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I. OBJECTIVE AND SCOPE OF WORK

e~

An 1nvé§tigation into zeoiite—supported =T catalystgﬂbegun undéiigrant

#DE~FG22-81PC40774 (Office .of Fossil Energy, D.0.E.). has produced results '
g

which "suggest that alkali cations, remaining in a =zeolite and serving to
neutralize the structure, act to promote higher hydrocarbon formation. It
appears that the F-T metal muSt Se highly di;persed throughout Fhevzeolite in
the vicinity of these cations for this ﬁéomotion effect to take place, fhis
effect 1s also highly dependent upon alkali cation concentration.

A
The current research ilnvolves a%study of the promotion effects of the

neutralizing alkall catlons on CO hydrogenatio; (under typical F~T conditions)
over zeolite-éuppogged Ru catalysts. Ru is a useful, model catalyst for the
study of such promotion of this s&nthesis. First, alkali promotion has been
found to-have a great effect on product selectivity over Rue Second: Ru,_does
not form any stablé carbides, thereby removing this compiicating factor.
Thi;d, Ru is relativély easy to reduce to'the metallic ;tate. Fourth, Ru is
the F-T metal easiest Eo, keep iﬁside zeolite cryst#llites. Fifth, wunder
typical conditions; there is 1little oxygenal:e"d-~ hydroéarboﬁ formation or
skeletal isomerizatidh oé the hydrocarbons Aver Ru. Thus, the neutralizing
cétions in the zeolite support should affect CO hydrogenation over Ru'possibly“
by affecting: €O chemisorption, H, chemisorption; carbon deposition,
catalytic activity, chain growth proﬂability, selectivity for CH,, selectivity
for olefins, and diffusion in the =zeolite. Eaéﬁ of these items will be
investigated for the catalysts proposed to be studied. :
The main objectives of this study are:
1. To develop a better understanding.of how neutralizing alkall catloms

in zeolites can affect F-T product selectivity over a supported metal

2. to illuminate the effect of these catioms on

v
7

.



a., chemisorption properties
b. CO disproportiomation
¢, the mechanism of CO hydrogenétion
d, the deactivation characteristf%s
3. to elaborate upon the effect of decreasing iounlzation potgntial of
the alkali cations on the catalytic properties

4, To investigate the effects of Rb and Cs promotion, studied only

-

superficially iniﬁﬁz'past.

_In order to accomplish these objectives, several series of catalysts have
been prepared. These catalysts are mainly zeolite-supporte& Ru preparedrusing
NaX, Na¥Y, KL, X and Y zeolites containing a range of alkall catlons (Cs+,;Rb+,
K+, Na® and Li+)3 and a seriles of dealuminated NaY zeolites. Preparation and
characterization of these samples by means of gas volumetry and atomie®
absorption ha;e been described Iin a previous ‘quarterly Teport. Further

investigatlons of surface and catalytic properﬁies-are under way.

This investigation should provide a more fundamental understanding of the

involvement of alkall cations in* determining the catalytic properties of

zeolite~supported metals for CO hydrogenation.

I1. SUMMARY OF PROGRESS

The effect of zeolite acidity onbthe lsomer distribution in the products
of CO hydrogenation over ion-exchanged zeolite-supported Ru catalysts was
investigated with various alkall * cations (it Nat,xt,RbT,05T).  The
transformation of olefins (propylene and butene),under §imilar conditions as
those of CO hydrogenation, were also iﬁvestigated in order to understand the
effect of the various consfituents offthe support, i.;., the hydroxyl groups

- , )i
and the alkali Sations, on the possible secondary reactions of the primary

¢ 2

products of F-T synthesis.



III. DETAILED DESCRIPTION OF TECHNICAL PROGRESS

Experimental: reaction studies

co hydroéenation, at atmospheric preséure and in the 483-573 K
temperature range, was carried out i; a tubular microreactor with a 1:1
mixture of Hy and CO flowing at 2.4 % /h. The products were analyzed by gas
chromatography after five miutes of reaction.This five minute reaction périod
was followed by a 40 minute hydrggen treatment of the catalyst in order to
obtain reproducible results in successive runs. .Details of the reaction
procedure and product analysis have been reported in previous quartely
reports.

In order to compare the ilsomerization and olefin hydrogenation activity of
the variousl alkali-cation Y zeolites without ruthenium, but-l-ene
isomerization and propyleﬁe hydrogepation were carrled out as test reactions
undgr similar céndi;ions to those of CO hydrogenmation, i.e., in a.continuous
flow reactor operating at atmospheric pressure and 523 K. The same reaction
systenm ﬁas used, The catalysts were treated at 573 K for one hour under a
hydrogen stream before cooling ‘to reaction temperature. For .the but-1l-ene
isomerization reactlon a flowrafe-of ldO ml/min of 1% butene in hydrogen was
used with a catalyst éharge of about 0.1 g. As for propyléne hydrogenation, a
reaction mixture of He:Hp:CgHg of 60:39:1 was used at the same flowrate with
similar catal&st charges. Samples'of the reactor outlet were analyzed on-line
by gas ;ﬁromotography after 5 mlnutes reactions as during the CO hydrogenation
exper@ments.‘ The GC column used in this study (SP-1700) permitqed full
analysis of the C4-fractioh in the hydrocarbon products. The only drawback of
this column 1s that the separation of b;t-l-ene and iscbutene could not be

achieved. Although the Cg- and Cg~ fractions were also able to be analyzed in



detail, the” results were less accurate owing to the small quantities of these
products. Only a global analysis of the Cs~ and C6- fractions is reported

where appropriate,

Results and discussion

O0lefin transformation over alkali cation Y zeolites (without Ru)

The catalytlic activities for but—l~ene isomerization of some of the zeolites
used in this investigation are compared under the reaction conditions outlined
in the previous section. The activities are expressed in moles of but-l-ene
converted per hour and per gram of catalyst. These activities together with
the selectivities obtained with each catalyst are listed in Table 1. The
selectivities for® each reaction, double bond shift and cis-trans
isomerization, are defined as the ratio of éis-but-z-ene to trans-but-2-ene,
and the ratio of trans-but-2-ene to but-l-ene, The c¢ils/trans ratios, however,
do not represent the initial selectivities as they are usually defined in the
literature. From this table, it can be seen that the cls/trans ratios remain
practically unchanged with the nature of the neutralizing cation, approaching

the equilibrium value. In Table 2 are listed the specific activities of _tha

various zeolites for propylene hydrogenation. While with most alkali cation="

type zeolites the propylene reacted mainly to form propane, with the hydrogen—
type =zeolite, the reaction of propylene gave a more complex prbduct
distribution which was found to be the same whether the reaction was ecarried

out in the presence of hydrogen or in a helium atmosphere., From Table 2 it'is

M

seen that the alkali cation zeolites did not show appreciable catalytic -

activity for olefin hydrogenation. The relatively higher activity obtained

for CsY E;gpt be due to the possible presence of impufiiies brought about by

N, ‘

the cesium nitrate used in the preparation of - this catalyst. The product
) - : :

)



distribution ob;ained with HY resembles the one obtained when but-l-ene was
reacted over the same catalyst. The product distributions obtained with -both
reaétigns are qpmpared in Table 3. With but-l-ene transformation on HY, traces
of methane and Gy~ hydrocarbons were also detecte&,suggesting gome cracking

activity.

The 1somerization of n—butene over zeolites, which can involve double

bond shifts, cis-trans isomerization and skeletal isomerization are considered

to involve a common intermediate, the secondary butyl catbonium ion (2,3). It

has also been reported (2=4) thit Group TA Y Zéolités Have very low activity

for carbonium ion reactions. It has been suggested that the'possible activity
of these zeolites is due to:the:presence of divalent catlons sﬁch as' Ca2t ions
(2) which are normally found as impurities im these catalysts. Furtherﬁore,
partial:deéaffﬁﬁization by simple washing with distilled water and possible
repiacement of the alkali cation by protons from the water was found to result
in appreciable catalytic aectivity fof. éhe isomerization of olefins (4).

Whatever the origin of the carbonlogenic activity, the substitution of the Na¥

ions by other alkali cations was found to result in substantial effects on the

acid catalyzed”reactions. The activity was markedly .increased when Na* was

replaced by 1it, while it decreased ‘when it was exchanged by K*,Rb*, or c¥.

(2,5). As can be seen in ‘Table 1, the zeolites used iq this study had a
significant iétivity for thé isomerization of butenes which was found also to
increase with decreasing cation radius, suggesting am effect of the nature of
the cation(on the aecid strength of the hydroxyl groups present in these
zeolites.In. this series ;f experiments,: CsY did not exhiblt a marked
difference from Na Y in its ability to isomerize but-~l-ene. However, it may be
noted from Tablé 2 that CsY had also a suprisingly high activity for prapylene

hydrogenation while RbY .and KY had no measurable activity for this reaction.




. ’ : g Nl
Thus, as pointed out above, the high activity of CsY can only be attributed to

the presence of metal impurities such as iron. This would also explain its

Y

high activity for but-l-ene isomerization sit;ce reduction of metal ioms during

"

the hydrogen treatment would .result in the formaéion of more acidic hydroxyl
groups than would normally be expected in the zeolite. It may also be noted

that when a more acidic zeolite such as HY is used;: the :"%somerization of but-
o ’ " )

l-ene is accompanied by the formation of secoadary produc(lfs such as lsobutane,

and other saturated and olefinic hydrocarbon species of lower aad, ‘higher

~

carbon numbers., These are the products of various secondary rections such as

oligomerization, ‘polymerization, cracking, hydrogen transfer, etc., which are
- 2

-

known to be favored with the more acidic catalysts.(6)

Propylene hydrogenation over the .various alkali Y zeolite§ was carried.

out’ mainly to determine w_fxether the sdpport was acﬁive for this reactior:\ and
oiefin hydrogenation in gene?r;ll. In the ;;tudy of CO hydrogenatiot: over Ru
‘deposited in these zeollites, it was dbserved tha.t the C; / C; dratio
increased with increésing .cation radius and this behavior could not be

_ correlated with any of the intrinsic catalytic properties of the metal.

Furthermore, it has beén suggested by other researchers that the alkali
By m
it

cations in the zeolite play an- important role as adsorption centers fob”

hydrocarbons and that the nature of the alkali cation may dinfluence

significantly the hydrocarbon adsorption properties “of these zeolite (7).

Topchieva et al’ (8) have suggested that the cations. may <\.@:§}__l_j.bit ngéhificant-

activity for the hydrogenation of olefins when treated with hydrogen at high -

temperatures. However,in our experiments, we failed to observe any

appreciable hydrogenation activity with most of thé‘w‘geolites. KY and RbY were

x:g_}‘atively inactive, while the higher activity of “CsY can only be attributed

a
ty the presence of impurities, The activity displayed by NaY and LiY for this
[ B -
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" reaction “is believed to be insignificant to affect markedly the

olefin/paraffin ‘ratio under €0 hydrogenation gonditions. However, .. the
» = _
transformation of propylene over HY féolite in both Cay‘drogen and »helium
\\
atmospheres like the transformation of but-l-ene over this zeolite (Table 3)

<

led to the formation of normal- and iso-paraffins, even inmthe absence oOf

hydrogen. These results provide strong evidence that the olefins may . be
a

hydrogenated via a hydrogen transfer mechanism on.the acid sites. The presence
of isobutane and isopentane suggests also that the formation of branched

hydrocarbons may Lesult from a breakdown of olefin oligomers’ formed om the
\|_)/"" \
acid sités fq}lowed by their hydrogenation b& thls hydrogen transfer

mechanism. Furthermore, since./independently of the nature of the reactant
bl =
olefins simlilar product distributions were obtained, it can be concluded that

l:
common intermediates Forming on the acid sites react to give such product

distributions. K .
Similarly, Venuto et al. (9) have observed that when ethyleme is passed
over REX at 213 °C,low molecular weight gaseous paraffins are formed.

Shepard, et al. {10) have reported that hydrogen transfer reactions occur over

silica~alumina in propylene polymerization. The transformation of olefins over

zeolites in general have been extensively ifvestigated (l1-16). From thée”

various studles, it may be concluded that while isomerization of n-olefins
(double bond shift and cis-trans isomerization) takes place readlily cn weak
acid sites (Lewis or Bronsted sites), strouger acid site are required for the

oligomerizationn reactions. Further reactions of the intermediate oligomer,

such as disproportionation, paraffin formation via an intermolecular hydrogen

transfer meachanism, often accompanied by the formation of polycyclic aromatic

compounds and coke formation, and cracking reactions are also observed at

:higher temperatures or with still,stronger acid sites. It appears from these

o




studies and our results that *the nature of the reaction. pronucts 1s
‘independent of the nature of the reactant olefin molecules but dependent only
on the oligomer intetmediates formed on the acid sites. A significant aspect
of these studies is: that .these acid-catalyzed reactions provide a second
mechanisn for the‘hydrogenation of olefins other than the coventionéi metal-
catalyzed hydrogenation., Furthermore, it was establishedﬁthet the isoparaffins
‘are the breakdown products of the oligomer intermediateirather than skeletal
isomerization products of the correspondinz iinear olefins since isobu;ane and
isopentane are’ formed similarly whatever the reactant olefin.. This ™ is
confirned'by Chevalier, et al: (if) who showed that the isomerization of un-
butenes to isooutenes is a very slow'}eaction due to the fact that it iavolves
. the formation of avérimary carbenium .lon intermediate. As For the variations
in isoparaffin selectivities, Datka (14) hasQ also shown that the higher the
concentration and strength of the acid sites n;EEent in the zeolite, the more
branched the oligomer intermediate resulting in the formation of wmore
isoparaffins. Thus, the' yleld of isoparafﬁ}ns from the transformation of
olefins on acid catalysts cag be taken as a ‘measure of the oligomerization,

disproportionation, and hydrogen transfer.activity of these catalysts.

Transformation of primary olefianic products from CO hydrogenation.

The olefin—to—paraffin ratio as represented by the propylene/propane
(C /C ) ratio and the 84~isomer distribution are chosen here to analyze the

“ transformation over the zeolite support of the primary olefinic products
\ |
obtained from CO hydrogenation over the various ruthemium catalysts. In ‘the

previous quarterly:—eﬁort -the activities and overall selectivities of the’
various Ru/Y. zeolites have been reported. Figure 1 shows the C,—isomer

&

distribution at '523 K obtained for the same catalysts. ~The selectivity for

isobutane was found to decrease with increasing cation radiuswLFigure 1 shows._7
. s R - Ry .
.



also that B8-olefins constituted the major part of the C4-6lefins and their.

concentratlion varied in the reverse order to that of isobutane. However, only
émall varlations in but-l-eme and n-butane were observed with increasing
cétion radlus. . | '

The results 1ist;d in Table 4 show th;t at. 523 K RuHY gave 53% isobutane
(baéed on the total amount of :04). When Ehis catalyst was exchanged after
reduction with a dilute soiution.of K4C04, in order to reﬁlace u* by X' the
isobutane was no ].:onge'_r obtained and the C;/C; ratio increased to 16.9. On
the other hand, RuRbY yieided only very small “small quantities of iso”but;“‘ane,
but, when 0.2g of HY was added at the tail epd of the reactor bed in a
separate layer, the isobutane content of the é4~fraction increased to 30%,and
the C;/C'_,; ratio dropped from 6.4 to 4.1 (Table 4).

In the light of what has .been established with the studies of olefin
trdansformations on zeoliite and in connectlion with the results shown in Table

4, it may be concluded that the hydrocarbon products of CO hydrogenation over

supported ruthemium catalysts are mainly, if not totally, desorbed as olefins,
i . .

o

probablsr a-olefins, which can then undergo secondary reactions on th%‘ acid

sites or to a lesser extent hydrogenation on the metal sites. Indeed, in the

case of RuHY, when all the ptﬁtonic sit:es are replaced by kt, the C;/C;"

ratio increases from the low value of 2.6 to 16.9 for similar conversions

(Table 4). The results obtained when the products of CO hydrogenation over

ES

RuRbY were passed through & layer of HY also provided strong evidence that the

primary olefinic products can undergo subsequent isomerization,

pligomerization, as well as Hydrogemation, on the acid sites provided by the

zeolitea . E

3 1

As: shown . in Figure 1, when CO hydrogenation was carried ouf ovéer RuY

zeolites exchanged with various neutralizing cations, the selectivity for
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<

{ =7 a
isobutane was ﬁ§hpdyto decrease with increasing cation radius.  When supports

/;with very low acidity, 8102 or WNaX, were used, no isobutane was detected.
i 2
However, with the exception of RuHY, all the other zeolite~supported catalysts

studied here are expected‘Eo have had the same number of aZidie sité;, since
they all had giﬁilar metal loadings. Thus, tﬂz extent 9f‘the recations leading-
to isobutane is not just a function of the acid site concentratisn. So, the
C’variat:;on in acid strengthnwith\the nékuge gf the alkali cations must be
respdnsible for these variations igiisobutane selectivity. It can also be seen

\

in Figure 1 that the B-olefins decrease as the isoparaffins increase, thus

pointing to competitive feaction paths ;%r the transformation of the primary
olefins depénding;on the acid strength of{the zeolite.

‘It may also be uvbserved that in mos: éases where isobutane was produced
in large quantities, tﬁe isobutane/n~butane ratio was much in excess of the
equilibrium value of 1.2 at thg reaétion tempeéatureiéé 5?3 Kd(18)} Okuda, et
al. (19) have also reported isoparaffin/n—paraffin values in excess of the
equilibrium valueg when F-T synthesis was carrled out on zeolite-supported Ku=-
Pt catalysts. This reinforces the proposition thaﬁ isoparaffins are formed
ﬁainly via disproportionation reactions of olefin oligomers formed on thé acid
sites, since a bifunctional path of acid catalyzed skeletal \{somerization of
n-olefins to iso—olefips and their suBsequent hydrogenation on metél sites

would be reftricted by equilibrium.

1

IV. FORECAST OF WORK

During the next quarter, an 'investigat;on of the elgcﬁ}ostétic field

o™

effect of the ‘cations using ecyclopropané Hydrogendlysis asZa test reaction

will be completed. The preparation and characterization of a new series of Rdﬁf

catalysts using dealuminated Y-zeolites will be cartiéd out. -

10
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Table 1

A

Activities and Selectivities of Y-Zeolites with Various Alkali Cations for .

" But-l-ene Isomerization at 523 K

Equilibrium ratios*

T Activity Trans—2-Butene Cis—2-Butene
Gatalyst (role h~1lg™! _ 1-Butene Trans-2-Butene
CsY 15.3 0.58 0.80
ébY vy 0415 0,65
Na¥ 15.5 0.60 0.72 °
LiY 19.7 1.04 " 0.75 )
HY 25.8 2424 0.62

: 3.37 0.59

*From Ref. (18).

12
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Table 9: Activities of Y-Zeolites with Various Alkali'
Cations for Propylene Hydrogemation

Uit
%

Conversion - Activity

Catalyst (% CaHg) (mole h~lgx103)
HY 3744 1644
Liy : T 1.l A 0.71
NaY 0.4 : © 0425
KY < 0.1 . -
.Rb;f | < 0.1 R
CsY : "12.9 7.5

13 .



Table 3 : Product Distributions in Reactions of
Propylene and 1-Butene over HY-zeolitas *°
at 523 K

Selectivity (mole %)

Product I

- 1%C4Hq 1%C3Hg 1%C4Hg

(in Hy+He) ‘_(in He) (in Hy)

C;+ Gy - —— traces
Propane 12.3 12.2 0.2
Propylene —-— —— 2.5
Isobutane 17.6 17.5 s 7.8
Butane 0.3: 0.3 34.9
1-Butene 17:2. 14.0 ——
2-Butenes 12.5 10.0 . 48.6
Isopentane 13.2 13.2 2.7

C5+Cy 2649 32.7 3.2




Table 4: Effect of Acidity on Olefin Fraction and C4;-isomer
Distribution from CO Hydrogenation at 523 K over
Ru¥-Zeolites

s Catalyst Céfisomer in CA—produc:s
C?/CS iso-ca' n-c4" ' 1~C4= 2-g4= cis/trans
RuHY 1. 53.0  17.1 8.7 212 0.62
RuB¥(K) () 16.9 0 8.0 27.6 644 0,90
RuRbY | 6k 1.4 8.7  29.8 60.1 0.6l
Rurby+HY(P) 4.1" 30.6 11.1 17.9 4043 0.58

kY

(a) RuHY treated in 0.1 N KyC03 solution after reduction

(b) RuRbY and HY in separate layers

15



FIGURE CAPTIONS

Figure 1: C4~isomer distribution at 523 K f;gn;;"éo hydrogenation

over Ru-alkalil cation zeolites

{ iso-butane
4 2-butenes
@ n-butane

d  1-butene

Catalysts: l: RuHY, 2@ RuLi¥, 3: RuNaY
4: RuKY, 5: RuRbY, 6: RuCsY,

9: RuSiOz

16




- 7Cy in C4_—Fracti0n’

Figure 1. C4— Isomer

Distribugion At 523K |

N L3 iy 3] o
(= o - o o
l J 1 el o -

=
(=)
]

OF

Catalyst

o




SATISFACTION GUARANTEED

»eg
£
=9
%’a.
- =
n ©
c ™
Y=
- £
:3‘_- Q
Q= g L
g2% 8
Qw0 0
SeEe o
- -3 o©
[T -] ~
m;i» ™
L O
.QQ.E ot
U= L
= = ©
2£e
CEn2®
- > 0 O 0
ughml
S S B
“: I-“
oecew
afoes
0o
28889
S0 08ELE -
SeExy
u-ggﬂﬂ
=)
a'hvﬁ,-_-
T
L ™
2«»3“
03w
OH
ugs
m....e,
oS
2 Q%5
|
o
T EE:
Vol
=29
ca .2

Reproduced by NI

National Technical Information Service

Springfield, VA 22161

This report was printed specifically for your order
from nearly 3 million titles available in our collection.

For economy and efficiency, NTIS does not maintain stock of its
vast collection of technical reports. Rather, most documents are
custom reproduced for each order. Documents that are not in
electronic format are reproduced from master archival copies
and are the best possible reproductions available.

Occasionally, older master materials may reproduce portions of

. documents that are not fully legible. If you have questions

concerning this document or any order you have placed with
NTIS, please call our Customer Service Department at (703)

605-6050. -

About NTIS

NTIS collects scientific, technical, engineering, and related
business information — then organizes, maintains, and
disseminates that information in a variety of formats — including
electronic download, online access, CD-ROM, magnetic tape,
diskette, multimedia, microfiche and paper.

The NTIS collection of nearly 3 million titles includes reports
describing research conducted or sponsored by federal
agencies and their contractors; statistical and business
information; U.S. military publications; multimedia training
products; computer software and electronic databases
developed by federal agencies; and technical reports prepared
by research organizations worldwide. :

For more information about NTIS, visit our Web site at

. http://www.ntis.gov.

Ensuring Permanent, Easy Access to
U.S. Government Information Assets




U.S. DEPARTMENT OF COMMERCE
Technology Administration
National Technical Information Service
Springfield, VA 22161  (703) 605-6000




