | S

known, irges f ? 0 i | e e It LS
sur T e et omeldtouthe i BRE N, S Blckfod el aneEi e BEens, i
possible in accordance with the invention to determine the total oxygen content
and the total carbon content in a simple manner only by determining the water

content and the methane content.

20 A further advantage in the process according to the invention of determining all
oxygen- and carbon-containing compounds by converting them to water and
methane respectively is that especially CO, enters into a large number of
compounds with ammonia and for this reason is difficult to isolate and to detect
quantitatively. Since it is generally sufficient when the proportion of extraneous

25 atoms in the ammonia is known, irrespective of the compound in which they are
present, it is sufficient to determine the total carbon content and the total oxygen
content and not the presence of individual compounds which contaminate the
ammonia. A further advantage of the process according to the invention by virtue
of the detection of the total oxygen content and of the total carbon content is that it

30 is not the case that an individual detection limit is crucial for each substance and
these detection limits thus add up for the total impurities, but rather that, as a
result of the conversion to water or methane, one detection limit for oxygen and
one detection limit for carbon is sufficient in each case and therefore the total
carbon content or total oxygen content can be detected down to a detection limit

35 which is lower than the sum of the individual detection limits in the case of
separate detection of the impuirities.
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content and not the presence of individual conpounds which contam nate the
anmeni a. *A further advantage of the process according to the invention by
virtue of the detection of the total oxygen content and of the total carbon
content is that it 30 is not the case that an individual detection [imt is
cruci al for cRlcRORNNSITIHEA and these detection limts thus add up for the
total inpurities, but rather that, as a4-result of the conversion to water
or nethane, one detection limt for oxygen and one detection limt for
carbon is sufficient in each case and therefore the total carbon content or

total oxygen content can be detected down to a detection limt 35 which is
| ower than tA82adesHliRf thesirtually fyll srlistingRl@arpeRia INte Ritrogen ﬁ“‘i' H&drea% th

separate det gghiodia ebnttehEanafpluﬁd tsraﬁtﬁn BQGééblzm?CﬂpdalF eAG0BRINGIR Hiad -4 As
aresultofthewrtull ful) glttn

I t
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owi ?g t 0 3 heowihgrp akie thighwindedgenomeess ahe axygen priesent)ig emlecutharaioen rmren;e?t _ onl y
in traces, X ent in
nmol ecul ar fo?%'g?uwﬁqg thgp%% ﬁ@ﬁ%} {]ﬁgﬁ‘g%%@s%%gﬁr@ys&&rtl?olerafqua% zent ially
fully to wat earbamgrasest lnc@nnhmmnm & thet gasnstozsnp Gueniweited ebsengally Billy éam i s
Converted SoRRMdng! Mésdtlia, Afly dSRIIRAR n S RBAA nd hbsrf HUERRAFY TN

t he context resent i RVBRtI Oh - means t at at
preferably amela@%lﬂlat@%@}' 9% bynwolume, |Pfﬁfqi@bba&tt|9@$ﬂ99r°/° &Y WOBH%Q 39@ "5% by

vol une ofg t hga@xmgest l@s{@gﬁgﬁ/m&ﬁrﬁé%ﬂ%e'oﬁ%ﬁﬂ&rﬁf ddton pras¥mli£EorRBledet hane
respectively. In a preferred enbodi nent e splitting of the amonia into

ni trogen ando‘f@/‘@'?%’@fé'ﬁemaef??é’eﬁ'ﬁ’ﬁ{yer5| on of the oxygen- and/or
carbon-conprising 15 conpounds present in the amonia wth hydrogen to gi ve

wat er and/ or , net hane rrie the.p esence of (o} st

o Tt of W R i Erimgidil T, solidd o "oE “TREonR, s Misgben’ b

car bon- conpr hgdrogerc canb uthes conessioh ioh thee oxggjﬁmnlaadftoo vaxben- camdrmmg hane can
be carri %i o] ny..I Kknown

react or s r o BB prbER b RO A Sub dPBfoagh b BBt tibrpat o, ' ©
f1uidized bedre eanedogt.in Heyeresencetdie qadalyshr Frenspditting of te gmooessandshe

conversion of the oxygen- or carbon-comprising compounds present in the
ammonia to water and methane can be carried out in any reactor known to those
skilled in the art. Suitable reactors are, for example, tubular reactors, moving bed

20 reactors or fluidized bed reactors. However, the performance of the process is
independent of the type of reactor. Since the main task of the reactor is the
splitting of the ammonia into nitrogen and hydrogen, the reactor is also referred to
as the cracker.

25  The catalyst may, for example, be present as a coating of the reactor wall. in the
case of moving bed or fluidized bed reactors, the fluidized bed or moving bed
granule preferably comprises the catalyst. In a further embodiment, it is also
possible, for example, to introduce catalyst-comprising random packings or other
catalyst-comprising internals into a tubular reactor. The catalyst may be applied to

30 the random packings or internals, for example, as a coating. However, it is also
possible to manufacture the random packings or internals entirely from catalyst
material. A further possibility is to use a material which comprises the catalyst on
a support material for the fluidized bed or moving bed granule, the random
packings or the internals.

35

Suitable catalysts for splitting the ammonia into nitrogen and hydrogen and for
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| ndependent of the type of reactor. Since the main task of the reactor is
the. splirtting of the anmmpnia into nitrogen and hydrogen, the reactor is
also referred to as the cracker. 25 The catal yst may, for exanple, be
present as a coating of the reactor wall. In the case of noving bed or
flui di zed bedPr 880A067899/Khie f | ui di zed bed or noving bed granule preferably
conprises the catalyst. In a further enPodinent, it is also possible, for
exanple, to introduce catal yst-conprising random packi ngs or ot her

cat al yst - conpgrvahing thBt Siygeh of ithd @x@getn%;ﬁrsm@e@&ﬁ,s&undér he mé.alau&tmémy be
applied to 30 the random packi ngs or internals, for ?anB 'ﬂ% aqp?oatl ng.
Sk

However, it F&ogn é’BthepQ%'%‘?’b?%"R’@"}Qa?ﬂJr?%PG? o FW@“"\"Sr?di%
i nternal s entnemé wréreﬂ@ucbataaysy@are gieéeancbll catafysistwitch paswsadwr to hoss to use

a materi al .C the catal.yst on up terial for the

f1 ui di zed beﬁk' H&{H)?rb HtBWQRiﬁ@d W%ﬁ%ﬁ‘? ﬁﬁ%?ﬁ‘%? s or the internals.
35 Suitabde catal ysts for splitting the ammonia into nitrogen and hydrogen
and for BOG PFO 7499 - B [N o) t he
oxygen-conpr i s%?ﬁg if Ouna@%?rﬁ%% ?%e(rvg%ngoﬁlﬁgfzgﬁeg‘rs{)gﬂr? g‘fe Er[‘]"ﬁg 8%%?.&%

car bon- conpr dellengmednlvpcnmnﬁts ring-down Ispeeirascepy. flhe mlitiianCé,thm@mmont&mtttal S.

Pr ef d | i t th
rererre Cahg&rég%rﬁ #£h enﬁr‘oh&?reliﬂﬁrqat@&l, th&alhfgrf\é%rﬁev‘@ectgﬁm o) Z\évg’l tRe oze

skilled in t whose ald anmbni a can
preferred enﬁ@%ﬂtfmplc erasyeeant.ceinee the pitieg efhé male Hﬁrﬁ"'@@ﬁ?efﬁfmﬁr e

determ negl by rf@ud 6%y6fd&h%%utﬁi@%ﬁtthl%$6% in 46G0IiRG lof %'Mn‘iﬁ oﬁthé’ gagmoni a
into hydrogen and ni'tro

glen elimnates the interference b'?/‘rtﬂ m"rﬁ%)a I n
the spect r oSEeHNcINBider te AsteMIng e Copentspl PﬂqeﬁgoroFa’?O Mg in digroni a
folr s 10f 2 hrrahmma‘ e d U806 Ndaaathimdd tiRgeidre tuhemséeﬁad e ben dilﬂbl]lcébl mar of the
vol unme of the stream |In order tog t e the cont oxygen or
tarbon at ons KRR ARaRTed waleh Soupe SRy R aEEy S 8P ok BALe has t o
be doubl ed. B&oy acteigppesent dithaameasia ed wat er content of 5 ppb in the gas
stream Jrg ppb of water

In a preferred embodiment, the splitting of the ammonia and the conversion of the

oxygen- and/or carbon-comprising compounds to water and methane respectively

is effected at a temperature of at least 600°C, preferably of at least 800°C, more

preferably of at least 900°C. At this temperature, the oxygen from all oxygen-

20  comprising compounds is converted essentially fully to water and the carbon from
all carbon-comprising compounds is converted essentially fully in the presence of
the above-described catalyst.

In general, the splitting of ammonia to hydrogen and nitrogen and the reaction of
25 the oxygen of all oxygen-comprising compounds andfor of the carbon of all
carbon-comprising compounds to give water and methane proceed essentially
simultaneously. These reactions are generzally carried out in a cracker whose
walls are coated on the inside with silver. in order to achieve a larger catalyst
surface area, the cracker may also be filled with catalyst-comprising granule which
30 s flowed through by the ammonia to be split. However, it is also possible first to
split the ammonia into nitrogen and hydrogen in one reactor and then to convert
the oxygen of the oxygen-comprising compounds and the carbon of the carbon-
comprising compounds to water and methane respectively in a second reactor.
This is advisable especially when different catalysts and/or different temperatures
35 are used to split the ammonia and to convert the oxygen and the carbon. In this
case, one reactor comprises a catalyst suitable for splitting the ammonia and is
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are actually present in the ammonia. 15 In a preferred enbodi nent, the
splistting of the ammonia and the conversion of the oxygen- and/or

car bon-conpri si ng conmpounds to water and net hane respectively is effected
at a tenperature of at |east 600C, preferably of at |east 800C, nore
preferably ofPRPOCAHSZTIVBEIC. At this tenperature, the oxygen fromall oxygen
20 conprising conpounds is converted esSentially fully to water and the
carbon from all carbon-conprising conpounds is converted essentially fully

in the presegggatf attdwerﬁ&é?é{tamd@@fableb@# mhﬁé!ﬁé amiribnBE iRl the (4ol i t ti ng
of anmpnia to h dro en and nitrogen he Teaction of. 25 the P|¥egen of

al | oxygen- ctf “ﬁ%’?rﬁo?ﬁfﬁ’gStaWB'FBr's SuiteiNg Ton reRging fhg  gxygen o

car bon- conpr bRjgeg- cemﬁﬁgu@dsmbmrwswﬁthvwd&igeartd gmtménearmmeexacbmsﬁm ially
si mul t aneousl| These.reactions ,ar erally carried out . ,in a er whose
3 hdvegen 19 g

wal I's are coSTRANEAMPHRANG FPRRUNGR PEFN 19 AVG mdiane, agd i %Q?éa Par ger

cat al yst 5 suafepgeraliesasuitable forthisiperpasey al so be filled with

catal yst-conprising granule which 30 is flowed through by the ammonia to be
split. However, it is also possible first to split the ammonia into

ni trogen andlripdicoggenl uge @mvitsemmwramctrh&owdoclamtethte watelecopiengen of t he

oxygen- Conpr i Hﬁtrﬁﬂgp iAHe Qﬁffé?é’rﬂ MbirbM&ni§ 3h Dfkn Eé%@f’rdrséléﬁi s is

COﬂpOUﬂdS to water and net ane re eCtIVG In a secon reactor
advi sabl e espelticBanng! ipsrumantsfie whigh @*amawsféﬁbm&ﬁwremem sarcbe caried @kr at ur es

35 are used joesdM étannBE a@@ﬁ@cﬁﬂu:@damﬁué QrONYRiheitBr ASMKGAMIR thet REtefar bon.
In this case, one reactor n%rlsgét a cat a}' st swtable for g‘%é&ﬂ%ng t he
amoni a and F%"te'ﬁc%‘ﬁo%%!ﬂéf dendeleryaingdhe methane-conter ag us rature
sui t ?bl e :‘M?_r caPty i ringytddgvnt R cRESTRPY,athe Wetdclioh NMitSe 0EEhb fob aeliarin Aegas ses a
cat al yst [

ch. LS | tahl e reacting the oxygen of the oxygen-conprising
Conpounds. i #1 APER RyafFtbEhe, Mpish Bt A s AP DY L™ e
carbon conprising conmpounds with hydrogen to give nethane, and is operated

at D3 SUHER RS M whRh O SR BASE: ah hEmEaFe YonitiP AL CAVILY

rlng dOMﬂ Spec roscopy content ane content
in the gas, detefrainesin thesgaajmmogmecrte@ataermsle,or@rerebwent. In this case,

the gas preferably flows first through the spectrometer in which the water content
is determined and then the spectrometer in which the methane content is
determined. Subsequently, the gas is released to the environment as offgas. It will

20 be appreciated that it is also possible to measure the methane content in the first
spectrometer and the water content in the second spectrometer.

In a further embodiment, the instruments for determining the water content and
the methane content are connected in parallel. To this end, the gas stream is first

25 divided. One substream is then fed to the instrument for measuring the water
content and one substream to the instrument for measuring the methane content.
On completion of the measurement, the gas is released to the environment here
too, or conducted back into the production.

30 In order to prevent oxygen-comprising compounds or carbon-comprising
compounds from the environment from getting into the gas stream in which the
oxygen content or the carbon content is to be determined, the process is
preferably conducted under an inert gas atmosphere. To this end, for example,
there is inert gas flow around the cracker, if appropriate the further reactor, the

35 measuring instruments and all connections between these devices. Suitable inert
gases are all gases which comprise oxygen and carbon in small traces at most.

B06/0129PC



mul tichannel instruments in which an individual neasurenent can be carried
out +10 in each channel, are required. Thus, one instrunment for determ ning
the water content and one instrunment for determ ning the methane content

are used. Wth <cavity ring-down spectroscopy, the detection limt is 0.2

ppb for wat er PFR000057ga8/Kaand 2 ppb for nethane, which neans in each case

ppb by volune. 15 The instruments with-which the water content and the

nmet hane content are determned in the gas are connected in series in one

embodi ment . b%fékaéégmeare nbbiR J3@es, Wtﬂfg%hamdfog%élﬁé{ﬁj thblgak riRiuRU@RAnbde
spectronmeter in which the water content erm ned and then the

spect r omet er V@W'@W&Wé‘fﬂ@%”l‘ian@h%%ﬁ Bturedormrg Ry HiegRitting f QEBHTIHR | v, t he
gas is rel eaggdort éxahipe, anyldﬁgﬁm&am e reédwifng précess.| A paRicoRrigpeefeatat ed t hat

t I ble t th t the f
et r oo of Ve P bRt VRES riElhS Ve PAREREREn o1 e 1 ¢ e
enbodi men$, tdial darsinrcomerit and/or tatkd toryganncanterit lzen ati¢raatiednalembe andided he

TN ot el Euf PR e B gaBRE {he 0o st

the water content and one substreamto the instrunment for rreasurl ng the

et hane cont e o0y GORAN L 67 1R oBEs RSN RHBIheq bRReARS dySteht!iggsed to

t he envi ronnen ere cond ck 1ntot pro

order to pr emﬂuab&@sg@twsh@eucgnst@s@fﬁiﬁ@uma%tf@ramaem@ﬁh%ﬁm%gms conpounds
fromthejgnvironment fromgetting into the gas streamin which the oxygen
content or the carbon content is to be determ ned, the process is

preferably cONENEt®d hdd¥eT afmalhepmodnls &t nPVERRT ENOHS Pﬂ"@"é’ﬁﬂ‘p”?'ﬁg

exanpl e, th@bmpbmdsnﬁrthe gaﬁncfd@%raéﬂmmb teh.@nqn@@kﬁnestuéat@mrc@ﬁnecmhg t he
further reactor tf i g g instrunments and nne |ons et ween
these devi ce®ON; ?raﬁflag’p% oW e'b Jibg anda %ePSﬂwéESW“ LG BRygen and
carbon in srmkdckérr aee sufficienp it allov«BGﬁjgéi:ZQB(érRE QD0 8i6Xiae/fKan ther airRoef er r ed
gases aregcnohl e 0 h n d by the
splitti ng of nn iﬁd tﬂ%’e'%1 &?ﬂgx %?%%%Prtr@%g p? Wgﬁ?p?pp{ nago% inmoni a

Is, for exarrpl e, the offgas fromthe neasuring process. A particularly

preferred | DefindAhekts Bt bled@fithg HBer HLABEREMHSARY InfRiEShEmEN the

determ nation
environment from penetrating into the measuring system is to seal ali connections,

for example in a gas-tight manner. Typical gas-tight detachable connections are
20 generally inadequate, since they cannot ensure that small traces do not diffuse

through them. Owing to the large gas volume which the apparatus for measuring

the total carbon content and/or the total oxygen content encloses, a technical-

grade gas which still comprises up to 0.2% of extraneous gases is sufficient as

inert gas, since the diffusion streams through the gas seals are generally so small
25  that the impurities do not distort the measurement result.

it is not sufficient to operate the apparatus for determining the total oxygen
content and the total carbon content under elevated pressure in order to prevent
oxygen- or carbon-containing compounds from diffusing out of the environment

30 into the gas to be analyzed. Even in the case of elevated-pressure operation, a
portion of the gas always diffuses counter to the flow direction into the apparatus
and thus distorts the measurement result.

According to the invention, the apparatus for performing the process for

35 determining the total oxygen content and/or the total carbon content in ammonia
comprises a cracker in which the ammonia is split into hydrogen and nitrogen and
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5 total carbon content and/or total oxygen content can alternatively also be
avoi ded “by conducting the process in an evacuated protective system In the
case of conduct of the process in an evacuated protective system the

resi dual gas atnosphere consists preferably of the abovenentioned inert
gases. 10 OAMOCGOOSFRAeL/Kary snal | anmounts of oxygen- and/ or
carbon-conprising conpounds in the amBnia, for exanple, even the snallest

| eaks at connecting points, for exanple between a |ine and a neasuring

i NSt rument O vhidH the oRpsert BRd/oFERBEREomBigh G drhpdiindBard SorveheuMcOwatgen, wat er
or carbon dioxide fromthe air to 15 penetrate into the ﬁ;adsurl_ngés stem

when there i@d,Bethase; agdat lzash ene caVRGNG-down SRPEIFRIpEtRE Igs Jetgetip nting
oxygen- or cahiepBoenPdndidribe chaibohicohest. fifi @i thtextcthe drackarNhefat (east

penetrating into the neasuring system.is to segl all,  connections or
bxanpl o | n_ oS GRS dosEs AT GabsaPgined bpiRAuRe COmiEeM ons are
(ijf ?eneraff[ Ihytrierméetqmmemr ase améeourldegt byaan diertegesu e thisaend; rthd Icracker dise d;) no]E

i ffuse r e . atus for
measuring ¢ ReSlalR S 2P R Sk snipe P ey betimiBed f S5 RaRBH
encl oses, a wbichis fimided githdhe iged gaki ch still conprises up to 0.2% of
extraneous gases is sufficient as 1inert gas, since the diffusion streans

t hrough the gas seals are_ eneraII?/ so small 25 that the inpurities do not
distort the ¢ nwhen r@&wmt. catalypls A used ffoci ammonia spjidting: and hier

appar at ufg f OpoflBHRE The bRghehid! tAk 3hrodk e SaterCial RBthaRd dt kMRskiBleathattar bon
content under el evated pressure in order to prevent

. p oxygen- or .
car bon- cont afufhgreasiop susanaested downstregs efghe Giacker. {rh'@'se‘grg\%?r@ﬁ REHPOTND i nt o
the gas to bp gphieihtkedrack¥eitd RydibiferCaREnitbge, einatiRg oRyRBSoIItRe ORAJeAL | ON, a
portion of the gas al M/a%/%-'ngiffﬁzes cguntmo éhe flow.direction into the
apparatus afd"PTHS ¢R8 § apfl AN, £A00P Oh i CHRANFMPIRING FATRYNES Ae

i nvention, tbenveppdtadvater hiad mpthaheimihegeddier whicicftlew§.or 35 determining the
t ot al oxygen content and/or the total carbon content in anmmonia conprises a
cracker 1'm which the amonia is split into hydrogen and nitrogen and

B06/ 0129PC PHo®8@H0B 7 886 Keissible-toi condinitdhe phoeess gyenthab iy splitting of the

car bon- compr L3t HIB AReR’ snd” AIEGEH Sfhd! heVRlakfion of the oxygen of the
oxygen-comprising compounds and of the carbon of the carbon-comprising
compounds are effected together in a cracker. To this end, it is possible, for
20 example, to coat the cracker with different catalysts so that the suitable catalyst
required for each reaction is present.

The invention will be described in detail below with reference to a drawing.
25 Inthe drawing:

figure 1 shows a process flow diagram of the process according to the
invention in which the water content and the methane content are
determined in succession;
30
figure2  shows a process flow diagram of the process according to the
invention in which the water content and the methane content are
measured in parallel.

35  Figure 1 shows a process flow diagram of a process according to the invention in
which devices for measuring the water content and the methane content are
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and net hane, and at | east one cavity ring-down spectroneter for detecting
the: water content and/or the carbon content. In this context, the cracker,
the at | east one spectroneter and all devices and connecting |ines between
the cracker and 5 the spectronmeter are surrounded by an inert gas. To this
end, the cradies00aObé79%Kanecti ons and the at | east one spectroneter are
accomobdated in a container which is fBeoded with the inert gas. Especially
when different catalysts are used for ammonia splitting and for 10
converting theQxudss&yd the carbon to water and nmethane, it is possible
that a further reactor 1s connected downstream of the cracker. In this
case, the ammopnia is split in the cracker into hydrogen and nitrogen, and

the oxygen OAnthemend HerdamC o WHitHS sHip c@ﬂpmnﬂéce%nﬁi ék]@eﬁa ah@or @hrbohe
car bon-conpri si conpounds ar.e,  converted

? r glf}rret hane.in Lhe
react or whi cFPTRIRIMIEEMPAINHR){RGE fo a cracker 1al”é eyda eE)I1 SAMBRYR & sA

pr gc fﬁ S sC hmtdlﬂtro%dfrt&arﬁﬂhydﬁ'dgdﬁgA%etshme tima IRy forthe highdiydagen @ngbss; t E; og;an
an e reaction o he risin ounds and o

t he carbon o&' ©r YOy B%CHO é%ﬁ?“ §?'H8”S'%%ﬁ8%'gﬂ‘d& 5 ?n% %‘?"f"&@?‘ggg{)“bag in a
cracker. To tnlethanen%br this pugposestbe otaekef bls p6feeabiynpiowided wvith @aaatalyt@atty acker
with differenty 6alalig! Sinlic Afbyi0%:s Uof BhRoRaNerSing LPALLEL L each

reaction is prese eta| OW Wi t h
ref erence t owhos#r aldnamgnonlakitah et $yethesiaedl nigarticulgrupreferendeoagiengeradeds 1 ow

di agram gf th ﬁe B ?ép:%‘f‘é?&’élgbp&afe‘a &t%%m é‘l’éﬁﬂé oP&k 1bdkt oo the water

content and t ane cont are ete m ned 1 n succession; 30 figure 2
shows a process flow di agram of the process according to the invention in

whi ch the Wafl'ﬁé ga93tr8arh @B@m?l@’n &d} QﬁtFBg%ﬁt wate? antBASHERS! drid g6 al | el .
35 Figure 1 shows a process owdlaram s according to the
i nvention i nSMahRERUGEA! GEYMenia "‘1"?‘5‘55 %tEﬁB %&Lﬁ*é”‘f eddRtahEt SHEY{IG net hane
content are dB&96/dpbeddiheter 43060%7ﬁ’r%9/déaﬂty ring-down spectrometer 4, a small
15  substream is branched off from the gas stream 3 comprising hydrogen, nitrogen,
water, methane and small amounts of ammonia, and the water content is
determined therein by cavity ring-down spectrometry. This substream is, as shown
with the arrow with reference numeral 5, released to the environment after the
measuremen.
20
The remaining gas stream is, as shown with the arrow with reference numeral 6,
fed to a second cavity ring-down spectrometer 7. In the second cavity ring-down
spectrometer 7, a substream 8 is removed from the gas stream 6. The methane
content is determined in the substream 8. Subsequently, the substream 8 is
25 released to the environment. The remaining gas stream comprising hydrogen,
nitrogen, water, methane and residues of ammonia is, as shown with the arrow
with reference numeral 9, released to the environment. However, it is also
possible to feed the gas stream to the ammonia synthesis again.

30 In order to prevent oxygen- and/or carbon-comprising compounds from being able
to diffuse out of the environment into the cracker 1 or the cavity ring-down
spectrometers 4, 7, the cracker 1 and the first cavity ring-down spectrometer 4
and the second cavity ring-down spectrometer 7 are enclosed by a casing 10. The
casing 10 is flooded with an inert gas. Suitable inert gases are all gases in which

35 the content of oxygen- and/or carbon-comprising compounds is preferably less
than 0.2 ppb. Preferred inert gases are all noble gases or nitrogen; nitrogen is
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-9- connected in series. An amonia stream 2 which still conprises traces of
oxygen- and/or carbon- conprising conpounds is fed to a cracker 1. In the
cracker 1, the ammonia is split 5 into nitrogen and hydrogen. At the sane
time, owng to the high hydrogen excess, the oxygen- and/or

car bon- conpr iR 0090009 Keds are converted to water and nmethane. For this
purpose, the cracker 1 is preferably prtf@vided with a catalytically active
coating. Suitable catalysts are, for exanple, silver and all catalysts with

whose aid amﬁr@%@ﬁe@x%hﬁk&gﬁyeﬂaﬁéd gaeédﬁémnﬁfﬁfsﬁfg%ﬁ%f i @sifgn to

silver. 10 The cracker | refera opera .at a tenperature of at | east
600C. The gal¥ ard faRoFeplaRes P ianPeRl Ao dels, PasebioipefuPRRAINGFt Satdt Y Eehane, and
also  smal | EPYNDS/iDAn MEARAL %ot bs Bhdvaswitohrrbgan. split, is fed to a first
cavity ring- down spectroneter 4. In the first cavity ring-down spectroneter
4, a small 15 substreamis branched off fromthe gas stream 3 conpri sing
hydr ogenb niFigugenshowsed piocessefidvadiegaant osthiel grocess wieterding tanmeimvantiocrnd t he

. ) her i : — : CTHI
subst r eam | oh o dFE WD Dffent 74 Bl pevaiE Kbl o tetethe G BBl Y. 201 T
the envi r onming:daxint spectrbmeteneagmeeted in paralel The thiseed, @isriy tpagmbedieant i s, as
shown with téh%wﬂrihoq&é}r% Ei,hauﬁ ﬁafnﬁﬁ&ﬂ&%tr‘a%eé %nﬁgr/isinpﬁtgchg V\cnijl o%ggé’ﬁ'-dar‘r‘:ﬂé{r‘ ty

ri ng-down spectroneter e second cavi r ectronmeter 7, a
subst r eam 8 GasbaneaMRISirar ermpauadg ds fisat fechte dhe Traskeel himthe egpkasnthe s

det er m n@d | dniBiadd Bl irRe WyGrogett BAE ABHEN Yowihl Go BEIHGH BPdfogen 8xceas el eased

to the environnent. The renai ning gas stream conprising @%r ogen, nitrogen,
wat er, net hadhe AN ANHRIarbIN-COMpIING FAMPUNdsyRtoRveted e WAt aid wi t h

reference nufBihahe YespeetiAp ethet §ad BReSNAV3 WhiYREBSmphdRweMRirogan! nitogéhso
possible to feed tqeﬂ%as ghreamto the a ni.a s?g[}%?hea& ﬁg@lq SP | n order
to prevent o¥genetiany and frarasa- PR &NAds (SMEIUIRR ' TP ARG WBl e to
di ffuse out wibstrésm erdvivhighneiéd itettiee filse cavine Heg-ddwo rspetteoretei By and reg- down
spectro

spectro ;ﬁ gssefgn%%%b%r%gmg{e%‘gﬁigﬁ 325211\7 ﬁtrtlg thtrer%ﬁ Llﬁ%%"'@%‘i‘?pﬁ&’r %ﬁr@;ﬁ%ﬁ &”encl osed
by a casi ng T®.mddsere dbsiwajerl @ontent, | @ oulibdirgan hb aa $aparatedjdgom Shet bbbl e i nert
gases are all a@s&s 10Mn WY bt cavity ring-down spectrometer 4 and the water content is
determined therein. The remaining gas as the first offgas stream 14 is mixed with
a second offgas stream 15 and either released to the environment as offgas 16
20  which comprises hydrogen, nitrogen, small amounts of water and methane and
ammonia, or fed again to the ammonia synthesis. The first offgas stream 14 and
the second offgas stream 15 may also each be released separately to the
environment or fed to the ammonia synthesis. Mixing to give the offgas stream 16,
as shown in figure 2, is not required.
25
The second offgas stream 15 is the gas stream which is not required to determine
the carbon content in the second cavity ring-down spectrometer 7. The carbon
content is determined in the substream 8 which is separated from the second
substream 13. After the determination of the carbon content, the substream 8 is
30 released to the environment.

In the embodiment shown in figure 2 too, the cracker, the first cavity ring-down
spectrometer 4, the second cavity ring-down spectrometer 7 and all lines
connecting the cracker 1 and the cavity ring-down spectrometers 4 and 7 are
35  enclosed by a casing 10 which is flooded with an inert gas. In this embodiment
too, inert gas escaping from the casing 10 can be replaced by means of an inert
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35 the content of oxygen- and/or carbon-conprising conmpounds is preferably
less than 0.2 ppb. Preferred inert gases are all noble gases or nitrogen;
nitrogen is B06/0129PC . PF 0000057799/ Kai -10- particularly preferred. In
order to prevent inert gas fromdiffusing out of the casing 10 and being
repl aced by aRbPEAROSA7EY/Kat is possible to supply inert gas to the casing
10 via an inert gas feed, as shown withlarrow 11. 5 Figure 2 shows a process
fl ow di agram of the process according to the invention in which the water
content and ghefegBtihane content are determned in two cavity ring-down
spectroneters connected in parallel. To this end, as in the enbodi nent
shown in figure 1, an ammonia stream 2 conprising traces of oxygen- and/or
car bon-conpri sing conmpounds is first fed to the cracker 1. In the cracker,
the 10 anmonia is split into hydrogen and nitrogen. OMng to the high

hydr ogen excess, the oxygen- and/or carbon-conprising conpounds are
converted to water and nethane respectively. The gas stream 3 which

conpri ses hydrogen, nitrogen, water, nethane and traces of amonia and is
formed here is divided into a first substream 12 which is fed to the first
cavity ring-down spectroneter 4, and a 15 second substream 13 which is fed
to the second cavity ring-down spectroneter 7. To neasure the water
content, a substream5 is separated fromthe first substream 12 in the
first cavity ring-down spectronmeter 4 and the water content is determ ned
therein. The remaining gas as the first offgas stream14 is mxed with a
second offgas stream 15 and either released to the environnent as offgas 16
20 whi ch conprises hydrogen, nitrogen, snmall anmounts of water and net hane
and ammonia, or fed again to the amonia synthesis. The first offgas stream
14 and the second offgas stream 15 may al so each be rel eased separately to
the environnment or fed to the ammonia synthesis. Mxing to give the offgas
stream 16, as shown in figure 2, is not required. 25 The second of f gas
stream 15 is the gas streamwhich is not required to determ ne the carbon
content in the second cavity ring-down spectroneter 7. The carbon
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content is determined in the substream 8 which is separated fromthe second
substream 13. After the determ nation of the carbon content, the substream 8
is 30 released to the environnment. In the enbodi nent shown in figure 2 too,
the cracker, the first cavity ring-down spectroneter 4, the second cavity
ri ng- down spEENERN/EP9/Kaand al |l lines connecting the cracker 1 and the
cavity ring-down spectroneters 4 and 7l!are 35 enclosed by a casing 10 which

is flooded with an inert gas. | RdilefcElingiaigit too, inert gas escaping
fromthe casing 10 can be repl aced by nmeans of an inert B06/0129PC PF

0000057799/ Kai -11- gas feed 11. B06/0129PC PF 0000057799/ Kai -12- Reference
nunmeral listi 1 Q@ragdeer 2 Anmonia stream 3 Gas stream 4 First cavity

ri ng- down spectr gnet er. Substream 6 Gas stream 7 Second cavity ring-down
spectroneter 8 SUYLPPBEHPY"Gas stream 10 Casing 11 Inert gas feed 12

Fi rst substream GhsSgeand substream 14 First offgas stream 15 Second of f gas

stream 16 q f ga%irst cavity ring-down spectrometer
5 Substream
6 Gas stream
7 Second cavity ring-down spectrometer
8 Substream
9 Gas stream
10 Casing
11 inert gas feed
12 First substream
13 Second substream
14 First offgas stream
15 Second offgas stream
16 Offgas
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B06/ 0129PC PF 0000057799/ Kai -13- What is clained is: 1. A process for
determ ning the total oxygen content and the total carbon 5 content of
anmoni a which is intended to be designated as high-purity and, if
appropriate, _conprises oxygen- and/or carbon-conprising conpounds,

conpri sing Pﬁé)oggq’fﬁg\%?ﬂﬁ“steps: a) splitting the ammonia into nitrogen and
hydr ogen; b) essentially fully reactirmg the oxygen of all oxygen-conprising
10 conpounds with hydrogen to give water and/or the carbon of all

car bon- conpgi,si.h nds with hydrogen to give nethane; c) determ ning
t he wat er cg\?llfaérll c%ﬁHNQ?ESé met hane content in the gas; d) determ ning the
total oxygen content fromthe water content and the total carbon content

from the meyhane sQBLER! for HaiefminTonE"BGP SRR GnbiOn k@hdnaipher e n

the water content and the >t hane cont ent e eac eterm ned by cavity
ri ng- dowh spect r eedepof angnonimwhigh dcistendad ev e dagignated pahighpusly and, wher ei n

the ammoni a is splddordidie? QohipAscdX¥8RBN- ﬁﬁ@bpEa@éﬁ%@rﬂpﬁﬁﬁ?’rcbﬁipagnd%?rmoundS
are converted to water, d/or nethane at a tenperature of at |east 600C 4.

an
The process accofRMRESIRGEAGININGHERSs 1 to 3, wherein the splitting of
ammoni a and of thp eytERNthe atiodia P&y RiPSgeroafY h@rdi@nconpounds 25 proceeds
virtual ly siml tﬁﬂeouseﬁ. wth t he ctonvqési on of h{drlggen and oxg{.ﬁen to
water. 5. The pr e§ESEIlR rdFWg ff’ac%my F BeRs L ¢ 9f’fyg\?ﬂ'§Pg'PH'%e wat er
content 10and t he netbapeurcsnwitinthydrogedetbegive dvatepandbeltye cathod. oflhk process
according to claim §arb§ﬂ%ﬁgﬂsiﬁ Sor\q@tﬁlﬁ{éis?nﬁlﬂtr&moggﬂ% éiggﬂ.' r{éane content are
evi ces connected in series. : e

detected by neasuring Vi e process according
to clai m5, wher 6] ndetesninigdhe weier epnteairrnct the nBdhanetdontest tdhe gas; are

detected by neasyfi pgiefAirgthie 1RNERgRA doRtdhfBi! Bk -water content and the
total carbon content from the methane content.
15
2. The process according to claim 1, wherein the water content and the
methane content are each determined by cavity ring-down spectroscopy.

3. The process according to claim 1 or 2, wherein the ammonia is split and
20 the oxygen- and/or carbon-comprising compounds are converted to water
and/or methane at a temperature of at least 600°C.

4. The process according to any of claims 1 to 3, wherein the splitting of
ammonia and of the oxygen- and/or carbon-comprising compounds
25 proceeds virtually simultaneously with the conversion of hydrogen and

oxygen to water.

5. The process according to any of claims 1 to 4, wherein the water content
and the methane content are detected separately.
30
6. The process according to claim 5, wherein the water content and the
methane content are detected by measuring devices connected in series,

7. The process according to claim 5, wherein the water content and the
35 methane content are detected by measuring devices connected in parallet.
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BO6/ 0129PC PF 0000057799/ Kai -14- 8. The process according to any of clains
1to 7, wherein the device for splitting the ammoni a and the oxygen- and
car bon-conpri si ng conmpounds, the devices for detecting the oxygen content
and the carbon content, and all connections between these devices are

oper at ed undBF 09A005P¥/Kghs 5 atnosphere and/or in an evacuated protective
system 9. The process according to cjsaim8, wherein the inert gas is
essentially free of oxygen- and carbon-conprising conmpounds. 10 10. The
process accar di nghé @rotessaddoiingdio ahebeichirmde tonerwhaem the devitebloe gas,

ni trogen, hydrogen.or the gas.m xtuyre f by .t he | i tti f .anmoni a.
11. The process Eelggr?%ﬁjﬁ5”?‘6‘)”&%@“%&8&%%%%%%%r%gfco op bbﬁgg‘ﬁgu%dfygen- 15
and/ or car bon- cotipr isiiceg fondgiectingshe orygens®ntzant bod tip ok epntesly bot

di oxi de, hydrocar, 12, - An f rmng the
process accordi n&p?" gﬁg%c&&é%%g‘mgel%ﬂstﬂ%fgev@% a@o%%??%??\l}dﬂ%r fgﬁa{r& elbggor
splitting the anabmespharedansioriiar evagyatedpiotegtivexysieimg- down spectroneter for
detecting the water content and/or carbon content, the cracker and the at

| east one spectronmeter, and also all devices and connecting |ines between
the cracker %and tThe Pegrees pesridiag to clgisn Bgwhereindin dealt 935 seseeriietly jae. 25 13.

The apparat us acepsgliges- 4 sdridriedprisiiiedoRigduads.eact or in which the carbon
of the carbon-conprising conpounds reacts with hydrogen to give nethane and

t he oxygen of the oxygen-conprising conmpounds reacts with hydrogen to give
wat er i s0conoect dtle (oot raganidoly tohdaier ok @r whafkid 4he ihee ggapiarahotte accor di ng
to claim 12, wherein |

he reaction of . hydrogen, Ww.h t en..0 he
oxygen- conpri si n&aﬁ’o 83?1'?1sh‘fd530%e|nv8r \}\'Ea(%/g?s 'étur? ﬁ%rrr}eéggy iqﬁ%%gpmﬂéd) ogen with
t he carbon of theanuagrtieon- conpri sing conpounds to give nethane proceeds in
the cracker. 35 B06/0129PC
11. The process according to any of claims 1 to 10, wherein the oxygen-
15 and/or carbon-comprising compounds comprise carbon monoxide, carbon

dioxide, hydrocarbons, oxygen and water.

12.  An apparatus for performing the process according to any of claims 1 to
11, comprising a cracker for splitting the ammonia and at least one cavity
20 ring-down spectrometer for detecting the water content and/or carbon
content, the cracker and the at least one spectrometer, and also all
devices and connecting lines between the cracker and the spectrometer,
being surrounded by an inert gas.

25 13. The apparatus according to claim 12, wherein a reactor in which the
carbon of the carbon-comprising compounds reacts with hydrogen to give
methane and the oxygen of the oxygen-comprising compounds reacts with
hydrogen to give water is connected downstream of the cracker.

30 14 The apparatus according to claim 12, wherein the reaction of hydrogen
with the oxygen of the oxygen-comprising compounds to give water and

the reaction of hydrogen with the carbon of the carbon-comprising
compounds to give methane proceeds in the cracker.

35
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