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pal | adi‘um- or sawitital tritiemayotie qmn@bnt ﬂqee:qae\pat ﬁrqpeardp Il@hnlg teq ﬁé g‘dg gtes,
lladi

usual Ly i rrpmrt‘arhpx\f'ﬂest Wéh fateppentag sa" mZ’agi
di spersi on, us gg’mgﬁ 3—2,31;5’2 ﬁ' acetgla%?m 4,95\;35583:%1.5 uﬁveﬁfﬂ?ﬂﬁt&@ lystli nk\ﬁ-efeerly
actual di Spe Shr sutcﬁ1 #He da&iﬁﬁ.scmbét al@afrselarhauogenbeéneﬂusobhtoodéaend eliar.cThe
to the surfaceprsdaadea;emﬁ haageamsnfphﬁrhemsamavumrterewua tld!émmtm qﬁrheetestpreﬂf pPali¢ asidh In
or salt themeodddine,ohe mseoarqfuhepgquamstj@f ateme EW)CFSEJ indn ‘t&‘;‘fg’g g‘@gfcﬁ‘;s
ssa yleld th ahc ter. .

but the two tel ht'Hcab a3 Benates. dormate A ra '?g {ie B the
t he i npregnat i 'ﬂﬁs'ﬁﬁ\"& c;&i’i‘h’ m SOl ut | on foI ) ovved by heat
treat nent of t Thgp,hs\giil oY dﬁﬁiﬂdp@ilteﬂen m‘efcerobr islep osrawhosritiofl andhia imte range of from
pal | adi um ase tbtemmtarpeea:tamlﬁﬁ;gIgdmrcfereblv)trm9 Ottg § gercantley weight pnggnagtPrefprably from 0.1to 2
pal | adi um on th@cesulpvas Lipgicylgt iSbMEhaYed carrier
Sontar T R S S L
the carrier su j%é’ kel cegssm&a@aa fflg rlediuiTY eitérhativbly chyi dsing separation
present. THES Gaohh ueszu@chram oeeen&migammllmtbram@tedFWW@M‘QS@Q" qrplig hegbire %?ﬁ’t(%gh'
SUCh &5 2, 773 rdaddd) Gat@E-1 BEO. @cmsmevandwuctmeft 9%19 B S T B mrion
754593) rovi dedeﬁyyg s peefegablycpraipd q‘({? i gfl’dﬁ?ﬁ? lc'gﬁffﬁ ah phereofsuchgases
devel opnent of °V g °¢’ W‘é? PSS ¢ ncernl ng the surface area
of such cl agses’ Of yra %ﬁp)‘actsluﬁﬁﬁHrﬁér&tﬁoﬁlhabﬁeElﬁblﬂfbdllrnprhhtlﬁng fatinpitiop iskHS hadm the
(whi ch disclos eamtvhgt:hem&uw‘nﬁ:eﬁtmfaa pbyfsicl. ppaRrtieDang feraeferepasthesein 'b‘éqs'ggtta‘tﬁ j Garrier
suitable); U S*ArPatent 3,172,893 (V\/m ch depicts a porosity of 35-65 percent.
and a pore diangter of 80-200 £n aps); U.S. Patent 3, 725,308 dhhi ch '
depicts a sy f &bemigy Lampgsitiop ok at"i‘ﬁin 1 square neter per gramand an average
pore di arreter s suitanre); U.S. Patent nd an average pore diameter O 10-15
mcrons); U S. Patent 3, 664apvaaigmibach utilizes in support®Baving a m ni num
porosity of about 30 percent at |east 90 percent of the po 5 havi ng -
di aneters i n,the range of 1Sitiggn PjoxidBns . and the average of such di ameters
being in the range of 4-10 %&J@B%}!e and U.S. Patent 3,5630944 (whi ch
utilizes a catal yst support ‘having a surface area of less than 1 square
meter per gram a vol une of s@i@30gdd/ g and a particle size%%®&tween 0.074
land 0.30 mm). 40 U.S. _Patent No. 4,038,175 discl oses 43,hydrogenati on
priocess whi & enpl oys pal | aﬁ?’iﬁ’r‘?’ifﬁ‘ pl ati num net al di spersec? on the . surface
oft an - al phaal uni na 'support. PabRiuRESGdel Pt ON beginning at caloam 3, line 42
ta.colum 4, line 24, and the descri-ption at colum 5, line 2 to colum 8,
line 22, relati ng to the deMegresumdixidef al pha-al um na and %8 process for
preparing tH@ catal yst ‘disclosed therein is referred to because such can be
enrpl oyed in practici ng this invention. 46 The cheni cal conposi tion of the
C%I’I er i s not mg,gatpwoyerggslotftm, ‘aAl pha- al uni-id based carriers are highl y
p ferred The most—preferred—atpta-al um na carriers are of very high
purity , i.es, at least 80 wt. percent alpha-alumina, the Qala wafice being a
mizxt ur e of silicon dioxide, S*VF!F‘?UG%“eI kal i oxi des, alkaline earth 50
oxi des, iron oxide, and ot hgj, Lab 2r;md non- net al ~ oxi des. -Ad.golen®gl uni na
carriers having a purity of g rfva ,p{aﬁ.;wel ght percent are hi ghly desirabl e
in practicing this invention, the remai ni ng conponents bei D% Haca al kal i
met oxi de (e.g. sodium odevés)tgam'tY@hce anounts of other meta and
no_,.' rretal -irrpuritles A w de, var h carriers are mmemelally

| able. The carriers ar ei'}:?g'la I’NQ?Sa eetegﬁgl desirably are shaped in the = = . -
form of pellegs, extruded particles spheres, rings, cylindrical ri ngs and” i
like. The S|ze of the carriers 55 may vary from1.59 to 12.7 nm - The
ier size is chosen to be consistent with Bhe type of - '
feneral, for fixed bed reactor applications, siz
2rrmshou|d be swtablelnthetypl !
ici-al - operations. Mpnolith:.car
: hei.r heat transfer . .€ha Cat aarto edur es nay be

i or preparing the. cordance wth
e present |nvent|on Typlcal of these procedures are those dlsclosed I n

~ 2 a2 A PNNESY A - —— w o,



3 corrprl simg a solvent or solubilizing agent pal | adium salt in an anount @
Jswfficient to geposit .the desired 55 V\ﬁggh B pal I adi um upon the carrier,
'and thereafter, ‘i f desi red, treati ngot ha egnated carrier to convert

§0 057 630 aporgg § bisBiblACH 'régptﬂ,(a,p evh WI umsalt to palladiumnetal on
®ihe carrier l lumonto the carrier froman
germml sion or sl urry cont ai ni IPgretsice, Miaidhs f ol | owed TPy (PeahilNg the carrier as
Ydascri beds above. | | npregnat i ep—ef—the—earrier i s-generatty the preferred
Btechni que for pal | adi um depogi.ti Iy because pall aql umis utilized nore
fefficiently than| by coating § 1 ock ures, the | atteP bei ng general ly unabl e
${o effect substantial pall adygmyggposition onto 4ge interior surfaces of
gihe carri;gr. In addition, coated catalysts are nore susceptible to

‘Apal | adi um | oss by. nechani cal0&B%&i on. The pal | a®i0um sol ution used to
Yiinpregnate the carrier genera.%ol_y onprises a pal:%zebdl umsalt or conplex in a
$ol vent or conpl exi ng/ sol ubi | ﬂ‘g agent. The particul ar palladiumsalt or
¢onpl ex ggpl oyed. |s not criticajgpand may be choseam, for exanple, from anong
®pal ladium nitrates, sulfates, halides, phosphates, to carboxylates, such
fas pal I adi um ddebat of mebmt eascrmnalnamsormioh,rs:atfeqe A dmellPaiosity”] act at e,

Rpr opi onat e, _bu$- yrﬁfﬁm andk. Bi Whdrg, f‘a&dﬁté'czfms!j“%?ﬂ tpsseSé?G—p‘iéH adi um

: ?g;glr 2‘0,[ ga? lcu nmgﬁ}a@g tasg:ameo Fraeas%%%gxe wel %f’:‘of}h may be used to

roce his i nvention

-he cat al ysmlmtpé safromdat 8aarbRd inTWphlicktibator m@uwbﬂwﬁn th MateribIs hadNsisal | y
ree of hal oge@OreBpEmd;tTe,chmdtdgoNode.ppam'd—semﬁamm The presence of such

: SaI ogen Qr suITpQurut%tonB iypl nterfere with terge forrrat [ otrll_ of the d| ester of

: pxal i c aéf dc‘.atalﬁstdio tai %iﬁa?a ";Pam un so%mﬁa mrre;'élrhgf Ff%?% n%:J Pj! ms utlm

gesult in i %@ﬁ@ﬁ@aﬁw 9 kin emP)af % '5‘“& tie carrier which
tar bonat es, aéeﬁﬂmk@mradrehmdbtb emAAau .h@m@mubhmgm&.m& th8 imypréjnetingfsollitid is

; xaI i c aci ddd:ostaﬂepon tﬁhw;ertthmarmynwmuaa«umomwéd inallecglatioromayshel chigulated sugtr that

Y a rovi h rr

Lgf g;?lraler “%ﬂé&?g?;mo f¢ j# o gﬁi iehe Eal I afl urr'i%e os,mtm’fthe n

| z e T
arrowy cr Eweﬁ P Ebmiptexinga eﬁepsu hdaf GSak

fei ght, pr eioewaa)n{gyde‘gfeemtﬁh eﬁﬂlfn@&i@lladh% pticEh Forada nefmstgerparrafr&érah oy the

'romo 1asop@dmpmme qmex hacvd g distiblitionofipaligdipme partitie szes hblbw Ay, mAngstroms is

Fol | owi ng 'P‘Héf ﬂ? "c‘:a%g’s\é'ﬁ :f/\?‘f pall %l'l"’f‘&q?? yeass Pf the
hereof, 1 h% nin ﬁﬁf& Lt§ él}ﬂge;é ‘f ét n i 1%’3‘9
onabsor bed citen éln'hltm hib o gms.seypm brﬁ pbrﬁcl@ﬁib\éﬁﬂd? Moﬁﬁ@%ﬁ ikanA6toRIM affecting
ir ai ni ng 4 heatﬂw{i:@smmmimeg Righ Hisgpreinhf paNladiomas Eopsitaréd todle preldyredlS| ng

hepar at i on 25 Theardepdscpfdhis invantion igdurthier lilugtrated dn they folawing $xpuigias. iThese eXdreples are

{rpr egnat ed PERYAPT el © ilustzate the ifwention gndase,poty i aoy WAy foPe Fonstripstasiiaitings o

gf fect, if desired, deconposition agg.hggdhsteldbued the palladiumsalts to

Netal lic 4pal | amemwﬁ.g @Xanipfes WeRGafrisd Pit@ £1uBllartedetdf forfiéh 611dt1.22 Fhefdt fong by 2.54 cm

ji t rogen hydsid;gﬁmm) gainlbssrsted| Wie aw cperapsii @ rdowniow wnﬁwmbionatheocp trflet! bfathe
o e e e
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41 pha- al ugi RRss Abdli gl ; Y i e TR Whien! el GHpBRoh

qne havi ng tehanéao&ehmuncagewé?asb e &GN PéShd. lrmeraﬁudatm-by&hcatalypfuapaaé mea%uraﬂldy
flor refere n@éhelfrevqeume placed thereinn Fiecalkylanigri€amas introdutelf by pasingia COIN. Brixtyre gireugb fiauid

arrier "A + alkyl nitrite (saturator} to provide a gaseouWrearpéﬁntE Eﬂt N@d A\"Yﬂ wéntﬁ\pqu yapor state.

98.5 Si | |5gon Di oxi de 0.74 40 Cal ci'um Oxi de
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: | |
rties of Carrier "A" 55 Surface Area (1) ]
Vol yme (2 @off Gﬁ -0.50 cn8/g (or water @

abso 0 Packing Density (3) Examoles 1—6 0.70: g/ CnB
Medi Di. armé Rlloviflg catalyst preparation procedures éeie £Bridd@UtForaRe datalysts Bnplbyed hidamples
Por € . st+6:bution, Percent Total Pore Volune (4) Pore Size,{Mcrons

t ) 5 The gatalyst @mployed in examples 1—6 was prepared with (Yortgn ‘(LA 4102 ajpha-alumina (U.S.
- §ter_1cbrd 8—20 mesh) as the carrier hav'zvg _tlv fglé?yvj_whemical and physical propérties: 32 0

: g 8.0 (1) Method of
Ch Wt. P ,
nt described in mm?%g‘?p?\smo urface Are hg B osity"} S. J.

urement as descri beédphedluad®®M C20- 46. 20 (3P9€al cul at ed val ue based
entional measur ener&tmcggmwge wei ght of the ca H’ er in a known vol ume
er. (4) Method of nmeasurenent described in _"ippl ication of Mercury
ation to Materials Adeupsdsides, C. Or Jr., Powsler Technol ogy, Vol. 3,
pp. #&17-123 (1970). 25 The sol ution used for inpregnating the carrier
is prepared at a concentr &°fiym @ifeh t hat the fini shed catal yst contains the
desired amounts of pall adi#‘éﬁi‘cbliﬂ? ‘required concentrﬁbg on of palladiumin
solutiaon for-the given carrier I's calculated fromthe packing density
(grams/[ered) and pore volrdtassiuvm Okibe carrier which ao® either known or
readi |y determ ned. Assum ng that _all of the palladiumin the inpregnating
solution i s deposited uporMaop®siusEP¥deer, the anmount 8P palladiumrequired in
the solution may be cal cul ated such that 30 between 0.001 and 10 percent
pal I:adi um g provided on the carrier. The particle size of palladiumnetal
or salt thereof deposited F&)onlé,t he carrier and the dispersion of the

pal lI‘adi um are a function Of T Re CAL Al yst preparation procedure enpl oyed.
Thus, the particul ar choice of solvent and/or conplexing agent, palladium
sal t;, heat ,4 reat ment condisutfaesreand catal yst carrienomtig affect, to varying
degriees, the size of the resulting palladiumparticle. For carriers of -
geneéral interest for the #BPAPpRERQE‘HA of di ester §%T%xalic acid, a

di stiribution of palladi umgaidehdtl Gyiszes bel ow 10, 0P _Apgstrons is
prefierred. However, the role of particle size and dispersion of the

pal l:adi um dhon the ef f ect iPackingensitf (nife cat al yst i n1.p%ki.¥g the diesters of
oxalic acid is not clearly understood. In view of the fact that the _
pal fadi um particles may migrate on the surface of the catal yst when used in

theicatal yi c rTaacatslyt wasseredarddriy plaping 899mrdf csier Awithes mertar bed pestis) Nortoryldh 4JPgperier

pal Fiadi um ffr tteR ogﬂgﬁ:gn vef,%m tinghto Qhaut B0, yadervasuypy using dieshlamig. Bflgcaelt (1145
G R e S e S e e e

a
irlgh
be preferred. mlifeddnd tHes fraridferrbdo Sn bk Bigh. ibA obén withN, N&Wing thiougH i, Be@stallst whdiRated
f:ol Fow ng exampB&e. forldne beurpatampl.dsr vaw oyrs and fohaity 8 0502 Jortr@o hoursisdfora talitd i room
i-nvénti on ahd ‘&MeRerHye. The Hat%tYP}':W?ﬁa en piaceth i aqyaxa twbroand dgated 5P R pyer 33.457"“““‘9 period
Ex piér i mentall PP %@& F mixture (by volumia).of nitrogen _a_nd air. Flows are geperally a}mut cm /rryn. The catalyst
o F wa n heated at 500°C. for 3-h. under 100% air and then for 18 minutes with 100% N,. This was followed
: . by 3 h. at 500°C. under 100% H, after which.time it was cooled to 80°C. under 100%'N; and cooled to room
: . temperature. ' _ : ) " :
) o 50 The process parameters and the results of examples 1—6 are set forth in Table I.

*Pd(acac) is palladium acety!acetonaté -
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4?\. . The' foIIovm ng exanples were carried out in'a tubular r eact or for@

| ota 1.22 meter long by 2:54 cm (i n0| 057d6309ter) stai nl ess steel tube

| operated in adovvnflowconflgur | etoE |nIet) of the reactor is
packed with QL MApiss Peﬁ%n}&rrﬁg Ttrt ?J ﬁes 19—6& resu &b"f ifed? usmg
al kyl nit Eétilﬁn épﬁ%ﬁtﬂltg@ﬁﬂéﬂi‘ﬁa 2.1 51 &r thdn! 19 33 tb meters
i ntroduct peryrdna t he cat al yst be The cat aI yst bed was forrred o 0 [err]

of ~a suppor t e cpalysteanalaved itexd es 7(and 8 shei prppated dsing Cabatiie mmce)(frm Hoiion n
pl ace by &3PHP ROPEREARS 2L cysTidiavinghe faipwige Prepwstissiibul ar reactor was within
a liquid containing j ack \M;%ch was w apped wit t\%ag‘[ ectrical resistance
heaters to provi de even he%ﬂ hedll hg. The tenperature of the catal yst bed was
measur egp by a thernocoupl e placed therein. The al kyl nitrite was introduced
by passing a CO N2 ni xt ur$urfederAvemyim®gl qui d al kyl nittpae (saturator) to
provide a gaseous streamw th CO- N2 and alkyl nltrlte I n the vapor state.
55 60 65 6 0 057 630 I‘:'3Q‘?;ﬂsﬂ:5'i"e§4 ¥28 The fol | owi ng%®atal yst preparation
procedufes were carried opdvify®f% Wig catal ysts enpl oygd in exarrpl es The
catal yst enployed in exanples 1-6 was prepared with Norton "LA 4102"

al pha-alunmina (U S. 5 Stiandtmsd (820 nesh) as the ®arrier having the

.foll owi ng chem cal and phxssgca Bropert I es: Chem calz Corrp05| tions

W . Pergent to - Al pha- Al um na - 99. 6

iSi licon Dioxide Density? (g/em?®, m&lg 01 Cal ci um Oxi ge
-0. 07 15 Sodi um Oxi de - . . 0.21 Ferric xide
‘0. 05 20 Pot assi um Oxi d

.03
n Tetrachioride Activity is the per etr 35°C from
- MBgnesi #m b(gry%?rsaturatedwuth thlsvlaporatO"C (Thi G%u gTP sa‘ lativ g& tjo f adsorptive
. Sur f ace™ Ar eacapac,ty of activa ity 9127 B° RRDE AP RIS f')? 9
-50-56 Bulk DeHfey lﬁlje welght per unit volume thalca?lb%cgnts’ﬁ&‘ﬁh B@ivllensid.y (t/nB)
11.07-1.17 & hMorsmteedoymtamqeroe:mg“eedkshryweibtamfmgpnaﬂ!)afgr datingy foséiealry ai1$d°C.a
mortar and pé@@'l rqnmwwfg:mmrcwrof ree'ﬂt:‘%mp‘gttge aﬁerrbemweﬂbm !féPﬁ°$I askegsnd
heat ng’°to5aH e aree pre %s e ent avera qa cle diam terfePF%mm gra @E mcal
grans) was dh%ﬁ &g ?etr(?f’uene at [err T at
was added to the hot a um na particles through a syringe while shakl ng the
flask. The resultlng m xture was allowed to stand for 30 m nutes and then
transfefded o e,fwweeﬁnexmp'adﬁe mgwnwgn%v E'eq* 10ff9rmqﬁ arbﬂg.@ h":lat“’“'t
cat al yst ﬁé' 5 ﬁ? c% esultm ?solbmgn m&%‘ ed\% i gg lthei:%rl fiB %wéﬁ?“

ﬂ u

finally aty %sﬁ mg 9 & 3N Bh&N dishGrMb héld at 85

cat al yst Wns15° dhe sl:ﬁenaanawﬁhtaz;usrulacbeaﬁdtrWtse@eﬁteu\[ ﬁf&l]ows%ﬁiﬂaﬁvs are
45- m nuee memwbemdeﬁcra‘hﬁm 50 mixture (by volune) of nitrogen and air.

Fl ows are ge@ ':ﬂ,:bq*;ggqéf.%? P‘]cht PF"°¢HE" hen %9'?/3%35%5‘”’[ aPMBitied at
[err]. for 3 100% N2. Thi s
was foll owedst[;3 [e?rjr] ﬁer errTmee‘%%‘v‘\ﬁat%trne it was

cool ed wo 80 G:he wmhfenigmﬂv% Nzxalimb Mlpearbaﬁeo by lauglte@Vge@nsdf tHe@foréentioned carbay
p rocess paMthg"eﬂ souaﬁ-uottmeflase sinder gaqyflmeet a t;?mfp!ﬁﬁ"? ﬂt' é:ft? %{25‘:“ lmmh :f Pﬁ.ﬁ'&a‘%‘;"e

© % ofv i cm? of concentrated hydrochioric acid a e

Pd( ac aglots ution w a “P %E{F e ca t?ﬂoug a synnge whlle shakmg the flask and then placed in an open dish

at85°C. The solut:on was added to the carbon through a syringe while shaking the flask and then placed in

50 an open dish at 85°C for one hour, 115°C for two hours, 150°C for two hours and then 200°C for an additional

two hours. The catalyst was then placed in aquartz tube and treated sequentlally as follows {Gas filows are -
generally about 200 cm¥min.).

ss.  1.350°C over a one-hour period under 50:50 N/H, and then hold at 350°C for one hour; .
' 2. 350°C for four hours with 100% air; and
3. cooled to 80°C and under 100% N, and cooled to room temperature. _
' The process parameters and the resuits of comparative examples 7—12 are set forth in Table Ii.
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ir poration), as t

s “Value-1¢ Surface Area;(n?/g)
ture[err] [® Mgx) ' + 2.0 15 5
" {% m n) sR| @ 5 3 g $05gHardness5(min) S
% max) |2 2.0 20 Dendity[ed] (g/cnierr]
S twhl 1. Carbon Tetrachl )r“r de Ac£|V|ty§s
of carbon té'achl ori de absorbed at- e‘rr] fr@m 25°'% dry air
ed with this yapor| at %err] (This valnue canube us@l as a relative
'atl on of the ad:o%)tlve w:.apamty of &Cligat ed sarbon 2. Density is
raxi mum wei ght pgr gri & vol uge halk 5 Gan % contgl ned i a given vessel.
3. ‘Nbi sture content fs % He percentage. | oss wei ghs of aZanple after
heating for 6 hours At [err']. 4 Total Ash resengs t he 3nei ght percent of
resi'due renaining aft Rurning inair at [¢ ] 30o 5. H#dness is a
measure of the abilig) of the carbon sanple t% re3|8t mectgni cal
Har dness nunbers ar e..@gpr egseg ag pRrcgnte ayes age FE.I"[I cl & di anet er

renmmining after a peZ isod
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‘057 630 Conparative Exanples 7-12 Exanples 7-12 were carrie
are the results of exanples 1-6 with results obtained using
fepared with carriers havi ng 083h63@r f ace areas,
er than 10 square neters per .gram 5 The catal ysts enployed in
and 8 were prepared using Colunbia (TM tcarbon (from Union
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