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f 1'\ow ng éub&gnt mp wfabooz) s%iahﬂauf/omytm hours. Next, 5.g of Re207 was added
to 50 M of distilled water and then 19.7 m of this solution and 70 m of
distilled water were delivered to a TOBE M flask along with 50 g of the
Pd/ C dtalyst. After three hours at room tenperat Usgqualt h occasi onal
stirring, the slurry was dried, reduced, and passSibyptoaddeti n t he manner 60
descri bed for the Pd/ C cat al yst .Coiitha reﬂuBbamt rrat'%iFjBQD/(/mwas t $race8% Pd/ 3%
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transmsssi on el éctron ni¥Poscopy. is estimted,] ef or e, t hat

rheni um parti cl sizes \agre belo about Zo A (2. 0 4 0147219 BI
By' t he described microscopy and crystall ography techni ques, KReO4
crystallites with an avemwage si ze2.of about3 0.2 umsMdp80det ect 290 M cr oscopy
obser vat i ons shdwed t hat1%0he hi gh?? di sper%ed rhegﬁz ase snigPl

crystallrtes di stussed ve is i contact wth s | adi u
stallites. The carbon“Support i2ed in t(he preparation of this catalyst
ai ned 0. 36 gl e percaot of K 26 Exanpl®s 2 to #kodios 3% Pdd78% Re/ C
catal y&t prepared as despibed in2Exanple & was chiolsd® to a 02% (12.7 nm)
di aneter reactor., The maleic acid Beed ratéa was adﬁsﬂ%fod to gr%ﬁ cont act
times of from alput. 0.9 ﬂéurs to 5‘ 5 hoursg (for ex&mqfﬁ, a mal ggc acid feed
rate of 0.5 cc/mn gives a reaction or contact tineof 2.0 hows} 10 and
t he hygrogen flow rate adj usted to give a hydrogen spacetime of erther 3 or
6 m nutes. mlhwpd@eﬁatm-manobamfvmndwas carried out at reaction
tenperaturesYB‘P‘V’["é?‘?’]e and [err]. The reaction product was sanpl ed
conti nuo%ﬁir{ples 8odigSt i bution of product THF and BDO and by- product
nono- aLco aac Batiivid Glas prBpatgaituding theciethod deactibbdiin Bxarhple IMesiéeat that the
y- but yr olaatomunt-rdcrawmm ¢hatmeated abathewghﬁ#ttefapmwes {sheredustion followting fd denesiferb| e 1
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all wa® converted Therefore, the nol percent age shown is the sel ectrvrty

as well as the yield of the particul ar- conponent. Al so shown is the
space-tine yield. Space ti-ne yield is that quantity of product obtained per
unit time per unit weight of netal catalyst charged. The results show that
there % high selectrvrty to and yield of THF/ BDO and 20 that the THF/ BDO
product ratio increases as the tenperagure i ncreases, as the contact tine
i ncreases and/or as the hydrogen space™tine increases and that the product
rati o can be adjusted over a range fromsubstantially only BDO to
substantially only THF. TABLE 1 25 '




Product /7 = '-b'-y- product ‘Contact . ' H2 -Spa'c.e"'. " THF/BDO/

Tenperature time S time * aloh[err]- time 30
[ecr] - ; (Hrs) (M | percent) yield 2
175+ 3.8 6 _ép °147§$)Bﬂ/0/ 5/1 146 3
5.5 6 85/ 01115/ 0 taBLe2 93 35 4
2.0 5._;; 3. 13/79/18/0 = . 325 5 180
6 . > 90/21/810 3 -1%&9“{9" _Pfod‘;c:ggap@@uct . 5.5
85/0/415/0 - - 94 7 ' #%ﬁt . 0 pace 3

. ; . ) | h(“)’b 2) i
50/40/110/0 290 ampe  (w9) B (mol powentl®0 yig. 22
88/1//11/0 - 134 1078 21190 5012004244 9 200 6
84/04416/0 - = 103 11, 200 2.0 3 o
70/20//1010 = 275 48° 33 7 p 64R0E0 54, 174 2.2 6
85/5//10/-- 251 134wz 34215 7511960 2. 0 164 3
85/1//1410 250 14 - 225 _ 0.9 6 -
83/4/[12/1 429 508 err] To® nonoaP¥¥WhB| s: n- bie6anol , n- propanol .
[err]’ utyrol actone. Exanples 15 to I8 55 A 1% PUT 3% Re/-C cat al yst was

prepar ed OsstéOndndgicdidish AButdfict Ch-pragdfol N Exanpl e 1 except that the anount of
PdCl 2 was®4-B@ywfactbimat not ed and the hi ghest tenperature of the reduction
foll owi_ng Pd deposition was 350C and the highest tenperature of the

redg,é‘fiEiS_A‘g ll}m g Be depositio s 150C._Hydrogenation vas cgrried oute
S

|_\

mal ei C varibusirebdriokivtohiperaturéd Snd\@hdion &ntasQi e om 2.
. to 3.5 rdagtiondemidnature @sdibrtiscréaSed rieaction tohtatetithed result MONgHeR 2KF/B
rat i 8f pReynsof swleiesacidowmasgiound; indisatingcessantialist.codBle® convelsPn0147219 Bl TABLE 2

‘Reaction  Product//by-product cont.f'al\(‘B : THF/ BDQ' / Space 5

time ‘ferr] time Exanple ?‘ﬁras) (ol percent) yield 15
2.1 . 50/ 20/ / 4/ 24 200 10 " Product/fby-product 16- 3.3
64/ 3%/ /6/0 - 174 17 Reaction 3 Réaction THE/BDO/dldv'0 Spacse 164 18

3.5 - 85/

[/ GO temperaturgsg [,@"@g}ot_al nfbwtSesuacthol s: tmbut anol ,
n-propanol . [ert ¥ But yrolGct one. B8 8y es. (MY RaFedth A 304188/ 1 % Re/C
catal yst was prepgred by ydpe net hod,gescri bed, ki Pl e 1 gxcept that the
amouift of [err] was 1/3 of that noted in Exanple 1. Hydrogenation was
carried out as i B9Exanpl e$802 to 14 &dth vari o8sg/amct i on tegperatures and
reaction contact jjimes. The results given in Table 3 show that increased
reacti-on tenper afure and/ i ncreas&d reacti o ¥ Yct time® result in

hi gher THF/ BDO. hp neasurgfsl e 25 anggnt of nedgifeaei d was 1§lpund,

I ndi cating essentially conplete conversion. TABLE 3 Product

Réaction. ~  Re&8tion 215 THF/ BD&P/ al oh[ er 731/121108pace t @tper at ure.

- cont act _ Iggyl[err] time nple - r] time (hrs)
(rolesper cent ) — a yield kel ' Ezé3180 66[1//11;1%%_ 0 115

- 1812/ 12145/ 33 ~ 60 35 _

" "'Total monoaicohols: n-butanol, n-propanol.
- . @y.Butyrolactone. - C '
®Succinic acid.
50 - . ) :
. Example 25 _ : '
_ . A 10% Pd/3% Re/C catalyst was prepared by the method described in Example 1 except tha amount of
-PdCl, was 10/3 of that noted in Example 1. Dimethyl succinate (63.76 g) and 6.0 g of water were placed in a
_ pressure vessel and contacted with-30. g of the 10% Pd/3% Re/C catalyst at a hydrogen pressure of 2500
55 psig (17 MPa) and a temperature of 285°C for 2 hours. The reaction product based on the carbon species
sh_pwed 62.2 mol percent of THF, 18.6 mol percent of butanol, 4.7 mol percent of propanol and 14.5 mot
. percent of y - butyralactone. o o : .

_ - Examples 26 and 27 o :
~ 60  A3%Pd/i3% Re/C catalyst was prepared by the method described in Example 1 except that the highest
: temp?ratufe of both reduction steps was 200°C. instead of 300°C. Hydrogenation was carried out as
.. described in Examples 2 to 14 but with the reaction conditions given in Table 4. The results show that
longer contact time results in higher THF to BDO ratios.

$roduct )+

.,wnwux‘_ﬁ,h,,,,m,_m e -;:.-:,-..;_.,-_.__r_. Dl

/ by- product 30




180 . 59 - 83/1//10/5/1 - 90 21
200 3.5 . 43/3//5/39/10 - __ 80 40 . 2:

f 215 3.5 - 59/ 1/ER19J47 219 Bl,190 23 215

430 © . 73/1//12/10/ 4 110 TABLE 4 225 3.3
66/1//11/19/3 115 45 [err] Total rnonoal cohols: n-butanol, n-propanol.
[err]y-Butyrol actone. [err])Succr n| c.acid. 5CPrede d%st A 10% Pd/ 3% Re/ C
cat al ystsaas prepar ed by - t ?E'rl bede'l e{&- 1é le Bﬁ—%ﬂt t he

anount of [err] ' ‘f'enotqd:’jn Exar T met hylgdiccinate
(53.76 Q) and ‘6. ﬂ g n wntpr were pl amad Ln_a m'r:v:':urp vessel :md cont act ed
wi th30.g of the 100/263d/ 3% Ref8@ cat aI ygb at a hymmg'ympressurmof 2500 55
pai g (17 MPa) - and a_t enperature of [err]for 2 hours. The reaction product
based off the carbon®peci es Blowed 6233 nol per BEHYP THE, 186 nol L
percent- of butanol, 4.7 nol percent of propanol and 14.5 nDI percent of y -~
but yrol actowaotaEx\amhioeﬁors?G\ buteiol? #-pffpanol. A 3% err] Re/ C catal yst was

i prepared by "BvFRymmcmnd- described in Exanple 1 except that the highest

| tenperafur e “Bucdig #Fideduct i on st eps was [err] instead of [err]. '

Hydr ogenag,j.Qf e¥‘@§t&§i” ed out as described in Exanples 2 to 14 but with the

reacti on COds% PEB% Iﬁlc\éﬁlalyétﬁvag_ﬁhbﬁetﬂby thE fhethB& Hbsebed DB ainBR1 Wad BLt3pt thdd eaCt
ti me r esutebcion Stefhaftnthe pdildbiutn@oidPiing déposition wis carrieEEht@t - d Higheatltompiitatdrd Bt $60°C

Pr oductao/ iostegstof GOMEE. Hgdragenetion was carrmemh/iaam 14 bUtSp@dee 1gaction conditions
Tenper at ygiken in Ttaplﬁé'p The results demor[sgptp]the advarftpqeé *ag(st of this mve\tlon
(hr~s’) : (rol “peycent) Cyi eITqB@S _ 180 2.0

i 70/21/1/1 264 10 : 180 3.3
8217// 12/ 0/ O 151 [er r] Tot al nonoal cohd‘trettucmbmoambl - propanol .
[err]y-Butyrol act one. erlﬁlSuc‘iqnﬁF'c aci dHF ?[ hels 28 §Ba°82 A 3%
Pd/ 3% Re/ C cat al yg,tt ! s pF by t( )rrethod ed I n ple 1 was

except that the :
carri edoout at a hi ghest t enyer ature ofi [err] 24wxwepamad of [er2r]. .
Hydrogenatron was carried out_as in Exanples 2 to 14 but with the reaction
conditi ons given i n2rabl e 5.'%he resuPfs denonst48¥1t he advatMages of the

i on was

§ catal yst of this i'nggntion. BLE 5 2 :

- Pr oduct;Jsl by- pr oductwOont act -% THF/ gDO’/aI oh[7esr1r7/ n Space Terrper ature

time [err}n " tim@oExanpl e33 - [esonpemio (e1s) -

4 (nol percent) . ield-30 e 028 . .180 2.1
§ 45/23//5/19/8 _ 2 99 190 qg@d Segumon %86/ 7/16/9/1
§ 174 30 - 180 - 3.4 - 76/ 17/15/1/1 170 35 31

' 190 ™ 3taB monoalcohols: n-tiRdndY, hPrdpakbi. ' 161 32 190
\ - Oy-mbyralsctdn®/ 0/ 1 158 40 [err] Total nonoal cohol s: .
' n dt anol "r’ﬁ“ﬁ‘i"’b‘ba‘fﬂal [err] But yroI act one. [err] Succi ni c acid. -45 Exanpl e

5 Example 33 :
A 6% Pd/3% ReIC catalyst was prepared by the method described in Example 1 except that the amount
of PdCl, used was twice that noted in Example 1. Hydrogenation was carried out as described in Examples
. 2to 14. At a reaction temperature of 180°C and a contact time of 2.1 hours, the product/by - product
" distribution in mol percent was THF - 67/BDO 19/Imonoalcohols -8k - butyrolactone - 8/succinic acid -
so 1 and the spacetime yleld was 239 e :

: Example 34 '
A 6% Pd/6% Re/C. catalyst was prepared by the method descnbed in Example 1 except that the amount
55 . of PACl; used was twice that noted in Example 1 and the amount of Re,0, used was also twice as much.
Hydrogenation was carried out as in Examples 2 to 14. At a reéaction temperature of 180°C and a contact
time of 2.0 hours, the productllby - product distribution in mol percent was THF - 4OIBDO 50/Imono-
'alcohols - 9/v butyrolactone -1 and the spacetlme yield was 300 .

_ Example 3B | '

B The catalyst of Example 1 was used in a hydrogenatron demonstratron identical to that of Examples 2
to 14 except that the feed was fumaric acid in aqueous solution at a concentration of 9 weight percent. The
reaction temperature was 180°C and the reaction time 2.0 hours. The THF/BDO//monoalcohol/Btyl

" 65 drstnbutlon in mol percent was 19171//8/2 The spacetrme yield was 72.

7.




A 6% Pd/ 3% Re/ C catal yst was prepared by the nmethod described in Exanple 1.
except that the anobunt of [err] used was twi ce that noted in Exanple 1
Hydrogenation was carried out Eps e47'219c8B1i n Exanples 2 to 14. At a
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s ,és:s"i_' vated in 1%[err]'=at rmspriere for three hours. The catal yst of =~
-~ -Conparison B was prepared as follows: 100 g of activated carbon was- @
~calcined in an air 40 atnosphere, first at [err] for two hours, then\g
400C for two hours. The carbon q@hoshq t@EeN Sieved resulting in 61.0 g
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only. ggout 7 BBinpld avareaeeost.aemenahan Weight! percdin Per Sy After _
use, cry L

et aI | v Re couded be detﬁeeqoeelmaﬂc acid f8p 0147219 Bl TR0 m cr &k ruct Be of the =

cat al yst of - Conpari-son B where d then Pd were,deposifed sequyentially

; cdnaprl sed:Pd cr%}stal i t-&907° B aPc &F 8 nmin aver azﬁg Si ze4t4gnd Rg;ér nlarge .
.. crystallites ofgpabout: Squg uuoamaraargqspsl ze before ume. | n zdditi am, o

~ cont acks bet ween Pd and Re phases was not evident. After use, the Pd. and Re

_phases were anofphous arf@usssEelesoacidi@ect ed by X- r a3P0di P14t | on1035

The reacti'on tepperatur t tut s and product{,4y-proguct// fged

- distributions a?}e shom%?“r‘t gb ageﬁ%ac ‘tngm |1 be observed thaf the catalyst

- of thigeinventian provi dseicantpdrisiean divkaned3mci d conveosi on 7zand hi g3

selectivity to THF/ BDO,.“whi I e the catalysts of Corrparlsons A and B glve

i nconpl et e’ conv¥ si ons ARl EbYede iR dorireBRs. 10 |

. TABLE 6 Product ¢ by-pr oqhg;g,g athDdrRiRGh QRdxaHR! (88) C - aC| d fggntactag 138

.. THF/ BDGY / al oh[err] . - Space is ' “tinme
~[err] time Tenpés ature Maldihanydride in dmxx(neﬂSS)percent)%O 16 y| eBZi Exarrpl e __";

37 215 .5 146/ / /2/ 90 2

_ Conparison A 2678 __ Malejc %"hyg'de '“V T%“?"B?E‘gt 25/7@ 2 159180

~ Conparigon B 215 - 1.5 - 5/20//5/50/15//5 163 25

g [err]Tot al nonoal cohol s; n-butanol, n-propanol. [err]-Butyrol actone.
[err]succinic aci d. Exarrpl es 38 to 47+ 30 The foll owi ng Exanples were = -

. carried . out with the catal yst- of° Exanple 1 to denpnstrate use of different - "

. feed ngjerials, different strength solutions, and water and organic.
sol-vent's. The feed sol utions, reaction conditions and results are shown in. .-
Tables 7 and 8. The hydrogen spaceting was 6 minutes in all cases. TABLE




= car bon. he
.13

35 Cont act Ctime ti me Exanpl e

' Space Tenp.

_ Feed (solution
strength in weight percent) (err) ~(hrs). yield 40 38 . :
Aqueous malic acid (8) EP 0 147 219°®3 44 93 39 o
Agueous malic acid (8) TABLE 8%80 4A 73 40
Aqueous succinic acid (5) L 2.2 29 45 41
Aqueous mal ei ¢ acid (35)- Product//by-product giggibution " 103 42
Aqueous ‘gl ei ¢ acid (5) vi8(8ro- Zudcinic  2AGonbétted
43 s Exhrabiel o ﬁlﬁhydBlDQle M nAlcbhokane (eStbye aciB0 preéuror 103
44 . ; : 180 4t 23 45
Mal ei c anhydr3Pde i 9% oxafle (35) 2 208 3. 138 85 46
Mal ei ¢ anhydrasgde i nggli-oxang (35) 24 239 1.6 325 ¢7
Mal eirzg¢ anhydride in y-butyrol actone (35)° 180 3.2 150 60 66 9 EP -
0147 219 Bl ®ABLE 87%r odudt//by @#Boduct di Stributior@®y-Butyro-90 Succinic
Unconverted 5 arrplse THF5 BOO 0 1 A cohé)l 0I act one
acid pr ecur sor - 38 _ 5§ 21 0 :

0 15 42 0 3945 46 0 10 24 1 0 1 0

0 10 40 72 0 ' 28 -0 0 '

0 41 7 54 37 251 00 o 0 0 : 0
15 4 5 40 4 ' 0 1

11 43, B Ay = tu @, 0
445 - 23 45 3682 e 3 17 34 o 4 1 38 20 -
45\ 82 0 - 17 ' 1 0 146
80 0 46 ad 2 00 0 0925 S
47 3lyg 24 a2 1 | 2 . 1

2
Corrpé$| sonC Fyamlle 1l as repeat ed m(m:nt that the carbon support was

| eached with HC to | ower the | evel of" K to 30 | ess than about 0.001 nol e
percentcop\PFr@P"tCo t he de 05|t|on of the Pd and Re. The ca

C { f
[)n cr g‘?t L U %1 mo?t erce ?F :ﬂ)arto (;bP g‘sttlgno ‘ﬁev}aﬁlﬁl‘l{r‘#ﬁmg&gé’er %ér?ltcglél?eé\l%;m ned
y [ 8% e a&r sk ndPy ,6}343 iflvob t&t.ea%@tm i
pr ocedWwytheendrN pradedure of Emn 234 maats&mmraﬁ. hanadpvunlhof mbatsUp

times ci\dzzhoumsemdwﬁv.&ammctmw 8791 (VHF/BPD! 0) gm/esmcesleieemd of i35/ with tha 3/ 79
(THF/ B lvetiof] "\?Aﬂ%d@@?%?ﬁ@l‘ﬂ"“éﬁ" EBF’WQ)HHQ hpagetima vipldiof 0 with thesetalvst
versds e hiet ®2c83d- 33/ 19 (THF/ BOO) and a spacetine yield of 210 with
t he catghmsib b 485 from which K-was l eached. Exanple 48 A 3 weight percent
Pd/ 3 wei ght3 peigit qistcedteddSowdight -peiear Relcartorcsippdried tcatalyst Vil wafeh @.55moie percarer cent
sodi umsmgmzmae@edcpthheot aswmm@mhwrmrebmhmo mepmd Chigort®PeB

~foll mﬁgﬂ%ﬁg;%@rwascak %59231 fges 'zer%c for
Ton nopaek g?jtt" et E%@Q, iR
scr eeni vighddwith 4 rma.bmﬁu amer Th wabHovdg répddted) 4 Ao drféaEtle@’CVVaS

d tfor 18 hburk.che yieiltl whs MOH@ram'EhJe pathssiumyleasisest chubf)li T4 putasing-fiee carbbh ($000g) S .
: .c ar ben w&gd@eﬁéw saiytior et =30 ofiNagl '1‘ 9 '!‘t‘éd's!“l?ﬁ weter. After tmmw ajfoofp tampdraties  of

o T L S L M"’iﬁéﬁi&d““_

- at 110

efqaeheamr cerehememhomo (cErthir) thgp orbhosBat 1amided1a:mn/ay<sa§euht mo of
5. go otc/ma@k:h amd fv@lmtortbfeettom #tBPQBEIinthetsame heﬁﬂm@vdromewqawresmaf cqatjogin
“te rrper '6?181’"“ sr‘?"F*’f‘u °d "H b’r%;: PP‘KP

8
hour s. ;{% ai.ﬁ%;a |t LR cdica oty
of saﬂnﬂ uded Sﬁd

tdﬂ&%ﬂéscnlﬁ taﬁéve
55 were produced.

Hydrogenation was carried out using 27 g of this catalyst W|th a 35 weight percent aqueous solution of
maleic acid at a temperature of 190°C, a H, pressure of 2500 psig {17 MPa), a contact time of 2.2 hours, and a
hydrogen space time of 6.0 min, The reaction product in mol percent based on the carbon species was
THF - 55/BD0O - 34//monoaicohols - Slv butyrolactone - 3 and the spacetime yield was 240.
60 .
Examples 49 to 51 '

A 3 weight percent Pd/3 weight percent Re/carbon-supported catalyst was prepared in the following
‘'manner: 100 g of Westates CC-521-G carbon was added to a solution of 9.6 g of NadeCl.., 3H,0 in 86 mi of
- distilled water. After one hour-at room temperature, the slurry was dried with stirring via a steam bath. The
65 carbon was impregnated with 4.0 g of NaOH in 88 m! of distilled water for two hours. The carbon was then

The :

vggﬁ Fﬁ%i‘r 1f ﬁ(rj » |




““tenperature with occasional stirring, the slurry was dried at 1 10C f
hours. The Pd/ C sanple was then heated for- one hour at [err] in heli
100 cc/mn, then one hour at [e[ﬁ'l gq%t rﬁﬂydrogen at 100 50 cc/
gach, and- fi nal I'y, for three ho t # t he sane heliunf hydr ode
at nosphe r\eashﬁmé\rdlsylwl watey umﬂ chlbndelflewr 1ﬁ g biché Rihanfeytoog@idle Wdaeeceedreddolmm\g
passi vat egiiyfp& 'U)Ff»‘f 10?‘7(3‘?' 1£8rsrib\uasghenmete¢pagequraa@téﬁp"c in
Pd/ car b e ST SlF BT,
51 m Wrﬁﬁ\ydr ehhe &mpﬁ Qwsﬁat fd5én 1Y 1{86' %l‘ﬂ&l

stirri ng reuced ed/crwag/addastodrsbradmmfﬂew}fdma daaussmr dftust ms:n
reduced a'mﬂ sagwemmat@rs- tuewmman@mm’c 14i718hogrs e mﬁltﬁtﬂmcrbatab/sad@sst

55 were p’F?J‘P;&;: enat‘ oot 2349 fe ‘%’c SI n of this catal yst

U b e o 0 SR I TEAS I B it

of [err smniﬂfop@mwwa:aﬁfple% psig a contact

and a hydrogen space tine of 6.0 mn. The reactron product in nol percent

based on the carbon speci es was THF - TABEBDO - 34//m)noal cohols - 8/y -

butyrol actone - 3 and the spacetine yield vvae,m%43”b anpl es 49 to 51 A 3

wei ght "Ber cent Pd/ 3 wei glieadih CENt RRRAGRT DON- SHHBOMAMC At Al Yo VO

prepared in the fol |l ow ngnpgsrnnrer . 1dfatag of VVeSimi®sudd®- 521- Grigl bon was

added to a sol uEkamplef 9. 6°¢ of NatrFel@rst* 3H20(mah p8Gert Of dlvbtdl |l ed water.

¢ After one hour atr  Joomte grarure e SturTy TS et wtiTStTrring via

. a.st-eaffbath. The 65 carbon was |rrpr%gnat ed wr?%" 19"6 of NaO®in 88 nl of

~distilled water fgg two hoiggs. The cgpbon was EdMais siidss EP Ok47 219 B1 |
washed with distilled water until chloride free, 150 g of the Pd on carbon

- sanpl e was recovebPed fol | o¥ng dryi ng8 and 45 ép/as8.5288 Pd on 18&r bon was

' dried & [err]J TOor I8 hrs. Tt was then neated, one nour at I50CTn He

fl owm ng at &Qg}g.%mogm,fogl Inq,mgo,by%ganlgpur at [err] i n helium hydrogen each

at 100cc/ m Ry-Bamfbiskiond| | y, for three hours at [err] in the flow ng

hel i um hydr 8’§m¢mwa¢ﬂsphere After cooling under flow ng 5 hel.ium hydrogen,

t he sasgpl f;t ed wrth 1 5% oxygen in nitrogen for 18 hours. Then,

i SrQJm%Hgon of 1.5 m of 0.2M [err]

a SI
| 29.38 g rﬁq"f%gﬁ%a
and 38.5 o b1 Pal3hE S wiightpSrodtt of FEPEH SridbnGvas ¢ N€
sl urry wasepdredé@ith@dolidwiing ﬂlarfnelf Ca‘t rhmo@smraéiﬂcsgm%s&cmt%aradé i@c}&tta ;&I;swas

reduceés cheh &mmatvmoas ﬁbm\ﬁél!’em he/cartiof whs r vefedoabao mesh sieviy. quentidli on

was carr |‘!9 °sd¥lﬂ‘ °d§ h Igin ) FPWH@SF@ I|‘P"‘t3e Pfét'ma@y‘ea

cont act Jﬁﬂ‘h S \r@m' éé* .m §;’ 'g,. ﬁfc% (17

IVPa) and rage,nm%ms&bdmam mmda {heee BLE 9
40 added to 19.86 ml of a solution of 0.2 M Re,0, in 65 mi of dlstllled water Aftd?rtmehmh»‘s/ »h;rrqaéaeidwt

" React i on stirring, gisepm tegperature, the'FP-FTI PRedried asH1QB¢ fdr eighteen yyss: One gnapeof shedrind

 cantact wﬂﬂ’@iﬁﬂ%ﬁf;’"ﬁ; houh 100 e%%ﬁﬁ'“%?.":f' iR '°":£é'5g‘§§§35 bide *595%%

: ours in the ¥i 2 atmosphere The sa le was then 00 room temperatu
_ 2 2/ 1 1/ 452/ réducddlPd/Re/C samBie assivated in 1.5%.8ygen in nitrogen fop entheen hours. The yield was 46.68
56/ 181/ 3. &1 sasgvated, redo@8 FS@S/C catalyst. 190 8

- 86/8//3. 5[ 21 ;genmg ‘r';ai riet eae; m?g'aq'%r?otﬁdé N ?duwobmmures reaction

 N- Pr OPaNOJorectviiot | B ToHg & pHgetisninewing i npomBigte CaRSEINE A7 P o H
~ Sequengg al Pd/ Re. deposr tion w t hout intermedi ate reduction A catal yst
conprised of 3 weight percent of Pd and 3 wei ght percent of Re supported on
carbon was prepared in the follow ng manner. Carbon, 100 g, (Cal gon PCB

- 12x30) was cal cined at 200 for two hours, 35 then at [err] for two hours.

' Then, £5.25 g of the carbon was recovered on a 20 nesh sieve. A sequenti al

- deposition of Pd and Re onto the recovered cal ci ned carbon was nmade as

“ follows: 50 g of the calcined carbon was added to a solution of 2.5 g of

. PdCI2 and 10 ml of concentrated HCl in 75 nl of distilled water. After
three pours at roomtenperature, with occasional stirring, the ‘slurry was
dried at [err] for eighteen hours. One gramof the dried Pd/C sanpl e was
renoved for analysis, and the remainder, 50.31 g, was 40 added to 19.86 ni
of a solution of 0.2 Merr] in 65 m of distilled water. After three hours,
with occasional stirring, at roomtenperature, the slurry was dried at

[err] for ei ghteen- hours. One gram of the dried

11




_Pd/ Re/ C 'sanpl e was renoved for analysis and the remai nder. was heated at -
'150C for one hour in 100 cc/mn helium then at [err] for one hour in 10Q
cc/mn each of heliumand hydERPg@M47219hB1 at [err] for three hours i/
fLow ng He/ H2 at nosphere. The sarrpbg '\é:l\a? then cooled to room tenperat
The 45 reduced Pd/ Re/ C sanpl e was B Pated in 1.5% oxygen in nitrog
ei ghteen hours. The yield was 46.68 g of paseddiaiithrodugiduced Pd/ Re/C
cat al ysty_;Hydr ogenat i on Reestiozar r i cRdaction as i THEBBOKEGRY 2 t OSdatewi th the
reduftion tenperaturesePREEIYPE on cesntaglct ti nedvaciiityi®esul ts terown i n Tabl e
10, said resuPFRER¥wi ng ificonpl et@® Hver si oMol PREEeBbor selvigd i vities. 50
55 60 65 11 B> 0147219:dgi TALE 1QqProductd.f¥z BEQQEt Reaction

React i on THF/ BDQ/ / al oh[ err] Spacgersion was so low,
t enp¥rat ure cont act - [err] t | reect@osyptami shyged [err]
time (hrs) (ol percent) yi el dang no resuits were 180 : 2.0

Succinic acid con- version was so | ow, to  obtained. Highest

react or system plugged and no results were 8@&%‘3 H ;i.gf-hmghest product pH
priots to pluggi nEg=2. 0. 15 E 200 2.0 :

45/ 8/ 113/ 34 158 F 200 2915 45/8/NJ34) 158 65/ 4/ 1 25/ 6
199 20 G 21 4 37/5/110/ 48
184 H F 220 25 2o P 13144 1 ' 104 25

[errd Total nonaal cohol s:218- but anol 1.4n- pr opanogzsheédg | ' Succi fagc aci d.
[err]-Butyrol actone. 30 Exanples 52 to 56 Carbon, 400 g (Cal gon PCB 12x30)
‘was_added to 1 MHCI. Aft#° 24 hourd® the car h3¥¥A@4# col | ect®d on a fritted
funnel and then washed wth distiTTed water unti1 cnrortade-rree. The acid

t r eadsme Nt moRsatoRdls: HEuanble RYfdpesbi.and the carbon was then dried at 110C
for 48 h&SuscinicTlaid. aci d- washed carbon was recovered in the amount of 385.3 °
grans andyRybedaptesat |y used as fol l ows. 35 A catal yst conprising 3%

Pd/ 3% Re/ C containing 0.30 nole percent My (Exanple 52) was prepared as

f ol | g\WSeambiek 35 1o §§- O grans of the acid-leached carbon was added to a

sol uti on Cafbos, 400 PR algor(FCB[12%30) whsaddddo M Hef. ARr2h hdurs the Wb & was &fife&Ed &Y €€
hour s #itted founel and tise washed withdistitlecheatersintll alalbridetfies. Thelapid ttelenent and wishw@vefd | ed,

with f y;gqeﬁéﬂ%;\égf 5??’%: fhgf i%ieﬁ* a;]u 6 for @8 heyre Ihe sristwashed RatsonyasTecryanetl in was
comp -

cal gjsned A1 YRR follaps.1 ¢ n_additional -two hours.

e ey SRS RIS o o e o el P

The cal®oimietdis@lleCwatet) Alter thras Boursl startlorh Gantpefatird WvittD becaifond!. strrBlg RS s! | 2+10

m  of grisdcudfreguanystining. ptrd 19°6 farieighteerchoutsi THecMip/Queenmle, wakifcslained 4t 2@REC fobtwos  at

roomyt swg*?j%‘fT Cf5én aedifong! TR Boust. Terresuipatisalripesy MekSisaroplp wes spiectastonfac r |

-for “ei ghtrregudidt Mivc, Uy, Ral ddaddto S B8lcR mﬁﬂg&&&e%%gﬁ&%ﬂ&ﬁﬁwﬁm Lerr]
dr i

- for onms dieAdistiled Water. Afsr Hrée HOGs at Fodm terpBratike, the )it fddueht btisidg, CC/ M N
- ‘each oft 1HE¢ fopeighieed hh%ibgm-wndarﬁﬁlmisltlyenabduﬁ:eruv}\eéiﬁg 8t060°C fok 611 HoGiA $001 N

1 1'ewii, nEFITHR Pyt horiatd BEG for prechagping (Goolmis eash of hekiun and hydregereand dinaily at 01Cn
-1 o ngll, mggn' 7Y ﬁﬁﬁ{% 3@%%%%%&% roon gmperature inglowdngght een
““hours.  THRéh, 4 JéfaBreliced PoC-Mg dith) Qﬁ}e t‘g"#ﬁg 82 S ddg e port® M
~of 0. 2didiRbafer. Aftedtheed hobrs stfrogin Binpérhtak, WesierFy. wabkifier at 1 10f036r Shots. FHeOM
't enper EA/Re/EMg spraple was then vieduced dsctdscaibed shopd following thgHRdemeiditibro endsthe Tétiaced
" Pd/. 18/ et 3 P WA pasiuted B g dtivern in pitrepsnarieiatiingp Sors, Raesiviated reduesdPd
cadditi on 2ndg catalyst was pro ‘m;‘ .%éﬁ) ﬁ"m ssi.yvated in 1.5%
- adad N A3 aiyke'e6mp : ' ing0.30 Mo nt;F?gaﬁEé A Was prepared as
1. OXY genfolldwsFiist, 06)EgtarhEéf il agidlidaeted datbdrSwas Badedlitd/ on &2168 § ©f CaCl, in 150 mi of
- distilled water. After three hours at room temperature with occasional stirring, the slurry was dried, with
" . - &5 frequent stirring, at 110°C for eighteen hours. The Ca/C sample was calcined at 200°C for two hours, then at
: 400°C for an additional two hours. The resultant calcined, Ca/C sample was collected on a 20-mesh sieve.
_ - The calcined Ca/C, 50.0 g, was added to a solution of 2.5 grams of PdCl,+10 ml of concentrated HC! in
- 75 ml of distilled water. After thrée hours at room temperature, the slurry was dried, with frequent stirring,
at 110°C for eighteen hours. The Pd/C-Ca sample was then reduced by heating at 150°C for one hour in 100
cc/min helium, then at 150°C for one hour in 100 cc/min each of helium and hydrogen and finally at 300°C
_ fqr_ three hours in the flowing helium/hydrogen atmosphere. The sampie was cooled to room temperature
- in flowing helium/hydrogen and then was passivated in 1.5% Ox/N, for eighteen hours. '
oo 'Then, 49.0 grams of the reduced Pd/C-Ca sample was added to 19.35 ml of 0.2 M Re,0, and 65 mi of
distilied water. After three hours at room temperature, the slurry was dried at 110°C for sighteen hours. The
P_dIReIC-Ca sample was then reduced as described above following the Pd addition and the reduced
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d/ Re/ C—I\/g cat aI yst was produced I n the amount of 48. 34 grans. A cat aly
‘conpri sing 3% Pd/ 3% Re/ C cont ai hi ng 0.30 nol e percent Ca (Exanple 53) wa#s _
f- prepared as follows. First, r hg,aci d-1 eached carbon was (€
I to a solution of 2.66 g of [err?E? 6@ %?é E"dr stilled water. After t

E hours ‘at “PaBerC- -Ce baalysh ivas Passivvdtddl i0 0 GHSIxggenl in Bitrogeni fagighitded hedrsirPaysivatad, reduced,

. with 55 deﬂd@-ﬁ@ ce!@'vatrwan rodacedlmlmrfmmteﬁ emmdnours The Ca/C sa | e was

£ calci ne | "P'Wb h fPGT"e ,r’ rs.
© The resy gﬁ aa%' ém lh WE ,w.T
¢ cal cined z 9 agnmsr tﬁsamﬂo bummacaran&rm

i concent r auec tdCan addm‘iﬁal Mo hn‘ursdTlmtreduItaml calghieds K/C Adrbple wistolieeteld ©onl ra QO-atesrr shym

~ tenperat ure T'Phﬂc'sqdm WE‘!}‘“W'WW“P? E'm"fgﬂ'r*rw f° Feld Cf'tb?5 o
~eighteep "‘Qn% é"m’u r ,a'tt Hpe: for
- one hour wm trféﬁ am una.ur oat,.n[s% haidin aRd fy r;amnl s
. each of hedritiéa mnd ingiel n@gmenmrhidrmh bnd thén viaebss]s.vitad-nub%enm;muéughteem Hohe

fl owi ng hel i Next, dn@ 1of the mesiy mKéﬁh\sle @dm@ ®ouwlof 0.2 (MR, 00and 65 mi of

. tenper at ur" %ﬁ qﬁ:'ﬁgrovﬁ 93'5 P'H fat qightgen hqu
[err] f8 %EE | e | 3 fﬁﬁyg%gtfﬁ'a T ga
was addedp |YQ§| wﬁf

.three hours m&awmmwapgeseatpwm FlertCh:OntSuhi:lg D.§6 m pdmm:d (Bamplars6) wafs(preperregbs een

{ hours. %'I‘;héo"oteﬁ Firet, /SR8 gameaf T’ H@cmgafbbrgt!tjasﬂé%hggds%wde@d? gm-aoamsveso ml
f ol 1.owi#g % %At ﬁ‘.ﬂw ?hﬁ?{
{ catgryst i :g.;" Mhitfﬁ%‘e : it o '.’a.féh’“ﬁb‘t"“ ‘ﬁ'“ﬂ,gg cof %&.‘ﬁ@ °;‘v2‘
§ Passivat ed, THaGal6fed LIRCIEE0 grembsiavas added tQlsolion oP2.SgHG Puct,mbeu arama tr
4 grans. A dxamarh dtdlatimmnatm Afpr a%dquﬂua%tmednﬁmatamren rthtgu@rv?v@s ripied: vvrttbrfxaqnmt K
§ (Exanplz 3 '"ﬂNa"s"Ea '9@&"&(‘9“? B@%USF'F'P'O was then ° F‘g émﬁéqf%ﬂq@at:hed
| carbon wa rgﬁr ﬁsﬁ,ﬁm ﬁu%d?o%em §a§5£ Tﬂltf %o'e{m‘{
| vater. Afidn eF gshe’rt eh G B @ef lws Hadl d@h? ﬁﬁl m H‘tJehriBu he

} slurry was ! 5\m dtfmqamﬁad RG-Lilsarfigle wad added to] 19/50ml oeoghtmaao, 160 i off e
4 K/ C sarpl distilied waut é\ftcreltteaahou o mtampetame th@aln washilend 211 10°Cdor dighitesn houns. The

Sgdééﬁ”§:P§¥%ug %@g f‘fg v@g% P Wdﬁagtrf %PFHH‘%’E%H"%S) "o

4 grans of ﬂmeamy%ta eHG&ordurg: plé¥is il Sdrhprisg 3Waals, RS t €T
3 t hr ee. hwukentaibing mmnibbearpmt b (Examplé $63 werewseadyin hyaigogeatianliuns\éarded oty deseiibed in
g stirring, Bample 7 tor 4] withoreactipey kampersturRs, regctior isentyny timex anchifepHite sheyg ntahle 1.
4 reduced by heating at [err] for one hour in 100 cc/min helium then at
4[err] for one hour in 100 ccmin each of heliumand hydrogen and finally at
d[err] fgr three hours in the flow ng helium hydrogen and then was
gpassivated in 1.5%([err] for eighteen-hours. Next, 48.4 grans of the
ireduced Pd/ G- K sanple was added to 19.10 ml of 0.2 MJ[err] and 65 m of
idistilled water. After three hours at roomtenperature, the slurry was
idried g} [err] for eighteen hours. ‘The 15 Pd/ Re/ C-K sanpl e was then reduced
ias descri bed above foll ow ng the Pd addrtron and the reduced Pd/ Re/ C-K
4catalyst was passivated in 1.5% oxygen in nitrogen for eighteen hours.
‘§Passi vat ed, reduced Pd/ Re/ C-K catal yst was produced in the anount of 48.67
aQramns. & catalyst conprising 3% Pd/ 3% Re/ C containing 0.36 nole percent Li
;(Exarrpl e 55) was prepared as follows. First, 96.0 grams of the acid-|eached
fcar bon was added to a solution of 1.17 grans of LiCl in 150 m 20 of
.rstr |l ed water. After ‘three hours at roomtenperature with occasi onal
t|rr|n5% the slurry Wwas dried, with frequent stirring, at 110C for
i ght een hours. The Li/C sanple was calcined at . [err]C for two hours, then
it [err] for an addrtronal two hours. The resultant cal cined, 'Li/C sanple
bas col l'ected on a 20-mesh sieve. - "The cal cined Li/C (50.0 grans) was
ded to a solution of 2.5 grans of [err] 10 ml of concentrated HCl in 80
~of d%tilled water. After three hours at roomtenperature, the slurry
s dried, with frequent 25 stirring, at 1 10C for ei ghteen hours. The
/C—Lr sarrpl e was then reduced by heating at [err] for one hour in 100

min helium then at [err] for one hour in 100 cc/mn each of helium and

rogeFF and finally at [err] for three hours in the flow ng
i unm hydrogen at nosphere. The sanple was cooled to roomtenperature in

Bivi ng hel i um hydrogen and then was pasivated in 1.5%[err] for eighteen

-'.Qis. Then, 49.5 granms of the reduced Pd/ C-Li sanple was added to 19.5 ni
[). 2 M Re207 and 60 m of 30 distilled water. Afterthree hours at room -
rature he slurry was dried at 1 10C for e| ght een hours_colhe -
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addrtron and the reduced Pd/ Re/ C-Li catal yst was passr vat ed |n 1. 5% oxygen
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345 [err] Total nonoal coP® s: n-buffnol, n-pri&geier. 40 lerr] Succinic

acid® [err]- Bu[‘_’%rol act opa. Clai s, 45 1. ,ﬁ;<ql yst conpgsite of

pal | adi um and fheni um oggga car bonygupport, tHgyeRIAPOSI te caygpri si ng about

0.5% to 10% of pal | adi uppcand about.41% t o 10%ssiresheni um byswsot al wei ght,

t he pal | adi um bei ng preg®nt in tha&oform of %@@{Kli tes ha%dng an aver age
sizeoof about 10 nmto 2% nm and e .rheniu 509 present™¥n the formof a
hi ghly di spers phase crystal Li,t es havi verage size of less than
about 2.5 nm 2.? met hod :é‘r maki ngr%ﬁ%gn,srgt al yst cfo_)%posite of claim
1 conprising the steps, 206n sequenad: (i) i npwAgmwaai ng t he 2sarbon support
“withsa source of palladk®m said pdlladi um BMHE1BNn sol uti B8, (ii) renoving
the solvent, and heatind'® he pal | &di um i npr Y23 carbon 35 a tenperature
of about [err| to [err] under reducing conditions, (111) applyng to the

pal | adi umToFPMBedaRtbRdk: GRsulimbl, A-pFopliioh.e Of rheniumthat is in solution, (iv)
remewi ng @saecidobeicent , and (v) heating the catalyst resulting fromstep (iv)
at a t enpyrButwdestade. about [err] to [err] under reducing conditions.

A Claims

45 1. A catalyst composite of palladium and rhenium on a carbon support, the composite comprising
about 0.5% to 10% of palladium and about 1% to 10% of rhenium by total weight, the palladium being
present in the form of crystallites having an average size of about 10 nm to 25 nm and the rhenium being
present in the form of a highly dispersed phase of crystallites having an average size of less than about 2.5
nm. :

50 2. A method for making the catalyst composite of claim 1 comprising the steps, in sequence:

(i) impregnating the carbon support with a source of palladium, said palladium being in solution,

{ii) removing the solvent, and heating the palladium impregnated carbon at a temperature of about
150°C to 550°C under reducing conditions, '

(i applying to the palladium impregnated carbon a source of rhenium that is in solution,

55 {iv) removing the solvent, and . :

{v) heating the catalyst resulting from step (iv) at a temperature of about 150°C to 550°C under reducing
conditions. ‘ '

3. A method for making tetrahydrofuran, 1,4-butanediol or mixtures thereof comprising hydrogenating
a hydrogenatable precursor in the presence of a solvent medium and a catalyst composite according to

so Claim 1. _

4. A method according to Claim 3 carried out at a reaction temperature of about 130°C to 285°C, a
hydrogen pressure of 2 MPa to 356 MPa, a hydrogen spacetime of about 1 to 10 minutes and a contact time
of about 0.5 to 7 hours. '

5. A method according to Claim 3 or Claim 4 carried out in agqueous solvent medium. .

65 6. A method according to any one of Claims 3 to 5 characterized by controlling the relative ratio of
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3. A nethod for nmaking tetrahydrofuran, 1,4-butanediol or mxtures thereof
conpri sing hydrogenating a hydrogenatabl e precursor in the presence of
sol vent nedium and a catalys [ ording to 60 Claiml. 4. A =
met hod according to.Claim3 Efmg‘;i?? gfa reaction tenperature of a@
[err] 'to [eFrr], a hydrogen pressuresstf 12 MPa to 35 MPa, a hydrogen
spacetinme of about 1 to 10 m'nutes and a contact tinme of about 0.5 to 7
hours. 5. A method according to Claim3 Otp"ﬁf:‘ Ig{:ﬁ:‘,ﬁ‘rri eg out in aqueous
ti

sol yent nedium 65 yemdarandfe MTEt NQG@ccor di rTgu @ ghji@ one o aims 3to5
charact eri zegkahigieCoNnt r okd i Ng t hemé M)t | Ve T Bhdl GerbntiL4 Bri®147 219 Bl
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210 205 1.4 - 1121116/ 254 .
210 - % . 4 el 64/%2//8/ 16 %ﬁgj’,’,’g’,ﬁ 318 21@,7%5 1.4
74/ 10/ 112/ 3 34%0s[ err] Tot ak nonoal cabossan- but anoksa n- propanol . 40

[ er#] Succi ni ¢ aci d. [er21gy- But yr of-Act one. Cl6¢1#816. A cat aBy8st conposite of ,
pal | adi um and rheni um off®a carbon8upport, t"A3Y%&3posite c¥Pprisi ng about
0.5%to 10% of palladi umand about 1%to 10% of rhenium by total weight,

t he pal | @tdealmdRhIBcholdt Aol Mplopshol.Or m of crystallites having an average
si ze@ of ‘?&mihicjdaidnr mto 25 nmand the rheni um being present in the form of
a hi ghl y*¢Butyelestere. phase of crystallites having an average size of |ess
t han QU 2.5 nm so 2. A method for making the catal yst conposite of
claimX1 conprising the steps, in sequence: (i) inpregnating the carbon .
SURPOrt WA Eatalyst Cdmigositeddt paiddiuRiaridherfuh Bn B2brbartlbupBdrt) @heebmipdsifedottiprisiig (11 1)
I enoV iahept D5 @gp‘%ezﬂp,allaa:pm Téabqung%tthéoepaf thanium by itatg) m@hatwammgeim a
- Ty tes havipg age, s a it enium being
e 0 forn SN IRN didpetss ke 0f e F T e et o abour 2.0
nm.
50 2. A method for making the catalyst composite of claim 1 comprising the steps, in sequence:
(i} impregnating the carbon support with a source of palladium, said palladium being in solution,
{ii) removing the solvent, and heating the palladium impregnated carbon at a temperature of about
150°C to 550°C under reducing conditions, .
(iii) applying to the palladium impregnated carbon a source of rhenium that is in solution,
55 {ivl removing the solvent, and
_ (v) heating the catalyst resulting from step (iv} at a temperature of about 150°C to 550°C under reducing
conditions. - '
" 3. A method for making tetrahydrofuran, 1,4-butanediol or mixtures thereof comprising hydrogenating
a hydrogenatable precursor in the presence of a soivent medium and a catalyst composite according to
50 Claim 1. :
4. A method according to Claim 3 carried out at a reaction temperature of about 130°C to 285°C, a
hydrogen pressure of 2 MPa to 35 MPa, a hydrogen spacetime of about 1 to 10 minutes and a contact time
of about 0.5 to 7 hours.
5. A method according to Claim 3 or Claim 4 carried out in aqueous solvent medium. o
65 6. A method according to any one of Clai!ns 3 to 5 characterized by controlling the relative ratio of
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) ppfying | ;fhe palln |npregnated carbon a source of rhenfu.
~in- sol utjom, (i v) renDV|ng the solvent, and (v) heating the

cat al yst:: resultl ng from step (| vV EP e1r4mwfgag1jre of about [err] to[ &
under’ r educi n% conditions. 3. A method for maki ngﬁt etrah dr of ur an,

fi v oper,
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. reacti or®'tfermpen aguaous exlutioh i majelsr acidt a3 YEB@enatebleyrdecutge pressure of 2 MPa to
35 MPa, a der ’%%rg spacetl me of about 1 to 10 minutes and a contact tinme of

about 0.5 urs.: 5. A method according to Claim3 or Claim4 carried.
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nt present sous Ia forns d une phase hautenent dlspersee de
allltes ayant une ‘taille. moyenne. de noi hs d' environ 2,5 nm 2. U
.r ocede de preparation du catgbygquqmml te de la revendication 1
'f*conprenant | 'es operati ons conS|stent succeSS|ve

. eo& ji vanah‘lés)chasles
| Irefatif dytdtrphydrefurens di t
pr e gragortl pioe ZTEE?EE <kﬂh@9%§ Rnigs ﬁ%ﬂ eloLIM

“pall aonaugq .. _t_tmér lo%*@ aﬁ: (ﬁnsss&uuamtprécmmomw deer |e
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pal adlaumtmesiatpr&cersde hydrogAnable-qui est en sol uti Aelimner le
..solvent,;. et 55 . (v) A chauffer |e catelyseur rgsargaﬁ%_a—_r“‘ﬁeration
(V) a une tenperature d' environ 150 A 550C sous Tﬂﬂ' E

.redugtrices. 3. Un procede pour la preparation de ,m" muﬂf {l ,

-1, 4- but anedi ol ou de mel ange de ces corps conprenart F'hydrogenakl on d un
precurseur hydrogenable en presence d' un nileiu solvent et d' un catal yseur
conposite selon |la revendication 1. 60 4. Un proced6 selon |a
~revendication 3 ms en oeuvre a une tenperature de reeaction d' environ 130
a 288C, une pression d' hydrogene de 2 a 35 MPa, un espace-tenps d’ hydrogene

d environ 1 a 10 minutes et un tenps de contact d environ 0,5 a 7 heures.
5. Un procede selon la revendication 3 ou la revendication 4 nmis en oeuvre

d:”?&rﬂaewbﬂ ahidRGy alsine o' ehvdride mal 950‘5'2 ®® sous -

P
$

dens un nilieu solvent .aqueux. 65 - .6.-Un procede selon |'une quel conque - °

des f%vendications 3 a 5, caracterise en ce que |l'on regle le 15 -EP
0147; 219 Bl rapport relatif du tetrahydrofuranne au 1, - butanediol

faisant varier une ou pl usi eurs vari abl es' choi si es parnl | a tenperature de =

travail, le tenps de contact et |'espace-tenps d' hydrogene. Un procede
sel o | ' une quelconque des revendi cations 3 a 6, dans |equel un precurseur
oxydabl e de |*anhydride mal ei que est oxyde pour fornmer de |'anhydride
mal ei que et 1'anhydride maleique fourni par 5 |'operation doxydation est
recueilli dans de. |'eau pour fornmer une solution aqueuse d' aci de mal ei que
faisamt office de precurseur hydrogenable. 15 20 25 30 35 40 45 50 55.60
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