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drogen was the product of the uncstalvzed reactlion betwesn natural
IS o
gas and oxvgen at 280 psig snd at tommeratures in the 2300°F.

range. The natursl gas normally conteined approximately 85 per

cent methzne, 1.5 per cent CO2, 9.5 por cent ethane, 2,5 per cent

propane, and small amcunts of butane and nitrogen. ‘T[he generator
preduct gas was composed of hydrogen and carbon monoxide in the
ratio of 1.5-1.7:1 and contained l. per cent unconverted me thane,
two per cent carbon dlioxide snd less than one per cent nitrogen.

The generator sysbtem nigs been desgcribsd in detsil in previous

rte(1l) and since it serves on.y as a utility unit for the

3
[©]
w3
o]

no furtlier detsils are included in the present report.

road rails sesrved as the base material for the catalyst used in

the vres=snt work. The scale was ried from the Finkelsteiln
Supply Corporation of Los Angesles, Californisa, and sznt to the

g end pgrinding
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A sieve analysis of the ground material gave the
following results:

A.S.T.M. Sieve No.
on 1O
100
110
200
230
325 .
Through 325 1,

o
FRES}
12
g
&)
3
O
&)
s}
ot

o P o
LN o
a2 - o 2l

o—2 O~ O W TV

The impregnation of the mill scale with potassium
carbonate was conducted in a rectangular steel gas-heated tray
in batches of 250 to 1000 pounds. An amount of carbonate suffi-
cient to provide 1.0 part Kp0/100 Fe was dissolved in steam con=-
densate and poured over the mill scale in the tray. Additional
condensate water was added to make a thick slurry, after which the
mixture was stirred thoroughly. While being dried by the heat of
the gas burners it was raked frequently to prevent caking.

The dried catalyst was transferred to the reduction
system, shown in Figure 1 facing, and Figure 2 following, and
treated with Linde cylinder hydrogen at 200 psig and at tempera-
tures varying from 625 to 725°F. During *the reduction the hydrogen
was recycled after being cooled to approximately 80°F. to remove
the bulk of the water. Make-up hydrogen was added to the system
as required to msintain operating prsssure.

The catalyst was considered sufficiently reduced when
water production decreased to approximately one-tenth pound per
hour. After reduction and prior to use the catalyst was kept
blanketed and hondled in on atmosphsre of carbon dioxide obtained
by the evaporation of "dry ice" furnishsd by Pure Carbonic, Inc.,
California.

of Los Angeles,



Exp. TDC-802-31-P 5

CATALYST REDUCER
FIGURE 2

2"R.d. Series 40

b /e

/

/7,

—{3%le— 3

"
4—-—8""'




Exp. TDC-802-31-P 6

Natural gas was used as a purging medium to remove air
from the reactor system. The reduced catalyst was then charged
to the reactor and bed temperatures brought to the desired level
by circulating hot natural gas before introducing the synthesis
gas., In previous work with the unstirred reactors hydrogen had
been used pricor to the synthesis gas, but the heat loss from the
Stratco Reactor was so great that it was impossible to preheat
the catalyst bed to a sufficisntly high temperature with hot hy-
drogen.,

3. Synthesis System.

a. Description of Synthesis Reactor

The syntheslis vesse¢l, known =8 tine Stratco Re=zctor or
Stratco Contactor, made uvse of a mechanically-stirred catalyst
bed cooled by oil jackets containing Regel 011 K (R & 0). The
overall height was 29 feet and the height of the reaction zone
was 21 feet, The outside diameter of the uninsulated vessel was
16 inches, (1)

The synthesis gas entsred the bottom and was carried
along with some catalyst by the Impellers on the center shaft,
When the catalyst and gas got near the top, most of the catalyst
dropped down into a chamber (annulus)(g) surrcunding the stirring
chember, while the gas and catalyst fines continued upward. The
catalyst that dropped down w=s recirculated. At the top of the
reactor there was a multi-vaned spinner arrangement which rejected
most of the fines entrained in the gas and returned this catalyst

back down into the reactor,

(1l)Stratford Engineering Corporaticn Drawing No. 181LC1.
(2)a glossary of terms used with the Stratco Reactor System is in
Appsnadix I, page 29,
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The effluent gas left the reactor and passed through
externnsl cyclone, then to a product condenser, and finally to a
product separator. The non-condensable gas was used for recycle
gas, the excess having gone to the flare os wet £0S.

Flow diagrams are shown in Figures 3, ', 5, 6, and 7,
pages 8 through 12,

b. Methcds of Sempling and Annlysis

Prior %o Run L2-C, 2li-hour composite gas samples were

collected by displacement of 0.1 per cscnt sulfuric acid solution.

.

There was some indicatio

S
o
o
)
ct

the wet-gas seomples were being
affected by the acidified water sclution so that, beginning with

were token in dry acluminum bombs and

=
5
[ (')
&)
[&)]

Run lj2-C, spot gas sam
no composites were madse. The 2h-hour composite samples had been
composed of samples of gas taken a2t two-hour intservals. The bomb
samples were taken every four hours, but normally only svery other
bomb sample was analyzed and a 2h-hour average made of these

analyses.

The liquid product samples were taken directly from the
product seporator into glass bottles.

The catalyst samplses were teken In bombs which were

cocled with "dry ice" beforse being opened. The cooled catalyst

was removed to jars containing pleces of "dry ice" to keep a

w3

blankst of carbon dioxide on the pyrophoric material. After the
catalyst had been stored in the presence of the carbon dloxide,
it usually lost its pyrophoricity.

411 gas analyses, including those Tor carbon dioxide,

were made with a Consclidated Englneering Corporation mass

snectrometer. Orsat analyses were made of the synthesls gas from
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the generator but these were only for control purpcses.,

The tests mad: con 2a23t2lyst and product were by methods
found in The Texas Company Standard Methods of Test Book or Special
Methods of Test Book. The specific surfacs of the catalyst was
determined by ammonia adsorption. I% rus® be pointed out that
this method was devised and calibrated using F.C.C.U. catalyst and
does not give absolute values for specilfic surface of iron catalyst.
It may, however, give an indization of the change in specific
surface of iron.

The specific gravity of the catalyst was determined by
using carbon tetrachloride and a picnometer.

The alcohol content of the water was determired by

salting out with potassium carbonate at [JO°F, to 50°F,

¢. Methods of Calculation

The yleld data used in this report were obtained by
forcing the weight balances on the assumption that any losses or
geins were in wet gas flow measurements. The liquid hydrocarbon
yields were calculated by the difference in carbon balances, and
the water yielas wsre calculafted by difference on both hydrogen

and oxygen balances.

B. EXPERIMENTAL RAESULTS
Since the Straico Reactor was by nature a complicated
machine, the difficulties encountersd in its cperation were quite
different from those exvsrienced in previous reactors which did
not use power to fluidize the bed. The reactor was the first one
of its particular kind to be built and as originally constructed,

was not designed to be operated at the 250 psi pressure level used

in the runs. 7These factors necessitated an extended shakedown and
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personnel training period during which many changes were made.
Runs 39, 0, and L1 may be considersd as part of this training

and shekedown periocd and are discussed only briefly in the prssent
reporﬁ. Emphasis is placed on the data from Run |2 because this
run was relatively long and unencumbered by mechanical difficul-

ties, and the data were consistent from day to day.

1. Run 39

Run 39 was the first synthesis run made on the Stratco
Reactor. A total of 743 pounds of reduced mill scale catalyst was
used during the period. Considerable difficulty was experienced
with maintaining the center shaft at & constant speed. The turbine
stalled frequently, and finally the run was ended after 58 hours
when it became impcssible to turn the msin shaft,

The yields of C1 + C2 and C3+ have been plotted chrono-
logically as pounds yield per thousand cubic feet of Hp + CO fed.
These data are given in Figure 8, opposite., In the same figure
is shown thé H2 + CO ccnversion variation with time.

The yields of C1 + {2 declined %o a minimum of 1.13#/MCF
of Hp + CO and then increased agein to 3.22#/MCF during the last
2ly hours of operaticn. The C3+ yields reached a maximum of
9.70#/MCF of Hp 4 CO after hu hours »f operation., The conversion
of Hp 4 CO increased from a low of 57.1 per cent to about 78 per
cent after 35 hours and then dscresssd to 66.9 per cent after
68 hours.

The yields were calculated during this run without
forcing the wet gas to maize 100 per cent weight balance. Since
the overall weight balsnces cn the resctor varied batween 68 per

cent (Run 3G-C) =rd 112

3

sr cent (Run 39-D), thiese data should

be viewed with caution.
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2. Run L0

Most of the catalyst was removed from the reactor in
order to free the main shaft. Then Run 10 was started with 418
pounds of used catalyst from Run 39. Both fresh and used catalyst
was charged during the run, making a total of 778 pounds used
altogether.

The same shaft speed troubles were experienced in Run LO
as in Run 39. Various methods were tried to alleviate the trouble,
such as varying the gas flows and temperatures; but it was decided
finally that a larger turbine would be necessary, and the run was
terminated after 216 hours.

Figure 9, opposite, shows the H2 + CO conversion and
vields of C3 + C2 and C3+ for Run l0. The vields from Run L0 were
calculated the same as in Run 39, The weipght balances were not as
erratic, however, and usually were in the 85 to 90 per cent range.

The C1 + C2 yields declined steadily to about 1.l#/MCF
Hpo + CO after 100 hours and then increased to 2.27#/MCF Hp + CO
after 216 hours. The C3+ yields and H2 + CO conversion both
incrensed steadily as the run progroessed.,

3, Run L1

A larger turbine was installed for Run L1, and although
it solved the problem of controlling the speed of the main shaft
and impellers, the circulation of the catalyst was so pcor that
the run was continued only 79 hours. There were 99u pounds of
catalyst charged to the reactor for this run. Figure 10, follow-
ing, shows the Cl1 + C2 and C3+ yields and the Hp + CO conversion
data for Run /1.

The yields of €1 + C2 declined tc a minimum of 2.0#/MCF
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H2 + CO and then increased again to 2.9#/MCF

was reached

H2 + CO conversion had risen to

74 per cent respectively.

L. Run L2

after 55 hours. At the same t
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H2 + CO. The minimum

ol

me, the C3+ yields and

xirums of 6,3#%/MCF Ho + CO =nd

Run L2 continued for 378 hours and was the long rest one

made on the Strateco Resactor.

was used. In gsnsral no me

until the run was terminsted by

o

system. The sxplosion,

caused by a failurs in the

A total of 839 nounds

chanical

natural

of catalyst

03]

£

difficulties wsre encountered

an explcsion in the generator

vhich split several pieces of pipe, was

588 supply which created a

large excess of oxygen in the fresh fsed gas going to the reactor.

An alarm, governed by the ratio

generator, wsas

Figure 11, page 19, shows the Hp -+

yields of C1 + C2 and C3+ for

type of data from Run 22 is shown

was made with KF promoted

nstalled to prevent

Run ii2. For comp
in Figure 12, page 20,

pyrites

oxygren to gas flowing to the

a recurrence of this incident.
CO conversiosn and
arison, the same

Run 22

Montebello Verticsal Tubuler Resctor.i(l) The vields of Ca+ were

considerably higher in Run 22, whe

of C1 + C2 were lower. The 10O

0il was about 10 to 15 per cent

:reas the less des

irable yields

gnd-point fraction of the product

gher in Run L2 than in Run 22

and reached a maximum of 82,5 per cent after 350 hours operation.,

During a portion of Run L2, the methane content of the

fresh feed varied betwsen 1.6 per cent and 6.7 per cent while

n

most other condit

wns remained constant.

The fresh feed and wet

Fas were sqmpl e every e bl rnt hours at iden tical times. This

(L)partial Report o 159

Experinent No. TDC-802
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afforded an excellent opportunity to study what effect the methane
content of the fresh fesd hrd on the methane yicld of the syntheslis
unit.

In Figure 13, opposite, the moles per hour of methane in
the wet gas were plotted against moles per hour of mesthane in the
fresh feed., This plot was a straight line and indicated that the
me thane yiasld of the reactor was almost constant during the test
period, varring between l.1 moles per hour and 1.2 moles per hour.

The catalyst particle size distribution for Run L2 is
compared with that of Run 22 in Table I below, There was no make-
up catalyst added to the resctor in Run L2 except for one charge
of 120 pounds after 30 hours operation, but there were considerable
amounts of catalyst added to the reactor at frequent intervals

during Run 22.

TARLE I
Run No. 22 |2 22 L2 je2 42 22 |2 22
Hours 21 (2L 69 (72 |93 96 1189 1192 | 237 | 240
Microns
3.6 |19.2 | 2.8 |1 ) 2.8 ﬁ'é 1.5 0.6 2.3 {04
u19 150 19 2130.6 | 19.3 uu 9.8 8.219.1 |61.619.2 {L4L4.7
149-105 2 8.3 122.7 7.% 12.5 8.4 8.2 113.6|8.8 117.8
10l-7lt 18 9.7 120.6/9.6 |10.9| 9.4 [11.218.4 | 8.3 |9.6
73-62 8,1 | L.y |33 |5.1 | 6.2 0.9 (2.8 | 1.1 [3.4
61-4) 1o 8 7.5 |11.5/8.,8 {L.1 ! 7.0 1.1 {5.,0 (1.2 |11.2
{3-0 18.& 16,61 18,7(11.8!5,..81 17.2168.0{8.0 1| 69.1112.8

In order to give a picture of the size of the Stratco

Reactor relative to throughnut, sume yield snd dimensional data
. o . Co (1) ] 3

are given in Table II for Runs 2 and LS. Run 4,5 was made on
a conventional type Vertical Tubular Reactor using the same type
of catalyst and approximately the same flow conditions as sxisted
in Run L2.

The data indicate that yields of the same magnitude

(L)More cormplste datn for Run !t5 will be round in Partial Report 32
Experime nt No., TDC-802.
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were obtained with the Stratco Reactur as with the Vertical

Tubular Reactor, using the same quantities of fresh feed, but at
) £ q

the cxpense of using 2 complicated vessel of twice the bulk size,

of the synthesis reaction

<I

If 1t be assumed that rost
takes place in the center tube (stirred section), then it appears
that this section has very good reactiocn efficliency in view of the
high spsce velocity in this section. Tiis 1s more than offset,
however, by the low efficliency in the ennulus, nmcking the overall
efficiency lower than that of the Vertical Tubular Reactor.

TABLE T1

. Run L2 Run 45

: + et Open ({Center Tube Net Open

Gross Svnce Used | Open Spacej Gross {Space Used
Height, Ft. 21 13 12 19 8
Cross Section,

Sq. Ft. 1.k 0.5 0.275 11079 0.66
Volume, Cu. Ft, 29 7.8 3.3 15 5.3
Feed Rate, SCFH 12,000 12,000 12,000 12,004 12,000
SCFH/Cu.Ft. Reactor [00 1,500 3,600 800 2,300
Yield, Gals. of

C34/MCF Hz + CO 1.2 1.2 1.2 1.2 1.2

5. Run 13

Run l43 was the last run of the present series made on

the Stratco Reactor. The total number of hours on stream was 168
and the number of pounds of catalyst used was 1359. The system
was shut down when a slug of water carrled over from the generator
system into the reactor, lowering the catalyst temperature and
stopping the synthesis reaction.

The fresh feed rate during the last 8 hours on stream

was about half of the rate which existed during the first 72 hours

of the run, and the recycle to fresh-feed ratio was about doubled
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by lowering the feed rate. This change in feed rate was accom=-
panied by an increase in ylelds of C3+ and an increase in Hp + CO
conversion as shown in Figure lh, opposite.

6. Suggested Changes in the S*tratco Reactor

It 1s thought that the operability of the Stratco Reactor
for hydrocarbon synthesis could be improved by increasing the
diameter-to-length ratio of the main shaft to reduce vibration
and whipping. This could be accompanlied by an increase in the
volume of the reection (stirred) zone in relatiorn to the volume

of the annulus. The outside cooling jacket possibly may be

(O]

eliminated. In actual operntion the outside jacket was used only
as an air jacket in the runs discussed in this report. A change
in design of the outside of the vessel to allow better insulation
would be helpful because the hest loss from the Stratco Reactor

was much higher than from the conventional type.



