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ABSTRACT

The rate of CO consumption in a slurry reactor containing a 5% rntheniml
on alumina catalyst has been measured at temperatures between 200 and 280°C, |
pressures from 5 to 12 atmospheres, EZICO ratios fr&m 0.4 to 5.0,-and super—
ficlal gas velocities from 1.8 to 5.2 cm/sec. With this catalyst a Schulz-
Flory distriburion is not observed.

Variations in the rate with temperature and velocity indicate that mass
transfer has only a small influence of the rate of reaction at 280°C. From
these results, we estimate that k;a 1s approximately 0.19 s~1 at a superficidl

gas velocity of 1.9 em/sec.



1.

Experiments aimed at determining the extent to which mass tramsfer
:|.n£1ue§ces the performance of Fischer-Tropsch slurry reactors have been
carried out using & 5 wt R'.:/A1203 catalyst. CO conversion was measured
as a function of Ez and CO partial pressures, temperature and gas volumetric
flow rate.

Figure la shows the rate of product formation as a function of carbon
number at 200°C, when Pﬁz is 5 atm. and Pg 18 7 atm. Figure ib s}zows the
gsame plot when I"112 is 1 atm and Pg, 18 5 atm. ‘The expected st:raig-ht line with
y-inr.erceﬁt at chIRcl = 1,0 18 not observed in either case. While st.raightz:
1ine behavior is observed for high molecular weight products, the intercept
is less than unity and the rates of formtio:; of products containing between
2 and 4 carbon atoms sometimes fall below the line. Note that the intercept
moves closer to unity as the-;E_,_l €O ratio decreases. In addition, the devia~-
tion of lower molecular weight products from the straight line becomes larger
as the Hzl CO ratio decreases. Figures 2a and b show the product distribution
when PCO is 5 atm, and PHZ is 5 and 2 atm, respectively. These product dis~
tributions show the same behavior with Hzl CO ratio as those shown in Figure l.
As the Kzl C0 ratio decreases, the y-intercept moves closer to unity, and the !
lower molecular weight products deviate more from the straight line extrapo-—,

lated from heavier products. Power law kinetic parameters were determined

from these data. The rate of CO consumption is described by the relationship:

1.03 -o20 .

Figure 3 shows the rate of CO consumption as a function of 1/T . The
power law kinetics determined earlier were used to correct the rates for
change_s; 4n partial pressures with conversion. The low temperature data are

well described by an activation emergy of 19.1 keal/mole. However, at 280°C,



the rate of CO consumption 1is about 20 percent lower than p;:edicted by

extrapolati;g the low temperature rates.

Pigure 4 shows the rate of CO cousumption as a function of gas superfi-
cial velocity at 280°C. The rates have again been cofrected for &nges in
gas composition with c:onvers:lon. As the velocity increases from 1.8 cm/sec
to 5.2 cm/sec, a 20% increase in the rate of CO consumption i:s observed.

The reason for the observed dev:lation/s from Schulz-Flory prodnct dietri-
butions is not clear. Re-adsorption and ;ﬁbseqient incorporation of lower
molecular weight olefins into groviﬁg chains may account for the apparent
sui:ression of lighter products, Another possibility is that the kinetic
parameters that determine the rate of chain growth relative to cnain termina-
tion depend on the size of the hydrocarbon chain. Further work in this area
is required. Addition of low molecular weight olefins to the fe,ed.rgas may
allow us to determine whether olefins adsorb and participate in chain growth.

The increase :ln' CO consumption rate with gas velocity and tbe deviation
of the rate of (0 consumption from its expected value at 280°C can both be
attributed to mass transfer resisiances in the reactor. The expected influ-
ence on the rate of CO consunption can be seen by writing the liquid phase
mase balance. REZ is related to Rco by the ratio of the stoichiometric

coefficients: N

R

The mass balance is written for H, because, as seen in eqn. (1), the rate

1is not strongly influenced by the CO concentration. In the mass balance showm
below, the rate is assumed to be first order ia H, and indi:pendent of CO con-
centration. This assumption 18 reasonable, in view of the rate expression in

eqn. (1), 2ard 21lows direct solution for CEZL.
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%,,6 :
S ) R @

' - kya
Re, 12(
Solving for ng, &nd substituting back into equation (2) , we cbtainm:

k ak G ¢ .
R& - [} 2 ) (3)
2 k, tka ®m,

When kia >> k,s mass transfer does not influence the rate of reactj:on, and

kocﬁz _,G

R

Asg Ug increases, kLa. increases, but ko remalns constant. Thus, RBZ
approaches R’ﬁ;"'f when Ug 13 large. When the temperature iﬁcrea.ses, k,
increases, but kLa remaine nearly constant. At high temperature, then, REZ

max
is expected to be less than RHZ .

We can estilnate kia using equations (3) and (4), along with the experi—'-—
max -
mental values of RH2 and an . kLa was estimated to be 5.20 s 1 from the
variation of R with T and 0.17 871 from the variation of R with Ug. Both

estimates are for a superficial velocity of 1.9 ca/s.

CONCI:DSIONS
1) Ve do not observe a Schulz-Floxy p;oduct distribution over a Ru/A.1203
catalyst, :
2) Hags transfer does not have a strong influence of the rate of the Fischer-
Tropsch synthesis in our reacror.

3) kgja for hydrogen is estimated to be 0.19 5”1 when the superficial gas

velocity is 1.9 em/sec.



NOMENCIATURE

.G Gas phase concentration of H,, mles_/cn3
L '~ liquid concentration of H,, moles/cm’
k Rate coefficient, atn?g’83 (moles/cm®) sec™l
kot First order rate coefficient, sec l.
I‘:Lé’ Mags transfer coefficient times interfaclal area, sec !
g, Solubility coefficient for H,
PHz : H, partial pressure, atm
Peg *  C0 partial pressure, atm
Ry Rate of CO consumpiion, moles COlsec-c.m3
RE?. Rate of Hz consuaption, noies lesec-cm3

Ug Gas superficial velocity, cm/sec



ch/Rc'

0.80
0.60
0.40
0.20
T = 200°C
O.10F A -
0.08 |- Peo™ 7 otm -
0.06 B PH2= 5 atm _
- B ug © 1.9 em/sec -
0.04 |- _
l L |- 1 | I
I.OOI T T T T T T
: T T = 200°C
- 020 Po= | atm -
| PH2= 5atm
O,IQ_: g = 1.9 cm/sec 4
0.08 - .
0.06 | -
0.04 | ]
0.02 [T D N N R R B
o) 3 4 5 6 7 8 9 101l
n

1.00e-




-IIY 1T 1 T .
0.80F | ~ T=200C
0.60 Peo = 5 atm -

o P, =5atm
0.40 - —
B 'u(3 = 1.9 cm/sec |

T = 200°C

° Pco= 5 atm




104

P

&

O

£

£ 10°°

£ —

Q Z'.

= -

£ B
o -
(&)

" _

10-6

P._= 5afm

coO
P, = 5atm

1.80

.90  2.00 -
/T x10°, K

Fig. 3




1.80 : - ,
.60}

1.40}

3

.20}

.00}

T = 280°C

P. =2.5 atm

o co ._

0.80 » PH = 2.5 atm
: 2

5 ,
Rcox o] mole/mm cm

O

10))]

O
|
I

. 0.40} -

0.20|- -

0O | 1 | 1 1
O 10 20 30 40 50 6.0
Ug, €M /s

Pig. 4




der.

ing your or

in fill
is.gov

1-888-584-8332 or (703)605-6050

info@nt

P> Phone

f we have made an error
P E-ma

ive or i

Please contact us for a replacement within 30 days if the item you receive
defect

NTIS strives to provide quality products, reliable service, and fast delivery.

SATISFACTION GUARANTEED

IS

Reproduced by NTIS

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.qgov.

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



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




