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INTRODUCTION
The first turboexpander plant, designed and built by Fluor in 1963
for Coastal States Gas Producing Company, used methanol for hydrate

control,?*? Since then the majority of expander installations have used

*ARBEAAAREA (EXHENTD) , TEHFERNY, SIUKERREN0. 10T,
* * Preprint of paPer to be pPresented at 31st Annual Gas Conditioning Conference in Norman,
Oklahoma, March 2-4, 1981,
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solid bed dehydration, The reasons for this are obscure, especially since
in many instances methanol grants greater ease of operation as well as
lower capital and operating costs, This is particularly true when the
water content of the feed gas is low or when recompression is required,

This paper presents design information for turboexpander plants using
methan_ol for hydrate control, Hopefully, this information will permit
users to take advantage of cost savings available when the use of methanol
for hydrate control is appropriate,

HYDRATES—GENERAL

Natural gas generally contains water before processing, High pressure,
low temperature, or both favor the combination of water with light
hydrocax‘bén gases to form hydrates. Hydrate forming gases include the
C, to C, paraffins and olefins, carbon dioxide, and hydrogen sulfide
while hydrocarbons higher than isobutane do not form hydrates, Free
water must always be present for hydrates to form,

Hydrates, which are solid crystals resembling wet snow, cause prob-
lems by plugging pipelines, valves, and other process equipment, There-
fore, proper equipment design requires the accurate prediction of the lim-
iting conditions at which hydrates are formed from a gas of given com-
position, i.e,, the hydrate point, As a general rule, the hydrate point
should be evaluated anytime a gas stream containing hydrate formers and

free water is cooled bhelow 80°F.

HYDRATE DEPRESSION

It is well known that primary or polyfunctional alcohols, e.g., me-
thanol or glycols, can be used as antifreeze agents to depress the freezing
point of water, Alcohols also depress the hydrate formation temperature of
a hydrate forming gas. There is an unfortunate tendency to confuse the
two phenomena,

Consider the phase diagram for the water-methanol sysfem as shown
in Figure 1.,* If a 25 weight percent aqueous methanol solution (about 16
mole percent) is cooled without any hydrate forming gases present, ice
- begins to form at—20°C (-4°F). Since pure water freezes at'32°F, methanol
depresses the ice point 32°F — (-4°F) or 356°F, while— 4°F is defined as the
depressed ice point, 7

Consider the same 25 weight percent methanol solution in contact
with a typical gas at 1000 psia., According to experiments conducted by
Hammerschmidt’, this gas formed a hydrate at 63°F when in contact with
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pure water, In another experiment, the.same gas at 1000 psia formed a
hydrate at 39°F when in contact with a 25 weight percent aqueous me-
thanol solution. The normal hydrate point is defined to be 63°F while
the depressed hydrate point is 39°F and the hydrate depression is 63°F
— (39°F) or 24°F . Figure 2 summarizes Hammerschmidt’s experiments,

Examining Figure 2, we observe that the normal and depressed
hydrate points are pressure dependent, but that the difference between
these two temperatures, the hydrate depression, is presssure independent.

Also note that the hydrate depression of 2 25 weight percent methanol
solution, 24°F, is less than the ice point depression, which is 36°F, In
general, the hydrate depression is always less than the ice point depression,

This can be shown on a phase diagram, For example, if the hydrate
locus for a typical natural gas is plotted ona In P versus T diagram, the
result will be similar to Figure 3 which is the phase diagram for the
ethane-water system,’

On Figure §:

S=1Ice phase

H = Hydrate phase

G=Hydrocarbon vapor phase

L, =Water~rich liquid phase

L, =Hydrocarbon-rich liquid phase

If a small amount of solute, such as. methanol, is added to the water-
rich phase, the line SLG, the water-ice~-hydrocarbon vapor locus, is
displaced a distance AT and the line L, HG, the water-hydrate-gas locus,
is displaced a distance AT’ as shown in Figure 4, )

Note that by inspection Figure 4 shows that AT/, the hydrate depres-
sion, is less than AT, the ice point depression, In fact, using Figure 4
and the Clausius-Clapeyron equation. it can be shown that the relationship
between AT, the freezing point depression of the water-ice line, and the

depression of the water-hydrate line, AT/, is approximately;

AH,
where:
AT=T,-T
AT’ =T,-Tr

AH, = the heat of transition S+ G == H

AH, =the heat of fusion for L, +G = H
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T’ =hydrate forming temperature

T =ice forming temperature

T, =normal quadruple point

As AH, is less than AH,, the hydrate depression of a given solution
is always less than the ice point depression, Therefore, it must be
emphasized that while there is a relationship betweén hydrate and ice for-
mation, freezing curves such as Figure 1 cannot be used for design without some

modification,

THE HAMMERSCHMIDT EQUATION

In the 1930’s Hammerschmidt pregented a semi-empirical equation for
predicting the hydrate depression of typical natural gases in contact with
dilute aqueous solutions of antifreeze agents such as methanol or any‘g'lycol,‘
Hammerschmidt’/s equation is:

2335 W

AT = T50M = MW

where:
M =the molecular weight of the antifreeze agent, e.g., methanol
W =the weight percent of the antifreeze agent in the solution
AT =the hydrate depression or the difference‘between the normal and
depressed hydrate point in °F
The origin of this equation is the relatiohship for the freezing point
depression of an ideal solution,®

RT? N

where:

AT =the freezing point depression

T, =thev normal freezing point (absolute temperature)

AH = the enthalpy of fusion per mole of solvent

N=moles of solute (antifreeze agent)

S=moles of solvent

R =the gas constant

If the solution is dilute, N is smaller than S and the logarithm can be
expanded in terms of N/§S,

n (1450 =g - (h e T

For very dilute solutions where N is {;ery small, all powers of N/S

above the first can be neglected and:
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RT: N
AT z——AT_I*- X ?
Now: _
N__ WM,
S 100M-MW

where M, is the molecular weight of the solvent and the other varia-
bles are defined as before,
Therefore:
M,RT? W
AT =" g X 10M-MW
Using a typical natural gas and various dilute solutions, Hammerschmidt
fitted this equation to hydrate depression and solution concentration data

to obtain:

M,RT?

- —~ 999
AL 2335

or
AT:T(%I\%‘E—VI\XW, AT in °F

The Hammerschmidt equation applies only to typical natural gases and
to solute concentrations less than (.20 mole fraction, Glycol injection systems
operatirig down to -10°F fall within these limitations.

Surprisingly, operating data show that the Hammerschmidt equation
can be used to design glycol injection systems operating at temperatures
as low as -40°F or -50°F requiring about 0.4 mole fraction ethylene
glycol.® The success of the equation at these conditions seems to be due
to a number of compensating factors; the most important of these has to .
be the strong negative deviations from Raoult’s law that water exhibits
in glycol solutions, *

THE MODIFIED HAMMERSCHMIDT EQUATION

FOR CONCENTRATED METHANOL

As discussed earlier, the Hammerschmidt equation can be expressed as:

_ RT?
AT-—--&H lanntc:
Since 1In (1+—g—)=-—ln X,

*Design data given in standard glycol design references such as Dow’s Gas conditioning

Fact Book are actuyally plots of the Hammerschmidt equation.
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Therefore, using earlier results;

AT=—§i5man,

Now M,=18.02 and X,. e, =1-Xyeon
Therefore:

AT=-129.6 In (1-Xyeon), wherein AT is in degrees Fahrenheit
is a form of the Hammerschmidt equation more appropriate for concentrated
methanol solutions, Although this equation is an approximation, experience
has shown that it can be used for the design of practical methanol hydrate
control systems operating as low as -160°F,

The following table gives the hydrate depression, AT, in °F and °C
as obtained from the modified Hamierschmidt equation as a function of

methanol concentration,

Table I
Xueon wt %

Mole Fraction MeOH AT °C AT °F
0.0 0.0 0.0 0.0
0.1 16.5 7.6 13.7
0.2 30.8 16,1 28.9
0.3 43,2 25,7 46.2
0.4 54.2 36.8 66,2
0.5 64.0 49.9 89.8
0.6 72.7 66,0 118.8
0.7 30.6 86.7 156,0
0.8 87.7 115.9 208.6

] 0.835% 90, 0* 129.7% 233.5"

*Approximately 0,835 mole fraction methanol or
90 weight percent methanol gives the maximum
hydrate depression available as with methanol
concentrations greater than this, solid methanol

begins to form, See Figure 1 and Figure 7.

This table can be used to set the methanol concentration required for
hydrate control, In most cases the methanol concentration is set at 90
weight percent, The maximum hydrate depression recommended for design

is the calculated depressed hydrate points plus 35°F, See Figure 7 and
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the sample calculation for the use of these data, Note that the depressed
hydrate point locus for the sample calculation gas intersects the solid
methanol curve at -113.5°C. Obviously it is academic if a hydrate could
exist below this temperature since solid methanol would start plating
out in the equipment, Methanol injection control for expander outlet
temperatures below -102°C must be more accurate in order to keep the aqueous
methanol concentration above the freezing line in the eutectic range. The
recommended 35°F safety margin for the maximum hydrate depression will
keep the designer out of the eutectic range and out of trouble in almost
all situations,

Operating temperatures colder than -160°F are possible, but design
for these conditions is beyond the scope of this paper, In this realm,
the safety margin of 35°F is often no longer available and the modified
Hammerschmidt equation is no longer appropriate, A more exact form
of the freezing point depression equation should be used,’

T

ln (yX):A_H(_%L_l) g%( X

RT

AC,
R

T
T,

-1) + In( )
TYPICAL METHANOL INJECTION SYSTEM

Figure 5 shows a typical methanol injection and recovery system found
in a cold oil absorption or turboexpander plant, Feed gas is passed
through a free-water knockout drum and into a gas-gas exchanger and
provisions are also made to spray methanol on the exchanger tubesheets,
The methanol inhibits hydrate formation as an aqueous methanol solution
condenses in the exchanger and chiller, The methanol water solution is
removed from the separator and sent to the methano!l still for methanol
recovery, A significant amount of methanol will dissolve in the hydrocar-
bon liquid, Essentially all this methanol will appear in the propane
product if the hydrocarbon liquid is fractionated, To recover the dissolv-
ed methanol, water from the methanol still bottoms is used to wash
either the propane product of the raw hydrocarbon liquid from the
demethanizer, If the raw liquid is recovered and fractionated at the same

location, it is usually more economical to wash the propane product,

(to be continued next issue)
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FIGURE 2
FREEZING POINT LOWERING OF GAS HYDRATES IN METHANOL SOLUTION.
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