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RECOVZRY OF GASOLINE FROM UNCONDENSED STILL VAPORS

By D. B. Dow (Petrolew: cngineer, Bureau of Mines)

INTRODUCTION

In collecting and disseminating inforrcation on inproved practices uscd
in the preduction of petroleun and in the wanuf .cture of gasoline, the Bursau of
Mines has aided in creating an interest in efficient methods in all phasss of tne
0il ani gas iniustry. In the refining intustry therc is a growing tencency for
increasea efficiency, and inforration relating to icproved practices should be of
value not only to the larger and more efficient plants, but particularly to small
refineries unable to carry out a large experimental prograu.

The refineries of the United States required 43,915,029 barrels of crude
oil auring the year 1920*%, including 61,136,21C barrels of Mexican cruwe. This
yielded 4,882,546,599 gallons of gasoline, an avera.e daily prouuction of
13,340,291 gcallons, Besides the pasoline obtainei frow cruie oil by fracticnal
distillation and from heavy oils by cracking, this amount includes &,152,9<« bar-
rels of natural-gas gasoline blended with gasoline frouw tne othsr two sources.

This report shows the possibilities of incressing the pasoline yield from
the crude by recovering the appreciable a.ounts that are lost by rewaining un-
condensed. Unless preventive measures are adopted, these losses will incrzase
in the future, because crudes sre being handled in the fiela with wore ana LoTe
care to avoid evaporation, so that tney will contain much lighter ani mors vola-
tile fractions than at present. The masnituie of the loss fro. non-condensation
of these vapors, has beenrealized only by few refinars, judging from the number
of plants that have récovery systcus., The 13 refineries studied are obtaining
128,651 gallons of gasoline aaily from uncondensed still vapors., These plants
are situated in the various refining centers, other than the Paciiic Coast, ana
are running caude representative of all the producing fields east of the Rocky
lountains, In addition; several are running Mexican crude. ‘Inforration frowo
California refineries indicates that on account of the sm2llzr gasoline conteat
of the California crudes, there are no recovery plants of importance in that State.

J. 0. Lewis, A, W, Ambrose, H. H, Hill, E, . Dean, C. R. bopp, &ni N. A. C.
Swith of the Bureau of Mines assisted in the work.

* Refinery Statistics for 1920 - Bureau of wines, Mason, H., ¥., Petroleuw
Econoaist.



_ Messrs. E. R, Eerwood, N. &. Lio.is, T. . Deltrid.e, H. H. Rathvon,

J. Hansen, A. S. Hogkins, J. W. Newton, Wwillix. Sluter, zxnd John Noble, cooper-
éteq by seridtted insgecticn of their ,lants. Messrs. K. E. Espey, A. J. Roa.er,
W. F. Stroud, R. L. Spencer and K. G. Suith furnished aata on ojerating wethods
and experimental results in several refineries which recover _asoline frow un-
condensed still vapors. 4lso, v luable information was obtained fro.. wessrs.

W. H. Leavitt, W. D. Rial, R. O. Neal znd I. P. Parkhursb.

TEE DISTILLATION OF PETROLEUM

Physical and Chewmical Characteristics of Petrolew. Hydrocaroons

) Crude petroleun consists of various hydrocarbons, each havin. 1ts own
physical characteristics (such as boilin- point and specific .ravity), with cou-
~ounds of sulphur, oxygen and nitro-en present as iupurities. The hyuroczrbons
of the paraffin series, havin:; the .eneral foraula CiH_p:.» predouinate in the
péraffin and mixed base crudes frow the Eastern, Mid-Continent and Rocky imountain
f}el@s.- The naphthene base crudes of the Gulf Coast ana Califorma fields con-
sist largely of hydrocarbons of the naphthene series, havin, the - eneral foruula
CnHen. Certain crudes contain unsaturatea hydrocarbons of the olefin series in
stall acounts, and sous also contain arowatic hydrocarbons of the benzene series.

The hydrocarbons couprisin, the .asoline and gas considered in this pager
are Lostly of the paraffin series, althou h _ases from crackin_ stills contain
relatively hi h percentaies of unsaturated hyirocarbons and & ureciadle awounts
of those belongin. to the venzene series. The first few wewvers of tne paraffin
series (aethane, ethans, _ro.ane, etc.,) are gases at oriinary teweratures.
Norwal pentane, having a boilin. point of 97° F., normzl hexane, dciling jsoint
154° F. (65° C.), norual heptane, voiling goint, 208° F., (95° C), ana norwal
octane, boiling point 253° F. (126° C.) are the uain constituents of the _asoline
recovered from still vapors, althouch these vapors contain some of the lower
mem?ers cf the series dissolved cs .ases and certain hi her embers that are car-
ried over in.the still vapors, either mechanically or on account of their partial
sressures. With each succeedin. mewber of the jaraffin series, tne ocoiling point
veccmes hi:rher. Hexadecane, for exawle, has a boiling point of 5490 F., as couw-
pJared with pentane which hzs a boilin, soint of 97° F.

Laboratory Distillation of Crude Petrolecum

Fractional iistillation of crude oil separates it into cuts cr fractions
containing cixtures of hydrocaroons having similar physical properties. In ais-
tilling cru.e oil cowplete sesaration of inaiviaual hyarocaroons is exceeuingly
difficult, even in the lascratery, unless ccuntless refractionations are .aue.
Redistillaticn of a saiple of aistillate whichwas uriven over cetween any two
given teuwjeraturss will show the presence of hydrccaroons coiling at lower temper-
atures as well as higher teuw eratures than the liits of the ,revious uistilla-
tion. This is due to the-fact that in a wixture of hydrocarbons, the beilin.
point of each is influenced by the presence of the others.

In the distillation of cruae oil, hyirocaroons of the lowest .cilin.
points are the first to be va_.orizeu. Therefore, the first fraction has a wuch
higher percentagce of low-boiling hydrocaroons than the original liquid and is
the wost difficult to condense, as the teu_ erature of liquefaction is guite low.
As distillation proceeds, the tew.erature requirez tc vaporize the reuaining
hydrocarbons becou.es hi.her, and the resulting vapor is consequently wore easily
condensed.
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_ Corndensation of the veiors fcroed oy hsatin: crude oil is sffected in the
refinery by leadinp vasors throuch coils of pice sunuerced in water. On cocling, ’
nost of the vapcr becomes liquefize, oul & certain zwount of vapor, due to 1a-
sufficiant tiwe for vroper coolinyg or tune fact that its condensin, point is lower
than the temperature of the wester, will rewmsin uncondensed. ilso, certain otaer
fractions will not be condensad, fcr the reuson that tneir liguefaction points
are affected by tiae gresence of other hyarocarbons. A small part of this uncon-
densed vapor 1s dissolved in the liguid trat hes conuensed.

METECDS OF DISTILLATION EMPLOYED IN PZITROLEUM REFINERI xS

Fire:Disviilation

The first step in refinin. crude oil into its various products is accox-
slished by fractional aistillation, or mor:s coummonly teriea "fire distillation",
1n stills that are neated diresctly with fire. The "fire stills" are horizowntal,
riveted or welded steel shells mounted in brickwork, the upper part above tne
orickwork 1s often covered with insulztin: materizl. A vapor line conrccted to
the tep of .the still carrjes the hot vapors te the ccrna.nser, frow wnich the con-
densed liguid flows throuun "run-down" lines to the rsceivin_ house or "tail house)
where the "streaw" of cordensate passss into the "lock-box", tc the proper receiv-
1ng tanxs by means of pipe unznifolds.

"Batch" and Corntinuous Process of Distillation

In the "batch" process foruerly anplored the entire distillation is con-
ducted in one still, the different fractions, such s ¢rude benzens, kerosene
distillates, :as oil, 2tc., bein: successively obtaired as the temperature oi tae
charge is raised. The "batch" method is used exclusively where crude eil 1s run
down to coke and in reducing par:ffin base crudes to cylinder stocks, also to soue
extent for obtcinine wai distillates from ths resiiue tro.. continuous crude stills.
Stills ewployed for ths latter -urgose ar. commonly karwn s "tar stills",

In the continuous pri.cess, crude oil is jwacea into the first still of a
pattery, sasses successivwely throuzh each «f the stills and the resisuuc uilschargeu
from the last still ¢f the ocattery. Each successive still is uaintaines at a
hizher temperature thun the sreceuing one. Fractions cc.ang fro. eacn still in
the battery ao not chan.e iro.. lighter to heaviar .rciucts, as ir the catch grocess,
out have fairly unifori gravities anc o>ciling points. For exaumple, a battery of
continucus stills operatin, on average Wid-Continent crude rives cuts of licht
nzohtha, heavy naphtha, kerosene distillate and gas oil in the ordaer named. The
cortinuous process alse includes th> wethoa of 3istillin. cil in pipe stills.

In this wsthodi, the cil is puspec continuously throush naatea piges, frow wnicn
the vapors :re taken off ani ths .iiferent fracticas conaensed.

Steaw Ccils

Both the "batcn" -ri “"cortinuous" stills of the snell type are penerally
aruis.2d with steaw ceils, so erforated that the steax is directed agiinst-the
tottow of the still. These crforations tend to iistribute the steaw evenly -
throuch the body of oil. The introduction of steaw ..ini.izes crackin., since it
a;itates the oil and ;ravents local overheating. The caaition of steam alsc nhslps
i1istillation by carryin. soue fractions over cechanically and by reducin. the tem-
cerature at wnich they cistil.
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Pressure Distillation

Whon heavy oils are distilled at temg,eratures higher than tneir normal
boiling points, daecompesition tekes place and the aistillate is made upy of hy-
drocarbons with cuch higher Bauut _ravity aad lower boilin, points than the
original oil.

Iftheavy«oil is distilled under pressure it is Jossible tc reach the
decom:ositipn point before the temperature of the char.e attains the boiling
point of the vil at the cressure in question. '

The decomposition of o0il by heat is couwsonly known as "crackin ", and
the stills in which this operation is conducted are known as "6racking stills"
or pressure stills,

Distillation under pressure is commonly used for producing gasoline and
light distillates from heavy oils such as pas cil. On account of the decomgosi-
tion that takes place, the .roducts obtained contain a hish percenta_.e of un-
saturated hydrocarbons.

Stezw Distillation

After fractional distillation in fire stills, the li:ht distillates 2are
treated in agitators with acid and caustic, and then madie into marketable . aso-
line by redistilling in steam stills. A stea: still has the same peneral con-
struction as a fire still, but a lar.er nu.per of perforated steam coils. Dis-
tillation in this tyge of still is lar.ely by steam, although a fire is sowe-
times kegt beneath the still to regulate distillation. The steam causes hydro-
carbons to distill, as pcinted out avove, at temperatures much below their nor-
zal doiline points . Much closer cuts are obtained in this way than in fraction-
al distillation. Distillation by steam nay be conducted either as a "batch" or
continuous grocess.

Condensation of Distillates

Condensation of the vapors coming from the still into liquid is accom-
plished by (a) aerial condensation, or (b) cordensation in coils -submerged in
water.

fAerial Condensation

Considerable condensation can be effected by passing the vagor from the
stills through gipes or shells havin, large surfaces exposed to the air. This
method is emgloyed in the aerial condensers used in connection with pressure
st1lls. The heavier fractions are condensed and drain back into the still, where
they are agzin subjected to cracking. In fractionating towers or dephlevmators,
aerial condensation is also euployed for sesarating the distillates into fractions
having conparatively narrow boiling ranses.

Condensation in Submerged Coils.

The couxon method of condensation is by wmeans of coils, either in series
or in parallel, submerged inza condenser box through which water is circulated,
the cold water entering at the bottom and the warm water discharging at the top.
Th coils are smaller in diameter at the bottom of the box than at the top, as
less cagacity is required after the vapors condense to lijuid. The amount of
water circulated is based on the heat transfer necessary to condense the vapors.
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NATGRE_AND ANOUNT OF UNCONDENSED VAPORS

UnCQndensedeapors from Different Distilliati.n Processes

Unceondensed va,ors ;rom the ccndenser are rensrally classified under two
heads, "sweet LaS" and "sour gas". The term "sweet sas" refers to those vepors
rezainin. uncondensed dvring the distillation of the lighter ends of the crude.
In the batch vrocess these vagcers are ‘fori:ed with the 1li;ht ana heavy nu,nthas,
ard in the continuous ,rocess from the first few stills of the Lattery, waich .
recmove the naphthas. The taru "sour sas" refers to those vapors foruca By
cracking, either in tar stills oz in sressure stills. This teri. is very cescriu-
tive, since cracked pases are la*tvly unsatureted ard have the .carked odor je-
culiar to cracked products. Sulphur cowpounus are usuclly [resent in cracked
gases and are partly responsible for the unpleasant odor.'

(s

The distillation prccess that is used not only _overns the nature of tae
gas, but alsc the amount that is formed from a definite guantity of crude. A
skimaing .lint thet removes only casoline, kerosene and pas oil will nct produce
the smme amcunt of vapor as a glant that is ejuipped with prySShre stills or one

that is .roducin. comparatively large quantities of cracked gases in 4istilling
down to coke.,

Uncondensed Vavors in Skiowing Plants

In skimming plants practically all ths vapors that remain uncondensed
are formed during the distillation of the first fifteen per cent of the crude.
After this fraction has becn removed the vasors oconsist largely 01 hydrocaroons
that can be readlly condensed at temperatures naintained in the ‘ordinary con--
densar. In addition to the uncondensed vapor froin the crude stills, larie
quantities of vapor remain uncondensed when the nachtha fractions are rerun in
the steam stills.

With these two sources of gas it is rather inexjensive to install gas
lines for removing the vapors as rapidly as formed. The problem of collectin&
the vapors is correspondingly sim:;le, since the lines from both sour ces can be
Joined and taken to a central goint where a small vacuum is held. The gas can )
then be treated ®ither by cowmgression or abserption. There is generally no need’
for "scrubbing" this gas to rewmove sulphur; since the sulphur content of the zaf
from the nzphtha fractions of the c¢rude is very low and not objectionable. In
some plants an ewven sicpler installation is mede, censisting of a 6-inch header
into which the gas passes unaer its own pressure. This header is cooled by
sprays, and recovers a considerabtle quantity of :asoline. The entering :as is
nearly all gasolins vapor withocut any aporeciaole amount of permanent gas.

Tests of this type of gas have shown it to contain as mich as 30 gallons of
gasoline per 1000 cu. ft. of vapor. .In other words; as high as 90 per cent of
the vapor cun bs condensed and held as gasolire. In tne plants visited by the
writer an avsrage of about % gallons per 1C30 cu. ft . was obtzained.

Uncondensed Vapors in Refineries with Pregsure Stills

The conditions existing in refineries operating pressure stills are
different from those at skimning plants. Uncondensed vapors are obtained not
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€nly from crude and stear stills, but also from pressurs stills. Large amounts
of very rich unccndenssd vepor are also obtaired from tne rerunning of pressure-
still distillate. These vapors yield as high 2s 2% gallons of gasoline per 1C00
cu. ft. Experiments have shown that in running a barrel of Cushin: crude avout
52.eu. ft. of vapor rerains uncondensed. Under the sume conditions of condensa-
tion a barrel of gas 0il aistilled under pressurc .ave 163 cu. ft. of .as with an
average gasoline content of 2.6 gallons per 1CLU cu. ft. In aistillation under
prgssure large quantities of fixed .ases ave formed. When the gas frow cracking
5tills is-added to the gas frow the crude oil and stei. stills, the. ..soline con-
tent of the mixture will be lower. than that of the ges from the latter two sources.
T?e_volume of sas, however, will be so increased that the total amount of caso-
line recovered will be considerably sreater.

Since the sources of gas are more widely separated in a refinery of this
charagter, the problem of installin_ a recovery system is wdch wore couplicated
than in a skimming plant., In the latter, the gatnering line takes pas only from
the crude stills that are runnin_ 1liht distillates and from the steam stills,
whereas in the complete refinery the .ases arc obtained from crude, steam, pressure
and rerun stills. This requires & much more extensive system of .-thering lines,
and.careful provision for coverin. diétances not met with in skirmine plants. If
the cases are all collected by one central exhauster, as is usually done, there
is danger of too hizh a vacuum being held on sowme of the stills, while on account
of the frictional resistance in long lines and the small amounts of cas produced,
those stills at a greater distance may be under no vacuum at all. ‘

The removal of sulphur is generally‘necessary in a refinery which uses
pressure stills, because the hydrocarbon sulphur compounds are thrown down at the
existing temperature and pressures. This would result in considerable trouble
from depositions of sulphur, and large expenditures must therefore be made in
providing scrubbers for the remval of sulghur.

Effect of Atmospheric Temperatures on Condensation

Atmospheric temperature is an important factor in the prodauction of gaso-
line from uncondensed refinery vapors. It is found that during winter months,
due to more complete condensation of the vapors, the production of the "gas"
plant will fall off to some extent. An unusual example of this is a certain
skimming plant which produces about 6000 gallons of compression ¢asoline daily
through the summer months, but drops to as low as 500 gallens per day in the win-
ter. Ordinarily, the difference is far less, but there is always a tendency for
production to drop in cooler weather. Another factor which tenas to produce this
result is where the evaporation from storage tanks is picked us and recondensed.
This evaporation, of course, is mich greater during the sumuwer wonths.

Other Factors Geverning Amount of Unconaensed Vapor.

Three other factors which deterumine the gé%dliné content of the uncon-
densed vapors, are the nature of the still charge, the temperature of the streau,
and the vacuum carried on-the run-down lines.

The distilletes from crude oil which has only 2 swll amount of low-boil-
ing fractions will condense very easily.. The loss in unconaensed vapor from this
type of crude is very low when compared with the losses from a crude with a very
high gasoline content. Likewise, the amount of vapor reaainin. unconaensed during
distillation in the steam still depends upon the charge. For example, a light
paphtha forms more gas than a heavier distillate.
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The vacuur carried on the run-dowr. lines influences the yield of vapor,
since any increase in vicuum couses a corresgending decrease ian toiling points
of the distillate. The vacuws carried should be as low as possible and only
-serve -to remove the wpors forued, rmther than to lower the boiling point of the
chariye bein; distilled.

The temperature of the stream is an important factor, since with an in-
crease in the temperature of the distillate there is a correspondin: increase in
the g¢asoline content of the gas. The temperature of the stream depends in turn
upon the temgerature of the coolin:, water in the condenser and upon the rate of
distillation. These two factors determine the condenser surface per gallon per
hour. vwor light fractions the ccndenser surface is generally about two square
feet per gallon per hour. If this figure is lowered the gasoline content of the
vapors will become hiiher, and if raised the ¢asoline content will be lower,
provided, of course, that the temperature of the coolin, water is constant.

GASOLINE RECOVERAPLE FROM VAPORS

Experimental Results on Fractional Distillation:

In an effort tc determine as nearly as possible the effect of the tem-
perature of the stream on the wuncondensed gasoline, a series of rurns was made in
the Bureau of Mines experimental refinery at sartlesville, Oklahomz. Cushing
crude of a gravity of 38.5 B, was used, with a ponoenser surface of two square
feet per gallon per hour. The vayorg were dravn off under & vacuum of two inch-
es (of water) and collected in a small test absorter, filled with "mineral seal"
0il as an absorbent.

Aftsr each test run, the absorbed .csoline was distilled by the usual
laboratory method. TFigure 1 shows results obtzined. It will be noted that the
yteld of gasoline from the uncondensed vepors of the crude still increases with
the temperature of the stream. The ;asoline content cf the uncondensed vapors,
per barrel of crude charged to the still, varies from 0.0 gallon at a stream
temperature of 73° F., to 1.01 pzallons at 120° F.

The tasoline produced from the crude still at each stream temperaturs
shown, was redistilled in the steam still at the same stream temperature. For
exarple, gasclire produced from the crude still at a streamtemperature of 759 F.,
was redistilled at a stream temperature of 750 F., casoline produced at a stream
temperature of 90° F., was redistilled at 90° F., and 30 on. The amount of gaso-
line obtzined from the uncondensed vapors from the steam still, decreases as
teuperatures of stream increase. When the stream from the crude still has a
teuperature of, say 750 F., the vapors are s0 cooled that little gasoline remains
uncondensed. The the condensate is redistilled in the steamstill with the stream
tenperature at 75° F., the vapors are much richer in h1 .h gravity hyarocarbons
than the varors from the crude, acd this results in a larger amount of vapor re-
mainins uncondensed. '

Vith the stream runnin, at 90° ¥. from both crude and steam stills, the
increasa=d amount of uncondensed vagors from the crud= distillation results in a
lower recovery of gasoline from the uncondensed va,.ors of the steamstill. In
cther woras, the distillate char.ed %o the steam still has been robbed of the
lighter fractions, so the amount of vapors uncondansed in this distillation is
smaller than in the previcus run. As the temjerature of the streamn from doth
stills increases, the quantity of uncondensed pascline frow the steam still de-
creases, until at 120° ¥,, sractically =11 of tne li ht fractiens tact will re-
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main uncondensed have been taken off at the crude still coauenser.

The total gasoline obtoined rrom the .uncondensed vapors from btoth the
crude still and from the steam still issshovr in curve &, Figure 1. Tms in-
di cates the amount of gasoline that can be recovered under like conditions 1in
refineries operating on Mid-Continent crude.

' The following information on amounts of uncondernsed vapor obteined frow
dlfferept crudes was supplied by Mr. Franklin Stroud, Jr., of the Atlantic
Refining Co., Philadelphia. Somerset and Mid-Continent crudes glve apprexi-
mately 4 cu. ft. of vapor per barrel of crude charged, at a stream temperature
'of'70° F., and Mexican crude, o cu. ft. The vapor from the two forwer contains
12 gallons of gasoline per 1000 owu. ft,, and frow tne latter, 10 gallons. Tne
number ‘of cubic feet of uncondensed vapor varies three per cent for every two
degrees between 50° amd 90°_F., which gives the following formula for tnis
range: , : - +
Gallons per barrel = _ 4  x (F * T x 03)

| 1000 2
Here A represents the number of gallons of gasoline per 1000 cu. ft. (lc for
Mid-Continent crude and 10 for Mexican crude); F the number of cu. ft. at 70"

F. for each crude, (4 cu, ft, for Mid-Continent and 3 for Mexican crude); and
T the degrees difference in the temperature of the stream from 70° F, This
gives a straight-line curve which checks the part of curve 1, Figure 1, below
’900 F. Abowe 90 F. this formule would not apply, since the amount of uncon:
densed gasoline increases more rapidly with each succeeding rise in temperature.

Experimental Results of‘Pressure 8till Distillation.

On cracked gases, which include gases formed in running crude to coke,
gases from pressure stills and gases from the running of pressure-still dis-
tillates, Mr. Stroud gives the following: Mexican light crude, 200 cu. ft. of
gas per barrel charged, containing four gallons of gasoline per 1000 cu. ft;
Mid-Cortinent crude, 80 cu. ft. per barrel with a gasoline content of seven
gallons per 1000 cu. ft; average slop, 120 cu. ft. per barrel; with five gal-
lons of gasoline recoveraole per 1000 cu. ft.; gas o0il, in pressure stills,
140 cu. ft. per barrel with a gzsoline content of three gallohs per 1000 cu.
ft., with a variation of 2-1/2 per cent in the quentity of gas for every hour
over or under 38 Houts per 1000 barrels, In tests conducted by Mr. A. J.
Rodgers of the Tide Water 0il Co., where the pressure on the still amounted to
95 pounds, 95 cu. ft. of gas was obtained from each barrel charged. The speci-
fic gravity of this gas was about 0.85,

Experiments in pressure-still distillation by Mr, W; E, Espey.of Cosden
and Co.;, Tulsa, Okla., showed that 163 cu. ft. of gas was produced per barrel of
gas oil charged to the still, This gas had an average gtasoline content of
about two gallons per 1000 cu, ft,

Survey of Plants Having Recovery Systems

Table 1 shows representative refineries on the Eastern Coast, Gulf

Coast, in Oklahoma, Wyoming and Kansas that have installed plants for treating
uncondensed still vapors. Column 10 shows that in these plants the recovery

of gasoline ranges from 0,05 to 0.84 gallon per barrel of crude charged. Where
the recovery value is low, several refineries do not have efficient recovery
plants, and others have not been fully. equipped for taking care of all the gases
formed. In some it is due to the low gasoline contemt of the crude ard to the
absence of pressure stills. Others are equipped with pressure stills, but do
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e . TABLE- I. - - 3HOWING GEMFRAL DATA ON PLANTS THAT RECCVER GLSJT.147 _#now Ut _sg_g\wg}aj\:__gp_‘fr ILL_VAPOES. L
) . i 3 L A T T { . _F 9 10 il
Index  Nature Nature Type of Sulghur Exhauster Tyre of Crude Cu.Ft. of Cas. per Gasoline P.o.t.
of of Scrubber Content Recovery Charged Gas rer day Day, gal. Recovered of Crwde
Refinery . Crude for Removal Type Vacuum Plant Bbls.per Per Bbl.of Charge
o of Svlghur carrfed - ins. Day Crude Charged
» of water Gals. ,
R S Cowmplete... Mid-Cont.. . . . .. ye......... JHigh | Rotery. .. . ... 4,.... ... Compression .20 Qe .. .. 3 500,000, ... .. W,500, ..., .. o P Y £ SO
2 do Mid~-Cont. do Very High do 1 Compression 13,246 1,322,977 11,203 .84 2.00
Mexican & Absorption
Penn. | on Residue
3 do do None do do 6-8 Abs. in cgs 25,000 5,000, 0C0 12,000 RIY: 1.14
vlo‘. ..... éo. do 8;? e Py o-doo ......... aov.-- :vn.-é----uc-&.‘..l%iééélon uo'ooco oy 2 560-666 ...... i&;i‘éoc o;.o..-:}-s ....... ‘-.--:goa . L4
b e e e e e e Ce e e ,.Q e e, ... N e Chrerragnserenrens ceean
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not utilize the cracked guses beciuse theylack ejuipment for reaoving ths lirge
sulphur costent usually found in such grses,

The figures on crude chargs, weluue of gos and gasoline recoverad are
average figares, and of course, vary gre:tly froir time to tiwe. The greatest
error probably exists in the figures for g:s volumes since & nucber of tnese
have been calculzted from gompressor displacewent.

The total crude oil charged to the refineries listed in this table amounts
to 555,486 barrels 2 day. By treating the uncondensed still vapors in these re-
fineries, a total daily gasoline yield of 128,451 gallons is obtained. This shows
an average recovery in these plants of 1.05 per cent or 0.444 gallon of gasoline
for every barrel of crude cil charged. If the gases were not treated, this amount
would be lost or burned as fuel. :

Remeyal from Run-qgwn COLLECTION OF UNCONDENSED VAPORS
Lines.

In distilling crude petroleum the first vapors or gasss ariven off are
naturally the lightest hycrocarboss and have the highest vaper pressure of any:
hydrocarbons present in the cruie. In order to cordense these vapors, it is neces-
sary to have condenser coils with lzrge surfece arez held at low temperatures.

Under these cornditions all tha vapors would condense except “the very
lightest, which would be more correctly called permanent gas than gasoline vapor.
The samll amount of gas left uncondensed would under these conditions be almost
‘entirely dissolved in the condensate. Ordinarily, however, the tomperatures of
the condenser boxes are high enough so that 2 large port of the first few per
cent distilled remains uncondensed. By removing these vapors as rapidly as they
are formed, and by submitting them to subsequent compression ani cooling, or by
dissolving them in 2 low gravity oil, a large part of such vapor can be recovered
as gasoline. '

After passing through the condensers, the vapers can ve removed from the
run-down lines at any point. Sometiaes they are taken from the bottom of the.
coil by a riser passing upward through the water in the condenser box., This ar-
rangement. is lsss desirable thar taking the gas off outside the condenser box, as
the latter methoda cuts down repsir costs. More frequently, they are removed &b
the "tzil-house". A goose -neck or trap 1s usuzlly placed between the gas gather-
ing line and thc "look-box". This prevents air from being drawn into the line
from leaks in the "look-box". A small vapor line is :lso frequsntly seen leading
from the look-box te the gathering line, but in most cases; it discharges into
the 2ir (fig. 3), since the zuount of gas led cif from this point is very small
and would be largely diluted with air lezking into tie look-box.

The risers from the bottom of the worm, or from the goose-neck, vary 1n
diameter, depending on the volume of gazs to be haniled, generally Irom 1} to o
inches. In a lerge plant with seversl teil houses, the small risers enter a
larger line which, in turn, discharges into a still larger main line leading
through the trap to the gas plant.

. A vacuum held on these lines is so regulated that the vapors are removed
as rapidly as formed. In the different plants visited, this vacuum varies from
% inch to 6 inches of water. As regards bost general operation, 1 inch would
probably be sufficient, since higner vacuums csuse a considerable amount of the
condensate to be re-evaporated and may also produce a vacuum on the still, which
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is to be avoided. Great difficulty is experienced with higher vacuws from leak-
ase of air into the lines. In sow:s refineries, vacuuu. valves are used and in
case the vacuun becowes too high on any unit, tnese valves open and permt air

to enter. On other plants, instead of this valve, a swmall “"clapper" valve is
situatea on the top of each neaaer. This serves the opposite purpose, for should
the pressure of the still exceed the vapor. CapiClt’ of the vacuuw line, ths vzlve
periiits the excess vapor to sscape.

A siaple and efficient Jevicd to avoid excess pressure frow the still is
5 2-inch pipe which estenas frou a tee at tne top of the gas riser to about <
inches below the water surface in the conuenser. -If the pressure in the gas ling
becoies woOre than two inches of water, gas will escape through this pipe anu re-:

lieve the pressure. The pipe should be long enough so that any eicess vacuws will
not draw water into the gas line.

A combination of these valves is desirable, so that the still will never
be under any pressure or vacuun resulting frow the gas systew.

Traps on Gathering Lines

In building a recovery system for unconiensed still vapors, it is well to
install traps between the exhzuster or intake of the coupressor and the source-
of the gas. These traps serve several purposes; they rewove conlensate caused oy
air cooling or any heavy products carried over wechanically which woula destroy
lubrication in the exhzuster or couwpressor; they act as a pressure equalizer, so

that no sharg changes of pressure will take place on the run-down lines; ana they
serve to reuove sulphur.

Form of Traps

In the different refineries visited the traps were practically-of the
sace type, consisting of a steel tank varying in size frowm about 4 ft. in ulaueter
by 5 ft. hich, to 15 ft. in uiameter by 1& ft. hioh. In these traps the gas re-
ceives a prellmlnary washingwith watsr, which re.oves sulphur, condensate, ana
heavy hydrocarbons, carried over wechanically.’

Various cethois of washin, are used, frow a si.ple gas inlet below the
water level, to a small perforated water pipe placed inside the gas inlet pipe,
which sprays the gas before it passes throush the water seal.

In some plants traps are placed at every "tail"house, ana in others only
one large trap at the exhauster house. In one refinery visiteu where a trap 1s
installed at cach unit, a steel tank 15 by 18 feet is used. A 1l2-inch gas intake
line enters the top ani drops to within three feet of the bottou.where the cas
bubbles upwzard through water, after being washed by a spray, The washed gas rises

ani lsaves tre trap by a line from the top, where it goes directly to an exhauster.
A diagram of this trap is shown in Figure 3.

Valves on Traps

The trap previously aescribed has a relief valve which vents gas into the
air whenever pressure builds up on the lines, and thus prevents trouble at the
still. A butterfly valve is regulated frowm tiwe to time to hold th: same vacuum
on the run-down lines. Regulating uevices of this sort are necessary, since the
volume of gas given off frow the condenser coils varies through wide ranges, and
in case the vacuum carried on the trap is not sufficient to handle the vapors as
rapidly as they are formei, back pressure is built up on tne still. This conai-
tion should be avoideu. The amountigig@s formea varies with changing CoDIldigi®,
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such as temperature of watsr, difference in.crude, etc. If the vecuuw carried
on the lines is so high thzt the gas formed is not sufficient to compensate, &
vacuur weuld be 2xertea directly on the still. This condition should zlso be
avoided. There should be just enough vacuua on the lines to take care of tne
vapors, no more, no lass. This will alweys give the same conditions of pressure
as i1f the uncendensed vapors were passing directly into the air.

In some plants, the condensate formed in these traps is wasted 1nto the
sewer, but in odther plants it is recovered from the surface of the water.

Use of Exhausters for Gathering Vapors

The recovery systems installed in comglete refineries aré necessirily
mich larger and much more complicated than in skimming plants, since tne wide
separation of sources of gas mkes it difficult to carry the same vscuum on all
run-down lines, Skimming plants with = crude chirpging capacity fully as large
or larger than complete refineries have =« smzller number of stills, anc tnis re-
sults in shorter and less compliéated gethering lines. In a plant of tnis char-
acter an exhauster is not necessary, as the vacuum needed for gatnering the va-
pors cin be developed by the intake of the cowpressor.

In complete refineriecs, howewr, where various types of stills are a}l
being used, tne area of the plant is much larger, the gases formed differ widely
in composition and volume, the pressures very over wide limits and the gachering
lines 2re more complex and wuch longer. Hence in tris type of refinery, in-
stallations must be made which will gather all of these different gasos w1 thout
allowing pressure tobuild up on any still that is muking a large axount cf gas,
or without producing a vacuum on a still that is making very little gas.

Advantapes Gained by Use of ‘Exhzusters

~ Positive-pressure, rotary blowers or exhausters are used for gathering
uncondensed vapors, since they fill the requirements better thag any other type
of compressor or blower. They can handle l:srge volumes of gas?} vacuum on the
run-down lines of one to four inches of water, and dischargenat a prassure high
enovgh to for @ the gas through the sulphur scrubbers. A reciprocating machine
is not so practical for this work, since a machine capable of handling large
quantities of gas at the low pressures would be so large vhat the installatiog
and operation would be prohibitive. In such a machine the surface friction of
the gas due to the high velocities through the valves and ports, for large vol-
umes at low pressure becomes very high, as compared with that in the rotary ex-
hauster with its large inlet and discharge openings and attending low velocity.
The mechanical friction in the rotary machine is very low, since 1t is confined
to slow speed journals and gears which run in oil. In the piston machine tne
wmechaniczl friction is much higher, because there is considerable friction in
the piston and rod packing, journals, valve géar, and sliaing parts. ’

The fan or turbo machine which might be used has tae disadvantage oi loss
of mechanical friction, by journals running at high speeds, and leukage loss due
to the fan not fitting the sncll. Corrosion of the thin steel bladas also slves
contimious trouble. These dissdventagss are 21l eliminated in the rotary blower
which results not only in better and cheager op:ration but also elimin.tes smb-
downs for repairs. Due to these advantapes, the rotary exhauster reguires very
little.attention.
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Lubrication of Exhausters

In one refinery visited, two exhausters are used, which have a-daily
capacity of 2,500,000 cu. ft. of gns. These eahausters have been usz2a for sev-
eral years and sfter a seriés of operating tests ewploying aifferent wethous of
lubrlcatlon, it was found that best results were obtained by fecaing a nalf gal-
lon of 50-54 naphtha into the exhauster in 2 half hour, followea by feeding
lubricating oil for about 5 % hours. This operation is then repeated, with tae
result that in 24 hours runs two 5allons of the nephtha and two quarts of lubri-
cating oil are used.

With this method of lubrication no trouble is ever experienced.  In
eight years' tims there has been only one forced shut-down, which was due to ac-
cumulation of “sulphur. It is now the practice to take the blowers ap:rt once a
year and clean out any sulphur that may have been deposited,

PRESENCE OF SULPHUR IN UNCONDENSED STILL VAPQORS

The Presence of Sulphur in Petroleum

While~p1ants do not provide for removal of sulphgrvfrom uncondensed still
vapors, this is a very important factor in refineriss where vapors from cracking
stills are treated.

This problem also depends upon the nature of th: crude, since the sulphur
content varies widely in aifferent crudes. Mexican crude in some cases Funs as
high as S per cent sulphur, California crudes 0.3« to 3.55 per cent, Gulf Coast
crudes, about 1.75 per cent, Oklahoma and North Texas crudes about O 4 per cent,
(except that from Healdton whlch has 0.76 per cent), Pennsylvania crude about
0.06 per cent, Lima, Ohio, crude 0.65 per cent, and Canadian crude, as nigh as
1,00 per cent.

. The sulphur is present in the crude, partly.as free sulphur and partly
combined with hydrocarbons which, according to Mabery* have the general em-
pirical formula of C,H_S. The compound C HyoS 1s representative of this class.
These compounds are "unstable when heated in contact with air, but distilled
without decomposition in vacuum. This structure is uncertain but probadly
cyclic with sulphur the connecting link",

Decomposition of Sulphbr Compounds

The temperatures and pressures comronly employed in stills do not break
down the sulphur compounds in the crude to the point where much free sulphur is
deposited in the vapor lines to the gas house. Generally, the sulphur compounds
are largely dissolved in the distillate and a&re removed by chemical treatment,
and any sulphur compounds that remain in the vapors are not ordinarily consid-
ered of enough importance to warrant the installation of scrubbers. However,
in refineries using pressure stills or running crudes rather high in sulphur,
the temperatures and pressures are such that these organic sulphur compounds
are more completely broken down, This results probably in the formation of hydro-
gen sulphide, which, in turn, is readily oxiaized to sulghur and water, and also
breaks down at high temperatures to form hydrogen and frze sulphur. That the

*  Mabery, Charles F. "Elements that compose petroleud'. O0il & Gas Journal,
Vol. Sept. 10, 1920, p. 68.
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decomposition of sulphur compownds takes place is evidencad by deposits of free
sulphur on lcok-bores anc tns presente of sulphur dust 1n the gas svsten, which
if not removed, fills wo tus lines, dlowars and valves of the gas plant. In one
instance & 2-inch cast-irosn tsee had oeen as completely filled with sulphur as 1l
it hed peen melted and poured into tnog tos. '

A6 stated before, the anovnt of sulphur depsnds upon the crude beirg
refined, ana in several refineries whers varying asounts of lexican crude &re
used the sulphur centent of the uncondensea vapors varias between 800 snd &,000
graians pger 100 cu. ft. of =zas,

Use of Lye OScrubbers

Several methods have besen used for the removal of sulphur frow uncon-
densad still vapors. Prcobatly the most extensively used process is tnat of
scrubbing the gas with a lye solution after the gas is discharged from the ex-
hauster.

In this method the gas is passed countercurreant through a series of
scrubbers filled with wooder bzffles. It is first scrubbed with water, which
removes the free sulphur and dissolves some of the hydrogen sulphide. The .as
then passes into a lye scrubber where a solution of lye (caustic soda) made up
to 15 B. (1.115 sp. sr.) removes the hydrogzn sulphide, and other sulphur com-
pounds. The gas then passes throuven a last water scruober which reuwoves &ny al-
kali th=t might have been carried over from the lye scrubbrers.

A plant cn the Atlantic Seabcard which uses this system has six tower
scrutbers 20 feet high and 4 feet in diameter connectsa in series as shown in
Figuze & Tress scrubbers are rillga with woouen baffling made of l-inch by
€aninth beurits uad supported by angle iron riveted insids tne tower. The gas
inlet is < fzet from the becttom anu the outlet <« inches from the top. The gas
entering the first scruboer, passes up coubtercurrent to warm salt water. The
water is about five de,rees warmer than ths gas, oeing pumpsea directly from con-
densers. The higher tcmoerature of the water serves to keen any of the gasoline
in the vapor frow being coniensed. Tne salinity of this water has no aduwantage,
but only sea water is available in unlimitedi quantitics. In fact, tae salts in
the water are very corrcsive anda are detrizental to tne steel in the towers.

The gas passes through four of tnes: water scrubbers and then into & lye
scrubber. In the sixth and last scrubber tne gas receives a final washing with
warm sea water to remove any lye carried over mecnznically. The water ina lye
are circulated by duplex puups, tae lye being recirculated until the absorbding
efficiency 1s lowered to the point where frasn lyc 1s reguired. Tho source of tae
crude again becomes a factor since, sccording to the men operating the plants, lye
do:s not absorb sulphur from the vepors of Mearcan crude as readily as it does
from {1d-Continent cruds.

Chericals Recuired

In this plant twelve 500-pound drums of sodium hydroxiae (lye) uade up
with water to 15° B, trzats 1,500,000 cu. ft. of vaoor a day and will last frow
three to four weeks, the crude refinad being 20 der cent biexicen of 2<0 B., ©C
par cent Mid-Continent of &°.4° B., znd £0 per c:nt Penns)lvania crude of =1.57 B.
A frash sclution of lye lowers the sulphur content fros aoout o,000 grains per
120 cu. tt. of gas to about B0 grainz Jur 100 cu, ft. vut this efficieacy arops
rather rapiuly. Blowing the ly2 with air revivifics the charge ana thz life
of the solution cin thus ce vaue wuch lerger. In orisr to .eter.ins the efficien-
cy of lye treatment a test was made »t this plant on w»as with vary hi.n sulphur

coritent, usin; fresh lye of 13° B, 1
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The cost of this treatment is not excessive, the price of sodiww hy-
droxide being ir the reighborhoed of $6 per 100 pouaus. The spent lye is
wasted into the sewers.

Rewoval of Sulphur by the Ircn Oxide Method

A second method of removing sulphur frowm the gas is by the use of iron
oxide. This method is not employed as extensively as the lye wethod, but due
to certain advantages is couing into more general use. It consists of scrub-
bing the gas with iron oxide suspended in water., The iron oxiae removes the
sulphur from the gas and is changed tc an iron sulphide.,  The oxiae 1s held in
suspension in the water by agitation with air, The air alsc scrves in Tevivi-

fying the suspension by furnishingz oxygsn for the conversion of iron sulphnides
to iron oxides, )

Methods of Recovering Gascline from Uncondensed Still Vapors

The uncondensed still vapors may be treated for the rccovery cf the
gasoline present in scveral ways; by ccmpression and cooling, which coandenses
the gasoline as a liquid; by absorption, where the vapors are brought into
intizate contact with an absorbing o0il and the heavier hydrocarbons are se-
lectively absorbed from the li ghter ones-preserm*(pernanent gases); or Wy a
cowbinaticn of the two wethods, which consists of an absorption systew on the
residual gas from a coupression plant*.

Physical Laws Governing Recovery of Gasoliae 3y
Coupression anda Absorption Processes

Uncondensed still vapors contain a large percentage of : gasoling vapor,
and the boiling point of this gasoline ray be wuch hi gher than atuwosphsric teu-
perature. The molecular movemsnt in a ligud depends on its temperature and
with any molecular moveront, a definite arount of evaporation takes place. If
the evaporation of gasoline were 4aking place in a closed .vessel, it would con-
tinue until the pressure excrted by the gas abeve tne liquid was just suffi-
cient to balance the vapor tension of the liquid, that is, the tondency of tne
liquid to vaporize. Under these conditions, a state of equilibrium is said to
exist. If this vapor and liquid werz cooled a few degrees, (the pressure re-
caining ccnstant), or, if the vapor were held at the sace temperature and more
pressure applied, soise of the vapor would condense to restore the equalibriws.
With these principles in mind, it will be seen that by coupressinga zas which
contains a large percentage of gasolire vapor and then removing the heat which
was formed by compression (by reans of some cooling agent - in this case watcr)
an equilibrium must be reached, which can only be done by condensation of the
gasoline. This process 1s sc¢ regulated by experiment that the pressures

These processes as applied to natural-gas gasoline practice has been cov-
cred in the following Bureau of Mines publications:
Dykema, W. P., Recovery of Gasoline from Natural Gas Gasoline by Com-
pression and Roefrigeration, Bull, 131. 11 pp.
Dykema, W. P., Recent Developments in the Absorption Process for EKe-
covering Gasoline frowm Natural Gas. Bull. 176. 8« pp.
Dykeia, W. P, and Neal, R. O. Absorption as Applied to Recovery of Gaso-
‘line Left in Residual Gas from Corpression Plants. Tech. Paper 23z. 40 pg.
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and temperatures are suca that the gasoline is condensed without the precipitation
of some of the vary vclatils hycrocirbons of such lew boiling point ana high vapor
pressures that they ¢ i not be h:li as gisoline when the pressure is relieved. It
is well to mention, howaver, that no close sep=rition cun be maae, and tnzt in
this system of recovsring gzsolirs some of the vapors remain uncondensed, and also
that some of the lighter hydrocarbons are obtained, either by conuensation or as
gases dissolved in the gasoline produced.

The absorption process depends on the solubilities of light hydrocarbon
vapcrs in hsevier oils. The solubilities depend very lirpely on the vapor pressur-
es of the light fractions and of the .absorbing oil; for ezample, 2 very wuch suall-
er percentare of msthine than pentane will dissolve.in a given oil. Hence, by
bringing the gases from the run-aown lines into intimate contact with an oil, the
heavier hydrocarbons in the gas are selsctively absorbed and the peruanent gas2s
pass through without being uissolved to any grezt extent.

In a combination of the compression and absorption methods, the alscnarge
gas from the compression plant 1s washed with 50° B. naphtha. This naphtna 1s then
blended with the raw compression gasoline.

The Comoression Process - - Adaptability of Process to Unconuensed Still Vapors

The compression process for recovering gasoline from refinery gases 1S
wore widely used than the absorption process. The cowpression process was I1rst
developed for recovering gasoline from casing-head gas, and since. uncordenssd re-
fiﬁi?y Zapors are very simlar to casing-heau gas this nrocess naturally was
utilized,

The compression process is very adaptable for the recovery of gasoline
from uncondensed still vapors, since the gasoline content is very high, and ex-
cessively high pressures are not necessary to recover the greater part of tne gaso-
line present. In visiting the many refineries which use this wethod tne highest
pressure observed by the writer did not exceed 200 pounds per square inch, and
most of the plants ogerated at pressures below 100 pounds. This is to be expect-
ed when it is considered that the gases treated are almost entirely gasoline vapors,
only a small amount of permanent gas being present. Only a few plants compressed
in two stages, the greater number used single-stage compression entirely, an. ce-
pended wpon a naphtha absorption system for absorption of gasoline in tne resiaval
gas. This nephtha was then used in blending with the compression product.

In the smaller recovery plaants the intake on the compressor is sufficient
to carry the required vacuum on the run-down lines, thus eliminating the installa-
tion of an exhauster. This system of removing the vapors, while lower in initial
cost than a system that makes use of an exhauster, frequently gives consiaerable
trouble and for that reason must be kept unoer continuous supervision. In case
the intake of tne compressor 1s used for removing the gases from the run-dovwn lines,
the vagors treated will be limited to the sweet gases (those with very low sulphur
coztent). When the sulphur conient of the gas is high, 1ts removal by scrubbing 1s
absolutely nscessary. gince this mist be done before the gas reaches the COupPress-
ors, an eshauster will be naecessary to carry the vacmm and aischargs at a pressure
high enough to force the gas through tné sulphur scruboers. Several refilneries
are treating sweet gas only ana carrying the sour gas in separwte lines to the )
toilers where it is burned without tre gasoline being rewoved. The 1installation ol
an eahauster and a system of sulphvr purification, would greatly increass tae outpul
of this type of recovery plarnt. S
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Two-Stage Compression

In a plant where the oupression of the gas is accomplished in two stages,
compressors should bte operated in such a way as to give each the sane load. The
power expended in the low-stage compression should equal the power cxpended in the
high~stage compression. This will result in an equal discharge temperature of the
gas from poth compressors provided, of course, that tne intake temperature of the
gas is the same in both cases, This is accomplished unaer the best operating con-
ditions, an example of which is shown in one plant where the discharge tewperature
of the low stage is 225° F, and tne high stage 230° F. 1In order to keep this
relationship, relief-valves are placed on the discharge line from each compressor,
and are set :zpproximately 15 pounds higher than the pressure carried. These
valves protect the mashine from excess pressures aue to any clogging of the line
or closing of valves further along in the system. A diagram of a two-stage cow-
pression is shown in Figure 5. In the single-stage plant this balance of work 1s
eliminated since the pressure desired is reached in the one machine, The com-
pressors used in these installations are of the various well-known makes and are
generzlly steam driven, since steam is always available around a refinery. In
one plant visited the cowpressors were driven by motors of 130 hp.

Condenser Surfaco: of Coils

From the foregoing paragraph it becomes evident that in order to have
efficient operation, the gas from each compressor must be reduced in temperature
to approximately the same as its intake temparature. Under this condition tne
amount of cooling for each stage would be identical, since the power expended
would be the same.

In order to obtain this cooling, the temperature of the water and the
surface area of the conienser must be the same for each stage. ®Phe former is
generally constant; therefore the area of condenser surface must be based on the
volumes of gas which are to be cooled. This area in practice is generally about
0.8 square foot of surface per 1000 cu. ft. of gas treated daily. Since in re-
fineries the volume of gas is varying and generally is not meterad, the surface
would be rather difficult to determine. Thus surface area might better be shown
in relationship to the horsepower used in compression, rather than to the cubic
feet of gas treated. This figure should be about four square feet per horsepower.

Types of Coils

Condensation is effected by passing the hot cowpressed vapors through
cooling coils, which are of two general classes: the submerged type, wnere &&ils
are covered with circulating water in a condenser boa, resulting in a airect
transfer of heat from the gas to the water, and the aerial type over wnich water
falls as a spray. By spraying the water over the wils better cooling is obtained
than by using submerged coils, The water in the spray has a much greater surface
for evaporation than the water in the condenser box, and this results in lower
temperatures. Unless a large supply of cold water is obtainable, the spray systew
is, generally sgsaking, the more desirable, although tne loss of water from evap-
oration is¥iuck higher. 3t might be mentioned that in some parts of the country
where the humidity of the atmosphere is always high, the cooling effect fron
evaporation will be small, and no better than would be obtained from coils sub-
merged in water at the -same temperature.
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Construction of Coils

In building coilsz for cooling he compressed g:ses, two gensral types ofr
construction are used, =s in coils for condensing vapors from the stlll The
g2s may 23835 through one long ceil or it muy be diviacvda by aweans of < nwAch and
be coolat in several lengths of shori coils, The cocling shovld be the same in
each cese provided the urea was the sa.e, but some difficulty nas boen foum in
the latter type in maintaining sn equal flow of .-s throush the diffcrent lengtns
of coils. This results in souwc of trne gas receivaing insufiicient coolirs.

Flow of Gas Throvegn Coils

The gas enters the coils at ths top and discharies at tac pdottom, By tias
arrangement the condensate forucd travels in tie same patn as the z:s. This is a
much better arrangement than having the gas flow countarcurrent to the conacnsate,
since with that methoi, undoubdbtedly nuch of the condensate would be Cirried avay
mechanically by the gas, : :

Accumilator Tanks

The gasoline formed by comgpression witih subscquent cooling is collected in
a so-called accumulator, which consists of a nigh pressure tank, gungrally zoout
4 fect in diameter and 9 feet nigh. The tank is ejuipped with gauee glosses which
show the amount of condensate cclletted, This tank is under the sawe nressure as
the coils. The condznsate is dlown out of the accumlator into the "wike tank"
wherz it is blended with naphthz. This blending imay be a continuous proczss in
which the naphtha is punped in slowly, at such a rate that the desired blend s
made, or tae required amcunt of naphtha may be pumped in and held therc until
enough of the condensate has been miied with 1t to reach the desired blend. Diffi-
culty is experienced with the latter methoa in obtzining an intimete misture of the
gasoline and naphtha. .

Blending of Condonsate

¥a many plante the blsiding with naphth2 is deae in the accumulator. By
pumping in naphtha to a certain heizht on the :auge glass, the condensing gasoline
wixes with the naphtha until the teotal voluwe reaches a height on the gauge glass
which has been found to give the rizht proportions te ohtain  the desired blend.
A second ana better method of blending in the accumulator is in punping the naphtha
through the top of the accumulator and allowing it to fall in & spray or over
baffling waterial, where it acts as an absorbent for uncondensed vapors aoove tne
condeonsate. With a predcteruined rate of speed the naphtha pugped will, after its
absorbent action, blend with the compressior gasoline and give the mixture desirea,

Sti1ll another method of blancins consists of puwiping nayhthis into the
coollng coils, where it cowes. into intiucte contact with tae hot co..ressca vagors.
A better tlend is obtained by this cethou, siace zery intiuwate contdct is assured
while the gas and naphtha pass through the cooling ®ils., Absorption of uncon-
densed gzsoline is also effected, due to the n:pntha being in contact with ths gas
throughout the length of the coil. This method hzs been found very satisfactory
in sever«l irstellations. One plant, which had blended in the accumul tor by weans
of a continucus spray falling through the residual g.s and subse wentl; blending
this condensate with the compression product, recently changsu from this systeaw to
that of "hot blending" (introduction of naphtha into tie coils). The change provea
very satisfactory, the producticn for the wonth of Septeaber 1520, showing an in-
crease of 61 barraels over thne highest September p"ouuction for eight y=ars.
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The blended gasoline producad in the comprsssion plants is taken from the
gas plant to the gasoline storage wherec it is aixed with straight-run gasoline.
The naphtha used in blending generally his an end point around 437° F., and when
blended gives a product with =« somewhat lower end point,

Distillations of the raw naphtha and the blended stock are shown in Table
2. The naphtha in tnis case had a grallty of 55,9° B., and was blended to 60. 90
B., with two-stage compression of 71.5° B, and 84.FB, , respectively, also with
the gasoline obtained from the gas by absorption. In the plant from which these
figures are taken the blending stock has a gravity above 52° B, In many plants,
however, naphtha of a gravity of 50-52° B, (where Mid-Continent crude is refined)
is used and is blended to around 58° B.

The Absorption Process

The absorption process for recovering gasoline from uncondensed still
vapors consists of bringing the vapors into intimeste contact with an absorption
oil., Gasoline contained in the vapors as well as some permanent gascs arc dis-
solved, A flow sheet of a naphtha absorption syst»m is snown in Figure 6. Ab-
sorption may be accomplish:d in a naphtha of about 50° B,, when the gravity is
raised to S56° or 579 B. and the product pumped directly to the gasoline storage.
The absorption may take place in a gas oil of about 35° B., the gasoline being
subsequently removed by steam distillation. The gas oil is then returned to the
absorption plant to be again used as an atsortent,

i In an absorption plant operating on refinery vapors, the gases are gensr-
ally collected by an exhauster which gives enough pressure on the discharge to
force the gas through the absorption tower, These towers vary greatly in size,
dependent, of course, on the wolume of gas to be treatcd and the amount of pressure
on the gas. As will be shown latcr, the use of low-pressure absorption is more
practical in a refinery than high-pressure absorption - necessitating the use of
large towers,

Absorption in Naphtha

In one plant where naphtha having a grav1ty of 50° B, is used as the ab-
sorbent, five towers are smployed for treating about a million feet of gas daily.
These towers ars 10 by 30 feet with steel baffles and cone plates. The baffles
have 22 circles of 5/8-inch holes drilled 2 inches apart,

The gas enters thz first absorber at the bottom ana discharges at the top,
from there it passes to the bottom of the second absorber, and so on through the
series. The naphtha is circulated counter-current in cach absorber. Pumps keep
the naphtha circulating continuously in each absorber until the gravity of the
naphtha in the last absorber has becn raised to the desired point. When this has
been accomplished, the blend frow this tower is drawn off to storage and the naph-
tha from each tower is moved to the succesding tower, where the same process is
repeated, Another method of absorption which is more generally used is that of a
serics of towers with the gas passing countsr-current to the naphtha, both flow-

ing through the system in secries, This method has the advantage over the pre-
viously described method in that the naphtha is handled but once and upon its dis-
charge the gravity has been raised to the desired point. There are aif-

ficulties to be met with, however, which are not experienced in the first plant,
in that the gas being'treated has & gasoline content which varies widely and

with this condaitioen the rate of flow of the naphtha must be watched very carefully
in order to obtain a uniform product.
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Absorption in Gas 0il

The absorption plant which uses a gas oil as an absorbent is wore similar
to the absorption plant of the natural gas pasoline industry than the naphtha
absorption plant. In this type of plant the pas oil is continuously pirculated
through the absorbers, where it dissolves the gasoline vapors. This is accowplish-
ed in the same wanner as descrived in the naphtha absorption syster, by oil flow-
ing counter-current to the gas in wertical absorbers, which are filled with
baffling waterial. The baffling naterial spreads the oil over a large surtace
which results in intimate contact between the gas and oil. The o1l is then puip-
ed to a steew still where live steamstrips it of the sbsorbea gasoline. The gaso-
line is ondensed in cocling coils ara taken to storage. Tne hot 01l 1s tnen
passed through a series of heat cxchangers counter-current to the cola oil coudng
to the steam still, is then further cooled by spray towers and enters the absorb-
ers in starting enother cycle.

In one casz, thu nas oil containing the absrobed gasoline was taken di-

rectly to the pressure stills, where the zasoline was recovered with.the cracked
distillate, :

_ Vhen gas 0il is us®d as an absorbent, much additional expensc 1s encount-
ered in rzuoval of the gasoline, whereas in the case of naphtha, when tae gravity
is raiseu to tue desired point, nothing remains but to pusp the product to the
gasoline storage. In the natural gas sasoline industry, the price paia for naph-
tha frequently ejuals or exceeds the price obtainea for .the finishsd product.
Absorption plants treating natural gas generally use gas oil as an absorbing Le-
dium instead of naphtha, since the gas 0il is a nore efficient absorbent and
since absorption gasoline commands z hizher price than naphtha blends. Con-
sejuently naphtha absorption is not met with except in coupression plants where
it is rejuired for blending, and is there fre uently used as an absorbent on
residual gases. However, in refineries where gasoline c:n be rocoverea from the
gases, naphtha abserption probably offers the greater 2dvantage siance the questions
of price and transportation are not met with, and btecause of the fact that these
gases are made up of a much larger per cent of hicher hydrocarbons than is the
case 1in natural gas, where only a small percentage of the total voluue 1s gasqllne
vapor. Due to the large percentage of gesoline in uncondensed still vapors, ab-
sorption in naphtha is nmch sore efficient than is the absorption of gasoline froi
natural gas. In the naphtha absorption process as used in a refinery, tne naphtha
cut frow the crude stills is passed through the absorption system where it 1s 1n-
creasad in volume and gravity, This product is then pumped to the straight-run
gasoline storage, the only capense involved being that of pumping.

In the example previously cited, where gas 0il pzssed through the ab-
sorption system to the pressure stills, the same adv.ntage is obtained in tnat no
additional esxpense is involved in the use of g&s o1l. It 1s very possible, now-
ever, that = considerable percentage of the absorbed g2soline would oe lost either
by being broken down into permaznent gas or by being carried sway with tae cracked
gases., ‘
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The Effect of Temperature on 4bsorption

In the absorption process the temgersture in the tower is very important
since the abscrbing power of naphtha or gas oil (especially the former) is very
much decrsased with rise in tewmperzture. The decrease in absorbing efficiency
is not so pronourced below about 80° F, but above that figure the efficiency
falls rapidly. 1t is also true that although the lowering of the temperature in
the absorption towers increases the efficiency, this increased rccovery represents
largely hydrocarbors which can nct be conéidered gasoline, and which can never be
saved as such. This results, of course, in egcessive weathering losses when the
nephtis reaches normal temperature, or when the gas oil is distilled by steam.
Therefore, the increase dus to lower temperatures is net only lost by this evap-
oration, but a large amount of gasoline is mechanically carried away by this
permanent pgas.,

The temperatures of the absorbent and the gas should be well below 850
F., and there should not bte 2 great diffsrence in temperature between the two.
When gasoline vapor is absorbed by naphtha or gas oil there is a certain amount
of heat given off, which will be gre:t enough to raise the absorbter temperature
?bove 85C F. if the temperature cf the gas ana gas o0il is not well below that
igure.

Temperatures balow 85° F. can generally be obtained by passing the gas
through water traps (described elsewhere), dut in many instances it would be
advantageous and would materially increase production to cool the gas and oil in
a louver tower. The installation of a recovery system on the uncondensed still
vapors is very necessary in refineries where the condensers are inefficient.
Therafore the gas that is obtained at this source will always have a rather high
temparature., This is especjally true where the gas risers pass directly upward
through the water in the corndenser box. The absorbing oil will never be cooler
than the atmosphere and frequently when taken directly from the manifolds will
be much higher,

Volume of Gas and Size of Absorbers

Since in the refinery the gas is dslivereu to the absorption plant at a
very low pressure, it is nzcessary to build largs absorption towers to handle
the amount of gas produced. The pressure and temperature determine the actual
volume of gas which must be treated, and this in turn determines the diameter
of the tower in order to have the proper velocity of gas flow. In case the vel-
ocity of the gas through the tower is too great, oil is carried over with gas,
Dykema* states that volocities through absorption towers should not exceed 75
feet per minute.

The height of absorbers largely determines the length of time and in-
timacy of contact between the gas and absorbent. This in turn governs the sat-
uration of gasoline obtainable in she absorbing oil,

Types of Baffling Used in Absorbers

The absorption plants visited meke use of several different types of
baffles; in one case wooden fwids, in another perforated baffle plates, and in
another chemical tilé-rare used. 1In the natural gas gasoline industry these
* Bulletin 176. U. S. Bureau or mines. Regent Devalopments in the Absorption

Process for Removing Gasoline from Natural Gas - Dykema, W.P.
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various types of baffling have been employea as well as shavings, crocks, tin
cans, etc. The main object, of course, is to obtain a maximum surface with as
high a voidage as possible. Thsre ars, howsver disadvantages with some of the
best bz2ifling material especiclly when =2pplied to refinery pases. These gases
usually contain higher percentages of sulphar th'n ordinary ratural gas, which
makes uss of wecoden and earthenware baffling i1mperative,

Ecommics of Recovery of Uncondensed ¥apors

As shown previously, there ars & certain number of factors which are
responsible for the noncondensation of gasoline vapors, and the question rises
as to whether it would be more economical to change plants already built, in
order to reduce this loss, or to install a plant to recover these vapors 2as
gasoline. It must be understood that the recovery plant is in reality a second-
ary oondensing system which acts as an auvxiliary to the prigary conaensers.

This mexcns that if the stream temperatures from the condensers can be maintained
at a low temperature, the recovery plant would be of no advantage.

A low stream temperature, 1s however, depenaent upon cold water and .
large condenser area, With the loss of gasoline due to the high temperature of
the stream it becomes an economic problem as to whether the cost would be greater
for enlarging the condensers, obtaining colder and larger supplies of water, or
building : secondary condensing system in the foru of a compression or absorption
plant.

The nature of the crude is another point which umst be taken into con-
sideration, for 4f the crude contzins only a very small amount of the lighter
hydrocarbons, the condensers even though they may be too small and have insuf-
ficient cooling for the large auount of light vapors in a high gravity crule,
are capuable of handling the vapors from crudes of low gravity.

Plants which have pressure stills in operation, offer still another con-
sideration, for in cracking, gases are formed which are permanent in character
and can never be re @wvered by gasoline., In cracking processes where the pressure
is not released until the vagors have passed through the condensers, all of the
gasoline vapor worth recovering will ve condensed. In the cracking processes
that condense the distillates at atmospheric pressure the condensations of very
light vapors ars entirely dependent upon condenser areas and temperatures of
cooling water. Another feature that should be considered in conncction with the
installation of & recovery system is that by extending lines to storage tanks
for crude o0il and gesoline, large quantities of vapor can be recovered which
would otherwise be lost by evaporation. It has becen shown by Wiggins*that &
comparatively high percentage of gasoline and crude oil in storage is lost due
to evaporation, and that the portiorns lost by evaporation represent the most
volatile fractions of crude oil.

In the plants zlready in operation, it is obviously much cheaper to in-
stall a compression or absorption plant, than it would be to enlarge condensers,
especially when cold water is scarce. Probably tnere is no other expenditure
in a refinery which will give a guicker return on the investment than this parti-

* Vilggins, J. H. Evaporation of'Crude 011 in the Mid-Continent Field,
U. S. Bureau of Mines Bulletin No. 200,.

-22-



culer installation. For cxcaple, onv refinery paid for the cost of tae rceovery
plant in two months' cperation. This ecéuldé not be done in ¢vory rotinury, but
if &1l the fuctors discussed wre tekem into comsideration bofore tn. plent is
instolled, thoerg is little doubt but tiaat apprccicblc guantitics of gasoline
could be saved.

Testing Veavors in Plant Provious to the Imstallation of o
Recovery Systume

Whilc thore is probapbly nmo refinery which docs not suffor losscs of gos-
olinc by roason of some of the still vopors remeining uncondensed, yot it would
boe poor policy to ercct a recovery plaant without previous kmowledge as to the
amount of gas which would be treatcd and the possible rccovoery of gasoline by the
installation of o rocovery systams In goneral a much morce thorough investigation
will be required than is nocessarv in tusting o natural gos gosoline property,
since the quality of the gas chonges continually and the volumes vory widcly.
Consoquently, oll foctors must bo taken inte consideration. Measurcments should
bpo mode of volunes of gos procduccd from all stills, under varying oporating con-
ditions. Coapression tests or avsorpticn tosts shovld be madc on the vapors so
that by the und of tho investigation definitu knowledge will be available regerd-
ing the volume of gos to be treated and the quantity of gosoline that might be
produccc under diffcereut conditions. With this informction the installation can
bc planned to mevt the requircaents. finco %he recovery of gasoline from uncon-
densed refinery vapors is an outgrowth of the procusses used in the cxtroction of
gasoling from natural gas, the mcethods of testing notural gas can be applicd in

1.

he testing of uncondenscd still vapors for gescline content.

Conwrcssion Tuest

This tust is carricd out by meons of 2 small compressor which compressces
a metered voluae of gas to (cnerally about 250 pounas. The g2s is cooled in pass~
ing througn a condenscr tube submerged in cold weter, the gosoline precipitated
and oollected in an accuwaulator wierc it is drown off, weathered and then measured.
This is a very convenient anc ropid macthod and sufiiciently accurate for the pur-
poses

Absorption Test

This test is imade by passing & motercd voluae of (o5 tarough an apperatus
filled with absorbing cil. The 0il usud has a rother hiih iriticl boiling point,
such as "mincral seal' oil (B. P. 470° F.) By bringing the fas in intimate contact
with the oil, the gasoline from the gos is practically all absarbed. The oil is
rencvod froa the apparatus and distillede Tho gasoline is recovered andé measured,
from which data tho gasoline content of the gas can be deterninced.

Charcogl Test

In this method a netercd volume of gas is passed throurh a snmall tube
holding{ agbout Q50 c.c. of z2tivated charccal. The charceoazl acts 28 an absorbont
and removes the gasoline from thoe pas. After the absorption, the charcoal is re-
noved and placed in a flask containing ¢lyccerin, fion which by the addition of
heat all of the gasoline is distilled, collucted and measured.
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Measurement of Volwnes

It is rather Zifficnlt to obtain an exact measvrerent of the volumes
of gas remaining uncondensed, since the volume, of course, will vary with dif-
ferent conditicns. However, 2 meter can becornected to the run-down line from
the condenser in such = manner trat all of the mas is trapped and passes
through the meter, The meter should be 12ft on the gas flow long enough to
measure the average amount of uncondensed vapor under various prevailing con-
ditiong. The volumes should be determined on 321l of the run-down lines from
the stills producing gas, and uron this information sore definite idea of the
volume of gas available for treating in a recovery plant can be obtained.

Cost of Plats -- Cost of Construction:

It is difficult to estimate the cost of installing gasoline Tecovery
plants. The cost willvary with different plants, depending on local conditions
such as the distancesbztween different stills which are sources of eas, the
nature of gas, especially in regard to sulp*wur content, and the plant efficiency.
However, a cost of approximately $15 per gallon of gasoline (daily capacity)
should, in the opinion of the writer, be amply sufficient. This is.much lower
than the cost of the averasze gasoline plant operating on natural gas or casing-
head gas, but it must be remembered that much of the cost in the natural gas
gasoline industry can be dispensed with in refineries, since gathering lines
and @soline lines will be much shorter, tankage and loading racks are already
provided. for, and the plant will have a supply of gas as longas the refinery is
in .operation. In the natural-gas gasoline industry only a few years supply of
gas can beexpected from one source. Based on one per cent recovery of gasoline
from the total crude charge,; the cost of constriction when applied to the daily
refinery capacity, would be approximately $4 per barrel of crude chareed.

One plant which the writer visitedwas so situated that the gathering
lines were of great length, and after complevion of the plant it was found
that a large amount of cracked gas could not be used unless 2 sulphur removal
plant was installed. This confined the operations to sweet gas only, necessar-
ily cutting down the output of gasoline, and since the investment in lines which
were not used remained the same, the cost of installation amounted to about
$50 a gallon (daily capacity) of gascline.

Cost of Operation

The operating cost of the gas vlant is relatively low. Generslly not
more thantwo men are required on a tour and in a large numbter of cases only one
man is in charge of the compressors or exhausters.. In the average plant a cost
of about 1-1/2 cents par gllon is charged to.operation. This includes pay for
operators and cost of steam. One refinery shows a cost of four cents a gallon,
but this is largely due to the hizh price charzed to steam consumption. When
compared with natural gas zasoline plants as w0 cost of operation, the labor
would be about the same in each case. It must be rememberad, however, that 'in
the natural-gas gasoline plant the cost of the gas frequently is a large item,
whereas in the rafinsry the gas has no particular value, sincz the gasoline
must be removed!before it can even he used snccessfully as fusl under boilers
or stills.
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Summarz

‘ The followirg paragrephs odriefly sumiarize the information contained
in this report.

1. 1In the distillation in refiraries appreciable awounts of the vapers
are not condensed by the ordirary condensing equipuent. The amount of vapor
remaining unceridense2d depands upon the following factors:

(a) The amount of uccondensed vapors is proporticnal to amounts of
gasoline produced. Otier conditions being equal, more unconiensed vapor will
be lost from a refinery which has increased the gasoline yiz=ld from crude by
installing cracking stills, than in a skiwming plant which obtains only the
gasoline present in ths natural state.

(b) 4 crude oil whigh gives a very volatile gasoline will loss more

fro? uncondensed vapors than will a crude which contairs rasoline of low vol-
atility, )

) ‘(¢) 'Sum-er losses due to uncondensed vapors are higher than winter
osses. ’ o

(d) The higher the temperature of the stream, the greater will be
the amount of uncondensed vapor. The strezm temperature is directly dependent
upon the temperature of cocling water and cecil surface.

Experiments show that with stream temperatures eaceeding 82° F. the
volumes of uncondiensed vapors becoms increasingly large. Experimental data
and plant data are giver which show effects of varyicg comiitions of tempera-
ture . -

2. A survey of refineries of the United States which recover the gasoline
from uncondensed vapors shows: A total crude charge for these refineries of
355,486 barrels per day - 2 recovery of gasolire frow uncoridensed vapors of
128,651 gallons per day, which gives an average recovery of 0.44<¢ gallon of
gasoline per barrel of crude - or a recovery of 1.00 per cent of crude as gas-
oline which would otherwiss be lost.

3. In operaticg & recovery plant on uncondensed vapors methods used for
collecting vapors are shown, A siwall vacuum is held on run-down lines where
ths vapors are trapped off by weans of goose-necks., This ges passes through
traps which remove any condersate carried in the lines. The vacuun 1is held
by either the intake of a compressor or in larger installations by means of
an exhauster.

&, When gas of high sﬂlphur content is encountered, a2 unit for the removal
of sulphur must be installed. This is accomplished by scrubbing the gas with a
gsolution of caustic soda or suspended solutiorns of oxides of iron or lime.

5. In recovering pasoline from still vapors several different processes
can be used:
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(a) The compression process is the more cow:on, ard consists of com-,
pressing the gas to a hiph pressure and cooling.: This condenses the gasoline
vapers and does not materially affect any permarent gas which may be present,

(b) The absorption process consists of absorbing gasoline from the gas
by passing it through & lower gravity distillate. Vhen naphtha is used as the
absorovent the naptha is rcised in gravity to the point where it may te markeled
as gasoline, Vhen a heavy gas 0il distillate is used, the gasoline is separated
from the gas oil by distillation.

(¢) Combination of the two methods is made use of when the gas after
comprassion is passed through absorption towers.

6. General figures are given on the cost of construction of recovery

plants based on the capacity of the refinery.
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