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such as pentane or hexane. The caustic solution is then passed into the
extraction zone. The subject invention relates to a hydrocarbon     The use
of naphtha wash of the regenerated treating process referred to as
mercaptan extrac-  caustic is described in Figure 1 of US-A 3 923 645. tion
in which a hydrocarbon feed stream is contact-   5   The use of a naphtha
wash is also disclosed In US- ed with an aqueous alkaline solution which-
extracts  A 3 574 093. This latter reference indicates that a the
mercaptans from the hydrocarbon feed stream.   process stream or a stream
which is being treated The invention is specifically concerned with the
can actually be employed as the hydrocarbon liquid steps employed in
handling the aqueous alkaline so-  used to remove disulfide compounds from
the re- lution used in this extraction procedure. The subject  10
generated caustic solution. It is also known in the invention may be
further characterized as relating  art to pass the wash hydrocarbon stream
into the to the extractive removal of mercaptans from highly  separation
vessel from which the disulfide oil phase olefinic hydrocarbon feed streams
including those  is removed rather than contacting the aqueous solu- which
contain significant amounts of acetylene hy-  tion withdrawn from this
vessel in a separate step. drocarbon.                                    15
The present invention may be broadly character- The extraction of
mercaptans from hydrocarbon    ized as a process for treating a
mercaptan-contain- streams is widely practiced in the petroleum refining
ing hydrocarbon feed stream  to remove mer- industry and is probably
performed in most of the  captan(s) which comprises the steps of contacting
a world's major petroleum refineries. It is described in  feed stream
which contains paraffinic hydrocar- basic reference sources such as Volume
15 of the   20   bon(s) and which also contains at least 5 mole per- second
edition of the Kirk-Olhmer Encyclopedia of  cent olefinic hydrocarbon(s)
and at least 1 mole per- Chemical Technology. This reference shows the ba-
cent total diolefinic and acetylenic hydrocarbons sic mercaptan extraction
process in which a hydro-  with a hereinafter characterized regenerated
aque- carbon feed stream Is passed through an extraction  ous alkaline
solution In a first extraction zone and column countercurrent to a
descending stream of  25  thereby forming a treated hydrocarbon stream and
lean aqueous alkaline solution normally referred to  a mercaptan-rich
aqueous alkaline solution which in the art as caustic. The treated product
is re-  contains a minor concentration of diolefinic hydro- moved from the
top of the extraction column. A mer-  carbon(s) and acetylene
hydrocarbon(s); removing captan-containing caustic solution referred to as
a  diolefinic and acetylenic hydrocarbons from the "rich" caustic solution
is removed from the bottom   30   mercaptan-rich aqueous alkaline solution
by con- of the extraction column and passed into an oxida-  tacting the
mercaptan-rich aqueous alkaline solu- tion zone in admixture with air. An
oxidation catalyst  tion with a treating hydrocarbon stream in a second
dissolved in the caustic solution promotes the oxida-  extraction zone and
thereby forming a treated mer- tion of the extracted mercaptans to
disulfide com-  captan-rich aqueous alkaline solution; passing the pounds
within the oxidation zone. The effluent  35  treated mercaptan-rich aqueous
alkaline soluton in- stream of the oxidation zone Is passed into a phase
to a mercaptan conversion zone In which mer- separation vessel from which
the disulfide com-    captan(s) are converted to hydrocarbon-soluble,
pounds are decanted. This procedure serves to re-  sulfur-containing
chemical compound(s), and pro- move the mercaptan compounds from the rich
caus-  ducing a conversion zone effluent stream which tic stream  and  is
therefore  referred  to as   40  comprises said sulfur-containing chemical
com- "regeneration" of the caustic. The resultant "lean"  pound(s) and an
aqueous alkaline solution; and sep- caustic Is removed from the separation
vessel and  arating a majority of said sulfur-containing chemical recycled
to the extraction column. A more detailed  compound(s) from the conversion
zone effluent description of a modem mercaptan extraction pro-   stream in
a separation zone and thereby forming cess is provided in US-A 4 404 098
issued to G.S.  45  said regenerated aqueous alkaline solution. Asdigian.
Thus, the invention is a process for extracting It is known to the those
skilled in the art that a  mrcaptans from a highly olefinic hydrocarbon
feed good separation of the disulfide compounds from   stream, which
normally contains significant amounts the caustic solution is required In
order to minimize  of hydrocarbons having multiple double bonds and the
content of disulfides In the caustic being recir-  50   hydrocarbons having
triple bonds also referred to culated to the extraction zone. The disulfide
oils are  as acetylene hydrocarbons as well as saturated soluble in
hydrocarbon streams. Therefore, di-     feed hydrocarbons having a boiling
point below sulfide compounds present in the regenerated caus-  about
[ERR]. A typical feed stream would therefore tic being fed to the top of
extraction column will be-  contain such compounds as butadlane, butyne,
vi- come dissolved in the hydrocarbon stream which is  55   nyl acetylene,
propyne, and various other [ERR] and being treated. This will raise the
sulfur content of  [ERR] olefinic and paraffinic hydrocarbons. In the sub-
the treated hydrocarbon stream and may be totally  ject process the rich
mercaptan-containing caustic unacceptable. It is known in the art to
counteract  solution removed from the mercaptan extraction col- this effect
by removing disulfide compounds from   umn is contactedwith a hydrocarbon
stream in a the regenerated caustic. The regenerated caustic  60  second
extraction zone for the purpose of remov- or regenerated aqueous alkaline
solution may there-  ing acetylenes and other reactive hydrocarbons fore be
processed as In US-A 2 921 020 issued to   from the caustic solution. The
caustic solution is P. Urban et al which describes the use of a disulfide
then passed into an oxidation zone or other mer- removal zone 26. In this
zone, the regenerated     captan conversion zone. Preferably, the caustic
caustic is contacted with a hydrocarbon distillate  65  solution is then
collected by decantation and con- 2  
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hydrocarbon stream in a third extrac-  olefinic hydrocarbon stream with the
aqueous solu- tion zone to reduce the sulfur content of the thus  lion, a
significant amount of the unsaturated hydro- regenerated caustic solution.
The removal of the    carbons begins to enter the aqueous solution. This
olefinic or acetylene hydrocarbons from the rich    by itself will result
in some loss of the hydrocarbon caustic solution prevents or reduces the
rather se-   5   stream being treated. However, more importantly, vere
polymerization which would normally occur      the entrance of these
unsaturated hydrocarbons in- within a mercaptan oxidation reactor when
treating a  to the commonly employed oxidation zone will result highly
olefinic hydrocarbon feed stream according   in a significant amount of
polymerization occurring to the prior art process.
within the oxidation zone. This polymerization is un- The accompanying
drawing is a simplified process   10   desirable as it results in a loss of
the valuable flow diagram showing mercaptans being extracted     olefinic
and acetylenic hydrocarbons and forms from the hydrocarbon feed stream of
line 1 with the  polymers or polymeric deposits which can dog the
mercaptan-rich caustic solution formed thereby      equipment employed in
the process and in other being contacted with a naphtha wash stream in a
ways interfere with or degrade the performance of second extraction zone 8
prior to the passage of  15  the overall treating process. the
mercaptan-rich caustic into the oxidation re-     It is an objective of the
subject invention to actor 13.
provide  a  process  for extracting  mercaptan Most distillate hydrocarbon
streams produced      compounds from a hydrocarbon stream. It is a from
crude oil contain some amount of sulfur In one  further objective of the
subject invention to pro- form or another unless these streams have been
20   vide a process for extracting mercaptans from a subjected to extensive
sulfur removal procedures    light hydrocarbon feed stream using an aqueous
such as hydrotreating. Often a major amount of this  alkaline solution
which is subsequently regenerated sulfur Is present in the form of a
mercaptan. It is  by the conversion of mercaptans to disulfide corn-
normally required to remove at least some portion of  pounds. A specific
objective of the subject in- the mercaptan sulfur from the hydrocarbon
distil-  25   vention is to provide an extractive treating process late
stream In order to meet certain product specif-  for naphtha boiling range
or lighter feed stocks cations such as a limitation on the total sulfur
con-  which contain at least 1 mole percent acetylenic tent of a product It
may also be desirable to remove  hydrocarbons. mercaplan compounds from a
hydrocarbon stream         The subject invention is directed to the
treating for the purpose of eliminating the rather malodorous   30   of
highly olefinic hydrocarbon feed streams. As mercaptan compounds and
thereby improve or re-      used herein, the term "highly olefinic" is
intended to duce the odor associated with the hydrocarbon       indicate a
hydrocarbon admixture which in addition stream. A third reason for removing
mercaptan       to paraffinic hydrocarbons contains at least five compounds
from a hydrocarbon stream would be to     mole percent of olefinic
hydrocarbons and an addi- eliminate the passage of sulfur-containing com-
35  tional at least one mole percent of diolefinic and pounds into a
catalyst bed which is sensitive to the  acetylenic hydrocarbons containing
triple bonded presence of sulfur. It may therefore be necessary   carbon
atoms. The preferred feed streams for utili- to remove mercaptans from a
hydrocarbon distillate  zation of the subject process will contain signfi-
stream such as a butane or gasoline type stream or  cantly higher amounts
of these types of unsaturat- a petrochemical feed stream for the purpose of
pre-   40   ed hydrocarbons. Preferably, the total concentra- serving the
activity of a catalyst employed in a    tion of unsaturated hydrocarbons
will exceed 10 downstream conversion unit.                          mole
percent in the hydrocarbon feed stream. The Mercaptans are commonly removed
from hydro-       concentration of acetylene hydrocarbons can ex- carbon
streams through the use of an extraction     ceed 2 mole percent In some
feed streams the con- process in which the hydrocarbon stream is brought
45   centration of olefinic hydrocarbons may be over 12 into contact with
an aqueous alkaline solution. The  mole percent and the concentration of
acetylene hy- mercaptans are preferentially dissolved in the
drocarbons may be over 4 mole percent The sub- aqueous alkaline solution
and are thereby extracted  ject invention is well suited to the processing
of from the hydrocarbon stream. The mercaptan-con-    such streams. taining
alkaline solution is then subjected to a proce-   50  The processing of
these highly olefinic streams in dure referred to as regeneration, which
basically   a system in which the feed hydrocarbon Is brought consists of
oxidizing the mercaptans to disulfides  into contact with an aqueous
alkaline solution, com- and separating the disulfides from the aqueous so-
monly referred to as "caustic, is hindered by the in- lution by decantation
in a phase separation zone.   creased solubility of unsaturated
hydrocarbons In The aqueous solution is then recycled to the extrac-  55
the caustic. For instance, propene is about four tion zone.
times as soluble as propane in the caustic solution It is believed that
this form of extractive treating  at [ERR] [ERR], and propyne is about 35
times more operation has not been successfully applied to a    soluble in
the caustic than propane. The caustic so- feed stream  containing
significant concentrations   lution which Is circulated through the
preferred of highly reactive olefinic and acetylene hydrocar-  60  treating
method will therefore pick up a small but sig- bons. One reason for this is
that olefinic and acety-  nificant amount of the unsaturated hydrocarbons
in lonic hydrocarbons are more soluble in the aqueous  the mercaptan
extraction zone. When these unsatu- alkaline  solution than  saturated
hydrocarbons.   rated hydrocarbons are passed Into the mercaptan Acetylenic
hydrocarbons are even more soluble in    conversion zone, the result is
likely to be severe the aqueous solution. Therefore, in treating a highly
65   polymerization which will make the caustic regenera- 
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economically unfeasible. For this reason, the  sage of this admixture into
a settling vessel 8. The preferred form of the mercaptan extraction and
oxi-  settling vessel 8 functions as a phase separation dation process has
not been widely applied to hydro-  zone wherein the less dense hydrocarbon
phase is carbon feed streams rich in diolefins and acety-   separated from
the denser aqueous alkaline solu- lenes. It should be pointed out that when
the hydro-   tion. During contacting in line 6 and the mixer 7 the carbon
feed stream  being treated contains only    concentration of unsaturated
hydrocarbons in the small quantities of these reactive unsaturated hy-
rich caustic solution is greatly reduced. These un- drocarbons the
concentration of the unsaturated    saturated hydrocarbons and some
mercaptans en- hydrocarbons dissolved in the rich caustic solution  tar the
naphtha hydrocarbon stream of line 24 and can be ignored.
10  form a used naphtha stream removed from the proc- In the subject
process, the problems associated  ess in line 9. with the dissolution of
unsaturated hydrocarbons in  This second extraction step produces a treated
the rich caustic stream is overcome by the novel   mercaptan-rich aqueous
alkaline solution removed stop of extracting hydrocarbons from the rich
caus-  from the phase separation zone through line 10 and tic. stream
prior to regeneration. This extraction   15  admixed with air from line 11
before being passed step is performed in a new extraction zone not pre-
through line 12 into the oxidation reactor 13. The cat- viously employed in
the art. In this extraction step,  alytic oxidation reaction, which is
described in great- the rich caustic Is contacted with a hydrocarbon   er
detail below, is the preferred form of mercaptan stream under conditions
which result in a transfer  conversion. The reaction which occurs within
the of a significant percentage of the unsaturated hy-  20  reactor 13
converts the mercaptan compounds drocarbons into the hydrocarbon stream
employed    present in the rich caustic into hydrocarbon soluble in this
washing or cleansing step. The concentration  disulfide compounds. The
effluent stream of the oxi- of unsaturated hydrocarbons In the washed rich
dation reactor, which comprises an admixture of any caustic stream may
thereby be reduced to a level   residual oxygen or other vapors, the
aqueous alka- which Is acceptable for passage of the rich caustic  25  line
solution and disulfide compounds, is passed into the mercaptan conversion
zone.                through line 14 into a three-phase separator 16. In It
must be noted that during the extraction step  this separator, the gases
such as residual oxygen performed to remove unsaturated hydrocarbons
and nitrogen from the air stream from line 11 are from the rich caustic
that there can be a simulta-  vented off through line 15. The disulfides
are rela- neous extraction of small amounts of mercaptans   30  tively
insoluble in the aqueous alkaline solution and from the rich caustic into
the hydrocarbon stream  may therefore be separated by decantation and
employed in this step. This can thereby contaminate  withdrawn from the
process through line 18. the hydrocarbon stream  being used with mer-
There remains a denser now mercaptan-lean captans. This hydrocarbon stream
may, however,     aqueous alkaline solution which is withdrawn from be
passed into the overall petroleum  refining   35  the separator 17 through
line 19. This mercaptan- complex at a point upstream of the mercaptan
ean alkaline solution is admixed with a clean naphtha treating facilities
to thereby recover the hydro-  stream from line 20 during passage through
line 22 carbon steam  and eventually reject the mer-       and the in-line
static mixing device 21. This provides captans as by recycling them to the
mercaptan      a third extraction operation used to remove di- extraction
zone.                              40  sulfides from the caustic. The
resultant admixture The operation of the subject process may be dis-  of
the naphtha and lean caustic solution is passed cerned by reference to the
drawing. In the pre-    Into the settler vessel 23 which functions as a
ferred embodiment of the process shown in the      phase separation zone.
By the judicious selection drawing a feed stream comprising a mixture of
[ERR]   of an adequate settling time combined with the quies- and [ERR]
paraffins, [ERR] and [ERR] olefins and Cs and C4   45  cent conditions
maintained within the setter 23 and acetylenic hydrocarbons is passed into
the bottom  possibly the provision of internal coalescing means of an
extraction column 2 through line 1. The hydro-  the naphtha may be
essentially completely separat- carbon stream passes upward through the
liquid-liq-  ed from the aqueous alkaline solution. This results uld
extraction trays preferably provided In the col-  In the production of
regenerated aqueous alkaline umn 2 rising countercurrent to a descending
stream   50  solution which is then passed into the mercaptan ex- of an
aqueous alkaline solution referred to herein  traction column 2 through
line 4. as caustic. During passage upward through the ex-    The naphtha of
line 20 is admixed with the lean traction column 2, mercaptans originally
present In  aqueous alkaline solution withdrawn from the sepa- the feed
stream transfer into the descending caus-  rator 17 for the purpose of
removing residual tic, which results In removal of the mercaptans to a   55
amounts of disulfide compounds from the aqueous very low level and the
production of a treated     alkaline solution. This technology, which is
employed stream removed from the process In line 3. The lean  in the prior
art Is often referred to as a naphtha caustic Is fed near the top of the
extraction column  wash to remove "reentry sulfur" from the aqueous through
line 4 and the rich or mercaptan containing  alkaline solution. Removing
the disulfide compounds caustic is removed from the bottom of a column   60
from the caustic in this manner prevents the di- *     through line 5. The
rich caustic is admixed with a hy-  sulfides from becoming dissolved in the
treated drocarbon stream carried by line 24 and passed     product stream
of line 3 and thereby reduces the through line 6. An In-line static mixer 7
is provided  overall sulfur content of the product. 



to assure intimate contact between the caustic and   In the preferred flow
shown in the drawing the the hydrocarbon stream of line 24 prior to the
pas-  65   dean naphtha stream of line 20 passes through the 4    7
EP 0 235 462 B1                 8 mixing-settling stage employed to remove
disulfide  of diolefinic hydrocarbons and acetylene hydrocar- compounds
from the lean caustic solution and is    bons; removing diolefinic and
acetylene hydrocar- then passed in series flow into the mixing-settling
bons from the mercaptan-rich aqueous alkaline so- step employed to extract
unsaturated hydrocarbons  lution by contacting the mercaptan-rich aqueous
al- from  the rich caustic. The same hydrocarbon   5   kaline solution with
a treating hydrocarbon stream in stream is therefore employed for both
extraction   a second extraction zone and thereby forming a steps. However,
different hydrocarbon streams      treated mercaptan-rich aqueous alkaline
solution; may be employed for each of the extraction steps.  passing the
treated mercaptan-rich aqueous alka- In some instances this may in fact be
desired de-  line solution and oxygen into an oxidation zone pending on
such factors as the availability of the   10   where mercaptans are
catalytically converted to di- hydrocarbon streams and the methods chosen
for     sulfides and producing an oxidation zone effluent their treating or
disposal. The composition of the hy-  stream which comprises disulfides and
an aqueous drocarbon stream(s) employed in the extraction     alkaline
solution; removing a great majority of the di- steps will be determined by
a number of factors    sulfides from the oxidation zone effluent stream by
such as the availability of hydrocarbon streams at  15   phase separation
in a phase separation zone, and the process location, the means available
for      thereby forming a mercaptan-lean aqueous alkaline treating
hydrocarbon streams which become con-     solution; removing additional
disulfides from the taminated with disulfides and/or mercaptan com-
mercaptan-lean aqueous alkaline solution by con- pounds, and the
desirability of using the various  tact with a wash hydrocarbon stream in a
third ex- hydrocarbon distillates. The latter factor will be   20  traction
zone and thereby forming said regenerated based upon such variables as the
solubility of     aqueous alkaline solution, which is passed into the
disulfide compounds and perhaps more importantly   first extraction zone.
on the solubility of the olefinic and acetylene hy-  The subject extraction
process may utilize any al- drocarbons in the treating hydrocarbon streams
kaline reagent which Is capable of extracting mer- versus the solubility of
the mercaptans in these   25   captans from the feed stream at practical
operating streams. It would normally be preferred to employ a  conditions
and which may be regenerated in the man- hydrocarbon stream which will
minimize the ex-     ner described. A preferred alkaline reagent com-
traction of mercaptans from the rich caustic while  prises an aqueous
solution of an alkaline metal hy- maximizing the extraction of unsaturated
hydro-    droxide, such as sodium hydroxide or potassium hy- carbons. It
will normally be preferred to employ as   30  droxide. Sodium hydroxide,
commonly referred to as the wash hydrocarbon stream a hydrocarbon or
caustic, may be used in concentrations of from 1 to hydrocarbon admixture
having a higher average      50 wt.%, with a preferred concentration range
be- molecular weight than the feed stream which is being  ing from about 5
to about 25 wt%. Optionally, there treated in the overall process. The
hydrocarbon    may be added an agent to increase the solubility of streams
which may be employed in the second and   35  the mercaptans in the
solution, typically methanol or third extraction steps may therefore be
chosen     ethanol although others such as phenol, cresol or from a wide
variety of hydrocarbons including [ERR]   butyric acid may be used.
hydrocarbons, mixtures of Cs and 04 hydrocar-        The conditions
employed in the first extraction bons, naphtha fractions, and various
intermediate  zone may vary greatly depending on such factors hydrocarbon
mixtures.                         40   as the nature of the hydrocarbon
stream being The composition of the feed stream to the subject  treated and
its mercaptan content, etc. In general, process will basically be
determined by whether or  the mercaptan extraction may be performed at an
not the feed hydrocarbons are amenable to treat-   ambient temperature
above about 60 degrees Fah- ment by extraction with an aqueous alkaline
solution.  renheit [ERR] and at a pressure sufficient to en- The feed
streams will therefore be highly olefinic hy-  45  sure liquid state
operation. With very light material drocarbons ranging from [ERR] to
possibly kerosene    in the feed stream, this may be impractical and the
boiling point range hydrocarbon mixtures. The pre-  extraction is performed
with a vapor phase feed ferred feed streams are relatively light hydrocar-
stream. The pressure may range from atmospheric bons such as [ERR]
hydrocarbons, a mixture of Cs and  up to 6996 kPa (1000 psig) or more, but
a pressure [ERR] hydrocarbons, or a mixture of [ERR] to [ERR] hydro-  50
in the range of from about 1101 to 2501 kPa (145 to carbons. Each of these
mixtures would contain both  about 348 psig) Is preferred. olefinic and
paraffinic hydrocarbons.                The temperature In the mercaptan
extraction zone The subject invention may be accordingly charac-  is
confined within the range of 10 to 121 degrees Cel- terized as a process
for treating hydrocarbon feed  sius (50 to 250 degrees Fahrenheit),
preferably streams by removing mercaptans which comprises  55  from 27 to
49 degrees Celsius (80 to 120 degrees the steps of contacting a feed stream
which com-  Fahrenheit). The ratio of the volume of the alkaline prises a
saturated feed hydrocarbon having a boil-  solution required per volume of
the feed stream will ing point below about [ERR] and which also compris-
vary depending on the mercaptan content of the es at least 5 mole percent
olefinic hydrocarbons   feed stream. Normally this ratio will be between
and at least I mole percent diolefinic and acetylene   60  0.01:1 and 1:1,
although other ratios may be desire- hydrocarbons with a hereinafter
characterized re-  ble. The rate of flow of the alkaline solution will
typi- 



generated aqueous alkaline solution in a first ex-  cally be about I to 3%
of the rate of flow of an LPG traction zone and thereby forming a product
hydro-  stream and may be up to about 20% of a light carbon stream and a
mercaptan-rich aqueous alka-   straight run naphtha stream. The extraction
zone is line solution which comprises a minor concentration   65
preferably a vertically trayed column having a large 5    9
EP0235462B1                       10 number of circular perforations.
Optimum extraction  mospheric pressure and to about 205 degrees Cel- in
this liquid system  is obtained with a velocity  sius (401 degrees
Fahrenheit) when operating at su- through the perforations of from about 5
to about 10  peratmospheric pressures. In general, it is pre- feet per
second (1.5 to 3 m/sec). A packed column   ferred that a temperature within
the range of about and other types of extraction equipment could be   5
38 to about 80 degrees Celsius is utilized. The oxida- employed if desired.
One particularly preferred     tion zone preferably contains a packed bed
to en- type of contacting apparatus is the "fiber-film" con-  sure Intimate
mixing. This is done in all cases, includ- tacting systems such as
described in US-A 4 491      ing when the catalyst is circulated with the
alkaline 565 which is incorporated herein by reference. Es-  solution.
sentially all of the extractable mercaptans should. be   10  The phase
separation zone may be of any suita- transferred to the alkaline solution
from the feed  ble configuration, with a settler such as represent- stream.
As used herein, the term "essentially all" is  ed in the drawing being
preferred. It is desirable to intended to refer to at least 85% and
preferably    run the phase separation zone at the minimum pres- 95% of all
the material referred to.                sure which other design
considerations will allow. Proper operation of the extraction zone results
in  15   This Is to promote the transfer of the excess oxy- the formation
of the mercaptan-containing or rich   gen, nitrogen and water into the
vapor phase. The caustic stream. Preferably, this stream is mixed with
pressure in the phase separation zone may range an air stream supplied at a
rate which supplies at  from atmospheric to about 2169 kPa (300 psig) or
least the stoichiometric amount of oxygen neces-    more, but a pressure in
the range of from about 166 sary to oxidize the mercaptans in the alkaline
20  to 401 kPa is preferred. The temperature in this stream. The air or
other oxidizing agent is well ad-  zone Is confined within the range of
from about 10 to mixed with the liquid alkaline stream and the mixed-
about 120 degrees Celsius (50 to 248 degrees Fah- phase admixture is then
passed into the oxidation   renheit), and preferably from about 26 to 54
de- zone. The oxidation of the mercaptans is promoted   grees Celsius. The
phase separation zone is sized through the presence of a catalytically
effective   25  to allow the denser alkaline solution to separate by amount
of an oxidation catalyst capable of function-  gravity from the disulfide
compounds. This may be ing at the conditions found in the oxidizing zone.
aided by a coalescing means located in the zone. Several suitable materials
are known in the art Pre-  The previous discussion has focused upon the
ferred as a catalyst is a metal phthalocyanine such  conversion of the
extracted mercaptans into di- as cobalt phthalocyanine or vanadium
phthalocya-   30   sulfide compounds in an oxidation zone. The inven- nine,
etc. Higher catalytic activity may be obtained  tion however can be applied
to other types of mer- through the -use of a polar derivative of the metal
captan regeneration systems In which the mer- phthalocyanine, especially
the monosulfo, disulfo,  captan is converted Into some other preferably
trisulfo, and tetrasulfo derivatives.                hydrocarbon  soluble
sulfur-containing  chemical The preferred oxidation catalysts may be
utilized   35   compound. It is preferred that the product sulfur- in a
form which is soluble or suspended in the alka-  containing' compound Is
hydrocarbon soluble to al- line solution or it may be placed on a solid
carrier ma-  low its removal by extraction from the regenerated terial. If
the catalyst is present In the solution, It is  caustic. Unless separation
by means other than de- preferably oobalt or vanadium phthalocyanine disul-
cantation can be employed, it is a requirement that fonate at a
concentratioh of from about 5 to 1000 wt.   40  the product
sulfur-containing compound is not solu- ppm. Carrier materials should be
highly absorptive  ble in an aqueous alkaline solution and preferably and
capable of withstanding the alkaline environ-   readily separates from such
a solution. ment. Activated charcoals have been found very        The
equipment employed in the extraction of com- suitable for this purpose, and
either animal or vege-  pounds from the caustic stream, that is in the sec-
table charcoals may be used. The carrier material is  45   ond and third
extraction zones, is also subject to to be suspended in a fixed bed which
provides effi-  variation. The preferred form of the equipment is as dent
circulation of the alkaline solution. Preferably  shown in the drawing and
comprises a static mixer, the metal phthalocyanine compound comprises
of which several types are readily available, to pro- about 0.1 to 2.0 wL%
of the final composite. More   duce occurrent mixing of the hydrocarbon and
caus- detailed information on liquid-phase catalysts and   50  tic streams.
Following this admixing step, the two liq- their usage may be obtained from
US-A 2 853 432      uid phases are separated in a settling vessel. and 2
882 224. An alternative type of catalyst com-  Those skilled in the art
will recognize that this con- position is described in previously cited
US-A 3 923                sequence can be performed in a 645 and in US-A 4
069 138; 4 120 865; and 4 243'    number of different types of equipment
including 551.                                           55   various
single stage and multistage equipment. Likewise, further information on
fixed bed opera-  Therefore, extraction columns employing packing or tions
is contained n US-A 2 988 500;3 108 081; and   contacting plates as
preferred for the mercaptan 3 148 156. The oxidation conditions utilized
Include a  extraction column could be employed. The two liquid pressure of
from atmospheric to about 6996 kPa       phases may also be brought into
contact through 



(1000 psig), and preferably are substantially the   60  the use of moving
mechanical agitators or mixers al- same as used in the downstream phase
disulfide-     though this is not preferred. caustic separation zone. This
pressure is normally     The following example is based upon the projected
less than '601 kPa (72.5 psig). The temperature may  operation of a
commercial scale mercaptan-extrac- range from ambient to about 95 degrees
Celsius      tion process based upon past operation and design (203
-degrees Fahrenheit) when operating near at-  65   experience obtained from
other commercial units 6    11             EP0235462B1
12 processing feed stocks of similar natures but not     which comprises
the sulfur-containing chemical having a high diolefinic and acetylene
hydrocarbon    compound(s) and an aqueous alkaline solution; content. The
flow scheme is similar to that of the    and Drawing. The feed stream would
be a hydrocarbon       c) separating a majority of the sulfur-containing
stream comprising about 42 mole percent butadiene   5  chemical compound(s)
(15, 18) from the conver- and butynes, 25 mole percent vinyl acetylene, 8
sion zone effluent stream (14) in a separation mole percent propyne, and 25
mole percent of [ERR]       zone (17) to form the aforementioned
regenerated and [ERR] olefins and paraffins. This feed stream con-
aqueous alkaline solution (19) and passing same tains about 300 weight ppm
mercaptan sulfur and is    (19, 21, 22, 23, 4) to step (a); treated by
countercurrent contacting in a trayed ex-   10  characterized in that the
feed stream contains at traction column in the manner previously set out
least 5 mole percent olefinic hydrocarbon(s) and at herein. The resultant
rich caustic contains about   least 1 mole percent total diolefinic and
acetylenic 4200 weight ppm mercaptan sulfur and about 1.0 vol-
hydrocarbons and diolefinic and acetylenic hydro- ume percent dissolved
reactive acetylene rich hy-   carbons are removed from  the mercaptan-rich
drocarbons. The rich caustic passes to a second   15   aqueous alkaline
solution (5) from the first extrac- contactor wherein it is contacted with
50 volume    tion zone (4) by contacting it with a treating hydro- percent
of a sweet butane-butylenes stream. The     carbon stream (24) in a second
extraction zone (6, hydrocarbon content of the rich caustic is reduced  7,
8) and thereby forming a treated mercaptan-rich to about 0.1 volume percent
of mainly butanes and   aqueous alkaline solution (10) which Is passed to
the butylenes from the hydrocarbon wash stream and   20   mercaptan
conversion zone (13). the mercaptan sulfur content of the caustic is re-
2. A process as claimed in claim 1, characterized duced to about 3900
weight ppm. The C4 hydrocar-    in that the feed stream comprises a [ERR]
to [ERR] olefinic bon stream picks up about 80 weight ppm mercaptan
hydrocarbon and a [ERR] to [ERR] paraffinic hydrocar- sulfur plus about 2
mole percent of highly olefinic  bon. acetylene rich hydrocarbons. The
resulting wash   25  3. A process as claimed in claim 1 or 2, character-
hydrocarbon stream containing approximately 400     ized in that the
regenerated aqueous alkaline solu- weight ppm disulfide sulfur, 80 weight
ppm mer-     tion (19) separated in step (c) is subjected, prior to captan
sulfur and 2 volume percent dienes plus      passage to step (a), to
contact with a wash hydro- acetylenes is then routed to a suitable product
stor-  carbon stream (20) in a third extraction zone (21, 22, age facility
or fed back to upstream fractionation   30   23) to form a low sulfur
regenerated aqueous alka- facilities for recovery. The rich caustic
substantial-  line solution (4) which is then passed to step (a). ly free
of dienes and acetylenes but containing       4. A process as claimed in
claim 3, characterized some butane and butylene type hydrocarbons at
in that the wash hydrocarbon stream (24) recov- about 0.1 volume percent is
fed to the oxidative re-  ered from the third extraction zone (21, 22, 23)
is generation section. The regenerated caustic recov-   35   passed into
the second extraction zone (6, 7, 8) and ered from this conversion zone is
treated in a third  is employed as the treating hydrocarbon stream
contactor with 50 volume percent of a sweet butane-  (24). butylene stream.
The extractable sulfur content of    5. A process as claimed in any of
claims I to 4, the regenerated or lean caustic stream is reduced
characterized  in that an oxidation catalyst is to trace amounts while the
hydrocarbon stream    40   present in step (b) and is supported as a bed of
sol- picks up disulfide sulfur. The caustic stream is then  id material
located within the conversion zone (13). passed into the mercaptan
extraction section, and     6. A process as claimed in any of daims 1 to 4,
the hydrocarbon stream is then employed in the      characterized in that
an oxidation catalyst is dis- third extraction zone to remove acetylene
hydrocar-  solved in the regenerated aqueous alkaline solution bons.
45   charged to step (a). 7. A process as claimed in claim 5 or 6,
character- Claims                                              ized in that
the oxidation catalyst comprises a metal phthalocyanine compound. 1. A
continuous process for treating a mercaptan-   8. A process as claimed in
any of claims 1 to 7, containing hydrocarbon feed stream  comprising   50
characterized in that the feed stream contains more paraffinic
hydrocarbon(s) to remove mercaptan(s)    than 10 mole percent olefinic
hydrocarbon(s) and therefrom, which comprises the steps of:            more
than 2 mole per cent total diolelinic and acety- a) contacting the feed
stream (1) with a hereinaf-  Ionic hydrocarbons. ter characterized
regenerated aqueous alkaline      9. A process as claimed in claim 8,
characterized solution (4) in a first extraction zone (2) and   55  in that
the feed stream contains more than 12 mole thereby forming a treated
hydrocarbon stream      per cent olefinic hydrocarbon(s) and more than 4
(3) and a mercaptan-rich aqueous alkaline solu-   mole per cent total
diolefinic and acetylenic hydro- 



tion (5) which contains diolefinic hydrocarbon(s)  carbons. and acetylenic
hydrocarbon(s); b) passing at least a portion of the mercaptan-   60 rich
aqueous alkaline solution (5, 6, 10, 12) into a  PatentansprOche mercaptan
conversion zone (13) in which mer- captan(s) are converted to
hydrocarbon-soluble,      1. Kontinuieriiches Verfahren zur Behandlung ei-
sulfur-containing chemical compound(s), and pro-  nes
Kohlenwasserstofbeschickungsstromes,  der ducing a conversion zone effluent
stream (14)   65   Paraffinkohlenwasserstoff(e)  umfaBt, unter Ent- 7    11
EP 0 235 462 B1                   12 processing feed stocks of similar
natures but not      which comprises the sulfur-containing chemical having
a high diolefinic and acetylene hydrocarbon     compound(s) and an aqueous
alkaline solution; content. The flow scheme is similar to that of the
and Drawing. The feed stream would be a hydrocarbon       c) separating a
majority of the sulfur-containing stream comprising about 42 mole percent
butadiene    5  chemical compound(s) (15, 18) from the conver- and butynes,
25 mole percent vinyl acetylene, 8        sion zone effluent stream (14) in
a separation mole percent propyne, and 25 mole percent of [ERR]        zone
(17) to form the aforementioned regenerated and C4 olefins and paraffins.
This feed stream con-    aqueous alkaline solution (19) and passing same
tains about 300 weight ppm mercaptan sulfur and is     (19, 21, 22, 23, 4)
to step (a); treated by countercurrent contacting in a trayed ex-   10
characterized in that the feed stream contains at traction column in the
manner previously set out     least 5 mole percent olefinic hydrocarbon(s)
and at herein. The resultant rich caustic contains about    least 1 mole
percent total diolefinic and acetylenic 4200 weight ppm mercaptan sulfur
and about 1:0 vol-  hydrocarbons and diolefinic and acetylenic hydro- ume
percent dissolved reactive acetylene rich hy-    carbons are removed from
the mercaptan-rich drocarbons. The rich caustic passes to a second   15
aqueous alkaline solution (5) from the first extrac- contactor wherein it
is contacted with 50 volume     tion zone (4) by contacting it with a
treating hydro- percent of a sweet butane-butylenes stream. The      carbon
stream (24) in a second extraction zone (6, hydrocarbon content of the rich
caustic is reduced   7, 8) and thereby forming a treated mercaptan-rich to
about 0.1 volume percent of mainly butanes and    aqueous alkaline solution
(10) which is passed to the butylenes from the hydrocarbon wash stream and
20   mercaptan conversion zone (13). the mercaptan sulfur content of the
caustic is re-     2. A process as claimed in claim 1, characterized duced
to about 3900 weight ppm. The C4 hydrocar-     in that the feed stream
comprises a [ERR] to [ERR] olefinic bon stream picks up about 80 weight ppm
mercaptan    hydrocarbon and a [ERR] to [ERR] paraffinic hydrocar- sulfur
plus about 2 mole percent of highly olefinic  bon. acetylene rich
hydrocarbons. The resulting wash   25   3. A process as claimed in claim 1
or 2, character- hydrocarbon stream containing approximately 400      ized
in that the regenerated aqueous alkaline solu- weight ppm disulfide sulfur,
80 weight ppm mer-      tion (19) separated in step (c) is subjected, prior
to captan sulfur and 2 volume percent dienes plus       passage to step
(a), to contact with a wash hydro- acetylenes is then routed to a suitable
product stor-  carbon stream (20) in a third extraction zone (21, 22, age
facility or fed back to upstream fractionation   30   23) to form a low
sulfur regenerated aqueous alka- facilities for recovery. The rich caustic
substantial-  line solution (4) which is then passed to step (a). ly free
of dienes and acetylenes but containing        4. A process as claimed in
claim 3, characterized some butane and butylene type hydrocarbons at
in that the wash hydrocarbon stream (24) recov- about 0.1 volume percent is
fed to the oxidative re-  ered from the third extraction zone (21, 22, 23)
is generation section. The regenerated caustic recov-   35   passed into
the second extraction zone (6, 7, 8) and ered from this conversion zone is
treated in a third  is employed as the treating hydrocarbon stream
contactor with 50 volume percent of a sweet butane-  (24). butylene stream.
The extractable sulfur content of     5. A process as claimed in any of
claims 1 to 4, the regenerated or lean caustic stream is reduced
characterized  in that an oxidation catalyst is to trace amounts while the
hydrocarbon stream    40   present in step (b) and is supported as a bed of
sol- picks up disulfide sulfur. The caustic stream is then  id material
located within the conversion zone (13). passed into the mercaptan
extraction section, and      6. A process as claimed in any of claims 1 to
4, the hydrocarbon stream  is then employed in the      characterized in
that an oxidation catalyst is dis- third extraction zone to remove
acetylene hydrocar-   solved in the regenerated aqueous alkaline solution
bons.                                           45   charged to step (a).
7. A process as claimed in claim 5 or 6, character- Claims
ized in that the oxidation catalyst comprises a metal phthalocyanine
compound. 1. A continuous process for treating a mercaptan-    8. A process
as claimed in any of claims 1 to 7, containing hydrocarbon feed stream
comprising   50   characterized in that the feed stream contains more
paraffinic hydrocarbon(s) to remove mercaptan(s)     than 10 mole percent
olefinic hydrocarbon(s) and therefrom, which comprises the steps of:  .
more than 2 mole per cent total diolefinic and acety- a) contacting the
feed stream (1) with a hereinaf-  lenic hydrocarbons.. ter characterized
regenerated aqueous alkaline       9. A process as claimed in claim 8,
characterized solution (4) in a first extraction zone (2) and   55  in that
the feed stream contains more than 12 mole 



thereby forming a treated hydrocarbon stream       per cent olefinic
hydrocarbon(s) and more than 4 (3) and a mercaptan-rich aqueous alkaline
solu-    mole per cent total diolefinic and acetylenic hydro- ton (5) which
contains diolefinic hydrocarbon(s)   carbons. and acetylenic
hydrocarbon(s); b) passing at least a portion of the mercaptan-   60 rich
aqueous alkaline solution (5, 6, 10, 12) into a  PatentansprOche mercaptan
conversion zone (13) in which mer- captan(s) are converted to
hydrocarbon-soluble,      1. Kontinuierliches Verfahren zur Behandlung ei-
sulfur-containing chemical compound(s), and pro-   nes
Kohlenwasserstoflbeschickungsstromes,  der ducing a conversion zone
effluent stream  (14)   65   Paraffinkohlenwasserstoff(e)  umfaSt, unter
Ent- 7    13                 EP 0 235 462 i1                 14 fernung von
Mercaptan(en) daraus mit den Stufen,     6. Verfahren nach einem der
Anspruche 1 bis 4, bei denen man
dadurch gekennzeichnet, daB man einen Oxidations- a) den Beschickungsstrom
(1) mit einer nach-     katalysator in der regenerierten wiassrigen alkali-
folgend gekennzeichneten regenerierten waBri-    schen L6sung auflost, die
zu der Stufe (a) geffhrt gen alkalischen Losung (4) in einer ersten   5
wird. Extraktionszone (2) behandelt und dabei oenen      7. Verfahren nach
Anspruch 5 oder 6, dadurch behandelten  Kohlenwasserstoffstrom  (3) und
gekennzeichnet, daB der Oxidationskatalysator ei- eine mercaptanrelche
waBrige alkalische Lisung   no Metallphthalocyaninverbindung umfaSt. (5),
die die Diolefinkohlenwasserstoff(e) und ace-  8. Verfahren nach elnem der
Anspruche 1 bis 7, tylenische(n) Kohlenwasserstoff(e) enthalt, bil-  10
dadurch gekennzeichnet, daB der Beschickungs- det,
strom mehr als zehn Modprozent Olefinkohlenwas- b) wenigstens einen Tell
der mercaptanreichen    serstoff(e) und mehr als zwei Molprozent diolefini-
waBrigen alkalischen Losung (5, 6, 10, 12) in eine  sche und acetylenische
Kohlenwasserstoffe insge- Mercaptanumwandlungszone (13) Oberffhrt, in
samt enthalt. welcher Mercaptan(e) in kohlenwasserstofflOsli-  15    9.
Verfahren nach Anspruch 8, dadurch gekenn- che, schwefelhaltige chemische
Verbindung(en)    zeichnet, daB der Beschickungsstrom  mehr als umgewandelt
werden, und einen Umwandlungszo-     zwolf Molprozent
Olefinkohlenwasserstoff(e) und nen-Auslaufstrom  (14), der die
schwefelhalti-   mehr als vier Molprozent diolefinische und acetyle- ge(n)
chemische(n) Verbindung(en) umfaBt, und    nische Kohlenwasserstoffe
insgesamt enthalt. eine waBrige alkalische Losung und          20 c) einen
Hauptteil der schwefelhaltigen chemi- schen Verbindung(en) (15, 18) von dem
Umwand-    Revendications lungszonen-Auslaufstrom (14) in einer Trennzo- ne
(17) unter Bildung der oben erwahnten regene-   1. Procedd continu pour
traiter un courant d'ali- rlerten waBrigen alkaliachen Losung (19) abtrennt
25   mentation hydrocarbone contenant un mercaptan und dieselbe (19, 21,
22, 23, 4) zu der Stufe (a)  comprenant un ou plusieurs hydrocarbures
parafti- Oberffihrt, dadurch gekennzeichnet, da8 der Be-  niques pour en
6liminer un ou plusieurs mercaptans, schickungsstrom  wenigstens fOnf
Molprozent      qui comprend les stades de: olefinische(n)
Kohlenwasserstoff(e) und wenig-     a) mise en contact du courant
d'alimentation (1) stens ein Molprozent diolefinische und acotyleni-  30
avec une solution alcaline aquouse reg6ner6e sche Kohlenwasserstoffe
insgesamnt enthilt und     (4), caracters6e ci-aprbs, dans une premrire daB
man die olefinischen und acotylenischen Koh-   zone d'extraction (2) pour
former ainsi un courant lbnwasserstoffe aus der mercaptanreichen wAS-
hydrocarbone traite (3) et une solution alcaline rigen alkalischen Losung
(5) aus der ersten Ex-    aquouse riche en mercaptan (5) qui contient un ou
traktionszone (4) entfent, indem man sle mit ei-  35  plusleurs
hydrocarbures diolefiniques et un ou nem Behandlungskohlenwasserstoftstrom
(24) in      plusiours hydrocarbures ac6tyl6niques; elner zweiten
Extraktionszone (6, 7, 8) in BerOh-  b) passage d'au moins une portion de
la solution rung bringt und dabei eine behandelte mercaptan-   alcaline
aquouse riche en mercaptan (5, 6, 10, 12) rebche waBrige alkalische Losung
(10) bildet, die  dans une zone de conversion de mercaptan (13) zu der
Mercaptanumwandlungszone (13) fiber-  40    dans laquelle le ou les
mercaptans sont transfor- ffhrt wird.
mes en un ou plusieurs compos6s chimiques sou- 2. Verfahren nach Anspruch
1, dadurch gskenn-      fres solubles dans les hydrocarbures et produc-
zekchnet, daB der Beschickungsstrom Ca bis C5        tion d'un courant
effluent (14) de la zone de con- olefinischen Kohlenwasserstoff und Ca bis
Cs Pa-     version  comprenant le  ou  les  composes
raffinkohlenwasserstoff umfaSt.               45    chimiques soufr6s et
une solution alcaline aqueu- 3. Verfahren nach Anspruch I oder 2, dadurch
se; et gekennzeichnot, daB man die in Stufe (c) abgetrenn-  c) s6paration
d'une majorite du ou des compos6s to regenerderte waBrige alkalische LOsung
(19) vor   chimiques soufr6s (15, 18) du courant effluent der Uberffhrung
zu der Stufe (a) einer Behandlung    (14) de la zone de conversion dens une
zone de mIt einem Waschkohlenwasserstoffstrom (20) in ei-  so    s6paration
(17) pour former la solution abcaline nor dritten Extraktionszone (21, 22,
23) unterzieht  aqueuse r6gen6r6e pr6dotee (19) et passage de und so sne
regenerierte waBrige alkalische LOsung    celle-cl (19, 21, 22, 23, 4) au
stade (a); caracteri- (4) mit niedrigem Schwefelgehalt bildet, die dann zur
s6 on ce quo le courant d'alimentation contient au 



Stufe (a) Oberffhrt wird.                            moins 5% molaires d'un
ou plusieurs hydrocarbu- 4. Verfahren nach Anspruch 3, dadurch gekenn-  55
res olfiniques et au mains 1% molaire d'hydrocar- zedchnet, daB man den aus
der dritten Extruktions-   bures diol6finiques et aotyleniques totaux et
les zone (21, 22, 23) gewonnenen Waschkohlenwasser-      hydrocarbures
diolefiniques  et acetyl6niques stoffatrom (24) in die zweite
Extraktionszone (6, 7,  sont tire6s de la solution alcaline aqueuse riche
8) Oberf0hrt und als den Behandlungskohlenwas-       en mercaptan (5) de la
premimre zone d'extractbon serstoffstrom (24) verwendet.                 60
(4) par mise en contact celle-cl avec un courant 5. VerFahren nach einem
der Ansprfche 1 bls 4,     hydrocarbone de traitement (24) dans une secon-
dadurch gekennzeichnet, daB ein Oxidationskataly-    de zone d'extraction
(6, 7, 8) afin de former une sator in Stufe (b) vorhanden ist und als ein
in der  solution alcaline aqueuse riche en mercaptan trai- Umwandlungszone
(13) angeordnetes Festmaterial-     tMe (10) que l'on fait passer dans la
zone de con- bett getragen wird.                           65    version de
mercaptan (13). 8    15                 EP 0 235 462 B1 2. Procede selon la
revendication 1, caracterisi en ce que le courant d'alimentation comprend
un hy- drocarbure oleflinique en C3 a Cs et un hydrocarbu-* c L M S * re
paraffinique on C9 a Cs. 3. Proc6d6 selon la revendication I ou 2, caracte-
5 rise en co quo la solution alcaline aqueuse reg6ne- ree (1 9) separee
dans le stade (c) est soumnise, avant le passage au stade (a), a un contact
avec un courant hydrocarbone le lavage (20) dans une troi- sieme zone
d'extraction (21, 22, 23) pour former une   10 solution alcaline aqueuse
reg6ner6e a faible teneur en soufre (4) que l'on fait ensuite passer au
stade (a)- 4. ProIbd6 selon la revendication 3, caract~ris6 en ce que le
courant hydrocarbone de lavage (24)  15 r6cupere a partir de la troisieme
zone d'extraction (21, 22, 23) est envoye dans la secondo zone d'ex-
traction (6, 7, 8) et est uWiise commo courant hydro- carbon6 de traioment
(24). 5. Proc6de selon l'une quelconque des revendi-  20 cations I a 4,
caract6es6 en ce qu'un catalyseur d'oxydation est pr6sent dans le stade (b)
et est dis- pose sur un support sous forms d'un lit de matiere solids situ6
dans la zone de conversion (13). 6. Procd6 selon Puno quelconque des
revendi-  25 cations 1 a 4, caracteris6 en co qu'un catalyseur d'oxydation
est dissous dans la solution alcaline aqueuse r6gen6r6e introduite dans le
stade (a). 7. Proc6de selon la rovendication 5 ou 6, carac- teise6 on ce
quo le catalyseur d'oxydation comprond   30 un compos6 m6tallique de
phtalocyanine. 8. Procede selon l'une quelconque des revendi- cations 1 a
7, caracterise en ce quo le courant d'ali- mentalion contient plus de 10%
molaires d'un ou plu- siours hydrocarbures olefiniques et plus do 2% mo-
35 laires d'hydrocarbures diol6finiques et ac6tyl6- niques totaux. 9.
Proc6d6 solon la revendication 8, caract6ris6 en ce quo le courant
d'alimentation contient plus de 12% molaires d'un ou plusieurs
hydrocarbures ol6fi-  40 niques at plus de 4% molaires d'hydrocarbures dio-
l6firdques et acetyl6niques totaux. 4S 50 55 60 65 9    


