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| NTRCDUCT1 ON

In the late 1950's, the Fluor Solvent process using propyl ene carbonate
was commerci ali zed by the cooperative efforts of El Paso Natural Gas
Conpany and Fluor.>? El Paso's Terrell County Treating Plant was a first
of a kind using a physical solvent at mld sub-anbient tenperatures for
carbon di oxi de renoval. The process objectives of |owest possible capita
and operating costs were achieved. Neither external heat nor alloy stee
equi prent were required to satisfy the process conditions. The process
was unique in that the only significant energy consuners were the sol vent
circul ati on punps and the recycl e gas conpressor. The process desi gn was
very sinple, involving only a high pressure contactor where the CO, was
renoved fromthe methane, followed by a series of flash tanks at
successively |l ower pressures to achieve solvent regeneration. A
conpressor was used to recycle the flash gases froman internedi ate
pressure flash tank to m nimze nmethane | osses. Hydraulic turbines were
used to recover about half of the required punping energy. The sane type
of mechani cal arrangenent and fl ow schenme have since been used in severa
gas treating plants with conpetitive physical solvents devel oped since
that tine.

The chief criterion for selection of propylene carbonate for Fluor
Solvent was its high CO, solubility concurrent with a relatively | ow

met hane solubility. Even today, propylene carbonate ranks somewhat better
t han ot her physical solvents for bulk CO, removal with mni num

hydr ocarbon | oss as the only contingent requirenent.

As devel opnents in physical solvent processing matured, other solvents,
better suited to nmeet specific process requirenents, have been devel oped.

COVPARI SON OF COWVERCI AL PHYSI CAL  SOLVENTS

Today the commercially proven physical solvent processes and their
solvents are

Est asol van
Fl uor Sol vent

tributyl phosphate or TBP
propyl ene carbonate or PC

Puri sol - normal nethyl pyrrolidone or NW

Recti sol - net hanol

Sel exol - dinethyl ether of polyethylene glycol or Sel exo

Sepasol v-MPE - m xture of polyethylene glycol dialkyl ethers or
Sepasol v

O these solvents, nmethanol is relatively high in vapor pressure at
normal process conditions and therefore requires deep refrigeration or
speci al recovery nethods to prevent high solvent |osses. This paper will
omt methanol from conparisons of solvents since the processing
conditions and equi pnent are so unlike the others.
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Most of the equilibriumdata are proprietary to the process |icensors.
Therefore, definitive conparative information about solvent perfornance
cannot be published w thout violating existing secrecy agreenents. It is
possi bl e, however, to use public information to indicate relative
circulation rates, relative recycle stream vol unmes, and stream
conpositions for identical process configurations and conditions in order
to illustrate how sonme solvents differ in basic character and
performance. Sel exol and propyl ene carbonate are conpared in this manner
in the case study later in this paper

Table 1 **%%7 js a conparison of niscellaneous solvent data. Al of the
sol vents are noncorrosive, nontoxic and require only carbon stee
construction for a sinple cycle process schene.

The rel atively poor CO, solubility of TBP may explain why no comerci al
pl ants using the Estasol van process have been built.

Table 2*78%% conpares each solvent's affinity for various gases relative
to carbon di oxi de.

There is a wide variation in nolecular weights and significant
differences in densities of the various solvents. Therefore, the
conparison of nol fraction or weight portion of solute in the solvent at
saturati on woul d not be good indicators of the solvent's relative

ef fecti veness in renoving the solute. The volune of solute expressed as
vapor at the reference condition per unit volume of solvent at the
reference condition is a useful conparative value for solvents to be used
in simlar processing schenes. This is true because the size of process
equi prent and pi ping as well as power requirenments for the process are

| argely deternmined by the required vol une of solvent circul ation

Al'l of the physical solvent processes being conpared are concerned
primarily with acid gas renoval from either hydrocarbon gases (natura
and | andfill gas) or synthesis gases (hydrogen and carbon nonoxide). In
cases wherein either bulk or essentially conplete CO, renoval is desired
the nost significant conparative solvent data is solubility data on

vol ume of carbon di oxi de per volunme of solvent at a suitable reference
condition. Operating Process tenperature ranges from30°C to -20°C cover
nmost of the commercial applications, so 25°Cis a suitable reference
tenperature for this conparison. Solubility data at 25°C and one

at nosphere partial pressure of solute is in the public domain for all of
the conmercial solvents we are conparing except Sepasolv. The val ue for
Sepasol v was extrapol ated from published data7 at 0°C using the sane
slope of a simlar ether on a log log plot of Henry's constant vs 1/T.

In all cases, the solution is relatively dilute with respect to the
solute. The pol ar compounds CO, and H,S tend to deviate significantly
fromideal, so that Henry's Law is applicable only in dilute solutions.
Even t hough there can be sizeable interaction effects between the sol utes
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in multiconponent mxtures, it is assumed for this conparison that the
relative selectivities will not vary significantly in relation to each
other in the magjority of actual process conditions.

PROCESS SELECTI ON

The sel ection of a physical solvent process depends on process objectives
and characteristics of the solvents, such as selectivity for HS, CGCS,
HCN, etc., ease of handling water content in feed gas, ease of
controlling water content of circulating solvent, concurrent hydrocarbon
|l oss or renoval with acid gas renoval, solvent cost, solvent supply,
chemical inertness, royalty cost, thermal stability and proven pl ant
performance for various processing techniques.

Sol vent Loss

Al'l of the solvents have | ow vapor pressures. Although propyl ene
carbonate has a vapor pressure much higher than the high nol ecul ar wei ght
sol vents, solvent |osses have generally been very |ow. NWP has a vapor
pressure about five times higher than PC. The |icensor recomends water
washi ng of both the treated gas and the rejected acid gases for sol vent
recovery.

Sel ective H,S Renoval

The data indicate that Sel exol, NMP and Sepasolv are superior to PCif

sel ective H,S renoval from gas containing carbon dioxide is required
Actual experience confirms this prediction. The authors know of no cases
wher e propyl ene carbonate woul d be recomended for selective HS renpval .
In fact, it is difficult to find situations where PC would be recomended
if S is present in nore than trace concentrations. This is so because
the | ow concentration of HS usually permitted in the treated gas (1/4
grain per 100 SCF for natural gas) neans HS renpval is controlling.

Ef fect of Water in Feed gas

Differences in water handling flexibility can al so be inportant. As shown
in Table 1, NWP, Selexol and Sepasolv have infinite water solubility and
are thermally stable at tenperatures required to reject water at

at nospheric pressure. Slipstreans of these solvents can be processed to
control the water content of the circul ating solvent stream

PC and TBP have linmted water solubility and therefore require a

different solvent for hydrate control during feed gas chilldown. TBP is
thermally stable for water renoval by atnospheric distillation. PC
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slowy reacts irreversibly with water and carbon di oxi de at tenperatures
around 90°C and is therefore unsuitable for water control by atnospheric
distillation. '

The reported design water content of the various solvents has a range
fromone to six percent by weight. At these levels, solvent capacity for
C0, and LS is not greatly inpaired for any of the solvents. The nost
significant penalty of water content is the cost of punping the extra
wat er .

Physi cal solvents may be used to sinmultaneously dehydrate the gas and
meet very low treated gas specifications for CO, and H,S. This is
acconpl i shed by use of a solvent regenerator using inert gas and/or heat
to strip the lean solvent as required. NWVP cannot be used for

si mul t aneous gas dehydration if a water wash is used to Iimt sol vent

| oss.

Both PC and Sel exol tend to get slushy with water at tenperatures bel ow —
18°C (0°F) so process conditions nust be held warner than the slush
t enper at ur e.

Ef f ect of Heavy Hydrocarbons

In natural gas treating, |oss of heavy hydrocarbons is a concern. NW

Sel exol and Sepasolv are miscible with water, and water nay be used to
rej ect these hydrocarbons. As shown in Figure 1, a slipstream of the
circulating solvent fromthe | ean solvent punp may be mixed with the feed
gas and fed through the feed gas cool down using water absorbed fromthe
feed gas to separate a hydrocarbon |iquid phase and then distilling off
the water. Water can actually be added to this streamto reduce
hydrocarbon solubility further. In this case the size of the slipstream
m ght be set by the desired nmaxi mum hydrocarbon content of the |ean
solvent rather than by the maxi mumwater buildup in the [ ean solvent. The
water content of the return solvent slipstreamcan be controlled by the
slipstreamregenerator bottons tenperature and pressure conditions.

Ef fect of Recycl e Conpressor

A maj or energy user in physical solvent processes is conpression for the
recycle of flash gas to limt methane |osses. The rel ative conpression
hor sepower required to recycle these internediate flash tank gases to the
hi gh pressure contactor can be predicted fromthe solubility of methane
in the various solvents as shown in Table 3. The higher the solubility of
t he nmet hane, the higher the recycle conpressor horsepower for the sane
anmount of methane product in the treated gas.

45



Solvent Reactivity

Propyl ene carbonate reacts with am nes and anmonia at all conditions and
wi th water and carbon di oxi de at el evated tenperatures. PC has been used
for bulk CO, renpval followed by a downstream MEA treater in two
successful installations. Careful design of the Fluor Solvent Treated Gas
scrubber is required to avoid the possibility of destroying both the

am ne and the propyl ene carbonate upon m xi ng. None of the other solvents
bei ng conpared are chemically reactive with the conmponents nornmally found
in either natural gas or synthesis gas.

Process Configuration

Good thermal stability, chem cal inertness, and thermal conductivity are
al so necessary to permt flexibility in process schemes. For exanpl e,

sel ective H,S renoval can be benefitted by the use of heat. This can be
particularly inportant in designs to produce a high concentration HS
feedstock to a downstream Cl aus plant. Reboiling a solvent in a
regenerator may be necessary to) neet treated gas purity requirenents for
0, H,S or CCs.

Reboi | ed absorbers, refrigerated sol vent presaturators, absorber side
chillers and absorber bottons to feed gas punparound chillers are
exanpl es of absorption process techniques used to mininize circul ation
rates which are applicable to physical solvent processes.

SYNTHESI S GAS TREATI NG COVPARI SONS

Table 4 is a conparison of relative solubilities for some of the gases
formed in steamreformng processes, by partial oxidation of heavy
hydr ocarbons or by coal gasification

The differences between the solvents are not as significant as the ratios
woul d i ndicate since the quantity of hydrogen and carbon nonoxi de
absorbed concurrent Wth the C0, is relatively small. There m ght be a
noderately significant difference in conpressi on power requirenents for

i nternedi ate pressure gases recycled to mnimze product | oss.

Product purity requirenments m ght be nore inportant in process selection.
If the desired purity can be obtained with solvent regeneration by

at nospheric regeneration O the solvent using inert gas stripping or by
vacuum fl ashi ng, the processes are essentially equal for C0, renoval. If
HS is present in nore than trace amounts, NWP, Sel exol and Sepasolv
woul d be favored. If control of water concentration by sol vent
distillation were required, PC would require an alternative independent
wat er renoval step on the feed gas. The opti mum choice in nost of the
synthesis gas applications may be a result of designer ingenuity or
client preference rather than basic solvent capabilities.
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CASE STUDY

As nentioned earlier, piopylene carbonate has tenperature limtations
whi ch prevent use of heat for solvent regeneration. This limts options
for process configurations and may be a significant detrinment when
processi ng gases with hydrogen sul fide.

In applications where CO, renmoval only is required, the process selection
is less clear. Hydrocarbons are nore sol ubl e when conpared to C0; in

Sel exol than Fluor Solvent (see Table 3). Therefore, applications where
CO0, renmoval only is required and where hydrocarbons are to remain in the
met hane stream for downstream recovery or increased heat val ue, Fl uor

Sol vent shoul d show an advant age.

D. K Judd has described the successful conversion of Northern Natural
Gas Conpany's Mtchell plant fromhigh |oad DEA to Selexol.'® Since this
is a sinple flash regeneration schene (see Figure 2), it is an
appropriate exanple to exam ne

Feed gas enters the Selexol plant inlet scrubber at about 1200F and 895
psig. The gas is cool ed by exchange agai nst the residue gas. The residue
gas contains about 3.5% C0, and enters the pipeline at about 90°F. The
cool inlet gas next flows through the feed gas scrubber where condensed
water is renoved. The gas then enters the absorption towers where the gas
contacts Sel exol solvent in countercurrent flow

The rich solvent goes to a sunp tank where entrained gas (nethane) is
allowed to separate and returned to the contactor. The solvent next is
chilled with a packaged nmechanical refrigeration unit to overcone heat of
punpi ng and heat |eaks. The sol vent next passes through a hydraulic
turbine to recover power and then to a high-pressure flash tank operating
at 252 PSIG The high-pressure vapors are conpressed and recycled to the
absorber feed. The solvent next passes through a second hydraulic turbine
to the internmedi ate pressure (25 psia) flash tank. Vapors fromthe flash
tank are routed to conpressors for pipeline transm ssion and injection
for enhanced oil recovery. The solvent is further regenerated by fl ashing
to 5 psia vacuum before returning to the contractor. The vapors fromthe
5 psia flash are conpressed and join the 25 psia flash tank vapors for
further conpression.

A Fluor Sol vent plant was designed for the sanme application. Table 6
presents the conposition of the feed gas to the Mtchell plant and the
mat eri al bal ance, as presented in the 1978 paper with the addition of

Fl uor Solvent data for Conparison. The Fluor Sol vent design produces an
addi ti onal 148.8 MMBTU hour in residue gas. This reflects the | ow
solubility of hydrocarbons in Fluor Solvent, as shown in Table 5. The
Fl uor solvent design does require water renoval at the front-end

Tabl e 7 shows a conparison of horsepower requirenents based on

i nformati on avail able fromthe Judd paper and the Fluor Solvent design
As indicated, there is a net savings in horsepower as well as inproved
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hydr ocarbon recovery. W suspect that the 2,000 BHP notor used in the
Mtchell plant retrofit is considerably |larger than required. The recycle
conpressor in the Fluor Solvent design is 1,000 BHP. W expect the
conpar abl e Sel exol requirenment is about 1,500 BHP

It should be noted, where separate recovery of natural gas |iquids or
heavi er hydrocarbons are desirable, process configurations may be

enpl oyed which deviate significantly fromthis sinple pressure |et-down
schenme. The val ue of the hydrocarbons to be recovered may dictate the
process configuration and sol vent choi ce.

SUMVARY AND CONCLUSI ONS

A prelimnary screening of physical solvent characteristics can elimnate
those solvents that are clearly unsuitable or nonconpetitive for a
particul ar application

Consi der abl e wei ght should be given to proven performance with the type
of process configuration proposed. Innovative designs into unproven
territory mght lead to undesirable results. The high cost of testing and
commerci ali zing a new solvent in any process configuration is a good
incentive to stick with proven processes if they can do a satisfactory

j ob.

The demands on physical solvent processes are increasing, |osses of

val uabl e conponents nust, be mnimzed, renoval of acid gas and trace
conponents to |l ower |evels nust be achi eved and processes nmust be capable
of selective H,S renmoval with simultaneous production of suitable O aus
sul fur plant feed. This is causing a revival of performance inproving
processi ng techni ques common to absorption processes such as the
refrigerated oil absorption plants for natural gas l|iquids recovery built
two or three decades ago. The process designer's ingenuity and

i nnovati ons m ght easily outdi stance small inherent advantages of one

sol vent over anot her

Sel exol has a clear experience advantage over all other solvents in al
applications involving S and C0, renoval in hydrocarbon systens.

Fl uor Solvent and Sel exol both enjoy a clear experience advantage over
the other processes in applications for CO, renoval only.
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TABLE 1 %4587

M SCELLANEQUS COMPARATI VE DATA

Process Nane
Sol vent Name
Sol vent Cost
FOB Fact.
Li censor
Viscosity @25°C, cp
Specific Gavity
@ 25°C, KE M3
Mol Wi ght
Vapor Pressure
@ 25°C, MM Hg
Freezi ng Point, -c
Boiling Point, -c
@760 MM Hg
Thermal Conductivity
Btu/ Hr/ Ft 2/ (oF/ Ft)
Maxi mum Oper ati ng
Temp., -c
Speci fic Heat @ 250F
Water Solubility
@ 250C
Sol vent Solubility i
Water @ 25°C
Ft3 C0, Sol ubility/
US @l @25°C
Nurmber of Comrerci al
Pl ant s
Bul k C0, Renoval
Synt hesi s Gas
Nat ural Gas
Landfill Gas
Sel ective HS Renpval
Synt hesi s Gas
Nat ural Gas

$/1b

OF SOLVENTS
Fl uor
Sel exol Sol vent Puri sol
Sel exol PC NVP
1.32 .74 1.34
Nor t on Fl uor Lur gi
. 5.8 3.0 1.65
1030 1195 1027
280 102 99
7.3 x10-4 8.5x 10-2
-28 -48 -24
240 202
0.11 0.12 0. 095
175 65 -
0. 49 0. 339 0. 40
00 94 gm | 00
n 00 236 gm | 00
0. 485 0. 455 0.477
32 13 5
6 3 2
6 10 1
3 0 0
9 0 1
8 0 1

Sepasol v

MPE
Sepasol v

B.A S. F.

320

4.0 x10-1 3.7 x 10-4

320

175

00

00

0. 455

Est asol van
TBP

Uhde & I FP
2.9
973

266
<1.0 x 10-2

- 80

(1800 @
30 MM Hg)

65 g |
0.42 gm |

0. 329



nC,

Cos

i Gs

GH,

NH;

nGs

H,S

NO>

nCo6

2,4 DWP
CH;SH
nG

CS;
CYCLO- C6
nGg
CGHsSH
S0,
(CH3) S
GHs
nCyo
CH,S
H,0

HCN

SOLUBI LI TIES OF VARI QUS GASES | N SOLVENTS

TABLE 2 #7810

RELATI VE TO CARBON DI OXI DE AT 250C

Sel exol

1.3 x 10-2

2.8 x 10-2
6.7 x 10-2
4.2 x 10-1

4.9 x 10-1

. 87
.33
.33
.47
.53
. 87
.53
.93

(NS, N SR O R R

11.0

22. 7

24.0
24.0

93.3

253

540

733
1200

7

PC
.8 x 10-
.4 x 10-
.6 x 10-
1 x 10-

8 x 10-

5 W NN BEP PP oW g
O O © ~N ~N w ~N - ¢ .
NN S

O ~N © NN OO, ©

o
o1

68. 6

200
284

300

NIVP

6.4 x

10.

42.

34.
50.

78.

91.

10-

10-
10-
10-
10-

10-

07

.21
. 48

72

.37

Sepasol v

5.0 x 10-3

6.6 x 10-2

1.0

2.54

6. 86

23.1

TBP

4.0 x 10-2

1.0



TABLE 3

COVPARATI VE HYDROCARBON LOSSES*
RELATI VE TO PROPYLENE CARBONATE

Rati o of Table 2 Data

Conmp. PC Sel exol NWVP Sepasol v TBP
C 1.0 1.76 1.89 1.74 1.05
G 1.0 2. 47 2.24 - -
G 1.0 2.00 2.10 - -
i Cy 1.0 1.65 1.96 - -
nC, 1.0 1.33 1.99 - -
i Cs 1.0 - - - -
nGCs 1.0 1.11 - - -
nCs 1.0 0.81 3.16 - -
nC 1.0 0.82 - - -

*Losses could be ternmed as recovery if it is desirable to either
remove hydrocarbons with the carbon dioxide in order to reduce

treated gas heating value or to recover the propane and heavi er
hydr ocar bons fromthe C0, i n downstream processi ng.



Conponent

G
Q0.

TABLE 4

COVPARATI VE PERFORMANCE FOR SYNTHESI S GASES

PC

1.0
1.0
1.0
1.0

Rel ati ve to Propyl ene Carbonate

Ratio of Table 2 Data
Sel exol Sepasol v
1.67 0. 64
1.33
1.76 1.74
1.0 1.0

NIVP
0. 82
1.0
1.89
1.0



TABLE 5

M TCHELL PLANT DESI GN

Percent of Rati o of
Hydr ocar bon Loss Hydr ocar bon Loss

Sel exol PC Sel exol / PC
3.50 2.17 1.61
14. 34 5.72 2.51
98. 57 35.54 2.72
97. 47 40. 51 2.41
96- 85 71.65 1.35
93.75 79. 17 1.18
91. 67 79-17 1.16
87.43 73.15 1.12






TABLE 6

COVPARATI VE DESI GN MATERI AL BALANCE
MOLS/ HR FOR SELEXOL AND FLUOR SOLVENT

St ream No. 1 2 3 4
St ream Nanme Feed Gas Resi due Gas At nospheric Flash Gas Vacuum Fl ash
Sol vent Sel exol and Sel exol Fl uor Sel exol Fl uor Sel exol Fl uor
Fl uor Sol vent Sol vent Sol vent Sol vent
Conp.
N, 71.1 71.0 71.0 0.1 0.1 -
0, 4,398. 3 395.7 407.1 3,490.5 3,325.3 513.0 665. 9
HS 0.2 -- -- 0.2 0.2 -
C 11, 110.2 10,721.4 10,993.6 388.1 115.9 0.7 0.7
C 131.1 112.3 123.6 16.5 7.3 2.3 0.2
G 34.9 0.5 22.5 30.7 11.0 3.7 1.4
i C 7.9 0.2 4.7 6.4 2.7 1.3 0.5
nC, 12.7 0.4 3.6 10.0 7.1 2.3 2.0
i G 4.8 0.3 1.0 3.2 2.7 1.3 1.1
nGCs 4.8 0.4 1.0 3.1 2.6 1.3 1.2
Ce* 17.5 2.2 4.7 10.5 8.5 4.8 4.3
H,0 37.6 0.2 0.6 3.9 2.8 1.7 1.8
15,831.1 11,304.6 11,633.4 3,963.2 3,486. 2 532.4 679.1



It em No.

Conpar ati ve Requirenments of Power

TABLE 7

Users

Sel exol and Fl uor

for

Sol vent after Retrofit

Descri ption

P-101 A&B

R-12
C 102

C 103

Lean Sol vent Punps, BHP

Power Recovery Tur bi nes,
Net Punp Mdtor, BHP
Refrigeration, Tons

Recycl e Conpressor
Esti mated Shaft
Vacuum Conpr essor

Mbt or
BHP
Mbt or

Sel exol
2, 700%
BHP 1, 350*
1, 350*
600
2,000 BHP Mot or
1,500 Shaft BHP
700 BHP Mot or

Fl uor Sol vent
2,700
1, 350
1, 350

700
1, 000 BHP Mbt or
850 Shaft BHP
900 HP Mot or

*Devel oped from Judd's description of the refrigeration requirenents and assuned
punp efficiencies of 70%
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