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5.2.1.4.5 Establishment of Catalytic Stability with a Test

at HZ:CO Feed Ratio = 2, 208°C at Inlet and 62 atm

Results obtained in Runs 33-36 indicated that alumina-supported ruthenium
catalysts with mostly ~5 nm ruthenium particles were not stable at Hy:C0 feed
ratio = 2.0, 225°C at inlet and 35 atm. A lower temperature of 208°C at inlet
and a hxgher pressure of 62 atm was used in Run 37 to establish stability of
Catalyst 4966-119 with mostly -5 nm ruthenium particles (Tables 32 and 33 and
Figures 5-203 through 5-210).

In Run 37, initiaily, the pressure was 60 atm and the ga: hourly space
velocity was 500 hr-l, The CO conversion decreased from 92% to 23% during the
first 16 hours, after which the space velocity was lowered to 227 hr-l. The CO
conversion increased to 62% at 30 hours on stream. In order to achieve higher
conversion, the feed flow was then stopped, and H, was introduced te raise e
reactor pressure to 103 atm. The Hy/CO feed was then reintroduced at 295 hr-1
to achieve a CO conversion of 85%. The catalyst continued to deactivate to 54%
CO conversion during the following 17 hours. Since the catalyst did not appear
to be stable at 103 atm, the pressure was lowered to 62 atm at 56 hours on
stream. Also, the space velocity was Towered, first to 150 hr'l, and then to
114 hr‘l. The CO conversion then gradually increased to about 80% at 135 hours
on séream, and ther. declined to a CO conversion of about 30% over the following
225 hours (Figure-5-203).

The 1ight hydrocarbon selectivities between 56 and 136 hours on stream at
210°C and 62 afm-were similar to those obtained in Run 24 with a catalyst having
similar size ruthenium particies at 208°C and 35 atm (Figures 5-207). This
result may indicate that selectivities were not noticeably affected by a

pressure change from 35 atm to 62 atm. /“)




- 338 -

0000°0
00000
0000'0
00000
0000°'0
0000°0
0000°0
0000°0
0000°0
0000’0

0000°'0
0000°0
000070
00000
0000°0
0000°0
0000°'0
0000'0
0000°0
0000°'0

00000
0000’0
0000°'0
Qooo'0
19100
21200
529
5200°0
%6£0°'0
59100

664 st

0€02°0
b6L2°0
9910
0891°0
0000°0
00000
0l$s'0
§26%'1
0ea1 2§
1iv2'e

01

6D

Ul

LJ

9

&)

L)

0

3

19
82LVNI9AX0 H3HIO

(1] 8]

63

93

[Xe)

9

L)

%)

€3

¢l

[ §)
S30AHIOTWY

012

62

9]

L

9

§)

L]

£2

22

12
$701H0V
H31VH

Z1M ‘SISATVNY 6N0INHY
3H31n9
3nving
INTVAdOUS
ivdOld
AN \HI3
ERLIITE
NVHLIN
A0IX0IAQ MOUNYD
AQIXONOH 1CaNYD
HADQHOAH
Z1M 'SISAIVHY 8V9

LE uny uj suojINQiu3s|Q 3onpoug

166°8L
LHE's6
qs1'lé
%0569

160°901
906'%9
668001
L10°501
ML %

4200
9161
eyt
S9%'0
L29'92
131 28]

000'0
000'0
000°001

20L's
e12°06
5968
8sL°9T
15122
£60°41
656°¢
q08°2

f0t°0
H92'23
04,51
2691
6G1'28
e'e

1139A%0
NIGOHQAH
NOBUYD
1IVHIA0
S3143A003Y Q3L234HOQ
kY
HADAXO
NISOUQAH
NORHYD
TIVH3IA0
S3IU3IA00TY

631VN39AX0
SNOGHYJOUQAH
H31vH
3A0TX010 HOQUvYD
JAIXONOH NOQUVD
NI20HOAH

NGOUY INOHLIM 643d 3104

81LVNIOAXO HIHIO

§304HIOY

S70H0DV
NOIWNGINISIQ 63LVNIDAXO

6Md $92

bhd - 12

SMd 922

§2) = 613

e1d - 212

112 - &3

9 - 2d

19
NOLINAIHISIAQ NOGHYIOHGAH

SALYNITAXO
SNOUUYIOHOAR
EILY)
30IX010 MNOQYYD
A0IXONOH HOQYVI
N39QUAAH

NOQHV LNOHAIM 610d 1HOIIM

NOILNGINASIO 10N00Hd ViOL

"e€-6 alquy



- 339 -

e

0
01000
£100°0
£100°0
2100'0
2100°0
€100°0
¥100°0
»100°0
9100'0
9100°0
9100°0
£100°0
£100°0
2100°0

81¢d

O—NMTWON
o
NN NN N
COOLLVOLO

6022

8100°'0 (011 4] 24000 0819
6100°0 6619 -'00'0 6rlD
6100°0 8619 0°0 8rid
0Z200°0  B1D ,000'0 P12
0200°0 9642 800°0 9Pid
1200°0 6619 0600°0 S¥Fid
1200°0 619 2600°0 bP1D
1200'0 €819 S600°0 €vid
2200'0 2619 8600°'0 2PiD
z200'0 161D 1010°0 1P
€200°0 0619 G010°0 Orl)
£200'0 681D 8010°'0 6€19
p200'0 8819 2i10'0  s8ei)
p200°0 /81D 9110'0 LE}D
9200'0 9819 0zZ10°'0  9€1)
S200'0 5819 ¥Z10'0 SEID
9200°0  palD 8210'0 VELD
9200'0 €819 2EI0'0  €81)
22000 2619 9€10'0 <2€1D
8200°0 184D k100 1ELD
6200'0 0810 910’0  0€I)
0€00'0 6219 05100 6Z1)
0e00'0 821D SG10°0 821)
1€00°0  2Z10 0910°0 4219
Z€00°'0  9.1) 5910°0 921D
€e00'0  gL1) 0£10°0 9Z1)
ve00'0 i1 9L10'0 ¥21)
9€00°'0 €19 1810'0 €212
L800°0 221D i810'0 2Zi)
8€00'0 1212 ¥610°0 1219
6£00°0  0/19 1020°'0  0Z1)
o000 6919 8020'0 611D
Zr00'0  891) 5120°0 8L
€v00'0 (919 p220°0 LIVD
vYp00'0  99(d 2€20'0  941d
9000  S91) 1v20°'0 9iid
000 91D 1920°0 #41D
8+00'0 €919 1920°0 E41D
0500°0 2949 #220°0 241D
1500°0 1910 6820°0 L1112
€500°0 0912 8620°Q OLIY
bS00°'0  631) 0i€0'Q 60{)
9300 0 831) pZEO'0 801D
£900°0 /81D 8€€0'0 01D
6500'0 9919 €5€0°'0 901D
0900'0  sai) 89€0°0 SOID
Z900°0  +8l) €6€0°0 +OLJ
0L00'Q0  €St) 86€0'0 €01)
€L00'0 2910 Piv0'0 201D
6/00'0 (549 ocv0'0 101D

[E uny uj SuO}ING}J4ISE0 U0qARIOLPAH

33

nRe~®
RLLVRIDTS

[l 0l -
Soageese
Ll adadaS
365558

o

pug8ge
232333

300lD¢')QQ

™~

§¢o53286
aon=oe

GO0 08cdScono0

e

VT Ne=N
sea
S
cococcdsccce

G g v e e = -

~o
E&§§m

338333
]
pobysy

=]

m

<

o~
[=1-1-T-1-T-T.Y.]

*€E-5 3lqel

-—
~
1%

-]

052

o3 o
Ne—S888

RSBIR

@IDID§
O o= P
[TeY Iw]

o~ NIID M
S32@2s2gonen

DNSNONNOMTO NN
VOVON~OAVNVVINTOMN

e
<ERE2608

gTa5

POQOITONNIDITWINNM
oS—Smgm-—m 2
8?'\‘0 s O
XRNQ OIS
NO NN NNNOOOO®

—
wn

724
T

25

-

QrNOTWOND
— g g g g
CLUOLVLLVVVWOLOU

{)




- 340 -

2

CO+H

10 =

CO0 Feed Rat

Catalyst 4966-11G9 with Mostly 4-6 nm Ruthenium Particles

Figure 5-203.

2.0, 210°C at Inlet)

Conversion in Run 37 (H,

—y

—pm——
-

-

waslescacbiseccdoncankona

114

|

Q
£
L]

(V24
[=ad
N

D R bt Dl i el T

]
o~
N
-
LJ

3

R

puyee
(]

L
»
.
.
.
[l
.
.

[
.
Som
*
3
.
o,
s
.

.

v

[

]

1
cmcpoa

.

-

- XS S S

.
.

v
.
*--
*
[]
ST PO S JRL S 2
: M
H
L]
-

[

N
Dl et T A S S
. .

.

.

"

.

»

-
.

)

L et 225

-
.
.
1
]
(]
.
1
.
.
.
.
.
"
.

. - - .
B T N L iy S T
. . . . . . . .

.
0
.
-
.
.
R
)
.

. . . . . - .
- = - PP P ———
. . . . .

. . . . . . - . .
L L L N it s
. .

jee=erprme—e e

tosmnehsoccdonconwhosrclnrvachermnbnsnanmencedcccccnesonboann

.
B e etttk Tl g

'

.

]

.

.

.

.

[

. [

g - ——

.

.

.

covocmorredenrrchocccdoncraba

*

»

s

PROE PO -

.
.
.
3
0
T
.
.
.
.
.
.
)
.
.
.
.
-t
*
.

- - g Fee--eveecceccaccccan
. . . . . . }

e et ——— el m e @ e o= .- .. ——————————————— 4

- - . N . . . . [ . .

S
R e

sqsccassacen

i
62

+
o
]
]
H
]
]
-
[
.
)
[
d-

v
:
————
v
:
&
.

:

v

J

.

+

.

colreordonnscunecasboscsdenmnnh

ccadecccctscecdana-dE
FEmp—

.
cofencacta-
.
.
:
"
1]
4
’

N TR R R P T T T YRR PYY LT LTS S I
.

Y 3~ e
.

YRR [ U R S,
:
h
.

.
. . » .
B Lt T W - QP
. .

. . . . -
L L e P N LT TR
. . . .

89.

DT PSR- P APy -

B LT S JIIR A

.
cemedecoschecaad

recrgcaccapeacayecscqracnagenweny

cvecndegeccbocoedcaca

B b il LT
. . . . ’ . .
R R P S i e O E e e R e T e = B S . . = . e = -

crvrmdencsmhescndocvsmvmenscbovanonmenh
.
C T L T Y

80

80

GHSV

7754....
70 -

©
N

217

LN LOZ>LCV—OZ

HOURS ON STREAM

oteqeetoemen e enzaneneetense .
1 ) [ I [
‘ v | I T r
] [ I T
] [ T I |
TR N O AR DR O A T PO
] ] bt
SRR
.. LA LLAES
cbsadachachbmebandante ETRRI TR v
[ '
1 oy m
' ] [}
! ! ] [
B CTE BN R TUEE T | ..-.._-.T
] ' 13 (]
‘ : : I
]
] 1 4 [ o
e aqgee IQT.I“‘I 'l- .JD.“.IV e 0
1
[ i o m
’ ’ [ ]
H [
....T- EX] L0 & .,n..w. -
] [
: (SRR
] t N ] ]
[ ) L ] Q
Adeabd LAS LEF AL AL T 'S LTENERTER of 5
[ T | s 1 s N N
] ' 1] [ I |
[ P I T |
[ P I N |
bovkaducloshadaade s, da.d M.
t [1 [] ] [ ]
[ [ _ .
- L
P 4 o
[P DR S -..-.“.04.. .....a...".:. - ©
[ [ | n
o [ T
[ . [
hoske s daobachera. § cabmodeadashs
[ [ [ ]
[} 1 1 al ) 1] 1]
' n ] [ ]
. L [ o
oo dacfochen [ T2 IRY P 2% o3 ]
+ « [ ] -
] [ | ]
] 1. | I T
1 ) 1] [] .
e dus .# hodecsachs
' ] [] » ]
1] v ] [] » ]
" " [ ]
[ (=]
LEER CEE BTV TPV ".-.ﬁ..—..—. - O

' [ [ I -

] [ [

] [ ) [

] [ I
enqusgenpaagan g qasgenps
[ [ Voo
[ [ [ T I S
[ T BT [

[ N ] [ a

. d . . I-—-- 3

3
t "o n
\ [

I

[}

)

'

]

]

0 9304 '3UNLVHIANIL
wnuj Xep



- 341 -

Water
<

= 2.0, 210°

Yy 4-6 nm Ruthenium Particles

Run 37 (H,:CO Feed Ratio

ft Activity ir

.i

Catalyst 4966-119 with Most]

Gas Sh

5-204.

igure

F

at Inlet)

--L----.:-----:.---_ N

St e mcmpemcracaccar e m—wa
' i

vnmennae
] )

ceedococahonn

]
3
’
]
-
]
1
[]
]
]
“geep eepn
1
1
{
[}
adeal.ol,
1
1
[
]
]
.qe -
L]
¥
[

. ' . a . .
i o Sy S,
. - ' .

'

]
B L L T T Sy
v . +

. . .
e e A s S e - -—-_—
. .

1

.

T em e pem e, e ———-—————
. - . . .

. . .
i e LT . AP R
. . . .

0

Dl T T PP A

Y P i R ——

.
'
»

. ' . ] B
b D et L

.
R e T SRR PR
. . v . .

. . . .
R e e e e rm e .- —-————————
. .

. . .
reewemavmbeneada
. .

e e T T g
B A v
.

e ammec s mmn——-
. .

- e varsap .
] ] ’
) ) )
[) 1 )
1 13 ] 1
Yoo - PR RSN
[] [
] [ ]
] [
1 1] ] '
) ] ) )
LRy KT sqesgesp
] 1 ] ]
[] ] [ )
[} 4 ] ]
[} ) 4 ]
.ol o edaabaak
) ] ¥ ]
' [ It
] ) 1 1
] [) 1 1
I ]
.- [EXY RRS
1 1 ] )
] ] [ )
] 1 | ]
] ] ] 1
opa aqanfmeps
1 ] 1 )
i ) 1 )
1 1 1 ]
[} ) 1 .
=la sdaaleat
) ] 1
[ T |
[ |
| S T |
(] [} )
- DiEE RET EET
) & »
] 1 [}
3 ) b
I ] ]
cdanbacie
]
1
1
(

v
'
]
]
re
)
1
]
] 1
L. o,
) 1
t )
t )
1 []
] ]
r "
] ) [ ]
] ] ’
1 [} ]
(] 1 ) ]
1S -1 -h - vhe
] 1 [ [ ] ]
] 1 ) ) L] ]
1 ) ) ' [} 1
[ P [ [ )
_. o P I LN L I S ) -_ e WL
[ [ " " i &
[ T T ] ] [ [
[ R B R [ ] [ [
[ . 1 [ [
oy o ' ] I
Poclengtopanga Hemd e gy ap =
[ S T ] I
[ [ T R T S [
L L T T T B S [
L e S R T T T T - T
| I P S G A Tt riedandantoldl .4
| S R T T N T S R T A S [
| I L L T T T S S [
. ] ) ] ] ] ] ' 1 3 1 ' i ] 1
| N N R L T T S [
| I T SR SO T T T S S [
[ASEE EEN EETEE PRI PN A Teep
1 + + ] [) ' . ] T 1 ] 1 ] ] .
1 + ) t . 1 1] ) ) L [} 1 i ] L]
- S T S S S S T S [
L I T T T e T [
Sevtrcdasbothiodactaciondectbncloodocias “beab
L I I T T S S [
L e T T T T T [
L B N T T T R T T T [
O R R - [
. . ' . 3
R 0 R U SRR OO B 8 ek
L T T T T « o
L L T T T T
| S T N R S T T T T S
L S R T B N T T T T
LARELE TR T EEITIEY TR SRR SO S S
|
| S S R R S T A S
[ S T T B 7
' s 33 -l e
Pl Ve
T T ¥
n o
. . . 3
v ['g) o r

DWW AJWOR=r-Dm~pE )= L OE OON

R ek R TR,
[ N B P
[ O £ D T T S
1 ] t ) ] 1 [] [] »
[ R (I e

LR PIS . LRI Ty lersboackanida whoa
T I T B / SR R S-S
[] 1 L] [ ] ] 1] 1] 1
] ) ] 1 [} ] 1 4 )
“ [] " [ “ 1 [] ] 1

h [
.-..-.~_|-.ﬁn-..|| u.o_.n....n.n:.—.
] [ /D T S T
L] [ ) ] 1 (] 1
[ IR [ T
) ) 1 ) (] [ ] 1
-h e - oa Suabmodranhka
[ V [
) ] 1 [] I +
' Voo
! Yo
- -.....—...*.
) 1] 1

3 [
I
[
l.’...&-lll.’l.
Vo ]
[
[

)
|.-.||-*-|u...
) + [

[

| I

i ] 1]
cepmesqeeape

* . . ’
D bt L L 1T U A,

DQNTOW T

IInvn O v

LYY T

.
.
—_— e mg .- ——————

1]
.
= reegecne e e -

spemesyes

[
r
]
L.

3
Porerneacon
. [
EX . §

'
- ——— o ccm.
'

B e
cnacde

*
-

v md -

.
0
»
]
4

codan

.
0
.
.
1

.
r
]
.
.
[

o
-
N

*etetevnvesserasuanctnmenna .y

) t [ S T

] [ [

] ] [

“ L .
ShDE I -:.-...J:Tcﬂ.._.-:

] [
] 1 \
[ .
‘ ]
S LLTTY T TY X IyinFply o cabe .
‘
1 o
]
[
SR P L] LT _.. co ke
"
]
(k. ]
i ]
LR L E LY TET WA=Pe- LT LR o)
'
4
mebedocfoetadaad. <K adecte [
L
eopraqeegaapeny sieeref-
9
eokiodun -nrul_ wdewha
]
)
eopmege= .uvn.n. PR TS PR 5
H S
'
] o
cokodan ke cdandead

t 1 9

t ] [

1 [ ]

] [
WA P deetee w

] 1

' 1 s

] ]

[ [
borbadondns devdee

[ [}

[ [

[ ] [3

[] ] [
-n"-;- oo .u..n- -4

[] []

’ [l [ ]

1 { [T
[ ] [
Posmaqacgean deene

] [ ] ' [

] [ ] [

[ [ s

1 [ W

1 [ Y [

1ot
. b &
L

reeregeug==
[ ]
1 ¢
[ ]

[

T vy 1 §

n > n N -t Q

-4 -y - - ~4 [

N N N N n o

0 03Q '3¥NLVvYIANIL

WL Xey

150 204 250 .300 - 350 400

100 -

HOURS ON STREEN




Figure 5-205.
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Catalyst 4966-119 with Mostly 4-6 nm Ruthenium ParticlessC, and
C, Selectivities in Run 37 (Hp:CO Feed Ratio = 2.0, 210°C at Inlet)
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Figure 5-206. Catalyst 4966-119 with Mostly 4-6 nm Ruthenium Particles:C3 and
C4 Selectivities in Run 37 (Hy:CO Feed Ratio = 2.0, 210°C at Inlet)
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Figure 5-207. Light Hydrocarbon Selectivities in Run 37 with Catalyst 4966-119

Having Mostly 4-6 nm Ruthenium Particles (H,:CO Feed Ratio = 2.0,
208°C at Inlet, 62 atm)
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Figure 5-208. Catalyst 4966-119 with Mostly 4-6 nm Ruthenium Particles:
Propylene:Propane Ratios in Run 27 (HZ:CO Feed Ratio = 2.0,
210°C at Inlet)
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Figure 5-209.
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Anderson-Schulz-Flory Distribution in Run 37 with Catalyst

4966-119 Having Mostly 4-6 nm Ruthenium Particles (Hydrocarbons
On’ly; Cl-C44)
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Figure 5-210. Anderson-Schulz-Flory Distribution in Run 37 with Catalyst

4966-119 -Having Mostly 4-6 nm Ruthenium Particles (Hydrocarbons
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The Tight hydrocarbon selectivities before and after 80% conversion level
was reached were compared in Figure 5-207. Liéht hydrocarbon selectivities were
higher after the peak conversion was achieved. This result may indicate that
catalytic selectivity was adversely affected during the éata]yst deactivation
period.

Run 37 was terminated at 436 hours on stream after a brief périod during
which the H,:CO feed ratio was lowerad to 0.9 and lower 1ight ends selectivities

were obtained.

5.2.2 Performance of Ruthenium Catalysts Prepared on Other Supports

5.2.2.1 Ruthenium on Y-Zeolite

Ruthenium Catalyst 4966-114 with 6.3% Ru (by wt.) was prepared on Y-zeolite
according to the recipe given in the literature (Table 5-34) [74]. According
to STEM examination, ruthenium was in the form of 2-3 nm or smaller particles.
EXAFS examination indicated the average ruthenium particle siie to be narrow,
around 1.5 nm. A temperature programmed oxidation experiment showed that with a
1% oxygen in helium mixture all of the ruthenium in the reduced catalyst could
be oxidized at room temperature. This result, according to the discussion in
the literature, is an indication that the ruthenium may be inside the zeolite
[53].

The ruthenium catalyst prepared on Y-zeolite was tested under conditions
(200°C, 14 atm, 1.5 H,:CO feed ratio and ~30 CO conversion) at which cutoff at
cll was reported in the literature with such a cataiyst (H. H. Nijs, P. A.
Jacobs et al, Proceedings of Fifth Int. Conf. on zeoiites, 1980). Test duration
was kept short to minimize ruthenium agglomeration.

Catalyst 4966-114 was first tested in Run 27 without using an inert diluent
at a gas hourly space velocity of 500 hr'l. :The maximum temperature in the
catalyst bed increased from 200°C at the inlet to 260°C-during the first hour of

testing. Run 27 wes, therefore, terminated. In Run 28 Cat§1yst 4966-114 was
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Table 5-34

Preparation Procedure for Y-Zeolite Supported-Ruthenium Catalyst 4966-114

50g Y-Zeolite (LZY-52, 4714)
+

Treat with 0.1 M NaCl in 500 cc HZO
(for three days)

+

Decant the Solution and Wash the
Zeolite with HZO three times

+

Prepare 0.01 M Ru(NH3) Cl13 Solution
in 627 ccé 4;0

+

Adjust pH of Ru Selution to 6.2
by NH40H and HN03

+

Add the Ru Solution to the Zeolite
and Stir for 50 Hours

+
Decant the Solution
+
Oven Dry the Catalyst at 110°C for two hours
+

Hz Reduce at 600°C for two bours
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mixed with 8 g quartz sand:1g catalyst. Also, 8 x highsr space velocity was
initially used relative to Run 27.

The results obtained in Run 28 are summarized in Tables 5-35 arg 5-36 and
Figures 5-211 through 5-217. 7 '

The gas hoﬁr?y space velocity was lowered from an initial value of 4240
hrl to 1248 hr-l at 3 hours or stream, and finally to 936 hr-! at 9 hours on
stream to achieve at CO conversion of 30%. The CO conversion gradually declined
during the run (Figure 5-211). The Zeolite-supported ruthenium catalyst did not
exhibit any water gas shift activity throughout the run (Figure 5-212). The
Tight hydrocarbon selectivities increased with decrease in the conversion, like
with alumina-supported ruthenium catalysts (Figures 5-213 and 5-214). However,
the light hydrocarbon selectivities were higher with the 2zeolite-supported
catalyst relative to the alumina-supported Catalyst 4966-76 tested under similar
conditions in Run 20. The olefin to paraffin ratios in Run 28 were higher
relative to those obtained with the alumina-supported catalyst (Figure 5-215).
The olefin to paraffin ratio with the zeolite cataiyst decreased with decrease
in the conversion level after 12 hours on stream.

After 28 hours of testing, Catalyst 4956-114 was examined with STEM which
indicated that there was no noticeable change in the ruthenium particle size
(Figures 5-218 and 5-219). This result, in view of the results obtained in Run
20 with the alumina-supported catalyst having similar particle size, indicates
that ruthenium metal agglomeration was substantially suppressed on Y-zeolite
relative to alumina.

Products in the clO‘CZB range apparently were not fully recovered in the
product receivers because of the short duration of the test. Nevertheless, 30%
of the hydrocarbon products accumuilated as wax on the catalyst, showed Anderson-
Schulz-Flory distribution up to a carbon number of 160, and therefore it was
possible to conclude that cutoff did not occur with 1.5 nm ruthenium particles

on Y-zeolite (Figures 5-216 and 5-217).
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Y-Zeolite-Supported Ruthenium Catalyst 4966-114
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Figure 5-214.
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Figure 5-216.
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Anderson-Schulz-F1ory Distributions with Y-Zeolite=-

Supported Ruthenium Catalyst in Run 28 (Hydrocarborns
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Log Weight/Fraction/N
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Figure 5-217. Anderson-Schulz-Fiory Distributions with Y-Zeolite=
Supported Ruthenium Catalyst in Run 28 (Hydrocarbons

1-C250)
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RUTHENIUM METAL PARTICLE SIZE MAINTENANCE DURING
FISCHER-TROPSCH SYNTHESIS WITH Ru/Y-ZEOLITE CATALYST

(STEM MICROGRAPHS)
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Figure 5-218 ﬂ '»(‘1.5

Figure 5-219
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