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Bl 1 CATALYTI C REMOVAL OF DI SSOLVED OXYGEN
Béﬁﬁﬁ%ﬁéﬁhlc LIQU DS The present invention relates to
a method for renoval of dissolved oxygen from organic
liquids by use of a solid 5 stlate catalyst. In doing
so the dissolved oxygen is converted by the action of
a reduci ng agent to water. The presence of dissolved

FAEREkECPRHAREL SR bESR NN ofkGaY mpirf dprAies LroutDs
several netric tons per hour can lead to corrosion of

equi pnment parts or to unwanted side reactions wth
hﬁe@ﬁﬁﬁﬁﬂ¢|ﬁﬂﬂ9ﬂQ¥Q§ rBdeAesSe tof at hethipghfor removal of

SRS, Sy aF OB Tk URaRT Bl BReCa & so1aa

p¢@¢essexaﬂwgm t dapeangr 6s ahd 43 spHEseUr B8Syg%hSts
enablin tg§ occurrence of unwanted reactions between
&9&¥ﬁﬂﬁ%§ @ﬁ gR&16Pner PnpeEUCARPerPENS. tPhyater.
renoval of dissolved oxygen fromwater is already

known 20 (K. Matt, Chem e-Technik, 20 (10), 44-45,
T@@lPAeSBﬂ§ﬁnprdlSAnﬂUﬁg ORedaotnnnoogaﬁngémqulds which

a ctor, em e | ngeni eur

a&@&htsTbESsaﬂékam netutcl tzad ﬂEknhMuEOC@ﬁeYQBB cbhe
corrosi.on of piping runs and apparatus in water 25
EPFEQRESn ﬂfcﬁﬂéFQW?EtnﬁﬁHBa PErtPenpyanted skggereactions

QEQH1§@ﬁeﬂaiﬁbutmﬁhEQrT@§SUtBébéggeSUPsgggsﬁié%)tHroughputs,

subt erranean oi | reservolrs 1s describe
0xy88822mo80ts in the ppm range are sufficient for that to

occur. In most chemical processes high temperatures and
pressures exist, enabling the occurrence of unwanted
reactions between dissolved oxygen and other input

materials.

The removal of dissolved oxygen from water is already known
(K. Matt, Chemie-Technik, 20 (10), 44-45, 1991/A. Brehm, U.
Antons, Reduction of Oxygen Dissolved in Water by Means of
a Fluidized Bed Reactor, Chemie Ingenieur Technik 70 (1+2),
176-181, 13998). This action is utilized mainly to prevent
the corrosion of piping runs and apparatus in water

clircuits.

A catalytic method for removal of oxygen from sea water
which was utilized subsequently in subterranean oil

reservolirs is described in WQ 01/85622.

As a matter of principle in oxygen removal physical and
chemical methods are to be differentiated. Among physical

methods belong thermal degassing, stripping, gas removal by
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tter of principle in oxygen renoval physica
Bapoef ol

cal nethods are to be differentiated. Anong
physi cal rmethods bel ong thernmal degassing, stripping,
gas renoval by 040063 FU 2 ne&ans of evacuation or
conmbi nations of these nmethods. Physical nethods are
of course characterized by having high investnent
costs a conS|derabIe energy cqonsunption for |arge

g iUty 2 NaF Hﬁﬁéaﬁéﬁ§ﬁnpﬁgtBﬁ?&eWeﬁhog

QQﬁQﬁRkﬂﬁth%%dﬁ*éﬁ@”&ﬂ doequenhby ke gl b§hh50§ﬁs high
grounds chem cal nethods for renoval of oxygen™ from
\Mﬂ%ﬁﬁﬁma@th9§ﬁﬂ|ﬂndz@@nSiW@ga@ﬂﬁeenaddwtponsgmptlon for

t | et el rod ce wate
D e e o he PeRpordthoteyore
sﬁmnmanrauam@&n@&@ RGilQ WakeheniksyC@bBOBH YA, and may

be involved with unwanted side reactions w th other
materials. Additionally, chem cal nethods are known

Wﬂ!%@e@%k%r%%%d%fc%gml%gﬂs %Ehh@s QBragEH8§allng8§ygen

chem cal renoval oxygen from water catal
Feoho e tegs g @dﬁbemenﬂlzadaI?SUS aﬁtbheapdeﬁenneoﬁf

cin ents such_as hydroge an al sq be enpl oyed
POUIEL e BUTREN Rea30 BEPIGHET,C70 8:88508 PP 5ay Snd
oA trbgeAppHbGaten EQdQ&anNeWBDb§§§bM8dsCM¥995tron%ly
Renoval System Using Activated Carbon ber Cartri

earangstings frciatepr odee8PKgssivenaegnaal ohal lm@éwed with
GQQBﬁEgﬁcglgé réggt%gﬁfr%ggg)otEQE ﬁéggﬁlgisth §££18§ally,

he renoval oxygen om organi c
béemldeicmebbddsShmalanowe whéshht makenoye of sodium sulfite

or amines.

For chemical removal of oxygen from water catalytic methods
using different catalysts in the presence of reducing
agents such as hydrogen can also be employed (J.-S. Moon,
R.~K. Park, S.-W. Yun, G. Seo, A study on the Application

of a New Dissolved Oxygen Removal System Using Activated

Carbon Fiber Cartridge Catalyst, Official Proceedings -
International Water Conference 61, 186-204, 2000).

The state of the art of the removal of oxygen from organic
liguids has not been described. Should one wish to remove
dissolved oxygen from an organic liguid, it must be insured
beforehand that as a result of the catalyst or the reducing
agent no chemical reaction takes place with the organic
liquid that leads to the formation of unwanted byproducts.
This could dramatically interfere with the entire course of
the production. On the other hand the organic liquid to be

treated must not deactivate the catalyst that is being used,

-which can for example cause the formation of sediment.
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cgéﬁﬁ% %q£oxygen froman organic liquid, it nust be

i nsured ef orehand that as a result of the catal yst
or the reducing agent no chenical reaction takes
place with the organic liquid that |eads to the
formati on of unwanted byproducts. 30 This could
dramatically interfere with the entire course of the

oducti on. the o and the organi¢ liquid to be
e ke Tt e RO e o 2ot Lehse SPEeBorfg the
WS RGhn i I HGRIGRN thih Q%aWﬁk%rC%%ﬁecbﬁ%eh%%ﬂ%ﬁboﬁh@famount
sedi nent. 040063 FU 3 Furthernore if the solubility

&0 oy ganavedyricattdsd v igme figpgadive ipheirds Folrannshance,
a uent) .y the n be re ed is
o0 O et g endt CBPY Retbfear BRTYERo1 chan in
(Manaﬁ WQB ammnunaua tﬁmaﬂbheht&@sl@fn@khg@@lNhhaﬁgbﬁ and

t Taok Sol ubi Li_t f X n Ntro
B e 2R ML S S DAL SAOH SRt | Snathgm. Eng.
@a&@ |26n91 @@t—%620’193?’5 4%n%16i< 1973cnand i ﬁﬁ‘figﬁg, J.

kens, J. Ther modynani ¢s, 33, 1285-1
@@@ID Tﬁ@t@oﬁa@@mncs,véﬁy ééﬁﬁvé3@§ta29§ﬂ$ nmist abeesult,

Io [ reover in.10 th referred )
s e e RR Rk bR kB gV g ShBREn margpver in
Whehputefleeatedj Rpitoddineh@ORLAK 2 FbERBL ok??'@ﬁr abUEBr example
romaorg ani c

ravatin in the renoval of oxy
ngﬁlrdg,ltlh%’é%e heataigputhatt 48emt RAt amhl@ﬁéni:@raperature
processes 15 these are not present as a pure
subst ance, but nostly contain a snmall anount of other
dpgaavetandleor iinokfenicemosabsténcesgenhifehml bkganse
uri f [

St 'nFSthégsFi §" 5By hechr Ehafaifr coaninal cpreresses
hﬁaéelarﬁahﬁkypﬁbbbhtegsiE pepar aliBstance, but mostly
contain a small amount of other organic and/ocr inorganic
substances, which likewise are not inert. In known
purification methods according to the state of the art
water on the other hand is mainly utilized in separate

heating and cooling circuits without contact with other

media.

When mixtures of several different substances are present
in chemical plants the removal of dissolved oxygen from the
organic liquids can be especially required, if the mixtures

can give rise to unwanted side reactions with oxygen. For

. example, the dissolved oxygen in an organic liquid can upon

contact with sulfur-containing compounds at higher
temperature cause the oxidation of these compounds to bring
about formation of elemental sulfur. This can have fatal
consequences, if elementary sulfur is deposited as a solid
and plugs equipment parts. By removal of dissolved oxygen,

higher availability of the installations are achieved,
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2 eating and cooling circuits without contact with
cé#ébé%rﬁﬁia. VWhen m xtures of several different

substances are present in chem cal plants the renoval
of dissolved oxygen fromthe 45 organic |iquids can
be especially required, if the m xtures can give rise
to unwanted side reactions wth oxygen. For exanple,
the dissolved oxygen in an organic |liquid can upon

detisniah wmmu%mqmw iedmpesitds Aaiﬁlmlgheﬂly plant
tennar.at t idatl hese unds to
bri ng ygol%gaol%fse glrhﬁ%%e% o ﬁtagtllozlul %‘?Hgg tean
heatee figtlalis corts equendes:, udteﬁf@ﬁﬁmgamﬁt&ubbé&ation of the
deposited as a solid and plugs equi pnent parts. By

al of dissolved oxygen, higher availability of
the installations are achieved, 040063 FU 4 which is
of enornous economic interest. Additionally plant
&y §1s tﬁesdnéwﬁa@éedil@swd@e@lp@mleon inicbhidahgéletgons

h f
e Nl e e o N R M T

|ontg<anmtca>|nipa>tun@r$s icaralseadheo okhgehothati @8 Bkought in,
pl osi ve _m %gfes with organic conmpounds, in case
&X oy bP@Q@ﬁPlpﬁ bergmeax SHELENEHr bigharts of

@%@a§%b%%lg%Q9%%Saﬁﬂrb%ﬁ%g iR+RatbR ke 18R rganic
installation and conmes into contact wth organ I d
compounds.. The obj ect of the present |nvent|on isto
provide a nethod for the catalytic renoval of

di ssol ved oxygen from organic

The object of the present invention is to provide a method

for the catalytic removal of dissolved oxygen from organic

liquids, so that the undesirable side reactions and safety-

related dangerous plant conditions are avoided.

In order to remove dissolved oxygen as cost-effectively as
possible, preferably the method should work at room or
ambient temperature without thermal treatment. Additionally
the dissolved oxygen should be almost completely removed

from the organic ligquid.

This bbject is solved by means of the following procedure:
In a first step, the reducing agent, preferably hydrogen is
introduced into the organic liquid. The way and type of the
introduction of the reducing agent is not decisive for the
effectiveness of the method, so long as a sufficient
material exchange between organic liquid and reducing agent
is ensured. Thus introduction of the reducing agent can be
carried out by different means, such as, for example, by a
static mixer, a bubble column, a falling-film absorber, a

packing material or packing column, or a radiator.
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]5364 iéﬁ’ so that the undesirable side reactions and
sa% e ébu el at ed dangerous plant conditions are

avoi ded. In order to renove dissol ved oxygen as
cost-effectively as possible preferably the nethod
should work at roomor 20 anbi ent tenperature w thout
thermal treatnment. Additionally the dissolved oxygen

oul d be al nbst conpletely removed fromthe organic
ﬁ]}fuia&}wﬂ% §r%ﬁ3@cha§t§&W€@aW Feghs bef megsured so that

fiol lioMa1g 1RrQeedire: cignd TR Eb@%%tgbﬁp fFQﬁerggggEﬂgthat
agent, preferably hydrogen is intro uceg into t
crg@fiesdritqui d. The way and type of the introduction

of the reducing agent is not decisive for the
effectiveness of the nmethod, so |long as a sufficient

Tt elciral geeehange chelciReN aQkganii¢ khglbgdeandntadussBglves
a en&)I Q is ensured. Thus introduction of the

ﬂgdG end 19YeRt O8N B& acareifedredt epyodireatenthreansess

%%&Qi%%’S%%ﬁlﬁx%@pE%PoQ%dabe%BQEi%oHEéSE?o% pubbLE 4 cing
colum, a falling-filmabsorber, a packing mater ral’
agepackiatgretlednorgenia dadivationitB40863cktabysTheThis can,

unt _of -t he reacti.on neans, nust be neasured so_t hat

10T S¥aPLEaEE Sarriitent ot 5PTPBACE BRBLS RBSoryEBHS
kkabratiopresanthia khboBhRc8RSCQUSFEPJUSI PIrRISRL the
eanOﬁed than dissolves in the liquidtheh in a
Freferlved ewbearnbat remREcdxadesy pokhi bheshsakdsbeeducing
Lgapyed before contact of the reducing
agent-saturated organic liquid with the catalyst. This
can, for exanple be carried out through a sinple

a -Iiﬂuig 10 %ggaration. In this enbodi nent, already

gu SPEYgR %He organic liquid and the reducing agént
contained therein are brought intc contact with a suitable
catalyst. This is especially carried out in known reactors
with a catalyst in solid form, preferably in fixed bed

reactors, in which the catalyst is loaded.

In another embodiment of the invention the reducing agent
can also, without prior entry into the organic liquid, be
brought into the reactor into direct contact with the
organic ligquid and with the catalyst. This lowers the

equipment expenditure of the method.

In a preferred embodiment of the method, no additional heat
is provided in any of the steps. The method is preferably
operated continucusly at room or ambient temperature. The

method can be operated at reduced pressure, atmospheric

pressure or over-pressure. Preferably pressures from

atmospheric pressure to 100 bar are applied.
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'%ﬁﬁg oxygen is renoved along with the excess

S% ucf%éﬂjagent. Subsequently, the organic liquid and

the reducing agent 15 contained therein are brought

into contact with a suitable &atalyst. This is

especially carried out in known reactors wth a

catalyst in solid form preferably in fixed bed

reactors, i ich the taI is |l oaded. 20 Ln

A5 M55 e ST f%%ﬁﬂwww%w&

(ﬁﬂweﬂ@szemdﬂenﬁomﬁméﬂé1®nh&krwﬁ&0tbh%h%f%%%hﬁlb'qqhﬁad. On

be brought into the reactor intd direct contact wth
Bhganitand diied oaqg@rwq ﬂlm@dcaﬁ@wsﬂt nO‘thldealccb\Ae*ase the

L hod
E%§?E$%g' %ﬁﬁhl nen?ﬂai abl o&g%ﬂooaé&l 8ﬁglt53551tlon

|meqaﬂnuahaiystsamyeo&bmm@ $beb© eEbecﬁeuhgdsu&table,

re operated conti nuously at room or anbient
: ﬁ&e Yo SURROT tast 9 Li@aﬁl%e lopetategtsr eeggedally

%Tx%%%liﬁ:%d %tr@wl@dn%a:%@llﬁ@e%ﬁ%égﬁg%so\(i_eﬁ:hpﬁgjct:cﬂé?s 8f

referably pressures from “atnospheric pressure to
Baiurdnama oplicded. ag40063 cRYben, Thelme@esearmbylmeryThe grain

%iglv%fhxﬁrO%%Q ty% C%%e o?%gggiglpaﬁ %ﬁy Eﬁéween .2

Ietel I nert
mmhamdha@dcmhelﬂm@&ﬁBQ khQUbdtamgekdcaatbeegebe&ateln the
t_he talyst. Commercially available noble nmetal and

FP&Wsu énCQaﬁéPSI°@aF§ﬁy§?§lar@nfQeﬁaoﬂénﬁé or on carriers.
Q%p%ﬁbahhbu%ub%th% reeﬁeaﬁ génﬁuego h8d,p9bl e MBEAL he

catal ysts, especially pre are P -contal ni ng
@gﬁgpyggsa@ﬁnh wathi chs oﬁganlc ligquid and the conversion

of dissolved oxygen is carried out in an apparatus, the use
of a static mixer that is coated with Pd-containing

catalyst is also useful.

As organic compounds the known solvents or their mixtures
are suitable, which - in case they are unsaturated - do not

get hydrogenated under the test conditions.

Particularly suitable are branched or unbranched aliphatic
alcohols, having 1 to 12 C atoms, cyclic or non-cyclic
aliphatics, ethers having alkyl groups with 1 to 5 C atoms
as well as aromatic hydrocarbons with and without

substituents.

Typical organic liguids are for example methanol, ethanol,
isopropanol, acetone, cyclohexanol, cyclohexane, ethyl
acetate, dimethylformamide, benzene, toluene, or xylene.
The term organic compounds is not however limited to

organic solvents.
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3 440 W ngrpXi de, active carbon, silica, or resins. The
grain size of the catalysts utilized are preferably
between 0.2 10 mmand 10 cm Likew se the catal yst can
be present in the formof a cbating on the wall, on
conponents or on carriers. |If the input of the
reduci ng agent or the mxture of the reducing agent

itht ofganic_liquid and the conversiaqn of ,
mhseséqe&glood(’))%ynge%c?o q%é]rcﬁ éqoltgh_?cqeh A BpparafFereshd tselt
use pkb efperisdialy Gdiattladdiils hes0athRd Wislh1ved oxygen is
Pd-containing catalyst is also useful. As organic

Ther atoiRe deiverdtigiudd sianim xompesindgr end they
Suid | : e ; r sat.yrated .- _do
o o s ey R A e e,
Ramtbaduliard y ryartiablcergoenssanehdd quri dénkioaneiedng them or
al_i phatic, @ cohols, having 1 to 12 C atoms, cgclic_or
FER-CVET e = A ihatit &, SEth &P Ra Fitig eRIRYFY §Pddps s no
Widnfyelr (R <G tRIDMe 522281961 kind$ aLeMLi fed in.
hydrocarbons with and w thout substituents. Typica
organic liquids are for exanple nethanol, ethanol,
iT$ORI.0 , t , cl xanol., cycl.ohexane, ethyl
I Lo e e A L A e Rt R REn o
Xpinpeea t ulike alcemddnhganioc thaapeunds vics cnakthowevah be

limted to., organi ¢ sol vents. 040063 FU 7 The nethod
AR oF@%ﬁ&? i tH SERe Ot n P REPSHShr S¥Egent 481 £00t BPBe

@%@@@&@hhﬁr@@V@@bag%?gsppﬁ§n rhe di-g3ah-usd oaggggphs

essentially renoved fromliquid organic cofrpoun and

chayaladagsgpseduens| pror egghvei rhougbntactembvh oxygen
ﬁﬁ%ggﬁved in organic compounds at room temperature. Even
impurities in organic compounds do not hinder the

effectiveness of the method.

The oxygen removal on the one hand was able to be proved
analytically by online measurements of the oxygen current
after use of the catalyst (principle: Clark Cell). On the

other hand for objective evidence of dissolved oxygen in

- the organic liquid treated according to this method, other

chemicals (process-related as in chemical installations)
such as for example hydrogen sulfide can be added. Whether
the oxidation with oxygen to elementary sulfur occurs can
then be checked by means of HPLC analysis of the organic

liquid for elemental sulfur.
Examples

Comparison Example:




10

15

20

25

30

Qﬂﬁ§5g§u§ﬁng or gani ¢ conpounds or |iquids containing
them or gaseous m xtures. In these cases el enentary

sulfur is no |onger deposited, especially when H2S i s
fed in. It is shown that orgamic liquids treated at
room 10 tenperature according to this catalytic nmethod
can be alnost entirely freed of dissolved oxygen (<

b especi al ly 80 h to O._ppb). The preferably
Soad R dEE g ear P art RS Binnel GabirgR Baash tlask
eMREroxX Yge Hingsolived ithOreaRld GRRALRES rat af Q@Meam of
tenperature. Even 15 inpurities in organi c conpounds
dd HAIH Aderfachat ef-Pedtitvéhiaesobf at Heiret Abg. miksure was

REE §§%&’ h n able.to be_proved . ..
ghaly?%ial y lvggﬁ%ﬁ%%%Egbggrgﬁﬁﬁﬁg’o%%ﬁ 2 g?fggﬁXEed with
culrersentoe a2l .afficdrl cudegoft hishe tt@t alagsvaGpsiepairpked by phase

d ark [1)., On the other hand for objective evidence
(ﬁ€E§§§§§FWL&Doff§$E%rn@iﬁﬁé'0F§§nFEtPF&uPESFWQAEeHaS
@@ﬁﬁﬁiﬂéﬂld&orbﬁhﬁt@ﬁkﬁgﬁtuQ%h%hd_%Q%E%Pﬁ%%ic ?ressu e.

(process-related as in chemcal installations suc
as for exanple hydrogen sul fide can be added. Wet her

Xi i.0 j | erent a sul. fur
N L S gt S D AR
okygea aogaeint whisqdedef-oi nebder@nbal 3subbur at EXBAPERSt Ffrom

Conpari son, Exanpl e: 040063 FU 8 4 1/h of nmethano
T0E CoNETuo ey CaYSel PROGOREGELENT EASkNSbYoRBARG of
atRUARed Rhe thepygssel furthernore a stream of

Example 1:

4 1/h of methanol was continuously dosed into a glass flask
by means of a pump. Furthermore a stream of hydrogen was
fed through a frit into the vessel at 1.0 1/h. The mixture
was then passed through-a 200 ml column, which was filled
with glass beads. Following that the excess gas was
separated by phase separation in another flask. The
hydrogen-containing methanol was then pumped at 4 1/h into
a fixed bed reactor, which was filled with 70 g of catalyst
(0.5 wt% Pd on y-Al; 03)

By means of an oxygen measurement probe the dissolved
oxygen content was determined to be 80 ppb at the exit from
the reactor. The oxygen concentration in the methanol

utilized however was 70 ppm.

7g of hydrogen sulfide was flowed through 200 ml of

methanol freed of dissclved oxygen, so that no elemental

sulfur could be detected (< 1 ppm) by means of HPLC
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' s fed at 3.0 1/h through a frit. The m xture
:Eég&gfgﬁ}passed through a 200 m col um, which was
filled with 5 gl ass beads. Follow ng that the gas was
separated by phase separatiorf in another flask. The
entire assenbly was operated at roomtenperature and
at nospheric pressure. By neans of an oxygen
neggyrenenEﬁprobe t he di ssol ved 10 oxygen content was

0

Yfi'ed Yo & 5 pEhrar tere "ekhePloming RENESREFMMOTe
Ther0xg et A @Nlhakian iskitde methaael utilized was
70 ppm anple 1- 15 4 1/h of nethanol was
continuously dosed into a glass flask by neans of a

%y@thernore a stream of hydrogen was fed

E%%@%éhﬁ%Trit into the vessel at 1.0 1/h. The m xture

was then passed through a 200 m colum, which was

filled 20 with gl ass beads. Followi ng that the excess

§§§Hwﬂ§ ls#psr &CG2b§IpHase Sefhraeionti A At ReEhanol that
| 4 r =¢Qnt.ai ni -han t

e R eSS e, e  SScrsr i ag) AR8, gyt ur

ficmpesngist h  20dg 66f. Scgt alfyst PdFBobtetidc Pd oatyipd? QBpwatit

ans _of _an_oxygen asurenment prope the _
242 VBN pgan Bk BE e TAAS B8t P RdnrBIBer 80 Bpb
at the exit from the reactor. The oxygen
concentration in the nethanol wutilized however was 70
ppf 936574 VeH RyUEEHeROBEPREdEadadet ponbethbpUgRaRe0of an
Bey8bn AELIARGNhECBIBE EboBR! YoHoBX YO ne 0] AL "Phe

el enme
reactor.

Example 3:

Example 2 was repeated with a modified assembly. Thus, for
the entry of hydrogen a falling film absorber was used,

where the methanol containing small amounts of impurities

flowed from top to bottom in the form of a thin film along

the inner tube wall in a hydrogen atmosphere. In addition a

hydrogen exit was dispensed with.

The dissolved oxygen content was determined to be 0.5 ppb

by means of an oxygen measuring probe at the outlet of the

- reactor.

Example 4:

Example 1 was repeated with a stream of 5 1/h of

cyclohexane.
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3%Bg§§3éﬁfld be detected (< 1 ppm) by neans of HPLC
9 analysis. By use of untreated nethanol,
in contrast nore than 40 ppm of el enental sulfur
formed. Exanple 2: 5 Exanpl el@ was repeated with a
streamof 5 1/h nmethanol that contained small anounts
of inpurities (am nes and sul fur conpounds), and 69.5

of a Pd-containing catal yst (Lewatit K3433, Bayer
R ST0r e 0o X o MG iAo DrEbEn. 16 FAESOLVEd oxygen
Horinted tONEe N ERMRN L MaS (et elmnednRY FBaps @f% 3.
oxygen neasurenent probe to be O ppb at the exit o
the reactor. 15 Exanple 3: Exanple 2 was repeated
wi.th g Jmedified assenbly. Thus, for the entry of

1 falling fil mabsorber was used, where the

nmet hanol containing small anmounts of inpurities 20
fhwwqfromtopto bottomin the formof a thin film
&GS L& He "Afn&EPEGHE WM A &tHPaRo§énSal ibsphefeluene.
In addition a hydrogen exit was dispensed with. The
di ssol ved oxygen content was determned to be 0.5 ppb
By mpamsaws eh amygrypgeraseasugi pgopeepbehat di heodutHebxygen

f _th . EX le 4:. 30 le, 1l d
Sk BT PR B ReSHRTERG Aot BB
Example 6:

Example 1 was repeated with a stream of 3 1/h of acrolein.

By means of an oxygen measuring probe, the dissolved oxygen

content at the reactor exit was determined to be 100 ppb.

Example 7:
Example 1 was repeated with a stream of 3 1/h of acetone.

By means of an oxygen measuring probe, the dissolved oxygen

content at the reactor exit was determined to be 50 pbb.
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C#gg%?% EW 10 By neans of an oxygen neasuring probe,
the di'ssol ved oxygen content at the reactor exit was

deternmined to be 55 ppb. nﬁle 5: 5 Exanple 1 was
repeated with a streamof 5 1th of tol uene. By neans

of an oxygen measuring probe, the dissolved oxygen
content at the reactor exit was determned to be 20

RRI Exanpl e 6: Exanple 1 was repeated with a
streamof 3 1/h of acrolein. 15 By neans of -an oxygen
nmeasuri ng probe, the dissolved oxygen content at the
reactor exit was determned to be 100 ppb. Exanple 7:
0 Exdmpiedbrddey éﬁé@t‘fé& Wit figsedyegdnpsyggnl frosf organic
acet ong.quildk MRANSOL AR LYA8 s%eaﬁar'”QeBhEES Eggnt
dlssolved oxygén content at tHhe reactor exi

det er mihreact ito the @GSﬁbﬂye@4©&®@eEU1klcoﬁhékNSdltkoater.
net hod for renoval of dissolved oxygen from organic
liquids by use of a catalyst and a reducing agent, 5

WhereﬁﬁetB@t@b@SQhV@@c@&ﬂgﬁ&e|%1%9”@@éﬁﬁdltgoﬂatﬁé
2. The nmethod in accordance with Caim1 for the

cat al y@ite Lyéhoy aEMeNadi 93oKhiegodxpdenxwen whgh the
fo'lO@%ﬁgo@ﬁﬁﬁe§§oﬁgggssteps

a) Entry of reducing agent into the organic liquid

k) Removal if necessary of the insoluble excess of

the reducing agent

c) Reaction of dissolved oxygen with the reducing

agent on a catalyst

3. The method in accordance with Claim 1, characterized
in that the reducing agent is fed directly over the

catalyst.

4, The method in accordance with Claim 2, characterized
in that no more reducing agent is added than dissolves

in the organic liqguid.

5. The method in accordance with Claim 2, characterized

in that the reducing agent is absorbed in the organic

liquid.

a. The method in accordance with Claim 2, characterized
in that the excess of reducing agent is separated by a

gas—-liquid phase separation.
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4(%)6315 y of reducing agent into the organic |iquid
é‘f enoval if necessary of the insol uble excess of
the reducing agent 15 c¢) Reaction of dissolved oxygen
with the reducing agent on aléatalyst 3. The nethod
in accordance with Claim1, characterized 20 in that
the reducing agent is fed directly over the catalyst.

. The, nethaod in .accordance with C aim. 2,
g?h'ar a?théer inkeg%o%]r}nt ﬁgtcoriféjar‘?t‘ffeew_ égugilﬁgr“égémanids 2added
than dirsselotes iz iif e torgRNIenkikddidn 8+ TAE dissolved
method in accordance with Caim?2, characterized in
t hat (OF¢Ie8ddithy thgeedus iags goisad s rherdedanpiuc in a

i qui d.; ol h N nce wwth daim2,
char agtlé%i%zggd itlﬁ)a{%gt %gl% ec%%%gé%gf reduci ng agent is
separated by a gas-liquid phase separation. 040063 FU

2 7...Th thod in accordance with_Clains 1 and 2,
g}har actér i%?erf oi%g haCcordapsrv ¥ishohlainene Ghgsyphed-

oxygerhwirkl tkhe eeduei RY20eRE cscsalLied QRbvhR B
fixed bed | oaded with catalyst. 5 8. The nethod in

accor ddscelwieth oglvaiens takelsr pdghe7at room or ambient

temperature.

9, The method in accordance with Claims 1 through 8,
characterized in that the method is operated

continuously.

10. The method in accordance with Claims 1 through 9,

characterized in that the reducing agent is hydrogen.

11. The method in accordance with Claims 1 through 10,
characterized in that the catalyst is a noble metal

containing solid material,.

12. The method in accordance with Claims 1 through 11,
characterized in that the catalyst is a Pd-containing

material.

13. The method in accordance with Claims 1 through 12,
characterized in that the organic liquid is an organic

solvent or a mixture of them.

14. The method in accordance with Claims 1 through 13,

characterized in that methanol is the. organic compound.



?Kgﬁﬁgnﬁgzed in that the catal ytic renoval of

I ssol'ved oxygen takes place at room or anbient
tenperature. 10 9. The nethod in accordance with
Claims 1 through 8, charactetPzed in that the nethod

is operated continuously. 15 10. The nethod in
accordance with Cains 1 through 9, characterized in

t e reduci a ent 11. The net hod
ﬁ%gacgg}dgﬁ é‘ﬁpgﬁ 9%0 %ghciélméhéréétérlzed
i n t hathdeteatialaystinl ih%tn‘i’;l?ﬂee orehalic 29469At %'s@leﬁglally
solid material. 12. The nethod i n"accordance wt

a alnﬁrfe@hﬁ@u@HSFPlve@h@%aﬁﬁ@rﬂ?e@rpnghhannthecontact with
cat al yst [ terlal 25.13. The

ot hod i B Bsra el Ao deal b Rradgic 5ot Bunas or
char actiertiized iconthdninke thegani ¢ |iquid is an organic
solvent or a mxture of them 30 14. The nethod in
accordance with Cainms 1 through 13, characterized in

that methanol is the organic conmpound. 040063 FU 13

15. The nmethod in accordance with Cains 1 or 2,

.characterized in that the organic liquid essentially

freed of dissolved oxygen is brought into contact with
sul fur containing inorganic or organi c conpounds or 5
m xtures containing them




