Defining Reformer Performance

At present, performance evaluations of steam-hydrocarbon reformers
are subjective and arbitrary. The procedure described here will enable a
precise definition of what is happening in this equipment.
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Catalysts and Chemicals, Inc.
Louisville, Ky.

The overheating of steam-hydrocarbon reformer tubes and
their resultant shorter lives has been the topic of much
discussion and study over the past several years. Such
problems are not new, however, the advent of the high
pressure fired tube reformer hasmagnified the problem due
to its more significant effect on °production economics.
Various approaches have been used by-industry to predict
and extend tube life in order to avoid premature tube
replacement or unanticipated production interruptions.
Industry agrees that a tube must be operated at the lowest
possible temperature to accomplish maximum life. This
requires precise definition of reformer performance in order
to adjust operations to optimum conditions.

The definition of steam-hydrocarbon reformer
performance in large ammonia and hydrogen plants today is
generally much too arbitrary. What is the actual furnace
condition when it is described as looking “good” or “bad?”
Such descriptions may be meaningful to the plant operator,
but they do not lend themselves to improving reformer
performance through comparisons with other furnances or
with other established performance criteria.

In a large furnace, under normal operating
circumstances, a rather wide range of tubeskin temperature
can be experienced, as well as the occurence of hot tubes,
hot spots, or hot bands. We shall propose the use of a
method that we have used to define furnace performance
and discuss how major variables affect performance in a
typical ammonia and hydrogen plant. Utilization of this
procedure will eliminate subjectivity in the defining process
and thus permit the operator to make more meaningful
comparisons and corrective adjustments.

The procedure used to fully describe the performance of
a fired tube reformer first requires the accurate definition
of rates, temperatures, pressures, and gas compositions
around the reformer, as well as a complete scan of the
maximum fubeskin temperatures being experienced in
various sections of the furnace. The maximum tubeskin
temperatures are totaled, and an average of these hottest
measurements calculated. o

The range on the maximum tubewall temperatures in a
large fired tube reformer can vary as much as 200°F at the
same level in the tubes. The range in tefperature from the

coolest tube to the hottest tube can be even greater than
this. The individual tube. temperature readings should serve
as the basis for trimming the furnace.

The- question will immediately arise as to how to
measure tubewall temperatures. How much error is
introduced into the procedure with pyrometer readings?
Which type optical pyrometer is most accurate and least
prone to operator error? Is infrared better than optical? It
is not intended to discuss this here. The tubewall
temperatures measured by CCI in both pilot plant and
commercially have all been with its Pyro optical pyrometer.
Those measured by the plants are with Pyro and Leeds &
Northrup optical pyrometer and infrared pyrometers. They
have varied and each plant has its own preference. The
subject of surface temperature measurements in fired tube
furnaces has been discussed in detail by J.M. Lenoir (1).
Whatever instrument is used, it should be kept in a good
state of repair and calibration, and the operators all given
the same instructions for use to minimize differences in the
readings due to operator interpretation.

A full discussion of the measurements to be made
around the reformer is given in Appendix A. It will not be
discussed here as it is routine to most operators, however, it
should be reviewed to assure that all measurements are
being made.

To adequately describe the procedure to be used for
characterizing reformers, it is necessary to discuss major
operating variables and the effect of each on tubewall
temperatures. It is a well recognized fact that there is 4 high
degree of interaction between the variables in
steam-methane reforming and we shall attempt to
distinguish the effect of each. The comments to be made
apply to an operating reformer. We will not discuss those
variables such as pressure, level of operation, etc., that relate
to the initial design of the furnace.

Major Operatmg Vanables

Methane leakage from furnace — The methane leakage
controlled out of a fired tube reformer. has a very
significant effect on the tubewall temperatures experienced.
In general, a reduction of 1% methane leakage from a fired
tube reformer will result in an increase of about 25°F on
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tubewall temperatures measured. To accomplish this 1%
reduction in methane, the outlet temperature of the
furnace must be increased about 18°F.

Feed rate to reformer — A less significant effect on
reformer performance is due to total feed rate. In general,
an increase of 1% in the feed rate will result in about a 20F
increase in the tubewall temperatures measured in the
furnace — that is controlling to the same outlet temperature
from the reformer. It should be noted the rate can be
increased about 12% to increase tubewall temperatures
comparable to a 1% reduction in methane leakage from the
furnace.

Steam to gas ratio — An increase in the steam to gas
ratio controlled at the inlet to the reformer of 3.5 to 1 to
4.0 to 1 will reduce. tubewall temperatures about 25°F if
the furnace is operated to the same methane leakage. The
outlet temperature will be about 339F lower. The normal
sequence of events when the steam to gas ratio is increased
is to hold the same outlet temperature as was maintained at
the lower steam to gas ratio. Under these circumstances, the
tubewall temperatures will be increased as the result of
increased flow through the furnace and the methane
leakage will be reduced. If the magnitude of the increase in
steam to gas ratio is from 3.5 to 4.0 to 1 then, at the same
outlet temperatures, the tubewall temperatures will be
increased about 159F and the methane leakage will
. decrease about 1.6%.

Mixed-gas inlet temperature — An increase of 50°F on
the mixed-gas inlet temperature to a reformer will result in
about an 8CF reduction on the tubewall temperatures
operating to the same reformer outlet temperature.

Catalyst activity level — We have found after checking
numerous reformers in the manner described, and
subsequently applying the corrections for variable
differences, that a useful relationship exists which enables
the operator to characterize the performance of his
reformer. The effects of variables are algebraically additive,
which means performance at any point in time can be
compared with a base case or the design case to determine
how much reformer operation has deteriorated. The

algebraic expression used to relate the variables is as
follows:

ATWT = C (-259) + R (20) +S (-25)+T (-8)
1% 1% 05 500

ATWT = change in tubewall temperature, OF
C = increase in CH, leakage from base case, mole %

)

CH4

R = increase in operating rate from base case, percent
of design

S = increase in S/G ratio from base case

T = increase in mixed-gas inlet temperature from base

case, OF

Note: If variables are decreased from base case, they

should be entered into expression with appropriate

minus sign.

Examples illustrating the application of this algebraic
expression are given in Table 1. The first column is the base
case used in the comparison. The second column shows
that, as the operating rate is increased from 100% in the
base case to 110% of design, the tubewall temperatures
should increase 200F. Columns three through five show the
corrections for increase in steam to gas ratio, mixed-gas
inlet temperature and methane leakage respectively. The
last column is the normal instance when a number of
variables have been changed from the base case used in the
comparison.

In the comparison of any two sets of operating dataona
reformer, a base case is selected from either the earliest data
or the design case, and the comparative case adjusted for

the effect of the variables to give a calculated maximum
tubewall temperature. The average of the maximum
tubewall temperatures measured compared with this
calculated value is a relative measure of the decline in
catalyst activity, assuming other factors such as poisoning
or catalyst breakage have not influenced operational results.

Effect of sulfur in feed gas — In the above discussion,
the assumption has been made: that the process
hydrocarbon feed to the reformer is sulfur “free.” The
effect of relatively small sulfur concentrations in the feed

Table 1. Effects of variables on tubewall temperatures experienced in fired tube reformer.

1 2 3

Base  Increase Increase

Operating Rate S/G
Case

10% 3.5t04.0

Operating Rate,

%ofDesign.............. 100...... 110.... 100
Mixed Gas Inlet

Temperature, °F. . ........ 850...... 850.... 850
Steam/GasRatio ............ 35...... 35 ....4.0
CH,4 Leakage from

?-’umace, mol%........... 9.5 ...... 95 ....95
Estimated Tubewall

Temperature,OF........ TRage -« -+ TRase - - - TBase

+200F -250F
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4 5 6
Increase Rate 10%
Increase Mixed- Increase S/G Ratio 3.5 to 4.0
Gas Inlet Increase CHy Hold M. G. Inlet Temp.
Temp 50°F Leakage 1.0%  Reduce CH,4 Leakage 0.5%
..... 100...........300..................110
..... 900...........850..................850
..... 35 e B 40
S . J 105 it 9.0
Thage, - -+ -+ Thage <« ccvrerereore Thase
—8OF —25°F +20-25 +13 =
TBase
+ 8OF



Table 2. Effect of sulfur content of feed gas on tubewall temperature and methane leakage in

Sulfur Concentration

fired tube reformer with constant heat input.

Increase in Increase in
in Process Hydrocarbon Tubewall Methane Leakage,
Feed, ppmv* Temp., °F mol%
0.06 v e e TRage « < <+« « v v eeerereereens CH4 Base
0.9 i e s TBase + 5% cvvvvnvnni.t.. CHa gage 10.17%
0.38 ittt e TBase +10° ............... CHa gyqe 10.36%
0.76 ............................... TBase +250 ............... CH4 Base +1 .O%
150 e TBase +400 ..., CH4 gaee +1.55%
300 .. . e 560 L CH4 By +2.20%
*parts/million volume

gas is to dramatically increase the tubewall temperature and
methane leakage by imposing a reduced activity. on the
catalyst. In Table 2, the effect of sulfur concentration in
feed gas is tabulated with the change in the tubewall
temperature and methane leakage holding a constant heat
input into a high pressure reformer. Under normal
circumstances, when sulfur is introduced into a furnace the
plant operator either increases the furnace firing to hold the
methane leakage, or reduces the firing to hold the tubewall
temperatures with the methane leakage increasing. In severe
sulfur poisoning instances, the plant rate may even be
reduced.

In the normal range of sulfur concentrations experienced
in high pressure reforming today (0.1- to 0.3 parts/million
volume), it can be estimated that a 0.1 parts/million volume
increase in the sulfur concentration of the feed gas will
increase the tubewall temperatures about 3- to 4°F, and the
methane leakage about 0.1 mole %. This effect of sulfur can
also be algebraically added in the equation to calculate the
change in tubewall temperature from a base case.

Sulfur has always been considered as a temporary poison
for reforming catalysts. In the overall performance of a
fired tube reformer, this may not be entirely the case.
There is some commercial evidence that, when sulfur is
removed from the feed gas and then eventually stripped off
the catalyst, tubewall temperatures in the maximum flux
zone do not return to their lower values, this despite the
fact that methane leakage and methane approach to
equilibrium may all return to normal. In the definition of a
reformer as described here, the permanent effect of sulfur
poisoning, if any, is more apt to be noticed.

Additional variables — The ammonia plant, with its fired
tube reformer and secondary reformer, offers an additional
degree of flexibility in the operation of the fired tube
reformer. Normally, higher methane leakages from the fired
tube reformer can be compensated for in the secondary
reformer with very little penalty to the overall methane
leakage from the secondary reformer.

In a typical high pressure ammonia plant, holding all
other things constant, an increase in the primary reformer
methane leakage of 1 mole % will increase the methane
leakage from the secondary reformer by abeut 0.15 mole

%. Under these circumstances, the secondary reformer
outlet temperature will decrease about 35°F. To offset this
0.15 mole % increase in the secondary reformer methane
leakage, the air addition rate to the secondary reformer can
be increased about 5% to reduce the secondary methane
leakage to its original level. The net effect will be to reduce
the ratio of hydrogen to nitrogen at the secondary exits
from about 2.6 to 1, to 2.5 to 1, which is relatively minor.
As describéd earlier, the increase in primary reformer
methane leakage of 1 mole % will reduce the tubewall
temperatures in the fired tube reformer about 25°F.

In the event that the secondary reformer is “sick,” the
fired tube reformer is usually overfired to compensate for
the poorly operating secondary. This penalizes the tubeskin
temperatures in the primary forcing a balance between
tubewall temperatures and the secondary methane leakage.
This will, in turn, force a balance between the plant
production rate and process hydrocarbon efficiency
experienced.

The effect of the 0.15 mole % increase in the secondary
reformer methane leakage will be to reduce the plant
production rate about 1.8 %. To compensate for this
reduction in production, the process hydrocarbon feed rate
can be increased about 1.8 % so that essentially no
production is lost. Process efficiency will be lower,
however, due to additional ammonia loop purge. To offset
these negative factors, the tubewall temperatures in the
fired tube reformer will have been reduced about 21°F:

(ATWT = 1% (-25)+ 1.8% (2) =- 219F)
1% 1% '

The efficiency consideration in the operation of the
ammonia plant will become an even more important one in
view of the increasing costs of process hydrocarbon feeds.
In the example above, the 0.15 mole % increase in the
methane leakage from the secondary, if compensated for by
increased feed rate to give the same production, will result
in an increase in the total hydrocarbon usage of less than
0.5%/ton of ammonia produced. This effect has been
further minimized as a result of industry using more active
low temperature shift catalysts which dramatically reduce
total inert introduction into the synthesis loop.

(2
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Table 3. Maximum tubewall temperatures measured in a top fired tube reformer

with 12 month old catalyst.

North of Riser
East West
1 Plant 1,660 —
CCI 1,740 -
2 Plant 1,650 —
CCI 1,630 —
3 Plant 1,670 1,675
CCI 1,655 1,640
4 Plant 1,680 1,700
CCI q 1,655 1,670
5 Plant 1,675 1,660
CCl 1,665 1,625
6 Plant 1,710 1,660
CCI 1,665 1,620
7 Plant 1,600 1,650
(6631 - 1,650
8 Plant 1,620 1,640
CCl - 1,640
Operating data

Production Rate — 1,083 ton/day
S/G Ratio — 4.0/1

MG Inlet Temperature — 880°F
Combined Outlet Temperature — ?
Primary CH4 Leakage — 10.8 mol %

Tubewall Temperature Surveys

The procedures outlined have been applied to numerous
reformers to define performance at a point in time, and to
compare performance after various periods of time. A
typical survey is given in Table 3. Pyrometer readings taken
by the plant operator and CCI at the same time are
identified,

The maximum tubewall temperatures given in Table 3
were measured in a fired tube reformer after the catalyst
had been in service for 12 months. Similar surveys in the
same fired tube reformer were made after 17% months and
21 months operation. Between the 12 month and 17%
month surveys, the activated carbon used to desulfurize the
natural gas feed was replaced with fresh activated carbon as
higher-than-normal sulfur introduction into the reformer
was being experienced. The normal level of sulfur
introduction into this furnace is less than 0.1 parts/million
volume in the natural gas. Prior to replacement of the
carbon, the sulfur level of the natural gas into the furnace
was about 0.8 parts/million volume.

The maximum tubewall temperatures predicted by CCI’s
kinetic system for this plant, operating at a 100% of design
rate with a “sulfur free” gas, is 1,635°F. In Table 3 the

average "hot spot temperature on catalyst tubes was
1,670°F.

32

Riser South of Riser
East West East West
1,660 1,660 1,765 1,710
1,660 1,680 1,630 1,715
1,665 1,670 1,695 1,720
1,645 1,650 1,660 1,655
1,680 1,680 1,700 1,730
1,645 1,640 1,690 1,720
1,685 1,690 1,740 1,680
1,670 1,670 1,700 1,660
1,680 1,690 1,700 1,675
1,650 1,640 1,660 1,630
1,650 1,670 1,740 1,665
1,625 1,640 1,680 1,600
1,640 1,700 1,710 1,700
1,635 1,645 1,695 1,700
1,670 1,700 1,630 1,640
1,650 1,640 1,605 1,620

Secondary CHa Leakage — 0.35 mol %

Furnace AP — 50 1b./sq. in. at approximately

450 Ib./sq. in. gauge outlet pressure
Maximum Tubewall Temperature Average — 1,670CF
Range of Maximum Tubewall Temperature — 1,600 =

to 1,765°F

Using the data at the three points in catalyst life,
corrections for differences in the variables were made to the
design maximum tubewall temperature calculated. In Table
4 these calculated temperatures are compared with the
actual average hot spot temperatures measured. As will be
noted the average maximum tubewall temperatures
experienced through 17% months agree very well with what
would be predicted on the basis of differences in the
variables from those used in the design. This means that the
catalyst activity level is close to design. It would appear
that in the 2l1st month the catalyst activity had
significantly declined.

Similar determinations of catalyst activity levels for
other fired tube reformers are given in Table 5. In all these
plants, performance is compared with the design. When the
difference between the measured and estimated maximum
tubewall temperatures is negative, then catalyst activity
level is better than design. Positive differences mean the
catalyst activity level is less than design.

Plants A and B, Table 5, having been on stream only a
short time when surveyed, reflect the very high activity of
new catalyst. Plant C is exhibiting activity essentially at
design level which is not as good as anticipated after only
four months of operation. Plant D is operating with an
activity level considerably lower than design and will



Table 4. Comparison of calculated maximum tubewall temperatures with actual hot spot
temperatures in a top fired tube reformer.

Catalyst Age ,,..........co0vunnn. Design...... 12months .... 17% months . .... 21 months
Production Rate, N
ZDesign .......ciiiieiiannnn. 100 ...... 1083......... 110 ........... 110
Reformer Methane Leakage,
F170) 7/ SO 105...... 108 .......... 114 ........... 10.7
Steam to Gas Ratio
IntoReformer.................. 36/1...... 40/1 .......... 386/1.......... 3.95/1
Mixed Gas Inlet ‘
Temperature,®F . ............... 950 ...... 880 .......... 920......cu.... 914
Sulfur Conc. of Feed
Gas, parts/million volume . ........ 0.1 ...... 08 .......... 0l............ 0.1
Max. Tubewall Temp.
Calculated,®F.................. 1,635...... 1,663 ......... 1,624............ 1,638
Average Max. Tubewall
Temp. Measured,F ............. — e 1,670 ......... 1625............ 1,669
Difference Between
Measured and Predicted
Max. Tubewall Temps.,OF ........ — ... +7 .. +1 o +31
Table 5. Comparisons of maximum tubewall temperatures measured
and estimated in high pressure fired tube reformers
Plants
A B C D E F G H I J K L
Rate,% Design............... 109.... 103.... 100.... 108....107.5....103..... 112..... 102..... 112 ....104 ....115.... 103
Reformer Methane Leakeage,
mol%....... e 768 ... 106... 98... 104 .., 9.28. 9.10... 10.8....11.0....115....10.8....10.1....9.30
S/G Ratio Inlet Reformer. .. .... 396 ... 355 ... 400 ... 3.68... 380... 4.00... 4.12.... 3.70....3.75....3.97....390....3.55
M.G. Inlet Temperature, °F . . . .. 928 ... 940 ... 960 ... 898 ... 933 ... 885 951 953 .890....811....903....950
Average Maximum TWT*
Estimated,°F ........... 1,720 .. 1,631 .. 1,630 ...1,635 ...1,650...1,665 1,635....1,608....1,652....1,617....1,617....1,651
Average Maximum TWT#*
Measured, °F ............ 1,622 .. 1,590 .. 1,632 ...1,668 ...1,625...1,701 1,580....1,619....1616....1,580....1,660....1,595
Difference Between Measured
and Estimated Maximum
Tubewall Temperatures, °F . —98 —-41 .. +2 +33 —25...436 ... =55 ... +11.... =36 ... =37 ... +43..... -56
Catalyst Age, months, . .. . 1/3 1/3 4 5 9... 12 ., 13, 14, 15, 17, 18 ... 19

require replacement after a relatively short life. Plants F
and K are in this same category with respect to .activity
level and will be replaced. In the case of Plant F, operation
during the initial seven to eight months was with very high
sulfur levels in the feed gas. After removal of the sulfur
from the feed gas and other operations to ensure that sulfur
was swept off all the catalyst, the activity never returned to
a satisfactory level. All other plants appear to be
demonstrating satisfactory performance.

The exact significance to be placed on the absolute
values of the differences between the measured and

predicted maximum tubewall temperatures and the rate of
change of this difference with catalyst age or catalyst
loading is not well defined at this time. More data are
required to establish this. It appears now, however, that
when tubewall temperatures are the same as or lower than
estimated from the design, furnace performance is very
satisfactory. Also, when tubewall temperatures are about
30°F higher than design, replacement of the catalyst is
required. It is planned to continue the definition of fired
tube reformers in the manner described and further reports
will be available as more data are collected.
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APPENDIX A

MIXED GAS
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e COMBINED TEMPERATURE OUT OF REFORMER
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Figure 1. Variables to be determined and measured around
a fired tube reformer.

In Figure 1, the necessary rates, temperatures, pressures,
and gas compositions at the required points of
measurement around a fired tube reformer are shown. The
nomenclature that is used throughout this article is also
given. The following paragraphs dlscuss the data to be
measured.

Process feed rates — The rates of steam and hydrocarbon
introduction to the reformer are normal operating
measurements taken from the streams’ respective flow
meters. Corrections for temperatures and pressures and
hydrocarbon feed analyses are required only if detailed heat
balances and computer analyses are to be performed. For
general day-to-day comparisons, corrections of meter
readings and hydrocarbon feed analyses are not required.
The ratio of the steam to hydrocarbon feed ratio or the
steam to gas ratio is generally sufficient for use in these
comparisons.

Inlet temperature — The mixed-gas inlet temperatures
have been observed to vary within rather wide limits (as
much as 100°F) on a furnace. As the degree of preheat of
the feed to the reformer affects the quantity of heat input
in the fired box, and thereby the tubewall temperatures, it
is required to record and use this temperature in
comparisons.

Pressure drop — A plot or comparison of reformer
pressure drop vs. time on stream since catalyst charging
gives an indication of the degree of carbon deposition,
catalyst fouling, and catalyst breakage occurring if such
values are corrected for variance in rate. Comparisons of the
pressure drops at different rates can be made by correcting
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Figure 2. Equilibrium constants for the water-gas shift
reaction at temperatures from 1,000- to 2,000°F.

all pressure drops to the same rate using a factor of the
ratio of the total mass flow rates in consistent units raised
to the 1.8 power. This is shown in the equation below:

APy = AP (Total Mass Rate 2) 1.8

“Total Mass Rate 1 3

Outlet temperature — In fired tube reformers with
multiple outlet headers, it is necessary to average all of the
tube outlet temperatures measured to give the combined
temperature out of the reformer. In some furnaces the
reformed gas out of the catalyst tubes if further heated in
risers within the firebox and then combined and the
temperature of this combined gas measured. This
temperature should also be noted.

Exist gas analyses — The dry gas analyses on the
reformer exist are routine determinations of the
concentrations of methane, carbon monoxide, carbon
dioxide, hydrogen, and nitrogen. The accuracy of the
analyses can be checked by determining equilibrium
constants for the steam-methane reforming and water-gas
shift reactions.

1. Steam-methane reforming reaction

CHy(g) + H,O(g)—— CO(g) + 3H(g)

2. Water-gas shift reaction

CO(g) + H,0(g) <——=CO0,(g) + Ha(g)
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Figure 3. Equilibrium constants for the steam-methane
reaction at temperatures of 1,000- to 2,0000F.

The water-gas shift reaction goes to equilibrium, and the
equilibrium constant given in Figure 2 can be used to
determine the actual temperature exit the reformer. This is

then compared with the combined outlet temperature

measured for the reformer. In many instances, the outlet
temperature  determined from the water-gas shift
equilibrium will be higher than the measured outlet
temperature.

The equilibrium constant for the steam-methane
reforming reaction can be used in Figure 3 to give the
equilibrium temperature for the steam-methane reforming
reaction. The difference between the measured outlet
temperature or the water-gas shift equilibrium temperature
and the steam-methane equilibrium temperature is the
approach to equilibrium for the steam-methane reforming
reaction.

Approach to equilibrium = Measure outlet tempera-
ture minus equilibrium temperature for steam-
methane reforming reaction or

Approach to equilibrium = Equilibrium temperature
for water-gas shift reaction minus equilibrium tempera-
ture for steam-methane reforming reaction.

The approaches to equilibrium must be positive, and in a
good operating reformer are about 20- to 40OF. 1f the use
of both the measured outlet temperature and the water-gas
shift equilibrium temperature give negative approaches to
equilibrium, then the gas analyses should be suspect to
error and another analytical determination of the reformed

gas composition made. If the approach to equilibrium using
the measured outlet temperature is a negative value,
whereas the approach using the water-gas shift equilibrium
is positive, then most probably the measured outlet
temperature on the reformer is in error and is reading low.
The gas analyses in this latter case should be satisfactory for
comparison. If both give positive values, then of course, the
analyses are satisfactory for comparison.

Tubewall temperature measurements — The final
information to be gathered in the definition of the
reformer’s performance is the maximum tubewall
temperature and the tubewall temperature profile. Each
type of furnace, whether top fired, side fired, or bottom
fired, has a section of the tube that exhibits the maximum
temperature on that tube.

For comparative purposes, it is well to measure the
maximum tubewall temperature on each end of the
reformer row on each row in the reformer from the front
side and then the back side of the row. In this manner, each
row of tubes will have at least four measurements. More
readings of the tubewall temperatures can be made if
desired, however, the procedure specified above is the
minimum that should be used for comparisons of maximum
tubewall temperature and for furnace trimming.

To establish the average tube temperature profile over its
entire length, the procedure above can be performed on at
least three, and preferably more, different levels on the
tubes. The values measured at each level can be averaged to
give the temperature at that point on the tubes. The
averages at the different levels then define a tube
temperature profile. Alternately, temperatures on single
tubes can be measured at different levels and then these
values averaged to give an average tube temperature profile.
The difference between these two methods will be
negligible if a sufficient number of measurements are taken.

In Conclusion

The above information gathered and tabulated routinely
should be the basis for fully defining the performance of a
fired tube reformer. From this information changes in
operating variables and the furnace firing pattern can be
programmed and followed to ensure minimum tubewall
temperatures necessary to do the job. It should serve as the
basis for catalyst replacement in the tube, either in all the
tubes, or in only a few of them. It can also be an aid in
pinpointing those tubes in the furnace that have been
operating with tubewall temperatures above a maximum
limit and which should be replaced during a shutdown as a
preventive measure.

It should be noted that the data can be used whether the
fired tube reformer is operated with a sulfur-free
hydrocarbon feed stream or with one containing sulfur. The

effect of sulfur on performance has been described in this
article.

Literature cited
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DISCUSSION

ANON: 1 would like to know which type of catalysts were
used in the plants. .

LOMBARD: Well, | don't want to get into the type of
catalyst that are installed, because the important thing that
we're trying to do here is to put forth a procedure that we
feel may be very helpful in defining the catalysts lives and
rate of changes that will be experienced. But almost every
supplier’s catalyst are represented in the survéys that we've
taken. It is not only CCl's catalysts, but other suppliers’
catalysts. And | don’t want to get into any commercialism
right now.

ANON: So they are not all CCl catalysts?

LOMBARD: Not all of the plants included -in this survey
are CCI’s catalysts.
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