ANLEARA R - | > |
DE86008858 | NTls

One Source. One Search. One Solution.

TRIFUNCTIONAL CATALYSTS FOR CONVERSION OF
SYNGAS TO ALCOHOLS. SIXTH QUARTERLY = -
REPORT, DECEMBER 1, 1985-FEBRUARY 28, 1986

DELAWARE UNIV., NEWARK. DEPT. OF
CHEMICAL ENGINEERING

04 APR 1986

/

U.S. Department of Commerce

National Technical Information Service




‘DOE/ET/14880~-T10
DES6 008858

PRTFUNCTTONAL CATALYSTS

FOR COMVERSION OF SYNGAS TO ALCOHOLS

Sixth Quarterly Report for Period
December 1, 19353 to Febuary 28, 1986

K.h.njsghoff, William Manogue and G.Alex Mills
Coprincipal Investigators .

Sidhakar Chakka, lostdoctoral Fellow °
Wazeer, Graduate Student

{lenter for FaLﬂ]yth Science and Technology
Department of Chemical Engincering
University of Delavare
Newark, Delaware 19716

Date Published
April 4, 1986

B Prepared for -
Fossil Fnergy ) i
Department of Energy . *

tUnder Contract Me. DE-AC22~-79~-ET14880



. Thia report was prepared as &n accouﬁtﬁpfkwork.spohgor?dﬁby
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OBJECTIVES

Tagk 1. Preparation of catalyst samples .
2. Testinp catalysts for syngas conversionh
3 Measurement of surface composition and structure
4 Determination of nature of surface complexes N ‘
5 Reaction mechanism determination by isotopic tracers and
kinetics . . . .
5 Design, prepare and test optimized catalysts



TRIFUNCTIONAL CATALYSTS FOR CONVERSION OF SYNGAS TO ALCOHOLS :
- ﬁOLYBDENA - MODIFIED RHODIUN-CA&ALYSTS

ABSTRACT

\§fpe addition of relalively large amounts oflmolybdena to Rh/A1203

“catn&ysts ( Mo/Rh atom ratio of 2 or greater ) was found to increase Co
' i
hydrogenat:on activity by a factor of ten. Moreover, under standard test

Ml
N .

X CFHstJQnS the selectivity to oxygenaLes is increased from “about 35 to
abant 85%, The C1/C2 oxygenates ratio is increased. Ci oxygenates include

Heoﬁﬂ iieOife and MeOEL. The Rh/ Mo/Al203 catalysts also show high activity
for ;ne waler—-gas shift reaction, ' -

3%. !I003/A1203 vésited under similar—conditions { -250% ¢, 30 atmos., 112/€0
iwz,h3.000 GHSY ) displayed low activity 3 only hydrocarbons were #

prgsuced. . ) .
ﬁQ/TiOZ is more active Lhan RhW/A1203, Rh/Si02, Rh/MgO or Rh/LaZ03.

\
However, Rh/Mo/Ti02 was less active than Rh/Mo/A1203.
During the course of Lhis work, a few patents were located which also
i
polnt to Lhe high acrivity of catralyst conLalnlng Rh and Mo. However

these patents do not provide a systcmat;c study nor an understandlng of

Lhe nature of this enhantement. Our research is dmggcted to.ldentlfylng
. i

the surface chemistry which gives rise to such stromg activity and

sclOLLlVJLy enhancemenL. It is conjectured that hydrogen actlvatlon is
- i

particularily increased, possibly on Mo03 with tra fwsfer to CO chem:sorbed

o=

on the Rh,.
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ARIFUNCTIONAL CATALYSTS:FOR CONVERSION OF“SYNGAS TO ALCOHOLS
MOLYBDEHUM - MODIFIED CATAL%STS

;7 llydrogenation of CO by rhodium-catalyst@ is under intensive

- . . - !

investigaltion worldwide (1,2).:Rematkah]e Qhanges in activity and
"t . ’ N \ d

sclectivity can be induced by variations in}support and/or by the
. 1 .

addicion of chemical modifiers.

)

\ . X
Recently’wve have found that the addition of relatively large
; . b : v
amounts of molyhdena ta Rh/A1203 (Mo/Rh atom|ratio of about 2) increases
. N e }
the activity for CO hydrogenation by a factor of ten, that the

selectivily to oxygenates is increased from about 35 to 85%, and that

the activity for promotiiig the water-gas shift reaction is also greatly

cnhanced ( important in generating II2' in syngas of low H2/CO ratios).

Experimental.

Supports wvere :.CATAng gamma aiumina ( extrudate from Air Products
and Chemicals Inc.) calcinéd‘at 500 (all temperatures C), 200 m2/gm;
Davison silica gel grade 57; titania P-25 from Degussa. Commercial
Co/Ho/A1203, Amé}icaﬁ Cyanamid Co. catalyst ﬁDS—lSA, 5.6%C00,11.2%Z Mo03
was also used as 'support'. Rhodium nitrate vaé sulfate-free 10 wt.Z. Rh
Eolution from Engelhard. Ammonium méiybdate was from Alfa Prpdﬁtts,-
Puratonic g;ade. All catalysts excepL Mo/A1203 ;ontained 3 wt., 2 Rh.ﬂ

Catalysts wére prepared hy the i;cipiené wetness method.

3% Rh, 2.8% Mo/A1203 was prepared by coimpregnation (pH ca 1). The 7.5
and 15% Mo catalysts were prepared by first depositing molybdena on
alumina using ammonium molybdate solution adjusted to pH 1-2 using ﬁNOBf
-drying and cﬁlcining at 500 , followed by impregng;iéh with Rh nitrate
solution. For the catalyst containing 15% Mo, the Mo was deﬁﬁsited'in

stwo steps with a 500 calcination in between. The Z Mo quoted is for the
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metal by wL.; Mo is undoubtedly present in an oxide form.

CatalystL testing was in a flow reactor system ( ca. 0.5 gm. catalyst) '

200" - 275° , 12/C0 = 2, 2,500 -356,000 GUSV, at 30 atmos. Analysis vas

by on-line GC using a singlke Tefloﬁ‘ lined SS column packed with Porapak

QS. A porapak T column was used to résolve three peaks each having a
pair
of compounds. Confersion of CO is reported on a total basis. Selectivity

. I U T . AU :
is on a CO2-Freejbasis, as others have done; this applies to individual

compounds and to % of CO converted which goes to oxygenates, reported as

M
N
-

% 0XY., and the perc@ﬁtage of oxygenates greater than Cl, which is
reported as %C20XY.

Activity,Results

Rh/Mo/A1203. The effect of incdrporating increasing amounts of

molyhdena in the Rh/A1203 system is shown in series A, Table 1. Activity

increases such that when the HMo/Rh atom raLlo reaches 2 7

(7.5 wt.% Mo/3 % Rh) the same CO conversion is reached at 36,000 GHSV as
sith Rh/A1203 at 3,600 GHSV. . -
- Mo/Al1203. Iﬁ.erdcr to determine the effect of molydena on alumina,
Mo/A1203 catalysé B was inveslLipated. Activity was found to be at a
comparatively low level and, significantly, only hydrocarbons were .

formed. ' '

Rh/Co/Mo/A1203. While catalyst C showed high activity as

expected, no unusual results attributable to the Co were observed.

Rh/ Other Supports. Rh/Ti02 is the most active of Rh/Ti02, Rh/A1203

or Rh/Si02 ( or indced Rh/Mg0 or Rh/La203, not shown).It was thought
that possibly Rh/Mo/Ti02 would have superactivity. However, while more

active than Rh/Ti02 it was not as active as Rh/Mo/A1203.



Selectivity Results.

The,influcnce of catalyst composition on selecivity is of
: X

special interest., Tirst it sh&uld beihoted that the addition of Mo03
greatly increases the vater-gas shift reaction. Indé;d, with the higher
amounts of Mo, 20 to 35% of CO reacted under the test conditioms

was converted to CO2.The vater needed for the shift reaction came from
the synthesis of hydrocarbons and higher'alcohols; ’

= It was previously established that the selectivity of supported
rhodinm catalysts for oxygenates synthesis is dependent on'co;version
_level (3). This is 11lustrated in the figﬁre by the line for Rh/A1203.
Also evident is the major increase in selectivity for catalysts of N
. various Mo contents. This figurc also dcmonstrates the decrease in
selectivity on increasing the reaction temperatgre from 200° to‘225—250‘D
for the 7.5% Mo catalyst.

The distribution of individual oxygenates is shifted significantly

by the addition of Mo to Rh/ALlZ03. The percentage of C2+ oxygenates
. i

N

decreases from about 75% to 28% (Table 1)..A more detail®d comparison
of Lhe distribution of individual compounds is shown_ in Table 2. Note

for the Mo catalyst not only the relatively high‘MeOH but also the

high cther and low ester formation. . !



Discussion.

'
‘.

The scientific idterpretation of rhodium catalysts and the effects

]

it

of supports and modifiers'has been controversialn Considerable T

7

evidence pOJan to the'crltlca]:Ly oF the oxidation state of the Rh on'

) '
H

control of oxygcnates through a machanism which involves -

._,.,.

non- d;ssoc:aleu LO chcm:sorpt:on (1 2).
The contept of an " ensemble " of Rh aLoms has been advocated Such
. ' ) . // .
S . ; A B
an enemble is believed Lo .have a minimum numben~o£ atomg necessary to

.

act qslan anqugté catalyst;site for'activaton of the 'CO.and H2

nolacitles (4,5).

. S o~
3, e

also becen put forward (b) lﬁ_whlch a Hetal 0 ?h 1nteractlon a551sts 1n
CO activation. it has akso been'proposed (7) that, the.CO chemlsorptlon

is weakened, thereby anrea31ng the surface concentratlon of hvdrogen

PR %
" .. N
atoms. o ) b . o

e ]

: Our previous work has:shownhthdt For Rh/A1203 tatalysts tﬁe Rh is
aebqenLlally compleLeLy dispersed. -Thus the effect of 7ne Mo is not to
increase Rh dispersion. It is persuasive that the efEECL of ‘the Mo is

to accelerate CO hydrogenation by making more effective use of the IN2.

Ea}ly work h} Nﬁttaﬂ(S) showed Lhat thy reactlon
e -
TTC0. + )H2 -==> CH30H

*  Fitted the termolecular kinetic expression :

{initial) rate = a -, a- S
co i
3
o . v ( A+ Ba + Ca )
- G o

where 'a' represents activities of CO and H2,
I . . "

® Iy
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Thus if the concentration of surface hydrogen atoms is limiting

hecause of the strong chemisorption oﬁ GO, then an increase in

.-
Wy

qvallab]e H by the Mo would enhance;the rate of reaction. Thi§ might

occur by a "

. ; € :
weakenlng of CO chemiéorﬁtion on the Rh, or what seems

more likely, b* the activation of M2 on the‘MoO3 adJacent to Rh with a

sort of 'revérse spilloveer' to the Rh active site where CO is
v - . ,

) i
i . T

{ ) .. .
chcmisorbedﬁ Thits the ' ensemble' might be a dual-metal/metal oxide
(3 A -

ensemble. Also the effect of Rh may be te_assist partial reduction of

o003 with increased activity. TSiexplain the great increase in

oxygenates sele?tivitly may require that CH30H formation is favored

i

U

from the oxygenated surface intermediate which is commen for fo¥mation

i :

of both methané?and methanrol, due to the presence of Mo.

I = . . TE-

i & ]
During the course of this work, a few patents were located which

i

also point to nigh activity of catalysts whiéh contaim Mo and Rh.

Hu1t1c0mponentscaLn]ysLs have been descr;bed which contaln a wide

array on elements, Jncludlng Mo and Rh. (eglg 10). Hore 51gn1f1cant1y

for the present report is a, patent appllcatlon (11) inm whlch ‘Rh on

Mo03 is shown to be act;ve at relatlvely low temperatures for co

hydrogenation with production of oxygenates.. Also, a US patent (12)

which claims Rh/Ft/Ho/A1203 catalysts includes an example of

kh/no/A1203 actlve 1m:the formatlon o[ oxygenates. ’
/ , .
The patents c1ted dornot prov1de a systemmatic study nor do they

)

f
attempt to explain thelnature of ths enhancement. Our research is

‘, v .

i
hc1ng directed towards answerlng pna31]1t1es ralsed above and to
L T T
i b PA

activity and SGleCLLVLty enh1ncement

S ].

s b

=.

I
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CcO Hydrbgenation over 3%Rh Catal

(30 atmos., Ho/CO = 2)

Sretal
Yoo

a

TABLE I

Catalyst {°C  JGHSV  [%CO [%CO conv.toj Co, Oxy
comp - Wi% - | conv. [ COs | Oxy: |%of Oxy
Rh/AlLO3 250| 4000 8| 1|33 [ 80
Rh2.8Mo/Al,Og { 225| 3000] 9| 21| 50 | 42°
1 Rh/7.5Mo/Al,O3 | 200| 3000{° 7| 24 | 86 | 17
| . 250 | 36000 5| 25| 65 | 27
Rh/15Mo/AlO5 | 200 3000| 7| 23} 91| 21
205 | 3000f 27| 37| 83 | 14
15Mo/AlpOg * | 2251 3000| <i| 61 [ .0 |: -
SR 250 | 3000 2| 50 0 -
1y275| @000 5| 51 0| -
RWMo/Co/AlpO3 | 250 |- 3000| 9| 23| 51 | 18
Rh/SiO0 250 | 3000] 1| o 58 |94
Rh/TiCy 205 | 2500] 9f 27 | 90
RhEMoTiOp - | 225| 4700| 11| 33 | 56 | 19




c TABLTL 2&

B¥TECT Ol PRUDUCTS DISTRIBUTTON OP ADDITION OF MO TO RI/AL203

CO YDROGENATION, \Sbb\Tnos 2 kcqr'vz
| . N R T
CONDTTION/ |RI/AL203 | RH/MO/KL203 * PRODUCT \RII/AL203 RIL/MO JA1,203
PRODUCT (D — o1t
TEHP. C {200 | 250 MEOIT 13 3. | 16
GUSY 3EQQ“536000 MEOAC 1 30 | 27
% €O COHY ' ;i§, 5 MECHO ) 0 0
F2 10 coz . 54'; 25 :ETOH: | 411 6 7
HOKY . _ Jse | es WEOAC | 3 1 1
%0+ 0FYC. Y 27 " ACOH 0 "o 0
Cith o o | 27 ETCHO | 0.4 0 0
cae 3 6 N-PRTOH| 2.7 2 |1
C316 0 0 MEOET 3 10 |15
C318 1 2 ETOAC 3 0 0
C4110 2 0. . OJ N-BUOH 0. 0 0

3 Wr z RHu,

7.5 WTZ MO °
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