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ENGINEERING DEVELOPMENT GROUP (N.Y. OFFICE)
REPORT NC. 25 MARCH 29, 1952

CARTHAGE HYDROCOL, INC,
BROWNSVILLE PLANT OPERATIONS
ANALYSIS OF SYNTHESIS REACTOR DATA

Introduction

The conversions and yields on the Synthesis Reactors at
Brownsville have been consistently very much lower than those pre-
dicted in design and also much lower than those obtained with the
same catalyst on pilot and laboratory units.

For over a year this has been the subject of much concern
to many individuals and almost every conceivable reason to account
for this discrepancy has been expressed at some time or another.

The latest widely accepted opinion is that poor catalyst
contacting efficiency in the large commercial reactors relative to
that obtained in the small pilot units is respounisible for much if
not most of the trouble and steps are now being taken to compart-
mentalize one of the reactors at Zrownsville to simulate operation
with a number of smaller reactors in parallel.

In addition, on the assumption that this may not be the
answer,engineering studies are being made to determine what changes
would be required to operate the two reactors in two stages instead
of in parallel. So far, the opinion seems to be divided on whether
two stage operation will result in better conversion and yields

than parallel operation.
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On the off-chance that an additional independent review
of the situation, and particularly a detailed study of the Browns-
ville data itself, might disclose some factors which had been
overlooked, or help to establish which opinions are correct,
arrangements were made for the writer to make such a survey at
Brownsville, This study which was made during the period of Feb-
ruary 12 to March 25, 1952 is the subject of the present report.
Scope

The first step in this survey was to trace all pertinent
lines in the field to become familiar with the location of flow
meters, sampling connections etc. and to look for by-passing and
leakage possibilities. None of the latter were found. In the
course of this step flow diagrams were made of the important lines
and these diagrams are included in the appendix for future ref-
erence,

Next, a detailed review was made of the methods used by
the plant to calculate and report run data. Checks were made on
the reliabilitg\?f the data, as discussed in the report where per-
tinent, and then gEier innunerable false starts the correlations
presented here were developed.

Correlations - H, Conversion vs %CO in FF to Ca+

The following Figs. 1, 1A and 1B, which are a plot of
H2 converted vs % of CO in fresh feed which went to CB+’ are a
graphical comparison of all the following data:

1. All available Brownsville data.

2. Stanolind Filot unit data on Allan VWood and
Brownsville 11ill Scale catalysts.

3. Tliontebello Pilot unit data on Allan Wood,
Brownsville 1111l Scale and Spent CM&S catalysts,
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L. Beacon data on Brownsville Mill Scale and
Spent CM& S catalysts.

5. HRI Olean Runs H-24 & H-25 on Spent CM&S
catalyst, which runs formed the basis for
the Brownsville Plant Design.

6. The Brownsville Design.

On these graphs each point which is joined by lines,
represents about 24 hrs. operation. The points are joined to-gether
in chronological order. A ring has been placed around the first day
of each run. The unjoined points which are all laboratory or pilot
unit data, represent averages of several periods or of a whole run.

The Brownsville data were divided into three plots, Figs.
1, 1A & 1B simply to avoid cluttering. The Beacon, l.ontebello and
Stanolind data obtained with Brownsville Mill Scale catalyst, the
design point and the lontebello data on CM&S catalyst have been
repeated on Fig. 1A.

The solid lines on all three of these plots, one for
Fresh Feed having an H2/CO ratio of 2,0 and the other for an HZ/CO
ratio of 1.0 are those which were developed in EDG Report No. 1
dated May 20, 1947. These lines represent an extremely large number
of runs made at various conditions in HRI, seacon, Stanolind and
Jersey laboratories.

The data for Figs., 1, 14 & 1B and for others which will
be described later are included in Tables I & II of the appendix.,

We shall discuss these figures after we have developed
sufficient background to understand what they mean.

Sources of Data

The sources of these data to-gether with a brief descrip-

tion of the reactors on which they were obtained are as follows:
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Montebello Data

The Montebello Data for Run 49 with Allan Wood catalyst
were obtained from the detailed yield calculation sheets included
in the appendix of partial report TDC 802 - 37 P,

The data for Run 63 on Brownsville's Mill Scale catalyst
and for Run 59 on spent CM&S catalyst were obtained from the daily
yvield calculation sheets which were sent tc us from Montebelle by
mail.

The data for the single points representing parts of
Runs 57, 64, 65 & 66 with Mill Scale catalyst were obtained from
the calculation sheets included in the undated report which Mr,
duBois Eastman presented at the recent Tulsa Meeting with Stano-
lind.

All these data were obtained on the 11 3/4" I, D. Re-
actor which is described in detail in F.R. 37 P referred to above.
This reactor is a straight pipe 30 ft. long with 3-2" sched. &0
pipes about 18 ft. long inside the reactor for cooling. Steaming
water is used as the cooling medium. The 11 ft. above the cooling
tubes i1s disengaging space. An external cyclone is used to sepa-
rate the carried over fines from the reactor effluent but no fines
are returned to the unit. Preheat of the total feed is varied
automatically to control reactor bed temperature.

Stanolind Data

The Stanolind Data for Run D-201-29 on Allan Wood Cata-
lyst were obtained from the calculation sheets included in the
appendix of partial report TDC 802 - 37 P, and the data for the
other runs on Mill Scale Catalyst from the Tulsa lleeting Report

referred to above.
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The Stanolind D-201 reactor is &" I.D. about 20 ft. long
and is cooled by an external jacket. About 6 to 8 ft. of the upper
part of the reaetor is expanded to provide catalyst disengaging
space. An external cyclone is used and feed preheat is varied

automatically as at Montebello.

Beacon Data

The Beacon data for old runs 7024, 7027 and 8001 on Spent
CM&S Catalyst were taken from the 1947 Report (£DG ;#1). The first
two were made on a 1 5/8" I,D. stirred reactor and the other on a
3/4" I.D. 9 ft, long baffled reactor similar to that still in use
and on which the other data shown on the graphs were obtained.
This reactor is topped with a catalyst disengaging space 4 to 6V
in diam. and about 2 ft. long and filters are used to knock back the
catalyst. These laboratory reactors are jacket cooled and the total
feed is normally regularly preheated to about 600°F,
HRI Data

The HRI data on spent CM&S catalyst were reproduced from
the 1947 correlation referred to above. They were obtained on an
11 1/2" I.D. reactor 18 1/2 ft. long with 19 - 1" ex. hvy. tubes
provided for cooling with Dowtherm. An expanded section about 2 ft.
long was provided for catalyst diseugaging and filters were used
for final catalyst separation. In the particular runs shown here
the total feed was preheated to 600 - 650°F.

Brownsville Design Conditions

ihe following yields and operating conditions were pre-
dicted by HRI in Case VI Frocess Specs. Sect. 350 and are the goal

we are shooting for:



Per Reactor Total

Syn. Gas feed kate (MMSCFH) 5.0 10.0
Recycle/F.F., ratio 1.0 1.0
Catalyst Holdup Tons 99 198
Steam Prod'n. MNj/Hr. 215.5 431
Cat. oed Density #/C.F. 100
Feactor Press., L25
Feactor Effluent Temp. °F. 650
¢ CO Conv. (on F.F.) 98.2
% Hp Conv. (on F.r.) 80.3
% Hp+CO Conv, (on F.F,) 90.4
Fresh Feed Comp: Mol %

co 33,14

Hp 61.12

No+ A 2.95

C 1.07

In the design, the water-gas shift reaction was assumed

to be in equilibrium (Hp)(COp) = 22 at 650°F) at the reactor outlet.

(Co) (Hy0)
The predicted yields were as follows:

BPOD
Ex Casinghead

8POD 10, RVP Gaso,.*
Casinghead C,'s 150
Casinghead Gaso. 176
Synthetic Cy's 164
Synthetic Gaso. (Db) 4781
Poly Gaso. 91
Total Gaso. ©189 6079
Gas 0il 9L6 9L7
Y'axy Btms. 103 103
Poly Tar _99 95
Total 0il 7337 7224
ater Sol. Chemicals 213,168 /day
o0 8/ /gal = 631 631
Water 914l
Total Synthetic 0il plus WSC
31.8 32.6

3bls/MiSCF of Syn. Gas

* From PR TDC 802 - 37P page 88
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The total C3+ yield, including water soluble chemicals
can be calculated from the breakdown of the reactor effluent streams
reported in the HRI Process Specs. for Sect. 350 (Case 6 design)
as follows:
TABLE A

Total Cq+ Design Yields For Two Reactors
And 10,000,000 SCFH of Fresh Feed

#/Hr. #/Hr., Net Reactor

Flash Stripper Effluent ,

Vapor Feed « /Hr, #/Gal, {#/Bbl. LPH
Ny 21,865 73 21,938 8.33 349.9
co L,L12 20 4,432 8.33 349.9
CO2 69,529 2,666 72,195 8.33 349.9
Ho 75447 10 L,L57 8.33 349.9
C1 11,554 179 11,733 2.40 100.8
Co= 6,062 232 6,291 3.25 136.5
Co+ 5,649 306 5,955 .63 110.5
Cy= 5,871 710 6,581 4.33 181.9 36.18
C3+ 537 70 607 L .25 178.5 3.40
Cl- 4,435 1,249 5,68 5.04 211.7 26.85
Ch+ 388 128 516 4 .80 201.6 2.56
C5~ 6,251 5,565 11,816 5.25 220.5 53.59
Cé 2,466 6,182 8,648 5.66 237.7 36.38
Cr 966 6,834 7,800 5.91 48,2 31.43
Cg 408 7,032 7,440 6.10 256.2 29.04
C9 121 5,719 5,840 6.41 269.2  21.69
C11 17 7,924 7,941 6.83 286.9 27.68
C13 2,580 2,580 6.95 291.9 8.84
C 2,970 2,970 7.05 206.1  10.03
1% 2,230 2,230 7.10 208.2 7.48
C20 Ly, 540 Iy, 540 7.20 302.4 _15.01

145,038 64,309 209,347 335.92
Water Sol. Chems. 8,882 336.0 26.30
Water 104,045

Total Out 322,274 362.22

Total In (F.F.) 322,571 8700 BPD
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The total C3+ and WSC in the reactor effluent amounts to
362.2 BPH or 8700 BPD. The difference between this figure and the
lower corresponding figure reported above in the predicted yield
table is, of course, due to the poly contractions and the 03, Ch
and other losses.

The total 03+ Incl, WSC leaving the reactors amounts to
91,225/ /Hr. which divided by 14 = 6,516 CH, radicals per hr. which
is 74.05% of the 8,800 Fols of CO fed to the reactors in the fresh
feed.

The other design factors used in these correlations were

similarly calculated as follows:

% CO in F.F. to WSC = 7.2
% CO in F.F. to CO, Made = 14.73
% CO in F.F. to Ch) liade = 5.1
% H2 in F.F. to H2 Made = 34.9

Brownsville Reactors

An assembly drawing of the Brownsville Reactors (Combus-
tion Engineering Drg. No. £-152-572-7) is included in the appendix
for ready reférence. These reactors, of which there are two alike,
are 16'-6" I.D. and 21'-9" high from bend line to bend line with
hemispherical heads. Each reactor is filled with steam tubes which
are arranged in bundles as shown in plan on the following Sketch A.

There are 1420 - 1 7/8" G.D. tubes in all, arranged in 31
bundles. All but 12 of the bundles have 61 tubes each with 24%
melons at top and bottom. The other 12 bundles have 21 or 22 tubes
with 19" melons. The height of the bundles from ctr. line of bottom
melons to ctr. line of top melons is 16'-6" for most bundles and
18'-6" for a few to stagger the top melons. The bottom melons are all

on the same plane with their center line 21 1/4" above the grid.
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The free area between tubes is 187 sq. ft. and the dis-
tance from the grid to the center line of the lower row of top
melons is 18'-6", This is probably the maximum height of catalyst
bed that can be used and still have enough submerged cooling sur-
face to take away the exothermic heat of reaction.

The grid is made up of pie shaped castings and contains
336 openings as shown in the plan on the above Sketch A. These
openings were originally 3/4" diameter but in May 1951, after Run
ii8, these were reduced to 3/8% diameter by means of sleeve inserts.
This was done on both reactors.

In the original reactors there were three horizontal rows
of louvre type baffles installed between the cooling tubes near the
tops of the bundles. These caused localized erosion of some of the
tubes and were removed from both reactors in Feb., 1951 after Run #5.

Reactor Operations

Before attempting to analyze the Brownsville data it is
well to briefly review the operating procedures used on the reactor
system.

The following Sketch B is a simplified flow diagram of
the Reactor System. Su pose we start with the reactor in operation

and about to come down.

A. Catalyst Stripping After Shutdown - Circulation

First the synthesis gas feed is shut off at the fresh
feed compressor (V-302) section. The compressor V-302 will then be
on recycle gas alone, supplemented by the Nat. Gas used for Aeration,
about 55,000 SCFH and an additional 45,000 SCFE or so of Nat. Gas
admitted to the V-302 suction when the Syn. Gas is cut off. The
recycling rate is maintained to hold a lineal velocity thru the bed

of 0.6 ft/sec with a minimum of 0.4 ft/sec to insure maintaining
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fluidization. The flow will be from the V-302 compressor thru the
steam superheater L-305C (now used all the time as gas htr.) thru
the reactor, the M-352 & M-356 exchangers, the N-353 cooler and then
thru the Gas Srubber N-351 and thus back to the V-302 suction. The
V-351 recycle compressors will be shut down.

During stripping, the system pressure is reduced to about
1007 and the reactor effluent temperature is held at 650-700°F,
without exceeding 800° on the L-305C outlet. To maintain the bed
temperature at this level the steam bundles have to be cut out of
service. Vhen the mass spec. analysis shows 90 to 94% CHLF in the
tall gas the stripping is considered complete.

The reactor temperature is then reduced to 270 to 300°F.

by lowering the L-305C heater outlet. The acid water is then cut

out _of the gas scrubber (1.-351) and citv water only is used. After

displacing the water in the acid water line to Stanolind for one
hour the water from the gas scrubber is discharged to the pond.

If the catalyst is to be continuously circulated between
runs, the conditions described in the previous paragraph are the
ones used except that the reactor pressure may be lowered to about
807#. The rate required to maintain a lineal velocity of 0.6 ft/sec
at 80# press. and 300°F. is about 1,800,000 SCFH.

Starting From Scratch

When coming up from a dead stop the same method of circu-
lation is used except that the bed temperature is held at 500 to
700°F. while adding the catalyst to the reactor.

Unloading Reactor

The same circulation procedure (at 300°F.) is also used
when catalyst is unloaded from the reactor. After all possible

catalyst has been removed in this manner (thru bottom center outlet)
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the circulation is stooped and the reactor washed with hot water

before unheading. When the reactors are opened several tons of

catalyst are always found packed between the tubes. This has to

be removed by hand prodding.

Reduction Before Startup

“ith the reactor circulating Natural Gas as described
above, the reactor temperature is raised to 700-725°F, and the
pressure increased to 2007 press. while raising the recycle rate
and Nat. Gas input as necessary to maintain a lineal velocity of
0.6 ft/sec. This requires a rate of about 2,800,000 SCFH.

Hydrogen is then cut into the V-302 suction at the
maximum rate of production, about 20,000 SCFH and the Nat. Gas is
~cut out. Aeration is maintained by recirculation in the separate
(reciprocating) compressors (V-352). After about 48 hours the
hydrogen concentration in the system will have reached about 40%
and reduction is considered completed. In some runs where in a
hurry to get started this time has been cut to 12 hrs. with only
30% Hy concentration attained.

Nothing but city water is used in the gas scrubber
N-351 during reduction.

Carbiding

Prior to the last three runs 315, ;716 and /17 a car-
biding step has been added after reduction. This is accomplished
by simply shutting off the hydrogen and substituting synthesis gas
from the generator with reactor at 650 to 700°F. and 2504 press-
ure, synthesis gas is added to the V-302 compressor section at a

rate of about 50,000 SCFH and is increased by that amount every 15
minutes until a total of about 700,000 SCFH is being added. This

condition is maintained for about 20 hrs.



Shortly after the start of syn. gas admission acid water
washing is started in the gas scrubber N-351.

Start Up

The normal starting up procedure is essentially the same
as that described above for carbiding except that the increase in
syn. gas admission rate is not interrupted until the full desired
rate, usually 3,000,000 SCFH has been attained. Also as the syn.
gas rate is increased the reactor pressure is raised to 350f and
steam bundles are placed in service as necessary to maintain and
equalize reactor bed temperatures.

in the earlier runs some of the bundles were left out of
service entirely but in recent runs it has been the practice to
place them all in service pinching off each bundle circuit as
necessary to equalize bed temperatures. No record is kept of the
amount of pinching off of the individual steam circuits.

The following Sketch C shows the location of the thermo-
wells in lieactor A with respect to the tube bundles. Those in
Reactor B are opposite hand.

whether carbiding or just starting up directly, acid
water is admitted to the gas scrubber as soon as or shortly after
synthesis gas is added to the reactor.

The recycle compressor V-351 is started as soon as press-
ure has been built up on the system.

The plant is always run to load the fresh feed compressor
V-302, with fresh feed plus part of the recycle and this entire
stream, usually about 4,500,000 SCFH is routed thru the L-305C
heater and there preheated to 650°F. The remainder of the recycle
is handled by the V-351 compressor and is not preheated. Thus

when running with a fresh feed rate of about 3,000,000 SCFH, the
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output when only one O plant is running, and with a recycle to
fresh feed ratio (R/FF) of one, approximately 1,500,000 SCFH of

the recycle is preheated along with the fresh feed and an equal
amount of the recycle is not. Therefore when the fresh feed rate
is increased with the R/FF remaining the same, less of the recycle
goes thru the V-302 compressor heater and therefore the combined
sggam reactor inlet temperature drops. In other words when running
with a F.F, rate of 3,000,000 SCFH and R/FF of 1.0, 75% of the
total feed to the reactor is preheated to 650°F. resulting in a
total feed temperature of about 530°F. whereas when the F.F. rate
is increased to 4,500,000 SCFH and the R/FF rate is still maintain-
ed at'one, then only 50% of the total feed is preheated and the
combined feed temperature drops to about 415°F,

Brownsville Data

Seventeen runs have been made at Brownsville. The first
of any consequence so far as the reactor is concerned was Run ; 5.
Yo data were worked up for Run #7. A general description of each
run with causes of shutdown etc., is periodically made up by
Carthage in L,.Y. and is called "Summary of Operations". Our copy
of this summary with supplementary notes is included in the
appendix,

The following Table B is a list of Runs 5 to 17 inclusive
showing the dates of the runs, their duration and the catalysts
used. It will be noted that all runs except /8 were less than 2
weeks long and all but four were of 10 days or less. Run {10 was
the first run made with well reduced catalysts and Run ;11 was the

first made with the fine grind catalyst now being used.



TABLE B ‘ .

BROWNSVILLE REACTCK HRUNS

Hun Reactor Catalivst
No, Start End Davs Used Tone Type % Fe Red'n,
| 5 1/16/51 1/25/51 9 140 Used AW & MSx 72.3
; a0 Frean MS Added 30 770
6 3/11/51 3/2G/51 9 170 bh MS 88 750
100 esh MS Added 20
v L/8/51 L/13/51 6 Furn Not Used. Data unavailable
g L/21/51 5/16/51 2L 160 Used in Run 7 73.7
19 Fresgh MS Added a0
9 6/5/51 & PM 6/9/51 3:15 PM L B 126 Used in Run #8 74
| g7 Fresh Added 88
10 7/20/81 11 AM 8/1/51 12:35 AM 11 B 2L0 Fresh 95+
I Fresh Added 97
11 11711781 6 AM 11/20/51 10:15 AM 10 A Pl s Fres 26 725
& Fre b Added 97
| 12 - 11/28/51 11 PM 12/7/51 12 N 9 A 21k Used in Fun 11 79.3
| : gz Fresh Added 6.6 728
| ) . i
| 13 12/21/81 5 PM 1/2/31 9:1% AM 13 B 130 Used 80.9
127 Freah G7.3
| 60 Fresh Added 97 725
| LG Fresh Addeds* 6.2
|
| 1l 1/9/52 5 PM 1/22/52 11 AM 14 B 207 Used 80.7
| 55 Fresh Added 95.3 775
15 2/2/52 9:30 AM 2/11/52 L:30 PN 10 A 746 Used 777
121 Fresh 9L .8
1z Used Added 77.7
42 Fresh Addegdsx 95.5 810
16 2/19/52 12:30 PM 2/22/52 ©:30 AM & A 104 Used 78.2
pan Freghix g6 825
71 Fresh g5 810
17 3/L/52 9:13 AM 3/13/52 2 PM 10 A 130 Used 80.3
£ ¥resh G5
55 Fresh Added 80.3
11 Fresh Added g7

* AW = Allan Wood used only in Run /5 and before all other runs used Mill Scale MS. Where so noted the catalyst
was added during the run.

* These batches were reduced and precarbided before adding to reactor. In addition in situ carbiding was practiced
in the reactor before the beginning of Runs 15, 16 & 17.



A
ot H

The stock room at Brownsville works up a daily (6 AM to
6 AM) statement of reactor operations using 24 hr. averages of meter
readings, temperature and pressure measurements with averages of
three mass spectrometer analyses on the fresh feed and two on the
recycle,

In this calculation, because there is no direct measure
of the fresh feed to the reactor, the fresh feed is found by balance
in which the output is made up of:

1. Absorber tail gas - metered and analyzed.

2. Raw Primary Oil - gaged when treating unit not
running, otherwise metered.

3. Water Soluble Chemicals - obtained from “tanolind.

L. ‘ater make - obtained from Stanolind.

The absorber tail gas is adjusted to remove metered aera-
tion gas (liat. Gas) and the total output weight is then used to-
gether with fresh feed analysis to calculate the fresh feed rate
and input of each fresh feed component.

A check against this calculated rate can be obtained by
subtracting from the metered ra?e of the combined fresh feed and
part of the recycle on the fresh feed compressor discharge (preheater
outlet), the rate of recycle to the fresh feed compressor which is
measured by a pitot venturi not considered reliable enough to use
for the daily calculations. The remainder of the recycle, that
going thru the recycle compressor, is metered separately.

An additional check on the calculated reactor fresh feed
rate is obtained by comparing with the syn. gas generator output

which in turn is calculated by carbon balance around the generator.
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The accuracy of the reactor calculation is also notéd
daily by comparing the calculated argon input with that leaving the
system which is calculated by difference as outlined above. We
have made spot checks on all these calculated rates and found them
reasonably reliable,

The above method of calculation applies to all runs which
were made since March 1951 after Run #5. Rua 5 was calculated
separately but in a similar manner.

These stock room data do not agree exactly with those
reported in the teletypes because the teletypes are based on spot
6 Al readings using midnight sample analyses and short-cut calcu-
lations.

At the end of each run the daily stock room data are tab-
ulated to form what is called the run "Operating and Yield Summary"
which is sent to New York and copies of which are included in the
appendix.*

The data from the run summaries, supplemented by a few
additional data, were tabulated and recalculated for correlation
purposes and are included in Tables I & II in the appendix as re-

ferred to above.

Keliability of Brownsville Data

It will be evident from the above description of the meth-
od of daily data calculations and from consideration of the many
factors involved, that the possibility of inconsistencies in the

Brownsville data from day to day and run to run is great. Therefore,

* The weight percentages in the Run Summaries do not add up to 100%
because the CO, and CH), in the fresh feed have been subtracted
from the CO, and CH, respectively in the reactor effluent. The
total products sho are the '"make' products they are all expressed
as wgt.% of the fresh feed synthesis gas and not of the pure Ho
plus CO inpnut.
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in order to explore the relative reliability of the point to point
data and to examine the effect, if any, of changes in operations
made during the runs a plot was made of all the Brownsville data
run by run in the following separate graphs. These graphs are

plots of space velocity (SCF of F.F./Hr/Cu.Ft, of fluidized catalyst)
against yield of C3+ expressed in Bbls/IMNSCF of fresh feed. They
are numbered Run 5, Run 6, Run 8 etc. On each plot the points have
been joined in chronological order with a ring around the first
day's operation. cmxamination of these individual graphs and Table
IT in the appendix, which lists the plotted data as well as the
operating conditions used, discloses the following:

1. Some points, but not too many, are obviously way out
of line and can legitimately be discarded if necessary to avoid
confusion. (Note: A great many points which were out of line in the
original rough graphs were corrected when on checking back to the
original stock room calculations, it was found that errors in arith-
metic or errorsin transcription or errors of ommission were respon-
sible).

2. In the first part of Runs 8, 13 & 14 all of Runs 11,
12 and the last part of Run 17 there is obviously a wide random
distribution of the data during periods when operating conditions
were deliberately being maintained as constant as possible in the
plant. This random distribution shows that the plant data cannot
be depended upon too much, from point to point at least, to show
anything but large effects of changes in operating variables. Ve
must look instead to the mass of the data to show trends

3. The effect of catalyst deactivation is quite pro-
nounced in many runs. Lote especially the sharp drop after the

first or second day in Runs 5, 11, 12, 14 & 15. Note also the
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sharp drop which occurred during the later part of Runs 13 & 8.
The drop in Run 13 may have been caused by a sharp change in mass
spectrometer operations (could not be pinned down as such however)
but that inrRun ;'8 it is too consistent, in spite of maintaining
constant operating conditions to be anything but catalyst deacti-
vation.

L. In runs 14, 16 and 17 there is an apparent pronounced
effect of space velocity. This is not solely the effect of space
velocity however because space velocity was always increased as
the run progressed and therefore the effect of catalyst aging is
superimposed.

In summary, these individual run graphs indicate that
some rapid deactivation takes place the first day. The graphs
also indicate that if the runs were longer, some further deacti-
vation would occur as it did in wun 8 where the catalyst apparently
went to pot completely., Space velocity has an apparent effect but
the magnitude of its effect is clouded by the superimposed . catalyst
aging and possibly the effect of automatically reducing the combined
feed inlet temperature when total feed rate is increased as dis-
cussed above.

The point to point data of each individual run are not
accurate enough by themselves to show the effeci,if any, of other
operating variables.

Fig. A Hp+CO Conv. vs % Contraction

In order to get some idea of the consistency of the runs
with each other, we have plotted all of the data on the following
Fig. A where Hp + CO conversion is plotted against % contraction.
This relationship is almost mathematical and if the methods of

measurement and calculations were correct, the points should all
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fall on a single line.

It will be noted that altho the deviation is fairly great,
all but a few points fall within a band which should be good enough
for our purpose. The points that are outside that band are all
unreliable and not real effects of operating conditions. These
points cannot be discarded yet however because altho they may be
in error so far as % contr. or H2+CO conv, is concerned they may
be correct when other factors are correlated.

Fig. B Hp+CO Conversion vs Cq+ Yields/MMSCF of Feed

Another plot used for the purpose of establishing the
consistency of the data with each other is Fig. B where we have
shown H,+CO conversion vs the yield of 03+ in Bbls/MMSCF of F.F.
for all points. Here the scattering is even greater than in Fig. A
because the C3+ yield is numerically dependent on the accuracy of
many more values than the % contraction.

All of this merely reiterates that we must draw conclu-
sions from the mass of the data and not try to deduce too much from
a point to point comparison.

It will be noted from this Fig., B and also from Fig.lA
that the CB+ yields reported for Run #5 are way out of line. As a
matter of fact these yields are stoichoimetrically impossible for
the H2 and CO conversions reported., This particular run was not
worked up by the usual stock department procedure and the complete
recalculation of the original data might have disclosed the cause
of the discrepancy. However, this expenditure of time was not

warranted and we have elected to ignore Run #5 instead.

All the data in Run #8 are suspect. This is unfortunate
since this is the longest run., An examination of the data discloses

that the mass spectrometer analyses on the reactor fresh feed
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(V=301 effluent) was in error. The HZ/CO ratio averaged about 1.7
instead of the 1.8 in other runs before and after Run j8. This has
such a great effect on the correlations which use H, conversion or
H,+CO conversion as a base that Run #8 must be ignored for this
purpose. The error however was consistent throughout the run and
therefore the run may be used to evaluate the effect of operating
variables & catalyst age.

We also note from Fig. B that the following points should
be treated with suspicion.

1. The last three points in Run #9

2. The last two points in Run #10.

Fig, C Space Velocity vs 03+ Yields

The following Fig. C is a plot of space velocity vs 03+
yields in Bbls. per million SCF of synthesis gas feed for all
Brownsville Runs from Run 710 on. This plot was made up to see what
these recent and more reliable runs, shown on the individual plots
above, would look like if superimposed on each other. In general it
will be noted that they check each other reasonably well. From
examination of this plot and Table II of the avopendix there is no
clear cut evidence that difference in operating conditions from run
to run made any consistent change in results. Ve were particularly
surprised to find no large consistent effect of differences in
degree of catalyst reduction. In general it can be concluded that
catalyst aging and space velocity, as modified by catalyst aging
and perhaps preheat, are the only two factors that make large
differences in results,

One might argue that the fine grind catalyst, used in Run
+11, was better than coarse catalyst because the results in Run #10

and also in Runs #6 & 9 (see Fig. 1) were not as good as those ob-
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tained in the succeeding runs. (The Run #& data are unreliable as
discussed above)

On this same Fig. C we have shown for comparison the
effect of space velocity in pilot unit operations as reported in
Table /5, p. 21 of P.R. TDC 802 - 37 P. Ve have also shown for
comparison horizontal lines representing the design goal of CB+
yields both as originally proposed and as adjusted for the quality
of the present synthesis gas as follows:

Effect of Synthesis Gas Quality on Yields

From the Case 6 design breakdown of the reactor effluent
previously submitted, it was found that the total C3+ yield (inclu-
ing WSC) per MM SCFH of syn. gas feed predicted was 36.22 Bbls.

This was for a synthesis gas that was quite different from that now
being produced at Brownsville.

Shown in the following Table C are réﬁomly selected analy-
ses of the synthesis gas in various runs compared with that predict-
ed in design.

On Nov. 29, 1951, the end of Run 13, the practice of add-
ing abeut 15% steam to the natural gas feed to the generator in
order to reduce soot formation was started. It will be noted that
this made a perceptible difference in the syn. gas composition,

H,/CO ratio and H,+CO purity as shown below.

Average Runs Average Runs

213 & 7,16 Incl. 46 & #12 Incl,®
Design with Steam No Steam
Syn. Gas Rate MMSCFH 5.0 3.18 3.10
Mol ¢ Dry: CO 33.23 31.73 33.27
Hp 61.35 59.78 60.15
COp 1.31 3.90 2.97
No+A 3.01 2.12 1.94
CH 1.10 2.47 1.80
Ho /0O 1,845 1.88 1.81
Hm+CO) 9L.2 91.5 93 .42

* Run '8 Excluded



TABLE C
CCMPARISON OF FRESH FEED COMPOSITICNS

Fun i /16 £15 1k £13

Date Design 2/22/52 2/29/52 2/3/52 2/10/52 1/11/52 1/21/52 1/22/52 12/23/51 12/30/51

oyn. Gas Rate

VMSCF wet Dry 4.06 3.30 2.856 2.663 2.64L6  3.354, 3.771 2.999 2.990
A .65 .63 .69 .69 .73 .68 .65 .73 .70
Co 33.1 33,23 30.92  32.34 32.20 31.43 31.74 31.62  31.69 32.08 31.56
Ho 61.1 61.3559.70 58.98 59,65 60.14 59.58 60.23  60.08 59.82 59.87
CO2 1.3 1.31 4.63 3.87 3,71  4.01 3.90 3.63 3.77 3.71 3.84
Np 3.0 3.01 1.34 1.60 1.31 1.11 1.45 1.68 1.38 1.43 1.61
CHy, 1.1 1.10 2.76 2.58 2.4 2.62 2.60 2.16 2.43 2.23 2.42
Ho0 0.4 -

100.0 100,00

Ho/CO 1.845 1.93 1.81 1.85 1.91 1.88 1.90 1.90 1.86 1.90
(Hp+C0) %94 .2 90.62 91.32 91.85 91.57 91.32 91.85 91.77 91.90 91.43

Run i #12 #11 #10 #9 #8 #6

Date 11/30 12/5 11/12 "11/17 7721 7729 6/6 6/8 L/25 5/8 3715 3/18

Syn. Gas Rate 3.03 2.8l 3.00 3.05 2.51 2,67 2.81 4L.77 3.07 3.46 3.2, 3,06

A .69 .68 65 .71 .66 .61 67 .71 7L «79 JTh .73

Co 33.48 32.14 32.88 34,03 32.66 34.42 33.3133.93 34.70 34.95 33,30 32.51
Hp 59.77 59.86 60.89 59.97 60.93 60,56 60.9360.42 58.40 58.05 58,63 59.52
COp 3.06 3.88 2,87 2,69 2.65 2,49 2.74 3.07 2.94 2.58 3.12 3.09
NE .93 l1.41 1.0, 1.08 1,08 .88 1.07 1.18 1.00 1.45 1.88 1.95
CEy 2.07 2.03 1.67 1.52 2.02 1.04 1.28 0.69 2.22 2.19 2.33 2.23
HQ/CO./ 1.79 1,86 1.85 1.76 1.87 1.76 1.83 1.78 1.68 1.66 1.76 1.83
Hp+CO )% 93.25 92.00 93.77 94.00 93.59 49.80 94.2494.35 93.10 93.00 91.93 92.03
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If it is assumed that steam will continue to be added to
the generator to control soot formation the syn. gas will contain
only 90.32 of Hp+CO having an Hp/CO ratio of 1.845, assuming the
extra hydrogen is not beneficial, thus

% CO = 31.73 x 1.845 = 58,6 = % LEffective Hy
31.73 + 58.6 = 90.3% Hy+CO

It follows therefore that the anticipated yield of C3+/
MVSCF of synthesis gas must be reduced to 90.3/94.2 = 95.9% of that
originally anticipated due to inferior synthesis gas composition.
This amounts to 34.73 Bbls/MiSCF of syn. gas.

Similarly if steam is not added the syn. gas will contain
92.1% of H2+CO of 1.845 HZ/CO ratio and the anticivated yield must
be reduced to g@;l = 97.82 of that predicted (35.42 Bbls/MNSCF FF).
Roughly therefgiézsome 3 or 4 percentage points of the discrepancy
between anticipated and actual yields of CB+/MMSCF of syn. gas at
Brownsville can be accounted for bv differences in the synthesis
gas compositions.

Incidentally, it is noted that the MNitrogen plus Argon in
the Brownsville gas is consistently less than that predicted. This
i1s because it was assumed in design that the nat. gas would contain
£9 N, whereas this has been running consistently at 0.3 to 0.5%.

On the above Fig. C we have also shown vertical lines
representing the space velocity required per reactor for the present
production of syn. gas (abt. 3,000,000 SCFH/Reactor) and that
required ultimately for the design rate of 5,000,000 SCFH for each

reactor. These values were developed as follows:



:

Space Velocity:

The desircn space velocity calculated from the data sub-
mitted in the Case 6 design specifications is 2520 V/HR/V. These
specs, show a horizontal reactor however and later, if my memory
is correct, as changes were made in the design 2200 was consistently
referred to as the design space velocity.

In actual practice the bed density has been found to run
much higher than the 100,//c.f. predicted in design., It actually
is nearer 150 at Brownsville and about 140 at l:ontebello,

The present reactors can probably accomodate a bed beijht
of about 17 ft. which, with an average free area between the tubes
of 187 sq. ft. amounts to a total catalyst volume of 3180 C.I'. or
a space velocity with the design rate of 5,000,000 SCF.. of
Syn. sgas of 1570 V/HR/V. at 150,/c.f. catalyst density, this bed
height requires about 240 tons of catalyst which is the amount now
normally used for a full load.

although the ultimate 5oal is to operate at 1600 space
velocity the present synthesis zas output with one oxygen plant in
service is only 3 million 5CF of syn. gas instead of the desin
value of 5 million. At this actual rate therefore the space
velocity recuired per reactor is about 960 SCF of Gas/Hr/CF of
catalyst bed.

Discussion of Fig.cC.

It will be noted from Fi~z, C that there is a long way to
- 70 before Brownsville results will equal those of the pilot units
and, what is more injortant, the oilot units have almost as far
again to go to reach the desired goal at the ultimutely desired

space velocity eof 1600,



It will be noted also from Fig. C that if a line is drawn
thru the best of the Brownsville high space velocity data and ex-
tended to zero space velocity the yields would still not be as good
as those obtained on the pilot units at 960 space velocity.

Figs D Space Velocity vs C3 + Yield for Averaged Data

In plotting the points on Fig, C it was observed that in
many runs the yields in the first day's operation were substantially
higher than those for succeeding days at the same operating condi-
tions. This effect was obscured in Fig. C because of the random dis-
tribution of the points representipg succeeding days. Furthermore in
nearly all runs the space velocity was increased only after several
day's operation (time required to get the second oxygen plant in
service), We therefore averaged the data for periods where operating
conditions were kept constant leaving the first day's operation sep-
arate and obtained the following plot Fige D, On this plot we have
shown besides each point the number of days recpresented by the point
and we have put a ring around each pt. representing the first day.

On this graph the abscissa should have been made longer to
permit showing all the points at very high space velocities in Run
17. These however are simply an extension of the graph as can be
seen thru reference to the individual plot for Run 17,

This is one of the most important graphs in this report.
It correlates well all the recent run data, Runs 11 thru 17, except=-
ing only the first day of Run 16 which covered a 17 1/2 Hr. period

but was obviously out of lines.

The line thru the Brownsville data shows the combined
effect of space velocity and catalyst deactivation., *

*To a certain extent the lower end of the curve, beyond 1000 to 1200
Spsvel, also may be influenced by total feed inlet temperature but as
shown before this temperature actually doesn't change very much (530°
ErBSOﬁééégz and therefore its effect on this graph should not be
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The pilot unit line on the other hand since it was based on the
first few days operation of several different runs (see Table V
pe 21 PR 37P) shows the effect predominantly of space velocity
alone.

From the relative position of the first day points the
Brownsville catalyst deactivates very rapidly at the very beginning
of each run. It will be noted also that if the steep portion of
the curve were to be extrapolated to, say, the first hour's opera-
tion, the yields would very likely be right up there with those
obtained at the same space velocity on the pilot units.

Moving down The Brownsville line to the points represent-
ing the largest number of days (at about 1000 space velocity) it
will be noted that the slope is still very steep until we get to
space velocity of about 1200 beyond which the line parallels the
true effect of space velocity on the pilot units. This steep in-
termediate portion of the curve, where most of the data fall, in-
dicates that poisons are entering the system with the gases. A
small increase in space velocity increases the rate of poison
entering the system so that catalyst activity and yields drop off
rapidly. Beyond that, the catalyst is virtually dead anyway and
the effect is almost purely one of space velocity alone.

This graph and the previous Fig. C also show that if
the initial degree of reduction of the catalyst and catalyst car-
biding have any effect at all, the effects are well within the
accuracy of the data,

Also since Run 17 made predominantly at very high space
velocity because of very low catalyst bed, falls on the curve with

other runs of deeper bed where the space velocity was high only



because of high thruput instead, Fig. D indicates that at this low
level or activity, at least, bed height and therefore probably
catalyst contacting efficiency have little to do with the poor
conversions, at least not at these low levels of activity.

Fig. E. Space Velocity vs Hp + CO Conversion:

Fig. E is a plot similar to Fig. C except that H2+CO con-
version is the ordinate instead of the C3+ yields. This graph like
Fig. 1, permits a direct comparison of Brownsv ille and Pilot Unit
data and also shows the H,+CO conversions obtained at Brownsville
at very low space velocity during carbiding operations.

The solid line at 90.4% Hp+CO conversion represents the
design goal., It will be noted that the HRI H series runs H-24 &
H-25 (@) which it will be remembered were made on an 11.5" i.d.
reactor with spent CM&S catalyst all fall on or above the goal.

The Beacon data (x) with the same catalyst and with Brownsville
Mill Scale catalyst also all fall along this line but only one
run (7027) was available at low enough space velocity to be

shown on this plot. The others were all made at space velocities
of 5,000 to 15,000 V/HR/V.

Referring to the 3tanolind and Pilot unit data it will be
noted that the deactivation with time when using either mill scale
§£ Allan Vood Catalyst at a given space velocity is quite pronounced
though much slower than which takes place at Brownsville as shown
in Fig. D above. The deactivation in the Stanolind Run #2% with
Allan Wood catalyst (0-0) was somewhat more rapid and more con-

sistent than that obtained with the same catalyst at Montebello.
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The liontebello Run #59 (®) with spent CM&S catalyst, on

the other hand shows a much slower rate of deactivation, if any.

A line thru the points for this run is almost parallel to the

dotted line showing the effect of space velocity in the Pilot units.
This line is the same as that shown on Fig. D above.

It is quite interesting to note that the Brownsville
carbiding runs fall exactly on an extrapolation of this space
velocity line. This indicates that during carbiding operations
when operating with a fresh catalyst and relatively high hydrogen

partial pressure The Brownsville Reactor acts Jjust about the same

as the Pilot unit reactor. On the other hand it is evident, of
course, that this space velocity line does not go thru the best
pilot unit results but perhaps represents instead average results
with a catalyst that has become somewhat stabilized.,

Except for Run #10 and the latter part of Run #13, the
plant scale data, at a lower conversion level show about the same
effect of space velocity on Ho+CO conversion as does the pilot unit
iine. As we have seen from fig. D however tnis is not the whole
story.

Discussion of Figs. 1, 1A & 1B

Figs. 1, 1A & 1B were included at the beginning of the
report because they show quite strikingly the differences between
Brownsville, pilot unit and laboratory results. They were among
the first plots made and all the Brownsville data were included
even though we now know that some of these data, notably Runs 5 & 8,

are in error., These form the first of a series of graphs where
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Brownsville and Pilot unit results are compared with base lines
established in the 1947 correlations (EDG Report No.l) from an
extremely large number of data obtained at several laboratories.

Since the points are joined in chronological order with
rings around the first day of each run, the drift downward to
lower Hy, conversion with time is quite evident., It is also clear
that the drift on Pilot units is of the same order though slower
than that experienced at Brownsville,

With reference to the Pilot unit results it will be
noted that the lontebello data fall abrut where they should with
respect to the base lines because the Montebello gas has an
H2/CO ratio of only 1.6 compared to 1.8 for Brownsville and 2.0
for the lab. and the Stanolind Pilot unit runs. This, incidentally,
may explain the relatively high selectives for a given H2+CO con-
version consistently reported by Montebello because conversion is
always expressed as % of Hy+C0 and Montebello has less Hp to start
with.

On the other hand, The Allan Wood catalyst at Montebello
apparently results in better selectivity than that obtained with
Mill Scale.

It would appear from Figs. 1, 1A & 1B that the problem
of raising Brownsville conversions is the same kind of problem as
that of raising Pilot unit results to those of the smaller units.

Although a little difficult to see on Fige. 1 & 1A, it will
be noted that the drift in activity with time of the spent CM&S

catalyst on the Montebello unit was not as great as with Mill Scale.
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It was still there however and even with this apparently more stable
catalyst periodic reactivations would be required to maintain activ-
ity. Such periodic reductions were used on the "1000 Hr. demon-
stration Run 19-6 with fresh CM&S catalyst at Trenton,

In general it will be observed from Figs. 1, 1A & 1B that
all the data, comm'l,, pilot unit and lab. fall pretty close to the
base lines established in 1947. This is pertinent to succeeding
discussions.

Hs vs CO Conversion - Fig. 2

The following Fig. 2 is a plot of Hy vs CO Conversion
for all the data used in Figs. 1, 1A & 1B except for a few points
and Runs 5 & & which were discarded above. On this plot the CO
Conversions for Run 10 are obviously in error and should be ignored.
The nomenclature on this and succeeding plots is the same as in
Fig. 1.

The solid lines on this graph are those that were estab-
lished in the 1947 correlation (EDG Report #1) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>