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ABSTRACT

When hydrocarbon gases containing oxygen are heated to temperatures normally encountered in the
regeneration of molecular sieves, the oxygen reacts with the hydrocarbons to form water dmhcar
dioxide. The formation of water interferes with the complete regeneration of the molecular sieves. The
issue is well documented in the literature, but there remains a difference of opinion as to whether there
is advantage to using a 3A type molecidaave over the more typical 4A material. This paper describes

the experience at one facility where a two bed molecular sieve unit was charged with 3A material in one
bed and 4A material in the other.
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Background

Many people are surprised to learn that oiki#ll produced in the bustling metropolis of Los Angelés.

was first produced near theurrent location of Dodger stadium in 1892. Todalis still being produced,

and along with tlat oil comes associated gaslowever, the oil is produced by water flood, and the oil has

to be pumped out. Great measures are taken to protect the envirogmhincluding theelimination of

fugitive emissions. Oxygen is present in associated gas being produced by virtue of associated gas capture
under vacuum Also, today vapor recovery of atmospheric tanks is a common requirement, and those
vapors are recoved under slight vacuum.

While oxygen content is continuously monitored and stepstaken to limit the amount of oxygen in the
associated gas, normal oxygen concentrations run in the 300 to 500 ppm range with occasional spikes as
high as 5000 ppm.

Thefacility described in this paper is rather conventional vatimpression followed bgn amine unito
removeCO2, and recovery of hydrocarbons by cooling the & liquid products are then separated by
distillation.
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Process StepsOverall

Conditioning

Dehydration
(water removal)

Acid Gas removal

Heat

Exchange! [ RS TigEration j BSeparation

Mechanical (LTS)
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(TurboExpander) Distillation

Sales Gas

Cooing of the gas in the original plant is done by propane refrigeration in a conventiowal emperature
Separation (LTS) plawith a capacity of 15 MM SCFDehydration is accomplished at the same time as
hydrocarbon recovery, and freeze up is preventgdnjecting glycol.

At one point it was expected that associated gas volumes would exceed the 15 MM SCFD capacity of the
LTS plant. To meet this new capacity a used Turbo Expander plant was puesithseslalledo operate

in parallel with the LTS pia

The expander plant dehydrates the gas with Molecular Sieves and the experience with the Mol Sieve unit
dehydrating gas containing oxygershared in this paper.
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There are a few unique aspects to this facility. Most of the time it is possible to sell gas to one of the local
refineries. The gas is sold on a BTU basis and removal @fa8at requireduntil very recently When

selling to the refinery there issmheating value or Wobbe index limit. However, when it is not possible to
sell to the refinerygas is sold and transported in the Southern California Gas Company pipeline. When
selling to the gas company, there are CO2, Heating Value, and more receithe\Widex specifications.
Therefore, the amine unfor removal of CO2vhich wasnormally bypasseds used when selling to the

gas company.

The gas is essentially free of H2S. The small amount of H2S that may be present is removed by Triazine.
The bcal gas collected under vacuum passes through a Triazine reactor. The gases that are compressed
on site and sent to the facility control H2S by Triazine injection.

An UltiaFab Triazine unit has been installed to treat all of the gas, but it hasesot commissioned.

Also, actual gas production has never exceeded the original design of 15 MM SCFD. Therefore, rather
than running the LTS plant and Turbo Expander plant at the same time, one is used as back up for the
other. The Expander plant is cagalof higher liquids recovery. Therefore, it is normally preferable to
operate the Expander planiThe current configuration is as shown below:
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Configuration of Expander Plant

The Expander plant was reconfigured to address known issues. In partidtitaregard to the Mol Sieve
operation, the regeneration gas was combined with the feed compressor discharge gas (upstream of the
filter separator) and routed to a common air cooler. That air cooler thvas provided with a variable
frequency drive onhe cooling fans and temperature control added.

The hydrate formation temperature at 1000 psig is approximately 65 F. By controlling the temperature
at 80 F a safe margirover hydrate formation is ensured. On cooler days the fan speed is reduced to
maintain the 80 F. Of coursen warmer days with the fans running full speed, the temperatagr be

higher than 80 F. Previously the regeneration gas had a separate exchanger bank on the same cooling
fans. However, even though the regeneration gas exckiahgd separate louvergeither the fans nor

the louvers werdemperature controlled. Also, the regeneration gas was reintroduced downstream of
the filter separator.

The current expander plant configuration is shown below:
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Mol Sieve cycle development:

Prior to reconfiguration the expander plahad never really achieved dew points and regeneration times
exceeded run length@ime from start of drying to breakthrough)The cycle used was typical for 4A
material (for gases at containing oxygen)Dry @s leaving the bed on drying cycle was heated to 550 F
and used as regeneration gashe regeneration with 550 F gas was maintained for a set period of time.
As seen in the figure below, while the plant was on full recyelg points in the range 064 F to-68 F
were maintained. As soon as fresh feed (containing oxygen) was introddead points rose to

unacceptable levels.
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Initial modifications:

Oxygen in the gas was recognized as an isfdiecdotal &perience by thers indicated that above
approximately 310 F the oxygen reacts with hydrocarbons in the gas to form water and CO2. The water
formed would prevent full regeneration at temperatures above 318 success has been reported with
slow regeneration at temgratures in the 300 to 320 F regioHowever, it was felt that the time required

to regenerate at these lower temperatures would exceed the time availabteimprove the Mol Sieve
operation steps were taken to



1 Reduce Water in the feed gas to the Ma\&is

o] Raise inlet Pressufeom 850 psig to 980 psig
o] Reduce Feed Flofrom 15 MM SCFD to 12 MM SCFD
1 Minimize Regeneration time
o] Pre heat but then heat quickly with Hot gas (550 F)
o] Then cool with warm gas as soon as exit temp reaches temperature at whiehstarts
to form.
1 Increase Regeneration Gas flinem 1.8 MM SCFD to 2.5 MM SGB@nsure good distribution

The existing mol sieve was not replaced. However, because the last charge was short, it was topped off
with freshCECAA SRA material (apptimately ¥4 of total bed volume).

The SRA material was chosen because it was claimed to be more resistant to amine and glycol. (See paper
presented at 2010 LRGCC by Chris Varnado, and Pascal Sauvaire)

It was easier for us to add a second temperatseepoint thanto convert the contrdier to allow multiple
temperatureset points Therefore, the preheat temperature and the warm gas cool down temperature
are the same.

After review of the literature we elected to preheat with 270 F hot gas and useahie temperature for
the cool down gas.

A paper by J.N.H deBuijn and P.F.A. van Grinsven, Shell Global Solutions Intersatovsah preheat
temperature of 120 C248 F). Another report by Peter Meyer, CECA Cherhishtsvs a preheat
temperature of 1B C (302 F). Therefore, 270 F sedtike a reasonable preheat temperature and also
provided sufficient temperature difference for the slow warm cooling to bed temperatures below the
water formation temperature.

The new cycle was successfuthat dew mints below-60 F were maintaingdut run timeswere shorter
than literature suggested should be expected. The run ler{gjthe from start of drying to breakthrough)
were calculated to be equivalent to a water capacity of only 3¥e absolute capacityf 4AMol Sieves
is approximately 2%(wt). With preloadmass transfer zonend cycles ending prior to saturation, typical
operating capacity is in the 12 t@%(wt) range

At 80 F, the run lengths excesdiregeneration timesas they should On ery hot dayqwhen the feed
gas contaied more water)significant breakthrough could be observed before the regeneration cycle was
complete.
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Methanol Injection:

The cold separator upstream of the expander is normally always warmer&QalR, while the discharge
of the expander is normally quite a bit coldeB@ F is typica))out at lower pressureTherefore, it is not
clear that the dew point is reached at the lower pressure. Nonethgbedsw point 0f60 Fat 1000 psig
is equal to a wadr concentration ofonly 0.5 ppm, and-70 F is equal to a water concentration of
approximately 0.2 ppm. Even with a concentration of 0.5 ppcecumulation of all the water contained
in the gagepresents only one quart of watefter one full weekof operation. Thereforeto be safewe
inject methanol into the expander feed, but only do so once per week for 8 to 12 hours.

2012 Mol Sieve change out

After approximately 2 ¥ months of successful operation there was a plant shut down not related to the
Mol Sieve operation. However, damage to equipment required an extended plant shut down.

We suspected that the mol sieve was damaged from previous operations due to the low capacity
(approximately 3%). Therefore, the mol sieve was to be replaced.

The exiing mol sieve material did show severe coking, and most of the drying was probably done by the
new material that had been used to top off the beds.

The ample atthe extreme rightcontains supporteramic balls (not mol sieveT.he ample second from
right containsmol sieve fronthe bottom ofthe bed. Note the very dark color.
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While the coking is setivident, it should be noted that the mol sieve in betsseld/-402 and V403 was
easily removed, and flowed freely from the bottom of the vesselfiere was no indication of clumping
or damage due to the presence of free wateklso, there is essentially no discoloration of the ceramic
balls and rather severe discoloration of the mol sieve directly above the ceramic balls.



It is not known whethethere was significant coking with the new cyalathe much shorter time at 550
F, or whethermost, if not all, the coking had occurred with prior operations where the regeneration cycle
called for extended times at 550 F.

Mol Sieve 3Avs. 4A

There aretwo camps regarding dehydration of gases containing oxygen with molecular sieves. One camp
believes that superior dew points can be achieved with 3A type molecular sieve because the pore size of
the mol sieve is smaller than that of the oxygen molecliere¢by denying sites for the oxygen
hydrocarbon reaction to take place. For examlebert E. Trent states in the Fundamentals session of
the 2012 Laurence Reid Gas Conditioning Conference, Dehydration with Molecular Sievesqhi@8,

on oxygert,"Often we must switch to one of the ultrstable3A type mol sieves such as-@8which can

still produce-150 F dew points at these lower regeneration gas temperatluré€sA material has a lower
maximum allowable temperature for regeneration than 4A mat@ridhe other camp believes that since

the reaction between oxygen and hydrocarbons takes place on the walls of the heater and associated
piping before ever reaching the mol sieve bed, regeneration at lower temperatures is required and 4A
material is appopriate. In the 1975 papetMolecular Sieve Treating of Natural Gas Containing Oxygen

also presented at the Laurance Reid Gas Conditioning Conference, G. Corvini, K.R. Clark, and W.G Bancroft,
Union Carbide Corporatiomade the case for regenerationt dower temperature, although specific
temperatureswere not provided.

After observing the coking, it was decided to replace bad with 3A mol sieve, and the other withe
same4Amaterial that was used to top off the two be@GECAype SRA)It appears the coking was taking
place on the mol sieve, amibt before. Tie expectation was that the 3A material might be less active in
promoting cokingf due to partial oxidation of the hydrocarbosice the smaller pore size would deny
oxygen reaction site The 3A materiahay be generally less active as a catalyst, aigdused for drying
monomers such as propylene. It was also decidddwer the maximum regeneration gas temperature
anduse the same regeneration cycle for both be@emaximum hotregeneration gas temperaturgas

set at425 F (vs. 550 F previously).
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section (one super sack) and the remainder 1/8 inch material.

V-403 was loaded withB. 1/16 inch material in lower section (one super sack) and the remainder 1/8
inch. Because the 3A super sack contains 1800 Ibs and the 4A super sack contains 1000 kg (2200 Ibs) there
is slightly more 1/16 inch 4A material ird@2 than 1/16 inch 3A mat&l in \V403.

Compound Bed

We also considered installing a top layer of silica gel to improve water capacity. We actually purchased
Sorbead WS, which was recommended for this service. However, our greatest issue with run length is on
hot days. Silica Gel is regenerated at much lower temperatures than molecular si®egewing the

silica gel isothermst became apparent that while silica gel would have a superior water holding capacity
when the feed temperature was 80 F, it would actually ide less capacity with hot day feed
temperature of 120 FTherefore, the plan to use a top layer of silica gel was abandoned.



Operation since Mol Sieve change out

Dehydration Dew Points

Dew Points are continuously monitored with a GE moisturalyzer based on an aluminum oxide detector
measuring partial pressure of water. The feed temperature to the molecular sieve bed is controlled by
the feed cooler. The fan speed is controlled to maintain a minimum of 80 F to prevent hydrate formation,
but the approach temperature to outside air temperature is approximately 16 20 F and on warmer

days the feed temperature is significantly higher. When the outside air temperature is below 65 F with a
resulting feed temperature of 8t 85F, theminimum dew point achieved is approximately5 F. On

hot days when the feed temperature can reach 120 F, the dew point achieved is cleg@erio

As can be seen belgthe dew point achieved by the 3A and 4A materialsem®entially the sameWhen
we decgded to load one vessel with 4A materiat402), and the other vessel403) with 3A material, we
also added the M02feed valveposition signal to theHistorian so that it could be trended and indicate
which bed was drying and which bed was being regated. In most of the following trends there is
evident a square curve. UP indicates that the feed-#0¥ is OPEN and therefore, the 4A materialin V
402 is drying, and the 3A material ird03 is being regenerated. Likewise, DOWN indicates thdetuk

to V-402 is CLOSED and therefore, the 4A material482/is being regenerated, and the 3A material in
V-403 is drying.
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We wanted to make sure the minimum achievable dew point by the 3A material was not a function of the
short exposure to the highdemperature of 425 F. Therefore, we ran one cycle where the regeneration



temperature on the 3A material was maintained at 425 F for 7 1/2 hours, and the regeneration gas leaving
the bed reached 388 F. As can be seen bgilosvhold period at 425 F hawb impact. In factit appears

that the dew point rises slightly. However, as stated egiésd temperature has an impact on the dew
point achieved and this slight changdikely due to a difference in outside air temperature.
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Run Length

The maimum run length time from start of dryingo breakthrough {60 F)achievedvas32 hour During

the colder part of the year outside air temperatures remain below 69 ke feed air cooler is capable of
cooling the feed to withirl5 F of the air temperature, and control of the fan speed keeps the feed gas
from dropping below 80 F. Thereforde feed temperatureduring the colder daysvas consistent at
approximately 8@o 85 F,and run lengths remained in the 29 t®23our range. This represents a mol
sieve capacity of approximately - 12%, which is consistent with expectations.

During hotter days when the feed to the mol sieves reaches 120 F, the run lengths are reduced to as low
as 16 hours.



Pressure Drop

UnexpectedlyV-403 containing 3A mol sieve exhibited a steady increase in pressure drop across the bed

over 4 months of operation. At the point of shut down there was a{d$ pressure drop across the bed
and minimal pressure drop acrossiu2.
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Thegreenline showsthe position ofthe V-402 inlet valve. Up indicatesA02 drying (with SRA 4A mol
sieve). Down indicates-403 drying (with 3A mol sieve). Change in pressure midway throuifl8 Vv
drying indicateshe regeneration of V¥02iscomplete The bed dryingas a flow equal to feed flow plus
regeneration gas wile the other bed is being regenerated. However, once the regeneration is complete
the flow is reduced to only the feed flow. With the lower flgwessure drop is also reduced.
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At the time ofshut down, Y402 with the 4A materialhad just completed its regeneration cycle and was
on hold (no flow).V-403 with the 3A material had been drying fgpproximately 1hours.



It should be noted that while pressure drop had increased to an unaccieppatint, the run length had

only suffered modestlyRun length was stillrothe order of ® hourscompared tca maximum o082 hours

for theinitial run length. M02with the 4A materiatontinues to exhibit fulB2 hourrun lengthg(with 80

F feed temprature). The times are approximate because run length varies some with outside air
temperature (and feed temperature) due to the change in moisture content of the feed with temperature.
The chart below is a comparative run length test end of Octobek4 30st prior to the planned outage.
Recent practice is that during normal operation, a timed cycle is used and bed switch occurs prior to
breakthrough. Therefore, run lengths are not continuously monitored.



