Section 7
POISONING STUDIES

Commnercial methanol catalyst was deliberately subjected to feeds
containing certain contaminants present in unpurified sythesis gas
produced by the gasification of coal. These tests were run in a dry
reaction cystem as shown on Figure 7-1.

Two parallel units were mounted siuve by side with rezctors 1mﬁersed in a
common salt bath, Both reactors have a center thermowell fitted with a
siiding thermncouple so that a center line axial temperatyre profile
could be measuced. Thirty cm3 of catalyst were loazded into the reactor
with 10 cm3 of glass beads adove and below.

Each. reactor could be fed from twe gas cylinder banks. One bank
contained & "Lurgi Gas* feed containing 50 percent Hz. 25 porcent (0.
‘0 percent 602 and_ 15 percent CH4. The second bank contained
nitrogen doped with various fmpurities, The feed gas rotameters werc
calibrated against dry test meters prior to operation.

On-1ine GC analysis of the feed and product gases were used to calculate
conversior levels, Methane served as an internal standard in making tiris
calculation,

The contaminants tested and their level! of contamination (in s lurgi
syrthesis gas) are listed below:

Contaminant Level
1. Ethylene 0.5%
. uoz 10 poew
3. Sulfur, as HZS 1 ppmv, 5 ppmv

4. Chlortne as CH3CI 10 ppew
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Prior to starting the poisoning tests, the two fixed bed reactors were
put on-stream, operating on an uncontaminatad Lurgi synthesis gas in
order to celermine the normal operating behevior for these small
reactors. Each reactor contained approximately 30 cm3 of 3/16% 9
tablets. Salt bath temperature wac maintained at 225°C. The
conversion was limited n order tc miintain the hot spot temperature at
less than 240°C.- By starting the reaction at atmospheric pressure and
slowly increasing the pressure, in 50 psi increments, ar operatirg
pressure of 330 psig was faund to give a hot spot temperature of 235°C,
with a CO couversion to methinol of 20 nercent at a VHSV of 2000 br'k
Equilibrium conversion at these reartion conditions is about 25 parcent,

The piir of reacturs were run side by s de {or the entire program., One
reactor {Reactar A} was run on uncontaminated gas as a control for
approximately seven months. The second reactor (Reactor B) was subjected
to ethylene, NOZ. and HZS contaminaton in thkat order, Finally, the
control Reaztor A was subjected ta.chlorine poisoning.

The schedule for the two reactors was as follows:

Reactor A Reactor B

Feed - Hours Feed Hours
Uncontaminated 0-501y Urcontaminated 0-430
Uncontaminated Lurgi/N2 tiend 5019-5355 0.7% Ethylene 43v-1237
10 npm C1 fas CH3C1) 5355-6243 Uncontaminated 1247-1463

10 ppmv NO2 1463-2447
Uncontaminated 2447-2759
1 ppmv HZS 2759-13695
S ppmv HZS 3695-4943

Uncontaminated 4941-499]

The following paragraphs review the results of these tests.



REACTOR A - CONTROL MiN

The foed gis ws o simulated Lurgl compesition of 50 percen: Wy, 25

were maintained as follows over a.period of 5000 hours:

VHSY 1700 - 2000 hr-1

Salt Bath Temperature 220 - 2259

Lurgi Gas Partial Pressure 300 - 330 psig
After 5019 hours, the feed gas was switched to a mixture of 2/3 Lurgi gas
and 1/3 nitrogen at 450 psig total pressure. This latter mode of
operation was used to coincide with the poisoning studies which used a
impurity in the ~ftrogen feed as the source of contaminant.

bata for the conirol run with Reactor A are contafined -in Table 7-1. The
CO conversior varied 2 percent absolute within a monti due to operating
conditions drift and analysis varfations. The gerieral trend indicated a
CO conversion drop of about 1 percent (absolute) per 1000 hours, which
was o:counted for in the Reactor B tests.

REACTOR 8 - ETHYLENE

The results of this test are shown ir .cble 7-2. A Lurg! gas containing
0.7 volume percent ethylene was used. The test ran for 400 hours with no
noticeable decline #n catalyst activity, The ethylene was quantitatively
converted to ethane as measured in the reactor exit gas. Ethylene and
ethane were snalyzed via gis chromatography,

REACTOR & - NO2

After subjecting Reactor B to ethylene with no 111 effect, the reactor
was returned to an uncontaminated Lurgf gas for 225 hours., At 1,463
hours the total pressure was rafsed to 450 psig to maintain the Lurgi
feed gas partial pressure at 300 psig. Nitrogen was co-fed containing 20
ppm of mz. The average mz concentratifon was then 10 ppm, This
mode of operation continued for 984 hours, until the 2447 on-stream hour
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point. The decline in CD conversion over the period, over and sbove that
experienced in Reactor A was minimal, perhaps 2 percent shsolute at
most. This indicates iie mz is, at most, a very weak catalyst
poison. These data are shown in Table 7-2. -

During this run, feed and product gases were sampled and analyzed for N0
and nez using infrared techniques by an outside analytical service.
The exit gases were a mixture of N0 and m2 to within + 25 percent of
the feed concentration, :

REACTOR B - SULFUR (AS HoS:

After the m? contaminant test, Reactor L was returned to a standard
lurgl gas for 312 hours. At 2,769 hours, the total system pressure was
ru‘sed to 450 psig, and the Lurgi gas was joined by a 1/3 volume of
nii.ogen containing 3 ppav HZS This was continued for 936 hours,
a’ter which time tne st levei was yaised to 5 ppmv in the mixed foeed
for an additional 1,248 hours.

No drop in £0.conversion could be noted ovar the period of feeding 1 ppmv
H S contaminated feed. This might have been due to absorption effects
of the reactor system walls. However, when the H S feed level was
raised to 5 ppmv the catalyst started showing a marknd decline in
melivity in Jess than 100 hours. (€O conversion levels dropped from an
iritial level of 16-18 percent to 4-6 percent by the time the run was
terminated (see Vible 7.7),

In an attempt to present the effect of sulfur (as N S) on catalyst
activity in 3 semi-quantitative manner, tre followirg form of activity
decay was assumed:
. K W
A Ao e s's
where A_ = initial CO conversion
K_ = constant

W, = cumulative sulfur fed to catalyst gms,‘gm
A = CO conversion at Ws



The data are pictted in Figure 7-2, resulting in a valuz for the constant
ils, of 24. This equaiiocn predicts an activity decline at the 5 ppm
level that s 150 times (es) faster than the activity deciine at the 1
ppm level,

The HZS analysis used for this work involved scrubbing a known volume
of gas with a basic cafouc)g solution in order to precizitate the Hyl
as CdS. After the flow is stopped, the solution is =scidified with
H3P04, releasing the HZS’ and an excess of i2 sclutinn (x0.001 P}
is added to affect the recactior, HZS + Iz-—* ZHI + 5, The unreacied
I2 is then back tirated with Nazszo3. using starce so'.tion at
the end point indicator. The HZS concertration in the gas in then
calculater by the relationshio:

11.84 « 106 [(ml I2 soln. x NI V- (ml N325203 soln.x ”Na 5.0 )]
2 272°%

J

pomv HZS = 5
on~ gas scrubbed

Generally, about 10-15 percent of the feed sulfur was detected in the
exit gas.

REACTOR A - CHLORINE (AS CH3Cl1)

After 5200 hours of operation the control Reactor A was adjusted to
operate with an uncontaminated mixture of 2/3 Lurgl gas and 1/3 N, at
450 psig to estabiish < baso conversion level. A CH3CI doped Nz tank
{30 ppmv) was employed resulting in feed gas concentratfon level of 10
pprv CH3C'|. After a short induction period, 5-7 days, the conversion
began to fall regularly, dropping from an initial level of 16 percent to
4-5 percent in about 800 hours (see Table 7-1}.

These rasuits were treated in a similar semi-guantitative manner using
the relationship A.AOQ-KCIHCI). The data are plotted in Figure
7-3. Jue to a lesser reliability of the low conversion analysis, the
latter data points were disregarded in establishing the slope. With this
assumption the K., calculated value was 27.2.
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FIGURE 7-2

CUMULATIVE EFFECT OF MoS POISONING

COMMERCIAL  CATALYST A (3/16" ¢ « 3/18)
MIXED LURG! - N, FEED (2/3, 1/3)

450

PSIA - SALT BATH AT 3225° C
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FIGURE 7-3

CUMULATIVE EFFECT OF CH

SGL POISONING

COMMERCIAL  CATALYTST A(3/16” & 3/18")
MIXED LURGI - N, FEEL (2/3, 1/3)
450 PSIA- SALYT BATH AT 225°¢C

¢ W= gysPECT DUE TO
DIFFICULTY OF ANALYS(3
AT LOW CONVERSION LEVELS
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