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PROCESS FOR THE REMOVAL OF ORGANI C CHLORI DES FROM FURAN AND
HYDROGENATED FURANS This invention pertains to a process for
the 5 r enowelor/o8320r gani ¢ chl ori des from furan and hydr ogeaatuste14e36
furans. More specifically, this invention pertains to a process for
the renoval of organic chlorides fromfuran, 2, 3-di hydr of uran
(2,3-DHF), 2,5-dihydrofuran (2,5-DHF)- and tetrahydrofuran (THF) by
contacting the material 10 cont ai ning one or nore organic chlorides with
a copper - . cont ai ning, chloride scavenger materi al . uU. S
Pat ent 4,897,498 describes an efficient —p¥ocess for the preparation
of conjugated epoxyal kenes by the sel ective nonoepoxi dation of

di enes, 15 e.g., 3,6 4- epoxy 1-84) | .3=0u "

valuable conpounds can be | aY RANCAND 1§ L Ee  Processes
for the isonerization or rearrarng ' ) e to

2,5-DHF are described in . U.S. ,Patents 932, 468 3, 996 248 and
5,082¢956. A 20  processTRHf %W@qtéa’?eﬁefé'rﬁﬁaﬁ 5P 3 Brqusss foxr Fher s
described in U 8 Paremoval 258 ciyanitHehleordliesi firom furanéunﬂlhydbbgbhated

hydrogenati on of eitgftagsd- [ﬂfré)rsfeciflcgliyu'lghls 1nvent:|.on
nonoepoxi dati on of butadi ene_to epoxy- 1- t ene "usi a no&.F.e%

silver catalyst, onePBPCRBF LT £hie FegRved EFIBFgﬂﬁéFcﬁhﬁﬁﬁﬂ@?sa¢€°ﬂs§ar9§,

i nprove the seBe@%ﬂmh!qrqﬁHHEMe(Qpc*bﬂtoboa prdileairofazen f(Qr, 5-DHF)
exanmple, U S Patent aﬂd%&tﬂﬁ’yaﬂd}u&aht Gt'rﬁ%?tia? contac@cr{# the mat {p ggst
separation net ver, st of 30 prgani ¢ chl ori des

exanpl e, 2-chl obutgﬂg aiaing one or; org. oRgARLG (FHipKides @FtBuPaGPBHErTs
passed on to the COnthwwmngfﬁghlprudscssaﬂenéef}ﬁhtérihmm4F THF and furan

_ concentrations of,#p ﬁa&eyéoa BaKY, aseeaeg&iaém abye\f%‘é%
(pan) It is undergtood by th e erlegg P art tﬁat
of gas phase conp03|PFBﬁ§ st ration o conjugated epoxyalkenes

by the selectlve monoepoxidation of dienes,

15 e.g., 3,4-epoxy—l—-butene from 1,3-butadiene. Many
valuable compounds can be derived from 3,4—epoxy—1—
butene. Processes for the isomerization or rearrange—
nent of 3,4-epoxy—l-butene to 2,5-DHF are described in
U.S. Patents 3,932,468, 3,996,248 and 5,082,956. A

20 process for the isomerization of 2,5-DHF to 2,3-DHF is
described in U.S. Patent 5,254,701. THF is obtained
ea511y by the hydrogenatlon of either 2,5-DHF or

In the monoepoxidation of butadiene to 3,4—epoxy—i—
25 butene using a modified silver catalyst, one or more

organic chlorides commonly are used to improve the
selectivity of the epoxidation process. See, for
example, U.8. Patent 4,950,773. 1In spite of the
efficiency of most separation methods, however, most of
30 the organic chlorides (for example, 2—chlorobutane) used

* in the monoepoxidatlon of butadlene 1s passed on to the

“downstrean products 2, 5—DHF, 2,3-DHF, THF and furan in

- concentratlons of up to 1500 parts per mllllon by volume
YT T " (ppmv) . It is understood by those experienced in the -
35 art that ppnV of gas phase compositions is the same as
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- 2 - parts per mllion Mdlar and that these two terns, ppnV
and ppm Ml ar, are often used interchangeably. The probl em of

cantami nation efoéiwse furan and hydrogenated furans by peraRBé/f4036
chlorides is conplicated by the fact 5 that many organi c chl ori des,
particul arly al kyl chl orides such as 2-chl orobutane, are diffi cuI t or
| rpossi ble to remove fromthe hydrogenated furans by conventi onal
separation procedures, such as fractional distillation, because of
the simlarity of the boiling 10 poi nts of the. al kyl chlorides

(2-chl orobutane b.p. = 68[err] C) and 2, 5PHF (b.p. = 67[err]C, THF
(b.p. = 67[err]C and 2,3-DHF (b.p. = 55C). The possible existence of

one or nor e const t b0|I ot rop
anot her reason. Orgarlf d'@gqé @8@ é@‘% + ‘%‘gse ﬁ&bF@ﬁﬁs nPpmv
manuf act uri ng appli caamtbrmmmnﬂtar,t arer often usédrintiercisingeabily’y, The

potentially decorrpom%ﬁ,giglp &2 @;oh‘&amina i drgy‘%&]é)%ée?lgghoghgehYE?égenated

certain end uses of t rans

ran-an
required that the furaps; By CrGRNIF eh%%%%au&&w%wa&e% by stiie phagt
20 U. S. ®at enthat hehySotganier cheor baes oot iicilairl¢ alkyl renoval

f hl d K
SO R é%@lgﬂééd%u% 4602 B0 Sr e, | SHAMUEEELIH B 0R" 920 ©

chlorinated al kyl si | a’r&?ﬁ%hle to FﬁE°I6?e§’é‘PPEet1!ﬁ l&dm%g&a%ﬁuranmbm
si Ida[]e a]nd ahLevm s 2fconveattiithnad gepatr&tion rproceafidesy,r kucﬁr&[ﬁfé&tﬂighl
Cu err]. The £ r I e apt
from Tyt si | ar SRR, AKkaike APl (IR 1308 ch 6 £R8%S1 fing

st oi chi ometric %&ces?%nqﬁgﬁnﬁﬁogéw&o?k%ﬁm‘?ﬁf sﬁa—a@orohutanenm«/et 0
the organic chloride éanm)r iarnide2, 5FDHFUER. Pf =2067°C)S! MHFY (bePl S=a67 €6) ignd1Ot

e Loy the remeloe qop, 9880,k LR ATURILARE ) o o
in the presence of afRf SoRStInEpPoil 1ng Mixgrires (Bz°°tr°PeRbs@aYJbe Chem
Soc. 1954, pp 3766- 3&@Mther reason. Organic chlorides can cause serious

15 problems in manufacturing applicétions due to their
thermal instability, potentially decomposing into olefin
and hydrogen chloride. For certain end uses of these
furan and hydrogenated furans, it is reguired that the
organic chloride content be below 5 parts (ppmV).

20 U.S. Patent 4,774,347 describes a process for the’
removal of organic chlorides from crude alkylsilanes by
converting an organic chloride impurity to saturated
hydrocarbons and more highly chlorinated alkylsilanes in
the presence of a hydrogen-containing silane and a Lewis

25 acid, e.g, AlCl,, CoCl,, 2ZrCl, and CuCl,. The
chlorinated alkylsilanes formed are then separated from
alkylsilane by distillation, This process requires a
stoichiometric excess of the hydrogen—containing silane
relative to the organic chloride impurities. The use of

30 strong Lewis acids is not suitable for the removal of

- organic chlorides from hydrogenatéd furans. ~ For
example, it is known that 2,3-DHF can rapidly polymerlze

" in the présence of a Lewis acid (D. A. Barr and J. B.
Rose, J. Chem. Soc. 1954, pp 3766-3769).
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-3 - JP 51-022699 describes a catal ytic oxidation

process to recover chlorine fromchlorine-containing organic
conpounds or wasb o792 by contacting the chl ori ne- cont aPCT/WY96/14036
materials with oxygen and a 5 transition netal oxide catalyst at high

t enperatures, e.g., 450C. VI asenko et al., (Khim Promst.
1989, pp 739-741) descri be the renoval of ethyl chloride fromwaste
gases by catal ytic oxidation using a spinel-type Cu-Co-Cr 10
catalyst. In the presence of oxygen, ethyl chloride is deconposed to
hydr ogen chl ori de, carbon di oxi de and wat®r These
processes are not suitable for the renoval of organic chlorides in
furan and hydrogenated furgn of .the problens with .t herma
and catal ytic processes 58 glﬂ&%ﬁé’cﬁﬁd\%’ 5 & PR aﬁ?ﬁ%t?’&&]%loﬁ'ydrogen
chl ori de. Undeprbiesscherrecovel idhierineqfrpmdchlor inéreantipiadagen

chloride can be oxidiozggnie EbhSéimes BOLAREIEAEEBy contadhlsy itde and
chl orime can react furfher mnthnéuran and .20 hydggﬁenated furans. For

exanpl e, HO can cauSBIPERRGcontaining Rateriplg, WiFH O0%ygeR N & ye high
mol ecul ar wei ghts trapsiviensnetal oikiidd cataletf abehiigh temperatuxesizi ng

environnent is very eQglQSih¥gec! €quiring expensive mat eri al s of
construction and a fol N'ow [ €7DV ep.,.25 not her p em.i hat
oxygen is required in th&ggse © %éi i \/é&’;ﬁ“océ §sﬁhi%¥%\n |RP ?3%5 Wt n
the furans to gescriheahhedrenonais iifoethyddoblor ide] fron waste gases
Hl eL Ir] O, as well by catﬁaij?ﬁﬂbp%ﬁﬁé@m \Mgiﬁtb &r tgﬁiflsey(atypél%@@‘oatf iLs _
pr obl ens manuf a I ng r e . u rf .. Sci
Chral - 1003, 740 p SAtATVEE: 91a the presends b¥ Slvden, (gtnl) eRiriastys

r enmoval of chl decpavregedyte deydregen ehilpgyideppearhen dienide and

catal ysts. Again, tgategresence of oxygen is required

These processes are not suitable for the removal of
organic chlorides in furan and hydrogenated furans. One
15 of the problems with the thermal and catalytic processes
described above is the formation of hydrogen chloride.
Under the severe conditions required, this free hydrogen
chloride can be oxidized to chlorine. Both hydfogen
chloride and chlorine can react further with furan and
20 hydrogenated furans. For example, HCl can cause rapid
polymerization of 2,3-DHF to give high molecular weight
polymers. In addition, the free HCl in the oxidizing
environment is very corrosive, requiring expensive
materials of construction and a following removal step.
25 Another problem is that oxygen is required in these
oxidative processes which will react with the furans to
give unwanted combustion products (CO, and H,0), as well
as form peroxides which create serious safety problems
in manufacturing.
. 30 Berty et al. (Stud. Surf. Sci. Catal. 1993, 75, pp
.. 1571~1574) describe a-process of“dxidation"and-remova%f
of chlorinated hydrocarbons using copper and manganese

for the removal of organic chlorides in the process.

--catalysts. Again, the presence of oxydgen is required " =~



for the renoval of organic chlorides in the process. WD 97/ 09322

PCT/ US96/ 14036 - 4 - It
is knowmn that alkali netals such as lithium or sodium can react with
or.gani ¢ chl ori ¢gso7fegazbor m chl ori de salts. However the hapgiusssaiaRb
such netals and the resulting insoluble salts in manufacturing is
difficult 5 and al so i ntroduces serious concern for safety.

U S. Patent 5,399,752 (and prior art discussed t herein) describes a
process for the reduction in the i odi ne content of a crude carboxyl
product stream conprising (i) one or -nore carboxyl conpounds sel ected
10 - from carboxylic acids, carboxylic anhydri~des—and al kyl i dene

di carboxyl ates and (ii) iodine, one or nore i odi ne-cont ai ni ng
materials or a mxture thereof The process includes the step of
contacting the crude ésbbwwnstheﬁmwm- aet@dsesuchnas dithium or

scavenger 15  materistdiunl Ran eeaee! wszﬁho;sﬁg'ﬁhrc f&Hlerii%& Eboﬁ‘biﬁr&monde

or hydrogenated fura ne [ ed Iate
Pat ent 5, 306, 398 di s¢ ols‘%s t#& ué’%g #he s ?d%‘io%sﬂfﬁc“a metals, ap |the

conpounds in conj unctiesliing insolublgasalts|immanufiesturdngolst @bfficult
purification of & crud@ 3dso dﬁeﬁrbﬁuaésdséfi&%nd&iﬂe&'rﬂ'f% Bakbtypi trogen

and hal ogen compoun o} speci fi Q_aceti
acid.streans, requires thg’suse o?eggpﬁ ?ré?gf?f$ Faé"ﬁicsi Fier aﬁﬁ% ‘E'b?ﬁﬁiﬁnds
and is used i n conj ukherein)i descwibes a prpaass |fam &hesraguction in the
The process of the priegife cOntehtOBf! &PEREd darboxyl prbuabtYseféasi ent

ori des streans that co n
furan or Qﬁ??ég&%ﬁ%&%& 131 908, SEE Samplolin: oapOTnde apdectad
The present in t|o#rpwovaabexxlpﬁoees@s:cnanhn;xaic anbydrides adchl ori de
content of a crude pratyltiaehecditarboxyLofes iavid1qil)) ibHiA8, éneé-ddmore
2,5-DHF, THF or a ”‘é&ﬂ.%e—contaxnlng materials or a mixture thereof. The

process includes the step of contacting the crude
carboxyl stream with a copper—containing scavenger

15 material. The removal of organic chlorides from furan
or hydrogenated furans is neither disclosed nor
.contemplated. U.S. Patent 5,306,398 discloses the use
of various metals or metal compounds in conjunction with
a basic alkali compound for the purification of a crude

20 acetic acid stream containing both nitrogen and halogen
compounds. This complex method is specific to acetic
acid streams, requires the use of both metallic and
basic compounds and is used in conjunction with two
distillation stages. _

25 The process of the present invention represents a
highly—efficient means for the removal of organic
chlorides from streams that contain furan or
hydrogenated furans such as 2,3-DHF, 2,5-DHF and THF.

" The present invention provides a process for the
30 reduction of chloride content of a crude product stream _

T T g feing (1) ‘fufan, 2,3-DHF, 2,5-DHF, THF or a mixture

thereof and (ii) one or more organlc chlorldes selected
“from alkyl chlorides,'cycloalkyl chlor1des, aromatlc
chlorides or a mixture therecf, by the steps of:



thereof and (ii) one or nore organic chlorides sel ected from al kyl
chl orides, cycloal kyl chlorides, aromatic chlorides or a mxture

t hereof, by the steps of: ' WO 97/09322

PCT/ U896/ 14036wo 97/09322 (1) contacting the crude produGicTRisosE36
optionally in the presence of an inert gas, with a copper-
contai ni ng scavenger material in an organic ' chl ori de renova
zone; and 5 (2) renoving fromthe chloride renoval zone a refined
product stream containing |l ess chloride than the crude stream
During the operation of the above described process, the passage of
the chl oride-containing species through the 2058 —copper-contai ni ng
scavenging material is believed to result in a chlorine/copper
reaction. That is, the copper effectively renoves organic chlorides

in . stoichionettc MRFPPE Fhe ntrudys miaductFEreapcxeptionally ipere
i s no hydrogen chl ori de ghecpgesendar bfCah hihekt gaﬁnowetﬁ a copper— The

organi c chloride or chl ot ogx%ﬁlﬁg.ﬁgpég§$&gézn materi gnpéﬁgg% lﬁ.édeam

purifred according to the inv result —of ed during
t he manufacture of cylgréaexyemom%e#@q:rmu ch the product stream
is 20 deriveds Sem) feemevdipl Eromhthér@ilivrdderembdas zone a Gesimeacd

0 U, Patent 4 950, 1735 GARNR! R hn! Dontaining® 1080 EnFOLOAL Ry U T

be present in the crude ® reamutrlize resent
i nvention incl ude GSHﬁGuﬁ ¥egR-t he structure RO [err], V\/nereln Ris
25 hydr ocar byl r anlirdak, thegopetht:.onsoﬂuma)fabmveahbsaflhed prodddssnehe

i tom s R o S LAGRIRR M BERENFR Ol e,
on the hydrocat®yl CPReF-containipg  ssavenging mteria Fﬁr?e&%;‘éﬁﬁ &o
chlorides include result in a chlorine-/copper reaction. That is, the
copper effectively removes organic chlorides in
stoichiometric amounts to form CuCl,, where 0<x<2.
There is no hydrogen chloride generated during the
15 process.

The organic chloride or chlorides are present in
the product stream purified according to the invention
as a result of being added during the manufacture of
3,4—epoxy—-l1-butene from which the product strean is

20 derived. See, for example, the organic chlorides
described in U.S. Patent 4,950,773. Examples of the
organic chlorides which may be present in the crude
product stream utilized in the present invention include
compounds of the structure RCl,, wherein R is

25 hydrocarbyl radical, e.g., the residue of an alkane,
alkene, cycloalkane or carbocyclic, aromatic compound
containing up to 8 carbon atoms and x is a value of from
1 to 8, depending, of course, on the hydrocarbyl radical
represented by R. Exemplary organic chlorides include

. 30 C, .compounds such as methyl chloride, methylene
om0 e chlopide) chloroform and “thé like; C2 compounds suéh ‘as™”

. . ethyl chloride, dichloroethane, vinyl chloride,

©+ " aichloroethylene, trichloroethylene, and the like; ¢; =~
compounds such as chloropropane, chloropropene,

35 dichloropropane, dichloropropene and the like; C,



30 C err] conpounds such as nethyl chloride, nethylene chl ori de,

chloroformand the like; Cerr] conpounds such as et hyl chlori de,

di chl oroet hane, vinyl chloride, di chl oroet hyl ene, trichl oroet hyl ene,
and the like; Q6049322 conpounds such as chl oropropane, chcIVusdsDMmI6E,
35 di chl or opr opane, dichl oropropene and the like; Cerr] WO

97/ 09322 PCT/ US96/ 14036

conmpounds such as chl orobut ane, dichl orobutane, chloro- but ene,

di chl orobutene, trichl orobutane, trichlorobutene and the like; C5
conpounds such as nono-, di-, tri-, tetra-, and pentachl oro-pent anes
or pentenes, cycl o- 5 pentyl chloride and t+e6l+ke; C6 conpounds such as
nono-, di-, tri-, tetra-, penta- and hexachl or ohexanes or

hexenes, cycl ohexyl chl oride hIor enze and the like; err
conpounds such as rmn&"mpﬂfm stﬁ" ‘%ﬁ gﬁtgn e, 5?&1%%\;% dhioro-
hept achl or ohept anes obuttepbendi;ch]:dstmbuicgm LO-trithlorpbutame arkridhil dxidartene

(err] conpounds sucha3a FRBO1ixé! "¢, compounds' subf! 48 -momtsl) &i-Net3i—,
hepta- and octachl orogctanes Ebr octenes and the I|ke as wel | as

m xtures of any two tetra—yapd pentachigro—pRntanes o5 RRRCYIfmiyelo
chl ori des gonppentylbhlonhde amil the Aliker;i dgscatpaindmaemcll az moné—,

15 carbon atons, egpeci AR or,
ohl or obut ane. aES #h‘& B | g?él'}{'.taap%%dsﬂﬁﬁaéﬁlgrohexanes or

e Concentratiaon of th ni ¢ chl or]
crude product stream ReFepesasCRriphexy gvl 8 enzene a’lﬁjt&ﬁ):}ﬁéﬁq'y
is in the range of 50 c,océfipbumndsisyalr aQﬁhonop-ar ds—-petrm-J |tearavh enta—

Usual Iy the chloride va t ard2€ orNKePtéids M did 61%&&.%
the chloride C(&)!%tqgnt gg i aﬁ?l ned I‘ra{)duct °s regén to | essltha o
15 ppnv, preferdfty tbetade apg n Bep]drﬁﬁ' T gunds such, a5, nonasy, Qi

which is purified accérdipgtebrahe p@ita— msseﬂmepmae-nahdmcrmcmnmotanes
mnor anounts, e.d.., g¢Pcbenes and lendel; REY GR1L. a8l nPkfiered B dry &S0
such as or more thereof. The more common organic clilorides
comprise the mono— and di-chlorides of alkanes of 2 to 6
15 carbon atoms, especially the chlorobutanes such as 2-
chlorobutane. '

The concentration of the organic chloride in the
crude product stream may be as high as 5 volume percent
but normally is in the range of 50 to 2000 ppmV (or

20 parts per million Molar). Usually the chloride removal
process of the invention will reduce the chloride
content of the refined product stream to less than
15 ppmV, preferably to less than 5 ppmV. The crude
product stream which is purified according to the

25 present invention may contain minor amounts, e.g., up to
15 weight percent, of other impurities such as
crotonaldehyde, 3,4—epoxy—l-butene, water, and the like.

- The process of this invention may be operated
either in the liquid or vapor phase although vapor phase

30 operation is preferred. The temperature and pressure

s reguirements within the organic chloride removal zone

may vary substantially depending on numerous factors

such as whether thé procéss is operated in the liquid or

vapor phase, the particular copper scavenging material
35  employed, the concentration of chloride in the crude



crot onal dehyde, 3, 4-epoxy-1-butene, water, and the |ike. The
process of this invention may be operated either inthe liquid or
vapor phase al t hough vapor phase 30 operation is preferred. The

t enper at ure angoymRdaYr e ‘requirenents wi thin the organi c BEK/USI6(14036
rrenoval zone may vary substantially depending on nunerous factors
such as whether the process is operated in the liquid or vapor
phase, the particul ar copper scavenging material 35 enpl oyed, the
concentration of chloride in the crude WD 97/ 09322

PCT/ US96/ 14036 _ -7 - furan or
hydr ogenat ed furan feed, the degree of —plrtfication desired, etc.
For exanple, the process may be carried out at tenperatures in the

range of 20-300[err] re prefe 75 2745] ] %@QQ st
preferably 100-260[ e n °r51_’g8r€?§%efé?éﬁynacnr %aeéaﬁg %eg? rrperé?ure I n
the chloride - memifdicardne desivedi iREGr oFEs exImBLS anthY RKRCIRS maY
maxi m zing the utilitye PargqiRRchbut &t At éhpratiiled iicthe rangeé Cof 2W+3WP°C,

mat eri.al s. The process may be operat o ress '

0.25 to 10 bars absol™Mt& )éﬁ??grg%y '?_ET)?L;e’? G aftid ?‘ﬁgt% hg£§g%f£eb%$%06%%?
bars absolute, #@nd Graduaidat ipeveasingthe #qwqrmeo%nl‘&ﬁt@%‘?@%rs
absol ute. For vapor phaffaaPebdki airihg Bxeipmaidsen isf advantagécupetat ur e

phase. 15 © M biﬁ%&iﬁﬁggﬁé?ﬁ%ﬁpﬁ Lot goprercSSRERERldy, ol 4P CT

effective in reduci ngsaawengingemateriahsof T g@yasess may be cogperAtprpt

![ Lﬂég;' ﬁr:altle: gl gccféd%éﬂiﬂd& ;[ilhe‘gﬁéeféwe on (1325' |1_:‘¢eﬂ.2i bars Tabsohpbs | tyors
. s r

referred to 201‘;1 h@%ﬁ%@?@u%ﬁ. ﬁﬁ’hggﬁ%a%ft y’%oﬁ.%esgkﬁaéé??a séf gand

remove chloride i npumast prieferaplycinsthe rxange ®Rfpdndsto 5-0 baFHn such

factors as the amountagolifidner Ferev&pbr Ophade operationathéyedmbihat sou condf -
the copper CryStallltéﬁiégfature and pressure must be chosen to maintain all
components in the vapor phase.

15 A broad range of copper—containing materials is
effective in reducing the concentration of chlorine—
containing impurities in accordance with the present
invention. The majority of these materials are
available commercially as catalysts and are referred to

20 herein as such. The capacity of these materials to
remove chloride impurities from procese streams depends
upon such factors as the amount of copper present on the
catalyst, the size of the copper crystallites or .
aggregates on the support, and the ability to transport

25 the chloride impurities to the active copper surface.
The copper—containing materials may be selected from
copper sources such as copper gauze packing materials or
wire as well as unsupported or supported copper—
containing catalysts. Copper chromite is typical of the

30 unsupported catalysts. The supported catalysts comprise

v --cOpper.deposited on .a. catalyst-support material such as" -

alumina, silica, aluminarssilica, carbon, titania~silica,

_titaniarsalumina, or titaniasaluminassilica, preferably ~ = "

silica. The copper content of such supported catalysts
35 may be in the range of 0.5 to 90 weight percent, more



aggregates on the support, and the ability to transport 25 the chloride

impurities to the active copper surface. The copper-contai ni ng
materials may be selected from copper sources such as copper gauze
packi ng mat eri {comios2z ‘W re as well as unsupported or supomUSSHi4036
copper - containing catal ysts. Copper chromte is typical of the 30
unsupported catal ysts. The supported catal ysts conprise copper '
deposited on a catal yst support material such as al um na, silica,
alum na/silica, carbon, titanial/silica, titani a/alum na, or
titania/alumna/silica, preferably silica. The copper content of

such supported catal ysts 35 may be in the—range of 0.5 to 90 wei ght
percent, nore WO 97/ 09322

PCT/ US96/ 14036 preferably 5 to 75 wei ght percent and nost
preferably 10- BFeferablyp 8, ten{5 weight percegt,ap d-BRBEPEREAARYS

general ly are recei vad-ed weightt percentli zed, or air-passivated, form it

IS necessary 5 to redlég_gl %hggﬁggp %?@s %Mﬁﬁy aﬁgdygéé%d%

pre-treatnent, nost often™I's ac
hydr ogen- cont ai ni ng g W%ﬁ&-tﬁ?oﬁﬁﬁ‘?ﬁaﬂc‘&%%ﬂf@' it is (ROFASSATY es
in the range of 200- Z&hdulce thesevohterials bemﬁfecasb of RégaEEDEN, ioxr t he

reduci ng stream typi fpi-'éﬁ-\(:sﬂte%tlngphé ian%hé’f{éWg; o reg‘i{%ﬂ?hﬁﬁssﬁi&e{

this pre- reac rodu
liquid or a vapor, i3 W&Egﬁi{‘%eg%ﬁl%‘ﬁfd@n °PSP{D sakRlysthat
flow rates for the crisiperatines in the Stampen ofi (2002750, € Ty slums | ed

substantially and 15&%? %[th QSB?P%O det £t f’@}{@‘}é&ﬁ&?& BRELAK U1 GOPRP1s

contai ning materi al area and geomne
configuration ¥ the izp her rapgeaphi PPy i vaIume: t#@ter thigpree of

chloride remval whi deactidesisteg, tHéusrudedsroduct stireamppeitisert sdsy/ s s
gggpgeofS' mply desi 0naddid 265201 6psf, i PULIRP ddbulh Ehb ORGP hd N
removal zohe. The flow rates for the crude product
stream vapor mixture may be varied substantially and
15 are, in part, determined by the particular copper-

' containing material used, the surface area and geometric
configuration of the copper—containing material and the
degree of chloride removal which is desired. - Thus, beds
of copper catalysts can be simply designed by accepted

20 engineering practices and the scope of the current
invention is not to be limited by the particular bed
configuration. For vapor phase operation, the flow rate
of the crude product stream through the chloride removal
zone is given herein as a gas hourly space velocity

25 (GHSV), i.e., unit volume of gaseous crude product
stream per hour per unit volume of catalyst. Normally,
the GHSV flow rate of the crude product is within the
range of 200 to 20,000, more preferably within the range

~ 300 to 15,000, and most preferably 400 to 10,000. If

30 the chloride removal process is carried out in the

ekl quid phase;” “the 10w raté of the cride p::'oduc:'t:= stream

is glven as la.quld hourly space veloc:.ty (LHSV) ro )
Cflely 1iquid vélume unit of Crude product stream flow
per hour per volume unit of catalyst. LHSV values for

35 . liquid crude product stream may be within the range 0.05



Invention is not to be limted by the particul ar bed configuration.

For vapor phase operation, the flow rate. of the crude product stream
t hrough the chlori de renoval zone is given herein as a gas hourly
space vel ocit ywa%97/09324 GHSV), i.e., unit volune of gaseous crygerniogs4s8é
stream per hour per unit volune of catalyst. Normally, the GHSV fl ow
rate of the crude product is within the range of 200 to 20,000, nore
preferably within the range 300 to 15,000, and nost preferably 400 to
10, 000. If 30 the chloride renoval process is carried out in the

i quid phase, the flow rate of the crude product stream IS given as

Il iquid hourly space velocity (LHSV), I .e.2 +iquid volunme unit of
crude product streamflow per hour per volunme unit of catalyst. LHSV

val ues for 35 i qyi.degr yde_product. st.ream mgy. . be_w thin f he range 0.05
VO 97/ 09322 Yo SS.U, mgre %L%efe%abﬁ% or.q tﬁC%Wng(ﬂ mt
-9 - ~ to 50.0preEprabl¥f@yidioy ®.P.t 0 20. 0, and nost .
preferably 0.2 to 10.0. After passaije thrioughiefie! Bhoosiud HendVaAl i2dme,
removal zone, ' Egg eﬁg uent , her \é%por or quuéd, I S cg%l ed to 5
al l ow the col | ection ERELRERT £ i% %dﬂ' 0%t PLamtIuid, 18, 69918d Lok i o,
2,3-DHF, 2,5-DHS, THRladpwathexeakkection afhgheopurified rpradusity stiiean

eIL | uent  may 33_ I_ed comprisf%ﬁettfw-,ozt,rsamﬁ,efh,ginﬁpglﬁﬂ 'dtxatal %%5&%%”“ or
ot her addi tion uri.fication devige or fe rec a

reactor or system i n%\%ﬁgsﬂkt h ?ﬂﬁ'\fgﬁt"eégn ﬁﬁ&e?ﬁgiuent nay, Ao e heni cal
reactions. For exanpRéregti¥rtptthesdmlet of mhAddgghllabiarhanliwmn oenother

zonte, refi C\Ed 2, 3- WEdﬁﬁii%ﬁil?:l_purirffi%tl(i:ohe_a'fekrlce%i' h@ékit SRS tha?
systemin whic - i s ther 1 Soneriz 0

cycl opropaneca?‘l?ox- fgg(’é"’élﬁléhéﬂjéé",emo B cglygﬁgn?f Lufht iFan wngergo
under goes hydr &arther ccherigalorpactisngdr oFor aexawnls) afifesypasshye
is hydrogenated to pth#tagh ltKe HI1VIGd0 removke¥bhi€, refinedizt, 8LDRFS $8YCpe

'([jlh; ggtglhy:[ h\?vi tcﬂloa[ ' 238%.8%5,{@?@" Ji%fl{oﬁ%cf cooling?’ éé %Fy@mb%J %gxich

C 2,3-DHF 1is thermally isomerized to cyclopropanecarbox—

15 aldehyde, or to a sysfem in which 2,3-DHF undergoes
hydration to 2-hydroxytetrahydrofuran which subsequently
is hydrogenated to produce 1,4-butanediol. Likewise,
after passage through the chloride remove zone, refined
2,5-DHF may be fed directly, without cooling, to a

20 process in which 2,5-DHF is isomerized to 2,3-DHF or
hydrogenated to THF.

The present invention is especially useful for the
removal of one or more organic chlorides from 2,5-DHF
which is destined for isomerization to 2,3-DHF by

25 contacting 2,5-DHF with a supported palladium catalyst
at 150 to 170°C as is described in Auslegeschrift
DE 1,248,669. During such a high temperature process,
organic halides such as 2-chlorobutane are decomposed to
hydrogen chloride and an unsaturated hydrocarbon. The
30 hydrogen chloride formed causes polymerization of the

can cause fouling of the isomerization equipment. Thus,
. decreasing .the concentration-of organic-halide in the
2,5-DHF reactant decreases the amount of hydrogen

.+ -2#3=DHF. product -which decreases the yield ‘of 2,3=DHF "and =~



20 process in which 2,5-DHF is isonerized to 2, 3-DHF or

hydr ogenat ed to THF. The present invention is especially useful
for the renoval of one or nore organic chlorides from 2, 5-DHF

which is destiwspg.,;oﬁ 2l SONErization to 2,3-DHF by 25  cont acpéhgsebnaoede
with a supported palladi um cat al yst at 150 to 170[err]C as is
described in Ausl egeschrift DE 1, 248,669. During such a high

t enper at ure process, organi ¢ halides such as 2-chl orobutane are
deconposed t.o hydrogen chl oride and an unsaturated hydrocarbon. The
30 hydr ogen chl oride fornmed causes pol ynerization of the 2, 3- DHF
product whi ch decreases the yield of 2, 3-DHF-ark® — can cause fouling of
the isomerization equi pnent. Thus, decreasi ng the concentration of
g;gfgggnha' de TN NG griaes panorated WAL AF 30 82ck08s8 N ©f

PCT/ US96/ 14036 polyqerization of 2,3-DHF. - 10 - . .
2y oo ed W ED kel $BdRET RSN Whvention may BE SERYILE ST O
, 3- : . SS IS Jnv | | ut -
Gsing & gaseous cr uddaHBIA: BRERPERFTILE: RGPt Grraro tbed Wil cintaing,
mol e, or vol une,5 per aygntteo®Oamodey t ogavobame, gercent of a imext aypen,such as
hel ium argon, carbon,diQgete. nedita , b A 6ki8e . "L A5E. et hane,

or the like. The rati o of o e product f_ulr,gn,e"z 3- DHF," |
2,5-DHF, THF or a ni BoRo¥ide, methane,gthaps, qF 5500 13k} et e g XAt e
in the range of ckrnde pro@uetOf{fuvan, @ Z3-0HF, 2,5-DHF, THF or Gemeingture,

it is advantageous tQpatQis#)t B8 such an inedtliddtRl 98 9h %Qﬁhg@r £
conpounds cont aj ning reactive oxygen atoirts, to the chlori de

renoval zone. R 1.0:0.01 ﬁPe%éﬂ&%ot)?' oxygen results in the formation of
copper 15 oxide. Seneraddpunit ¥ aphmitbgeouschoagveid -theoxy- 1-

butene (EpB) in the fiH&%d%Eft!j.BﬁanCéﬁ(ééi?‘,Ctof"'iéd%p%%ﬁﬁr containing rd#ttiYeM
copper oxide and b“t%g&%gﬁ ggbgg,rgguéhg éﬂioride removal zone. The
presence of oxygen results in the formation of copper
15 oxide. Small amounts of epoxides such as 3,4-epoxy—1-—
butene (EpB) in the crude effluent can react with copper
to form copper oxide and butadiene which results in
decreasing the efficiency of chloride removal. If the
concentration of compbunds such as EpB in the feed
20 stream is not excessive, the efficiency of the copper—
containing scavenger material will not decrease
significantly. For example, EpB may be present in
concentrations of up to a molar ratio of 0.01 to 0.05
relative to the amount of the crude product stream,
25 i.e., furan, 2,3-DHF, 2,5-DHF, THF or a mixture thereof.
However, if the levels of EpB are higher, or if _
increased efficiency of the copper—containing, chloride
removal bed is desired, then the purification process of
this invention may be carried out in the presence of
30 carbon monoxide or hydrogen.' The purpose of the carbo

R S T v aermonoxideor hydrogen i Eo reduce continvously any
copper oxide formed by the reaction with EpB to metallic
- copper ‘and carbon dioxidé‘or ‘water.” Thé chioride ~ 77
removal process of the present invention preferably is
35 carried out in the absence of molecular oxygen, basic



decreasing the efficiency of chloride renoval. If the

concentration of conpounds such as EpB in the feed 20 streamis not
excessive, the efficiency of the copper- - containing scavenger
material w | webrehasy ease significantly. For exarRSTAISIZBIGaY
bé present in concentrations of up to a molar ratio of 0.01 to
0. 05 relative to the anount of the crude product stream 25
i.e., furan, 2,3-DHF, 2,5-DHF, THF or a m xture thereof..

However, if the levels of EpB are higher, or if I ncr eased
efficiency of the copper-containing, chloride renmoval bed is
desired, then the purification process of - this invention may be
carried out in the presence of car bon nonoxi de or hydrogen. The .
pur pose of the carbo deg Iy r £y )

copper, oxi de forned E H?ﬁgﬁreaggﬁbﬁﬁﬂngﬁﬁﬂl ﬁfggﬁe ?% Qﬁﬁgﬁgxtég

on
di oxi de or water. Thb earbpnykes and acetatp§”09gp ﬂFB%Eé%a %ﬂ%? HFéiéﬁ?
i nvention preferabl yihSprocesS$és dextribed dnt the phiombmenice of nol ecul ar

oxygen, basic . . . .
PCT/ US96/ 14036 Tl\(p 317(49@3?52 %rov:.ded by the present1 11nventz.on is

conpounds such & al farthest dllvstrabedidy, ther fehle¥ing examples. Gas
bi carbonat es and acethi-6fiatégeapiiter (GOt ahadiysest wkieecgerformed on ai n

processes descri bed t gﬁgpé?égq?g p ded
by the present inven#?g%@?tﬂﬁééﬁafésssgo 5 ieleFu trate t eEPoPngnﬁ

exanpl es. Gas 50 meter ¥npdit dgih M (,id( WaFho b s PyRECTR Gsﬁn a
Hew et t - Packar d 5890033wa25cbhmgas Clmhend@etgetpbnwilihit for 2—chlor05ﬁtanéer
and 0.32 nmid .y th % f"fﬂé*%dé&ﬁeﬁ§&or1ne ana1y£§§ eC Rkl fH ed

The detection I'imt or 0.5

obut ane g The %3
chl ori ne anal yses mePE ﬁe?FbihE% PW 1400 X'RaXnF&“PﬁFF?%E \GPEFGE ORe
Fl uorescence SpectrowgtRr5 ppmw detectiidrm limjtmfiostetetal ochlomirte.f or total

chl ori ne. e Al N ;
and %%P eg%e rermva:tll RAtALUSoALNSted Yt A peneater

pr eheat er ne con&alnlqg a solid copper -
and chloride removal zone containing solld coppe

15 containing material, a condenser, and a collection
flask. The preheater was constructed of a glass tube
approximately 33 dh'long having an interior diameter of
2.5 cm with a concentric 6 mm diameter thermowell along
its length. The preheater was packed with quartz chips

20 and was electrically heated. The purpose of the
preheater was to either preheat or to vaporize the crude
product stream prior to its entry into the chloride
removal zone. The temperature of the preheater was
maintained at 75-100°C. The chloride removal zone was

25 constructed of a glass tube/thermowell assembly having
the same dimensions as the preheater. The central 18 cn
section of the chloride removal zone assembly contained
the copper—containing material being tested. Quartz
chips were packed on either side of the copper—

30 containing material, filling the remainder of the glass

R Thaspanie ¥ e

i

maintained at a predetermined temperature range. The

cooled condenser, which allowed the collection of the
35 refined product stream as a liguid. Prior to the

s v i 5 ooy ED@ e The -assembly-was..electrically heated.-.an@: i =7 7T

ot ot e, - ONELEE - OF the .chloride removal-zone fed into an ‘waters-- "=



15 containing material, a condenser, and a collection fl ask.

The preheater was constructed of a glass tube approxi mately 33
cmlong having an interior dianeter of 2.5 cmwith a concentric
6 _nm di anet er ‘woarowae! | al ong " its length. The pr ePCRUSY6/14636
packed with quartz chips 20 and was el ectrically heated. The purpose
of the preheater was to either preheat or to vaporize the crude
product streamprior to its entry into the chloride renova

zone. The tenperature of the preheater was mai nt ai ned at

75-100[ err] C. The chloride renoval zone was 25 constructed of a

gl ass tube/thernmowel | assenbly having = 12 the sane di nensions as the

preheater. The central 18 cm section of the chI ori de renoval

zone assenbly contai n

tested. Quartz - Q:%Emencﬁm S wereagea(cﬁ g oﬁﬁ'g?}l%t th e of t%e r‘%g:ru_s
30 contai ning nat ePiZ wagj Fﬂ"ﬂﬁeQ h@%r’ﬁ!&%&é’ﬁtﬂ‘ PMeP¥M with argon.
tube. The assenbly wahechekCireméthl ystun v auilowed by activtiicti @ thie a

pr edet er mi ned tenper at 0 Vi one
fed into an water - Bp%r-goﬁ-gaa-{%gg c%‘r#c?é’ﬁf er b&h\z\ﬁl gg Ha sar‘lepz
collection of tife  whegzein anfdnbe O Medume: pexsent hYﬁFQﬂ#Id in mtmoqe@

t he WO 97/ 09@dture was passed at a rate of 50 mL per minuitldS96/ 14036

- 12 - com‘re[iﬁ%gg_nl Er E%ﬁ%%h%}esgggetgh}&gghr%%rat us,

air was removed fromb he air
renoval step was fol Pmalggnaeh Sbf Ihe initialcbepeeratameniofi Ade

ﬁazj al yst by a pre- r eghe@citop ﬁ_aepzooéc anth @hfioighbu? the 180tiitith RctRiRk
rogen in ni O en
Y 9 g F c5585851é£€ g%ﬁ%re%}&%Sn%h g gﬂ@uﬁ? ég%éﬂalyaactlon

m nut e ght pressure
experi ment al assenbl FXO‘FHGmnN-ﬂa!WG e‘?ﬁa‘eﬁ%tt@lee t@pnppﬁgture of they&YHtegnso
200[ err] C and t hr oughopbihbewAsth Vet died 825 catiBe siAterimf We Miech was

mai nt ai ned to ensur ectat‘l'gt%y "y eacM__o!qo time wa@(%QeEghﬂéﬂaMe r@f $he he

tenperature of the syst
chlor:.de removal zone allowed to rise above 300°C.

15 Water was evolved during the activation process giving
positive indication that any oxides present on the
copper catalysts were being reduced. This pre—
activation step was continued for several hours after
all signs of water evolution ceased.

20

CONTROL EXAMPLE 1
Quartz chips (75 mL) were placed within the

chloride removal zone and, after assembly, air was
removed from the system by purging with argon. Then

25 nitrogen was passed through the bed at 10 mL per minute
and the temperature of chloride removal zone maintained
at 170°C. A liquid stream of 2,5-DHF containing 148.5
ppnw 2-chlorobutane was then fed at 30 nL (ligquid) per
hour to the above described apparatus. The liquid

30 stream was vaporized and the vapor stream passed over

iz e erere e heated: quartzrohipss - The  e££1uent Vapor ‘stream was®

cooled and the condensed product was collected. The

--analysis revealed -minimal-reduction of 2-chlotrcbutane as ™ *"

the sample contained almost the same amounts of
35 2—chlorobutane (144.8 ppmw).



a point which threatened to cause sintering of the catal yst. At no
time was the tenperature of the chloride renoval zone allowed to

ri se above 300C. 15 Wat er was evol ved during the activation process

gi vi ng pase7ioesze | ndi cati on that any oxi des present on PEBUS96/14036
copper catalysts were being reduced. This pre- activation step was
continued for several hours after all signs of water evol ution
ceased. 20 CONTROL EXAMPLE 1 Quartz chips (75 L) were
pl aced within the chloride renoval zone and, after assenbly, air was
renoved fromthe systemby purging with argon. Then 25 ni trogen was
passed through the bed at 10 nL per minute =— 13 —and the tenperature of

chl oride renoval zone mai ntai ned at 170[err]C. Aliquid stream of

2, 5- DHF contai ni ng 148.& gggﬁ 2-chl orobutane was then fed at 30 ni
(l'iqui.d) per descri bed apparatus. The liquid 30
stream was vaporized and e pxpcedurecdesqrihat o Gontrnd Feample duatasz
chi ps. tThe eff: luent R Tﬁtﬁd LR that the etoe ;{i‘i'ai%&éeé Be ﬁﬁ@d&mf de
produet was col | ected. e .anal ysis reveal e ni reductio

2-chl orobutane as  TemOV@fe z?&%‘pvgscﬂﬁflg?m@alaﬁo O ﬁe s ﬂegé"r)ﬁ)maé‘fce'
35 2- chl or obus ane thelAreakednp, 5-DHF after capdensasion was found to

PCT/ US96/ 14036 contain almost the same amounts of z—éﬁlorobutane (148.2
CONTROL EXAMPLE 2 The procedure described in Control Exanple

1 was repeaf®¥¥dxcept that the tenperature of the chloride
renoval zone was nmaintained at 140[err]C In this instance, 5 t he
treated 2, 5- DHF afteggggﬁigﬂggtion was found to contain al nost the

sane armunts Oflg_Chl oro L.J[tna%iglé?{a%ple, the clﬁ%r{y{%'e removal zone was

charged with a copper on silica catalyst (10% copper on
silica, Davison #8SR167—662, 50 mL) which was activated
~at 200°C with hydrogen for 4 hours. After the
activation step, nitrogen gas was passed through the bed
15 at 10 mL per minute, the preﬁeater was held constant at
100°C, and the temperature of the chloride removal zone
maintained at 110°C. A crude 2,5-DHF stream containing
297.3 ppmw of 2—chlorobutane (total chlorine 123.6 ppnw)
was then added to the 10 mL per minute nitrogen flow and
20 then passed through the apparatus at a rate of 120 mL
2,5~DHF (liquid) per hour. The overall gas flow rate
was approximately 580 mlL per minute and contained
approximately 98 mole, or volume, percent 2,5-DHF wvapor.
The effluent from the chloride removal zone was
25 condensed, collected, and analyzed for 2-chlorobutane
. {90.2 ppmw) and total chlorine (34 ppmw by X-ray
analysis). The removal of 2-chlorobutane was 70% and
the recovery of 2,5-DHF was greater than 99%.

\ 30  EXAMPLE 2

p TR e LRI EY W R PR procedure*"describ’e‘d"’ih""Exainpienl wasre"Pe"ate’d T

except that the temperature of the chloride removal zone

2

e e cpgdintained at-120°CT throughout theeXperimeént.  In this

instance, the treated 2,5-DHF stream was found to
35 contain 25.1 ppmw 2-—chlorobutane and 13 ppmw total



EXAMPLE 1 10 In this exanple, the chloride renmoval zone was
charged with a copper on silica catalyst (10% copper on silica,
Davi son #SR167-662, 50 nlL) which was activated at 200[err]C with
hydrogen for A4waifesszzAfter the “activation step, nitpeesvetiacss\as
passed t hrough the bed 15 at 10 -nL per mnute, the preheater was held
const ant at 100C, and the tenperature of the chloride renoval zone
mai ntai ned at 110[err]C. A crude 2,5-DHF stream contai ni ng 297. 3
ppmw of 2-chl orobutane (total chlorine 123.6 ppmw) was t hen added
to the 10 nL per mnute nitrogen f | ow and 20 then passed through the
apparatus at a rate of 120 nL 2, 5- D18l qui d) per hour. The
overall gas flow rate _ was approxinmately 580 nL per m nute and

cont ai ned a Liptel .9 l.e.. ar. vol ) cent. 2. 5- DHF vapor.
The effluent fromt h%ﬂéﬁf%ﬁgae #%en%/%%v%&n%fmégcﬂﬁraﬁséar&%mnggg‘ and %ﬁe
col l ected, and anal y¥egovery 20f 2 FrdHR sas 99%. (90.2 ppmw) and total
chlorine (34 ppmw by X-ray anal ysis). The renoval of

2- chl or obut ane was 7% the recovery of 2,5-DHF was greater

t han 99% .30 2 The procedure described in Exanple 1 was

r epeat ed 5 except Thesprocadursdessnibedoint Bxanplerl cas eepeaktedone

{rﬁi nt ai nteddatz ézgﬁFt Breugbothat ][&@Weﬂ%hgd Brt ‘Eﬁ? :_:hloZraiale rend¥adNetne
e treated 2, 5- teamwas fo 0 coptain 25 1 ppmw .
2- chl or obut ane and 1?}%%\?‘?%?51: pLITE througgwggﬁﬁgwrm - 1In this

PCT/ US96/ 14036 instance, the treated 2,5-DHF stream was fotnd to
chlorine. The reﬁbvaboﬂﬁaﬁgcﬂ% PPk RecHASrBBUtand AK€ 7 ppmw total
recovery of 2, 35DHF was 2952, The removal of 2—-chlorobutane was 95% and the

recovery of 2,5-DHF was 99%.

EXAMPLE 4
The procedure described in Example 1 was repeated

15 except that the catalyst was pre—activated at 270°C for
4 hours prior to use and the temperature of the chloride
removal zone was maintained at 150°C throughout the
experiment. A 2,5-DHF stream containing 307.3 ppmw of
2—chlorobutane (total chlorine 126 ppmw by X-ray

20 analysis) was passed through the apparatus at a rate of
30 mL 2,5-DHF (liquid) per hour. In this instance, the
treated 2,5-DHF stream was found to contain 6.5 ppmw
2—chlorobutane and less than 5 ppmw total chlorine
(below the detection limit of X—raf analysis). The

25 removal of 2-chlorcbutane was 98% and the recovery of
2,5-DHF 99%. '

EXAMPLE 5
The procedure described in Example 4 was repeated
30 except that the temperature of the chloride removal zone

MR TR e e T WA S maintained at'=160°C"tHf6ughout—EHe‘éxperiﬁ'ent. l NII; T

this instance, the treated 2,5-DHF stream was found to

total chlorine (below the detection limit of X-ray



EXAMPLE 3 5 The procedure described in Exanple 1 was repeated
except that the tenperature of the chloride renobval zone

mai nt ai ned at 130[err] C t hroughout the experinent. In this

i nstance, the woeatsgz 2, 5- DHF stream was' f-ound to - P8 403d. 4. ©
ppnmw 2-chl or obut ane and 7 ppnw t ot al 10 chlorine. The renoval of
2-chl or obut ane was 95% and t he recovery of 2,5-DHF was 99%
EXAMPLE 4 The procedure described in Exanple 1 was

r epeat ed 15 except that the catal yst was pre-activated at 270C for
4 hours prior to use and the tenperature of the chloride

renoval zone was maintained at 150[err] C t hrod8hout the

experiment. A 2,5-DHF stream containing 307.3 ppnw of .
2-chl orobut ane (total _chlorine 126 my Ry X-ra 20  _anal ysi s) was
passed through the FPBavatfis- at eré%ﬁ?ﬁ%i of z'¥h1°r°b%ﬁfqﬁ_%f§}ﬁ§%F d
(l'iquid) per hour. the reacovergtefhdyS-DHF was 98%.  treated 2,5-DHF

streamwas found to contain 6.5 ppmwv 2- chl or obut ane and | ess
than 5 ppnmw t ot al CE!BE!EE (below the detection [imt of X-ray
anal ysis). The noval of 2-chl orobutane was 98% and the
recovery of 5 . PhE- Prfcise described in Efappid B Svas repeated

The procedure descrighgdptNthX€MNe thnfetratdpe3be0the chickide PeRifall Rahe
the tenperature of the chlo |de?éer¥)v1a7loozco% hout was nai nt ai nﬁd at
160[ err] C t hr oughou?*ChB2aRpBITRA" +1h roughout the expaninent- (2
treated 2, 5-DHF str &haswdpstaneel tthe dmeateds 205pPHR Stredm wis tfopnda o

less than 5 ppmw  contain 3.6 Obgiw GldHlididpuikahevahdel1ed addrPs Ippikt Of
é&;?ﬁsg6/14036wp 97ég%§azchlorine (below the detection limit of X-ray
: analysis). The removal of 2-—chlorobutane was 99% and
the recovery of 2,5-DHF was 98%.

EXAMPLE 7
15 The procedure described in Example 1 was repeated

except that the temperature of the chloride removal zone
was maintained at 119°C throughout the experiment. A
2,3-DHF stream containing 173 ppmw of 2-chlorobutane was
passed through the apparatus at a rate of 30 mL 2,3-DHF

20 (liquid) per hour. .In this instance, the treated
2,3-DHF stream was found to contain less than 0.5 ppmw
2—chlorobutane (below the detection limit of GC
analysis). The removal of 2-chlorobutane was greater
than 99% and the recovery of 2,3-DHF was greater

25 than 99%.

EXAMPLE 8
The procedure described in Example 7 was repeated

except that the temperature of the chloride removal zone
30 was maintained at 130°C throughout the experiment. 1In

contain less than 0.5 ppmw 2—chlorobutane (below the
--detection -limit-of GC-analysis). ‘The removal of "~
2—chlorobutane was greater than 99% and the recovery of
35 2,3-DHF was greater than 99%.

.this~instancej the ‘treated-2;3—DHF ‘stredii’ was Found o~ """’

TEGLAITA T Bee Ml s 8



anal ysis). The renoval of 2-chl orobutane was 99% and the recovery of

2; 5- DHF was 98% EXAMPLE 6 5 The procedure described in
Exanpl e 4 was repeated except that the tenperature of the chloride
removal zone wooradg: Maintained at 170[ err] C t hroughout the RETYIIS96/MMOBE .
| this instance, the treated 2,5-DHF streamwas found to

contain 3.0 ppmw 2-chl orobutane and l'ess than 5 ppnw 10 - total chlorine
(bel ow the detection limt of X-ray anal ysis). The renoval of

2- chl or obut ane was 99% and the recovery of 2,5-DHF was 98%

EXAMPLE 7 15 The procedure described in Exanple 1 was repeated
except that the tenperature of the chloride remb®ar zone was

mai ntai ned at 119[err] C t hroughout the experinment. A 2, 3-DHF stream
containing 173 ppnmw - obut ane was passed t hrough the
apparatus at a rate 3- DHF 20 qui d) hour In this

i nstance, the treated The progeduzre, Q&EFMEeFo%ﬁ‘\o‘gf@%t]af"ﬁsl E§Ee?ﬁ%91

0.5 ppmw 2-chl Oéﬁbéﬁ@fﬁze(ﬁ)@h@Ntbh@ed’atﬁﬁél 6f thelichleiridé removal zone

fecovery of .. r RS il 4t dRoVE L REGANRIt tne upBRigdnean Al e
The procedure de§cr|UEEF|$FE3§mnﬂQ§t§lnd@9réBQaPEEW of 2—-chloxgbutppe vae
tenperature of the c Qéséwﬁlﬁmqﬂ t!ﬁnﬁpﬁQratuwaa‘t@Iﬁﬁﬁ e@d 30t mL3GHErr] C

t hroughout the experi t eatq S am
was found to Ef ?sert ﬁ‘g 0 E|c§)’pr%hﬂ?vi§ ﬁ%l&r%‘{)dt an% ?’Bgﬁ'g\l'/ﬂvg? b
detection linmt of CIBMSWQ% fOImﬂetPemﬁaiBfo 7 Ppvazdﬂhé-PSBHtl&ﬁ@ewas
greater than 99% and $he FEREHD b OR2-hlorobutahbvas grdateire thkhapo994na

WO 97/ 09322 10 the recovery of THF was greagggléﬁgp@ﬁARBG

EXAMPLE 10-16
The procedure described in Example 9 was repeated
except that the temperature of the chloride removal zone
- 15 was maintained at 110, 120, 130, 140, 150, 160, and

170°C, respectively. In each of these examples, the
treated THF streams was found to contain less than 0.5
ppmw 2—chlorobutane (below the detection limit of GC
analysis). The removal of 2—chlorobutane in each

20 experiment was greater than 99% and the recovery of THF
was greater than 99%.

EXAMPLE 17
In this example, the chloride scavenging material
25 was 50 weight percent copper on silica catalyst. A

sample of the catalyst (2.0 grams, 3.2 mL) which had
been sieved to a particle diameter range of 0.084 to
0.188 cm was loaded into a tubular Pyrex glass reactor
and placed in a tube furnace. This catalyst was

30 pretreated using the method described in Example 1,

metallic state. The reduction was performed in situ

ioon 2 s e s immediately: prior-to the-2-chlorobutane” reméval stepl T T

The reactor assembly used for this test utilized an in-
35 line gas sample loop to analyze quantitatively the

e g s s -Whereby sthe-supported- copper--oxiderwas ‘reduced “Eo*the™ ™ "



- 16 - EXAMPLE 9 The procedure described in

Exanpl e 1 was repeated except that the tenperature of the

chl ori de renoval zone : was mai ntai ned at 100[err]C throughout the
experinment. Awo09709322 THF stream containing 100 ppnw of 2- cidTassbdess e
was passed t hrough the apparatus at a rate of 30 nL THF

(liquid) per hour. In this instance, the purified THF ~Sstream was
found to contain 0.7 ppnmw 2-chl or obut ane. The renoval of

2- chl or obut ane was greater than 99% and 10 the recovery of THF was
greater than 99% EXAMPLE 10- 16 The procedure
described in Exanple 9 was repeated = 1@x'c:ept that the tenperature
of the chloride renoval zone 15 was maintained at 110, 120, 130,

140, 150, 160, d ' : h
exarpios, the - 2-cmloolmyard dpidiaesRIR AR aided i SRadERS

than 0.5 CEBREF X2 ¥Sibut Atk thid ways hit Jere Ressibhlerito of GC
anal ysi s). The renovdireétPy oddIrulatiecthe levalhof 2—chPérobudgiRy irgabiayas

ter than 99% and t h 9fy
L 1y O andekbl 56 Whide Probidor vappr stiodlf> IHEEidd Bloddct

mat eri al P5  fEEean, vJéPgtFﬂ’-spéﬁ,s@n £ :5oPBEy ¥as sedded Qfataal‘WPr by,
sanpl e of the catal ypasé2nd ayrmedsiund sireel) gabl £loliathrough a 1iqu1laeen

sieved to a particle, QE}y 8P £F 5@@%—%-1[Fomg§%t59ned at g %onﬁt 18 Q:eﬁ:psr?

| oaded into a tubul ar rex_glas
furnace. This catal y§¥r®as The temperatyre pfathe 2165 TREE #ammaﬁda wescri bed

in Exanple 1, vxherebmaihﬁa:hnmpcﬂtt exb °CD e i degaﬁiSfé@cﬂlE&ii:dthtlBﬁ of 18%
metal lic stateqgqThe ﬂ:ﬂé‘ eoparsf g{orﬁg E%Séééo oﬁg‘és@.“ LOr #
act’or asse

t he 2- chlorobutane re

this test utilized af’ ?ﬁD F i hejgum. | Theyaschlerplntans, ﬁlé%ﬁaﬁyiéded as

gquantitatively the a vapor from a liguid reservoir maintained at constant

temperature. The temperatures of the reservoir and the
helium sweep gas flow rate were selected to give a final

15 composition of between 450-800 ppmV (ppm by volume) of
2-chlorobutane vapor in the 18% 2,5-DHF by volume feed
stream. The helium flows were controlled by Tylan FC—
260 mass flow controllers to ensure accurate and
reliable flow rates. A Hewlett—Packard 5890A gas

20 chromatography using a 25 meter PoraPLOT Q column, film
thickness 10 microns, was used to separate the organic
products, furan, 2,5-DHF, 2,3-DHF, and THF and the
unreacted 2—chlorobutane. The guantities of the organic
products were determined using a thermal conductivity

25 detector, while the ppm levels of 2-chlorobutane were
determined by a Model 4420, Electrolytic Conductivity
Detector (from O. I. Corporation) that was connected in
series to the exit of the thermal conductivity detector.
Thus, in one analysis it was possible to determine the

30 fate of the 2,5-DHF feed composition and the extent of

- TR TS onversion-ofppn :levels of=2=chiorobitane i FUr ther e

since the in-line gas analy51s permitted analysis of the

catalyst bed, it was possible to calculate very

-~ .vapor-phase:composition-both above and' below the copper” "
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--17 - 2- chl or obut ane concentration either above or bel ow the
copper catalyst..In this way, it was possible to directly cdlcul ate
the |evel of 2-ghbasgaput ane renoval fromthe crude produwdrossgonss
stream The crude product 5 stream in this case 2,5-DHF, was added as a
vapor by passing a helium sweep gas flow through a liquid

reservoir of 2,5-DHF mai ntained at a constant tenpera- ture. The
tenperature of the 2,5-DHF typically was mai ntai ned at 20[err]C to
give a gas feed conposition of 18% 10 by vol une (same as nolar for vapor
phase conpositions) 2,5-DHF in helium <8 2 chl orebut ane al so was
added as a vapor froma liquid reservoir naint ai ned at const ant
tenperature. The tenperatures of the reservoir and .t hel i um sweep

gas flow rate were si¥aFely heePsrfPrEpnds ot &ﬁ?p(fﬁpﬂeﬁn bgf £EF ween
450- 800 ppnV (ppm by %&imrut)omftane remdvalbl or obut ane vapor in the 18%

2,5-DHF by volune feed F%Qeofeéémgi %m?ﬁ iog‘rngokl egd by

Tyl an FC 260 nass ow co ers_to ensure accurate
reliable flow rates. mrammasaoyeboaprgw%ed WthrBt SERRENOT RYYRK
a 25 neter PoraPsOl (grxsiteads lg@ive no cohiverelizas olfl 2vichiordbutafie iged t o

separate the organic el?ﬁoratzyé&%léctag ?&éﬁags'n%,% es (’)I?:%[sﬁ Qﬁgreaﬂgs-rﬁg and

t he unreacted 2 utane gua e organi c
products were det er ni PREKIRIUNG o OXh EheEMAL o RRARGEIANy 25 det ector, while

the ppmlevels of 2-chl or and @atavineTable I cmingnavized the peMﬂdﬁinaﬂéQO,

El ectrol yti ¢ Conduct 'éﬂéﬁéctex;[ s.etl?%%egko % o(fnré. (3C9r 3&'2? Q?Lrt t was

connected in series to con ector.
Thus, in one an&Pysi 394¥1%§%9§¥55I.gqozﬁﬂw@%ﬁ%%%%°valf'at Gfdﬂ‘ﬁa .
2,5-DHF feed conposi taxd aaiariged dnt ehe Shme oiuyy@issithie eegppfickeir|whivh

2- chl or obut ane. Furtﬁ_ﬁr ng_ﬁt Sa %mﬁl{&b 1S gpa gl&. B?%r&tted

anal ysis of the . vapor p]hage conp oSt ron ove and bel Ow T he tolg)éoer
catal yst bed, it was m'bli«? t’-@%&?&'&?ﬁ?’é“%r%ﬂ °C of the catalyst; Ve

is the gas hourly space veloqlty of the gas flow and is
15 determined by dividing the gas hourly flow by the
catalyst volume of 3.2 mL; )
"process Time" is the total cumulative time in hours
that the chloride removal process had been operating at
the time the data listed adjacent to a specific "Process
20 Time" was recorded;
"CB-F" is the concentration in ppmV of 2—chlorobutane
intentionally added to the 2,5-DHF/helium vapor feed;
"CB-E" is the concentration in ppmV of 2—chlorobutane in
the effluent vapor after passage through the 2—chloro—
25 butane removal zone;
"CB Conv" is defined as 100 X [CB~-F — CB-E]/CB-F; and
"DHF Conv" is defined as 100 X [DHF—F — DHF-E].DHF-F
wherein DHF-F is the volume percent concentration of
2,5-DHF in the gas fed to the chloride removal zone and
30 DHF-E is the concentration of 2, S—DHF in the gaseous

e e EE T NSt - T Ol T tHE "SR IErTde “Témbval Zone.  The ameunt of
2-chlorobutane in the vapor stream was determ:.ned by the

e et i FRREYIRERlectr oIy €ic COnductivity Detector. The 1ower
level of sensitivity of this detector was <1 ppmV in
35 this mode of in-line gas phase analysis. The DHF Conv
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-718 - accurately the performance of the copper bed for

2- chl or obut ane renoval . _ As in the case of Control

Exanpl es 1 anow@ 9709322 2- chl or obut ane renoval zonechrassefioyd th 5
grans of Pyrex 5 gl ass beads gave no conversion of .

2- chl or obut ane at tenperatures as high as 250[err]C. Thus,
there was no background, or thermal, reaction.

The data in Table | sumrari ze the performance characteristics
of the 2.0 gram (3.2 nlL) copper on 10 silica catalyst for

2-chl orobut ane renoval. The data — 19are arranged in the sane
order as .the sequence in which this long termrun was

conducted. In the Table I, . . "Tenp" is the tenperature in
[err] € of the catal y$tlueggjadicate the mole pexcqnk ofy 2 BohHFythap ceas
vel ocity of the gas ¢dnwerirdl ito other cotipoundie; euminead 1y 2(BwDRF N Oftkeeh Jas

hourly flow by the anaror Tar, a192ifl! ¥ VE%A&?? uhts, Mg '
"Procéss Tine" is the, total cu'm?l at |tive téﬁ(re I'n oﬁos - The lengt}fhoaﬁ t he

chloride rempval prociS 3@ PaEtiGPAak Faackion temperature camebeime t he
data |isted adjfcentdetermingeciblyi subbracting the finallreaétitn the at a

2 chlorobutane  PRrticiier teRpkReapR A B duldti83 Helbrion, sing =t

vapor feed; that pargicpilar teRRex3FER ration in ppnV of

2-chl orobutane in the effluent vapor after passage through

t he 2-chl oro- 25 but ane renoval zone; "CB Conv" is
defined as 100 X [CB-F - CB-E]/CE-F; and "DHF Conv" is ,
defined as 100 X [DHF-F - DHF-E]/DHF-F ' wherein DHF-F is the -
vol unme percent concentration of 2,5-DHF in the .gas fed to the
chl oride renoval zone and 30 DHF-E is the .concentration of
2,5-DHF in the gaseous effluent fromthe chloride renoval zone. The anount
of 2-chl orobutane in the vapor stream was determ ned by the
in-line Electrolytic Conductivity Detector. The |ower | evel
of sensitivity of this detector was <1 ppnV in 35 this node of

in-1ine gas phase analysis. The DHF Conv
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- 19 - val ues indicate the mole percent of 2,5-DHF that was -
converted to other conpounds, primarily 2,3-DHF, furan, and/ or THF,
all in very snawogamsmnts. The | ength of time at a partpErbdbnaoss

act i i ting the final
reaction tenperature can be 5 determ ned by subtrac g the _
Teaction tigg at a particul ar tenperature fromthe initial reaction

ti-me at that particular tenperature. VO 9;60?322
$gg{gS?6/14036 . Pr ocess B ) gHF
Tenp  GHSV Time CBF CBE COW™ ¥nv > 122,
91.4 9.7 122. 6 1874 5.9
1875 5.2 730 62.8 : . 45 750
730 104.4 85.7 5.3 155. Gap1409 14.
94.5 87.4 0.2 Process cB DHF
Temp GHSV __Time = CB-F CB-E CONV cCopv
5 122.6 1875 5.2 730 62.8 91.4 9.7
122.6 1874 5.9 730 104.4 85.7 5.3
155.6 400 14.2 750 94.5 87.4 0.2
155.6 395  25.2 750 384.0 48.8 0.2
10 155.4 390 47.8 640 484.5 24.3 0.0
155.4 395 48.4 - 550 427.4 22.3 0.0
i82.0 395 49.5 550 0.0 100.0 0.1
182.0 395 56.8 550 156.2 71.6 0.5
is 182.7 380 69.8 450 178.2 60.4 0.3
215.5 375 71.2 450 0.0 100.0 1.6
215.2 375 76.6 450 0.0 100.0 2.1
215.4 380 79.9 750 20.3 97.3 2.1
20
215.7 385 99.3 750 20.3 87.3 1.4
243.8 395 101.3 750 0.0 100.0 7.8
244.3 395 103.5 750 0.0 100.0 8.2
25 244.8 395 126.3 720 0.0 100.0 8.3
215.5 400 126.3 720 98.6 86.3 3.4
214.5 400 150.7 720 180.0 75.0 2.0
215.6 400 170.3 720 205.9 71.4 1.2
30 215.1 410 178.1 750 292.5 61.0 1.3
214.8 410 220.1 - 750 249.8 66.7 1.4
215.6 410 243.2 500 155.0 69.0 1.3
215.0 410 246.8 770 262.8 65.9 2.3
35 212.6 410 266.8 770 253.3 67.1 1.3
214.3 410 274.2 770 305.7 60.3 1.0
215.8 410 294.1 800" 316.0 60.5 1.9 -
214.4 410 321.7 600 225.0 62.5 1.5
40 214.2 410 342.1 500 181.5 63.7 1.1
The data in Table I indicate that the copper on
- silica material is a very effectzve copper—contalning
TR 4T gGdVenger material £8¢ removing 2-chlorobutane. from

2,5-DHF over a wide range of temperatures and for long,

L ST Coont ihuous periods of operatlon. Even though the copper
on silica material may be referred to as a catalyst, it



155.6 395 25.2 750 - 384.0 48.8 0.2 10 155.4 390

47. 8 640 484.5 24.3 0.0 155.4 395  48.4

550 427.4 22.3 0.0 - 182.0 395  49.5 550

0.0 100. 0 Qmﬁnmmnz 182.0 395 56. 8 550 PCT/USYSB4M@6
71.6 0.5 182.7 380 69. 8 450 178.2. 60.4 0.3
215.5 375 71.2 450 0.0 100.0 1.6 : 215. 2

375 76. 6 450 0.0 100.0 2.1 | 215.4 380

79.9 750 20.3 97,3 2.1 20 - 215.7 385
99. 3 750 20.3 97.3 1.4 243.8 395 101. 3

750 0.0 100.0 7. 8 | 244.8 21 395 103. 5 750

268 ; éog 0 8.2 244.5 395 126. 3 720

214.5, 400  150. A® a"?"}‘%& y " Siigpa Bed aba 152%%”““’388&9““&65%

400 170. 3 72(0course X5 operatign. 1Thus, it begpgmes 2¥B°{tanﬁiﬁhat
178.1 750 28%e Topperlcontadning scavenger ZkkeBialdhbve eﬂaﬂgﬂ

750 » 249.8 66.7 1. 215. A10 2

155.0 69.0 1.3 capacity for,lgng peyigds °54£%§? to féﬁgt on ai

65.9 2.3 5 35 practiiced 2—¢hlorobntang removal;@gent.25The daba 11.n 1.3

iig 3 23}101 27308'1‘able A Ghow th§Q5iﬁcréQs§ng thd) reaction temperXdtue of

321.7 600 225P%)°?£?§?‘°°Pg§1n1“9 sﬁﬁve“giﬁiﬁfﬁmlﬂioiﬁ°‘§ﬁ%2i the
500 181.5 63.7 effiegtiveness and lifetime TOf epsrationtahhE a tewpPerae

Lgateﬁhgoﬁ?gPﬁr on ture of appﬁ%khhﬁ%eﬁ?tﬁiﬁﬁt | thed actiiyrieyf eehbifed

S Ere oner aailac bV GHEL PSR cob 37 TRAY oF RIS AR,

of operation. Even appxeminatelyo@§sr conversion, 1-d=h S MeF“é’é{aﬂ‘at ef 31‘"%9"%

referred to as a catphyshe. | IBecause théd0aB¥i9PE6PWas constant at the end of

PCT/ US96/ 14036 the experiment, it is apparent that satisfactory results
could be obtained for longer times.

15 ' '
E ES

The procedure described in Example 17 was repeated

using a fresh sample of the copper on silica catalyst
material except that a vapor of 3,4—epoxy—l-butene was

20 added to the material fed to the chloride removal zone.
The EpB concentration was kept constant at 0.0032 mole,
or volume percent, in the feed stream by flowing helium
sweep gas through a separate liquid reservoir of EpB
maintained at a constant temperature. Thus, the actual

25 composition of the feed vapor stream was 18 mole %
2,5-DHF, 0.32 mole % EpB, 780—900 ppmV 2—chlorobutane,
and the balance helium diluent. The results obtained
from this experiment which was carried out over an
extended period of time are shown in Table II wherein

30 the terminology used has the meening given to it above.

to crotonaldehyde at approximately 80% selectivity and

. to-butadiene at -approximately 20% seléctivity. The
formation of butadiene suggests that EpB results in the

35 oxidation of copper to form copper oxide and butadiene.

... The- EpB-vapor that was-present in the feed was-converted ™



- 21 - Is actually a guard bed and is sacrificed during the

course of operation. Thus, it becones inportant that t he

copper -contai ni ng scavenger material have enough capacity for long
periods of ti ”@dﬁ/ﬂ%‘:t ion as a b5 practical 2-chl or obut anectessyiasss
agent. The data i1 n Table | show that increasing the reaction

t enper at ure of t he copper-contai ning scavenger nmaterial increases the
effectiveness and lifetinme of operation. At a tenpera- ture of
approxi mately 215[err]C, the activity renained 10 essentially constant
for 175 hours of operation,. giving approxi mately 65% conver si on,
i.e., renmoval, of 2-chloro- but ane. Beeal8e—~t he activity was constant
at the end of the experinent, it is apparent that satisfactory
results coul d be obtained far Ion erFé XAVPLES 18

The procedure descri Be® Preasagsof Fp ﬁggF%ﬁ vapor tegts, the cappcity
sanpl e of the copperoﬁntlséldappeu:atmi wiflica scavehging|mabencizl ttimatreaovepor
of 3, 4-epoxy- 1-buteng_uga ’é&" t [ 4

removal zone. % Eo oncent ?’at{?’gng\%ggaﬁgéta%ogr{gk%%laétﬁgcggggt

or vol une percent, ﬁ“%ea# d@®P-stream by flow ng helium sweep gas

t hrough a separste I|qU|d reservoir of EpB Table Imintained at a constant

tenperature. Thus, the actual 25 g compasition of the fe vapo tream
was 18 nole % p DHF . cHEW2 Malige’0 EpBepZB0- 9 mv t ane,
and t he bal ance heliumdiluént. Thé results obfai ne romthrs
experiment which wasigalreiediiout o0w®.1ian 890ext entlEgl Herdmnd of oL.2ne are
shown in Tabl e1bl wh222i$h 303:10 the2.& m nol 839 used?h@sl t i 8eanion@ gi ven
to it above. The E$8-¥apdhi@ hat 4fad preseRPOin th'én-'t-éed 3%ad cofvlrted
to crotonal dehyde at_appr oxi ter 096selecg ity a to b tadlene
at approxi mately 209 g t Ctl*ﬁ g g rnatl %@le
suggests that BgB regy is | e dagbgn of g;gugn P d orglgopper
oxi de and but adi ene.
1%6.0 400 44.6 900 473.4 47.4 0.3
196.0 400 . 46.0 900 513.0 43.0 0.2
217.4 400 47.3 900 123.3 86.3 0.9
20
215.0 400 50.7 900 57.6 93.6 1.0
216.0 400 63.9 200 234.0 74.0 0.0
216.0 400 66.3 900 414.0 54.0 0.1
25 215.8 400 72.5 780 433.7 44.4 1.0
215.2 400 89.5 780 428.2 45.1 1.1
216.0 400 94.3 780 499.2 36.0 0.1
215.8 400 120.5 780 502.3 35.6 0.9
30 215.9 400 142.5 780 473.5 39.3 0.8
244.9 400 170.2 780 325.3 58.3 2.3
245.2 400 186.7 780 1598.1 79.6 4.2
244.1 400 191.6 780 217.6 72.1 . 3.5
35 244.2 400 210.3 780 228.5 70C.7 2.8
244.4 400 216.7 780 225.4 71.1 3.2
244.1 400 232.7 780 185.6 76.2 2.2
40

The data in Table II show that stable, long term

 imEree— e e operation  can béachieved-even in the presénce of vapor T
phase oxidizing species, such as 3,4—epoxy-l-butene.

s 45 - The efficiencies of 2-chlorobutine removal at 7159¢ and

244°C was approximately constant at 40-50% conversion
and 70-80% conversion, respectively. This can be
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-7 22 - The presence of EpB in the feed vapor tests the capacity
of the copper on silica scavenging material to renove

2- chl or obut anewb744832 pr esence of an oxi di zi ng agent PCTIUSYE/14036 EpB.
5° Table I1 Process

CB DHF Tenp GHSV Ti me CB-F CB-E Conv Conv
123.0 410 19.1 890 489.5 45.0 0.2 10 122.8 410
22.9 890 776.1 12.8 0.0 145.3 410 24. 7 900
701.1 22.1 0.0 163.8 410 25.3 900 465.3 48.3
0.0 168.2 410 41. 2 900 = 2%84.0 24.0 0.0 15
196.0 400 42. 7 900 540.0 40.0 0.2 196.0 400
44. 6 900 473. 4 47 0. . 96. 400 6,0 .00
513.0, 43.0 0.2 <compared 3‘?7?&’%%56““ in the ‘3’5955'66 of éﬁ%’?‘% sipilar
0.9 20 coiditions((@ee T8D1E I) in 9@0ich the7cénvepgisns df 0

216.0 400 63.9 z-mlo%%ufanggﬁ- 9159¢ dha fadc were apprgﬂlfimé)telffoo
66.3 900 414 Q 25 215 400 /2.5 780

540, .01 , . .
433.7 44.4 1.0 S0-70% ang 3093, gggpectiyely. Thuggeven though 45 g

1.1 236. 0 perfiymancey e3ficiengbs for 4¢hlordpudane(rdmoval are
215.8 400 120. Ssomewh&i0 1ower 98- €he orésendt Bf an 3Ridantlsuch a400
142.5 780 47%35 &9. 3...0.8 244. 92 c$g0 bué70' 2, /780
325.3 58.3 2.3 » the efficiencyfer remaying 2—chggrobutang is quite
4.2 244. 1 higlp@nd spdtaple fo7Slong teany, digh2attivity 35
2112 400, 210 Speracith agZER e e i vy vas i,
185: 6 76.2 10, co'nversli'on of 2,5-DHF to other products is neglzgible in

all instances.



40 The data in Table Il show that stable, long term
operation can be achi eved evnn-in-the presence of vapor phase

oxi di zi ng species, such as 3, 4- eﬁoxy 1- but ene. 45 The efficiencies of

o i LAY > 5 S

conver si on, respectlvely This can S YWD 97/ 09322

PCT/U896/14036 - 23 - ° conpar ed
to performance in the absence of EpB at simlar conditions (see Table
) in which the conversions of 2-chl orobut ane at 215C and 244C were
approxi mat el y 60- 70% and 100% respect'l'\?é y. Thus, even though 5
performance efficiencies for 2-chlorobutane renoval are somewhat

| ower in the presence of an oxidant such as g EpB, the efficiency for
removi ng 2-chl orobutane is quite high%%%%%nntable for long term

hi gh activity “Ebéﬂéﬂﬁﬁn. As in the case where no EpB was present, the
10  conversion of 2.5-Difiroicesst for e detucttomed ichilbrtdé ncontent df a

i nstances. v@h&%kp%é%%uct stream comﬁ%ﬁlﬁﬁ?ﬁ&%49§§an, 2,3-DHF, 2,5-
5 DHF, THF or a mixture thereof and (ii) one or more
organic chlorides selected from alkyl chlorides,
cycloalkyl chlorides, aromatic chlorides or a mixture
thereof, by the steps of: .
(1) contacting the crude product stream with a copper—
10 containing scavenger material in an organic
chloride removal zone; and
(2) removing from the chloride removal zone a refined
product stream conta1n1ng less chloride than the
crude strean.
15
2. Process according to Claim 1 wherein the organic
chloride has the formula RC1, wherein R is a hydrocarbyl
radical selected from the residues of an alkane, alkene,
cycloalkane or carbocyclic, aromatic compound containing
20 up to 8 carbon atoms, x-is 1 to 8 and the concentration
of organic chloride in the crude product stream is 50 to
2000 ppnV.

3. Process according to Claim 2 wherein step (1)

25 comprises contacting a vapor of the crude product stream
with a copper—containing scavenger material at a
temperature of 100 to 260°C in an organic chloride
removal zone and the crude product stream contains 50 to
2000 ppnmV of an organic chloride selected from mono— and

30 di—~chlorides of alkanes of 2 to 6 carbon atoms.
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Process for the reductlon of chloride content /g
stream conprising (i) furan, 2,3-DHF, 2,5-

thereof and (ii) one-or nore * organic c
chlori des, cycl oal kyl chl orides, aronat)
thereof, by the sp@gof: won(.nlx)rrmnnm -"f
with a copper- 10 cont ai ni ng scﬁ?@‘ﬁ‘@ﬂf’“

chi ori de_r cATERNATIINAL ARRLICATION PUBLISHERGINDER THRIATRE-COQRIRATE
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crude st rea&bﬂa?.msram,%asm(ﬁr ocess aigﬁr gl ng to aim1 wherein the
S

or gani c e formul @ R dsphteinativhed PublicatioRDite; 2 1§ Margh9971643.03.97)
radi cal FerecredfTromine Tesidues of an afgkane, ar Kene, Cyct oal Karne
or carbo mmﬂmemmmundmw @Wm@pwmaﬁibm

is 1t rati ﬁ@;’ gani é‘g%‘rp’igﬂ B’%B‘%ﬂm GB
produc? tream 'S g‘ﬂﬁt%@ ﬁ%&%lg% 9%} rocess accordl ng to

Gl ai m2 erel n step (1) 25 conprises cgntacting a vapor of the crude

pr oduct % : 8 % | at a
t enper atlure of 100 to g}|§ %%%9?{{% agg}g?gaqél c ch orlg ‘!F’gm)val zone

and the [crude product stream contains 50 t 2000 ppnV of an organic

chl ori de %‘M%W%iﬁ&w Wﬁfs]' hl ori des of al kanes of 2 to 6

car.bon ons.
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{84) Title: PROCESS FOR THE REMOVAL OF ORGANIC CHLORIDES FROM FURAN AND HYDROGENATED FURANS
(57) Abstract

Disclosed is a process for the removal of organic chlorides from furan and hydrogenated furans by contacting a crude product stream
comprising (i) furan, 2,3-DHF, 2,5-DHF, THF or a mixture thereof and (if) one or more organic chlorides with a copper-containing scavenger




