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Background of the Invention Field of the Invention The

present i nve‘;;}bigg)4 95(?' ates to process for recovering a procegsiaerdobspui d
and, 5 more particularly, to a process for recovering a processing liquid

froma m xture conprising the procesking liquid, at |east one conponent.

that is nore volatile than the rocessing i %ui d, and at | east one
conponent that .is I%OMWBMEWGCE&DS& SINGEIXPDRd or suspended
I n, t he pr Ocessi“ng" | I CIUI d —- - - e - - - 'Descri pt i'on of
the Prior Art -~ = There are nunerous i ndustrial "processes wherein a
li.qui d, hereinafter referred. . Backgromsl of thedorentiong |i qui d, whi ch can
conpri se one or nore conponents, is usedin such a fashion that it
beconmes contam nated with, or contains, various conponents, sone of

whi ch are norgeldQifahe Igvdnion t he processing |liquid and sonme of which are

| ess vol atile and can be dissglved in the g ocessi ng i ckui d. 1Usu I Idy, t he
conponents i n ThR@resew dnvertionyelaes iR RO BIOL B PR R ARFLT =S WSEFSW they nay
be desirall e,méRGRaAVELEHly, to aGRER AR rEcoveRile Adira@ssiy lididd frout @mixiuze Whi ch
the processing liquid is used. In such cases, it is al ngglte\}gni%ersal |y
desi rabl e t o coEpEsiAg dhe precesyipg iavid, aleast 9pe EPTRROGRR! AL 1S IRYTE VO 71 e and
mor e vol al | | oroQuERAnGaha, 3 hials bCcRMRABR HAGS Idsqvéidileatia and eats b | 1

the process or sinply recovered in a substantially pure state for reuse or
ot her uses. dissolved or susppdedimifbe psogessipg diquid. t he above described gener al
schenme of using a processing |iquid abound. For exanple, it is well
known that natural gas produced fromoil and gas wells, in addition to
cont ai ni ng gaseous hydr ocar bond)eseniptipnags the Prior Art

There are numerous industrial processes wherein a liquid, hereinafter referred

fo as a processing liquid, which can comprise one or more components, is used in
such a fashion that it becomes contaminated with, or-contains, ya.rious components, .
some of which are more volatile than the processing liquid and some of which are
less volatile and can be dissolved in the processihg liquid. Usually, the components
in the processing liquid are contaminants, although they may be desirable, recovered
components, depending on the procéss in which the processing liquid is used. In such
 cases, it is almost universally desirable to separate the processing liquid from the less,
volatile and more volatile components so that the processing liquid can be reused in
the process or simply recovered in a substantially pure state for reuse or other uses.
Numerous examples of the above described general scheme of using a
processing liquid abound. ‘For example, it is well known that natural gas produced
- from oil and gas wells, in addition to containing gaseous hydrocarbons, such as
methane, ethane, etc., almost invariably contains water and acidic gases, such as CO,
~and H,S. In cases where the natural gas contains water, it is very common for so-
called gas hydrates or clathrate hydfat'es ‘to form. These clathrate hydrates are
crystalline compounds that occur w_hen._v\_r:ater forms a cage-like structure around guest
molecules, particularly gaseous molecules. | :
While the phenomena can occur in any system wherein there is water and
gaseous compbunds, e.g., hydrocarbons, the problem, at times, becomes especially
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As a practical matter, the last mentioned measure, i.e., adding freezing point

depressants, has been most frequently applied. Thus, lower alcohols, such as
methanol, ethanol, etc., and glycols have been added to act as antifreezes.

While processing liquids such as alcobols and glycols used in natural gas
production, transportation, and processing are effective at reducing gas hydrate
formation, their use is not without problems. As is well known, the production of
natural gas is frequently accompanied by the production of brine, containing sodium
chloride and other water-soluble salts. While these halides, such as the alkali metal
halides, are readily soluble in water, they also exhibit substantial solubility in the
alcohols and glycols used to prevent gas hydrate formation. Accordingly, the
processing liquid—in this case the alcohol, glycol, or the like—-becomes contaminated
with dissolved salts present in the produced water, as well as with certain gases,
which; depending on the particular gas, are soluble in the processing lignid. Thus,
this presents a specific example where a processing liquid has been used, in this case
to prevent hydrate formation, and has now become contaminated with a more volatile

component and a less volatile, and in this case dissolved, component.
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conti nuous us € am ne Pprocess
will dechne corrosion increases rapidly with a dechne in pH and the amine solution

begins to foam, creating excessive process liquid losses. Accordingly, the processing:
liquid, e.g., the alkanolamine, will generally contain dissolved, less volatile
components at 2 much smaller concentration than in the case of an alcohol or glycol
used to prevent gas hydrate formation. Nonetheless, even in this instance, the
processing liquid now presents a case where, 'afher use, it contains more volatile
components, e.g., CO, H,S, etc., and perhaps a small amount of less volatile and
dissolved component. _
In the case where treatment of the natural gas to prevent gas hydrate formation
_ and/or remove acidic gases is conducted on offshore platforms, several problems are
_encountered. For one, the aloohpls,_glycols, and alkanolamines can be toxic to
marine life and accordingly, once spent, e;g., saturated with contaminants that they
are being used to remove, cannot be discharged overboard. Aside from ecological
concerns, such a method is economically not feasible since it requires a constant
replenishment of the processing liquid. Indesd, such a process ‘Wwould not be
economically feasible in land-based refineries, chemical plants, or the like.
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2 S



renmoval tends to cause the amine to break down with contam nants and create
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| and- based r oFrarle TERREC 5 HOMA, £ %o BERRBGR tar SEYRAR B,
PCT/ | B97/ 0082@pparatuses made of carbon steel, as opposed to more exdtic materials ofU. S,
Pat ent No 5 58,649 05 all deal th
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solutions of gas treating chemcals. Additionally, U S. Patent Nos.
4,315, 815; and 4,770,747 |ikew_se deal \ﬁ‘t R?vpﬂﬁcesses for reclaimng or
recovering gas-treating liquid unpnary of 01 5 389, 208, incorporated

herein by referencr i aherafore a@%j@esesmedpﬁﬁhps@mmdocmwas aa idprdved for
reclaimng an Ioc s otryseggrgttmagl QI pq' essmg %quld from more volatile and less volatile
components contained in the processing liquid.

Another object of the present invention is to provide a continuous process for
recovery a processing liquid wherein decomposition of the processing liquid is
prevented and 95% or more of the processmg hqmd is recovered essennally free of
the more and less volatile components.

 Still a further object of the present invention is to provide a process for
treating a processing liquid so as to remove from the processing liquid more volatile
and less volatile components using, at least in pért, ‘processing apparatuses made of

- carbon steel. _

Yet another object of the present invention is to provide a process for.
separating dissolved and/or suspended solids from a processing liquid under
conditions that prevent any substantial degradation of the processing hqmd

+ The above and other objects of the present invention will become appérent_
from the drawings, the description given herein, and the appended _cl_a._uns__. o
-According to the process of the present invention, a feed mixture:compﬁsing :
a processing liquid, at least one component that is more volatile than the processing
liquid, and at least one dissolved component that is less volatile than the pfocessing



aqueous solution of a gas-treati ng chem cal that basically involves vacuum
distillation of the spent material--under- tenperature .conditi.ons that.. .
prevent deconposition of the gas-treating chemcal and in such a fashion
that the process can be operated in apparatuses nmade of carbon steel, as
opposed to moMP BB materials of construction, without c ZGI(RY 00820
substantial corrosion of the apparatus. _5.
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volatile  component, passing -a portion of the residuum through a solids, liquid
~ separation zone to produce a substantially solids-free, second recycle stream and a
substantially solids waste stream, the second recycle stream being recycled to the first

separation zone.

Brief Description of the Drawings
‘Fig. 1 is a schematic, flow diagram of a first embodiment of the process of
the present invention. : |
Fig. 2 is a schematic, flow dxagram of another embodiment of the process of |
the present invention. o
- Fig. 3 is a schematic, flow dlagram of yet another embodiment of the process
of the present invention. '

chnpuon of the Preferred Embodiments
f The term "processing liquid" as used herein refers to any agueous Or non-
aqueous hqmd that can contam one or more components and includes, w1thout
limitation, gas treating chemicals such as alkanolammes e.g., monoethanolamine
(MBA)_, diethanolamine (DEA), methyldiethanolamine (MDEA); or glycols such as
monoethylene glycol (MEG), diethylene glycol (DEG), triethylene glycol (TEG),
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to atenperature sufficient to volatilize at |east sone of the nore
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Brief Descr flow
di agr am of h%{ &QF&I %H@P %&'ﬁg at‘ﬁeedl%r%lcs:eség%e?}%o%@s %g%ﬁw ﬁ?/r%%t I on.
Fig. 2 is acstdirecetipanentsl afithelisolifsastcof Aecondilygly, whih)ﬁl thenéxambles pévepr ocess of
t he present_ invention. . Fi.g.,3.is_.a Sc tic ro di agram of yet
anot her - ermb BT IPiriqnil b detsuit wich tErare i e seobpto Gheds sHead,
Descri pt i onpaticiligy Refiargae Az i WENbe understoolin@att @i ThveRfiSE &Ssdtng | i qui d”
. as used herial nteﬁgrgfers to any aqueous or non- aqueous |iquid that can

contai n one re conponents and includes, without limtation, gas

treating cheni calnScassiChhée thd JraBQbiAFHAEE is Bsed-in nARAD aﬁ&h@dﬁhnﬁor(-NEA)
di et hanol am,ne, (DEA), et hyl dilﬁgt hanol- g‘% ne ( MDEA) ; o%tagl ycol s such-as

nmonoet hyl enBWS’F“QR@EGPf ‘-‘GP@PH‘}P'érfE 6QmRAgENLs [$hat) may rheopreyentia ey col
(TEG), processing liquid and that need to be removed include acid gases such as hydrogen
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sulfide, carbon dioxide, sulfur oxides and more volatile liquid components such as
water, liquid hydrocarbons, etc. Non-limiting examples of less volatile components
or contaminants present in the processing liquid that need to be removed therefrom
include inorganic salts such as alkali metal halides; iron saits; salts of organic acids;
carbonates; and numerous other organic and inorganic components that are less
volatile than the processing liquid and that are dissolved in the process liquid or that
are present in generally non-filterable form, e.g., colloidal suspensions. While
generally speaking the less volatile component will be a dissolved and/or suspended
solid, the latter being generally nonfilterable, it is to be understood that the less
volatile component can comprise 2 liquid that is higher boiling than'the processing
liquid and that, because it is a liquid, would not normally cause fouling or solid
buildup in the lines of the process but that, under certain conditions, can form solids
or emulsions and therefore must be removed from the processing liquid. Further,
such high boiling liquids may affect the operating efficiency of the proceésing ﬁqnid
and therefore must be removed or at least have their concentration reduced in the
processing liquid to maintain overall processing liquid performance efficiency.
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PCT/+B97/-00820 - tetraethyl ene glycol (TEG, and propylene glycol (PEG, as
wel | as hal ogenated sol vents, |iquid hydrocarbons including aromatic
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as used herein refers to-a liquid that is.7used in a partlcul ar process such
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t he processing |Ir%@l d and that need to be renoved include acid gases such

as hydrogen suld resiace o subyRndRb chminate the fporgxYQiptide W@ frem e 1feed i qui d
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of | ess volatile conmponents or” contam nants present in t ce55| ng
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be under st ood E&‘at mttgeabl)ﬁat 67) 000 ppm by weight of the feed mixture, and depending on the

particular processing liquid employed, reduction of the concentration of the less

volatile component can generally be accomplished by purge, e.g. a blowdown stream
in the process. Alternately, when the less volatile components in the feed mixture are
present in higher amounts, e.g., f'rom.about 3 to about 30% by weight, and. again
depending on ttle.pa:ﬁcular processing liquid employed, other steps are necessary to
reduce the concentration of the less volatile component in the processing liquid to
maximize recovery of the processing liquid. |
‘With reference now to the drawings, Fig. 1 shows a basic process schematic
flow diagram of the process of the present invention wherein the feed mixture
contains a relatively small amount of less volatile components, e.g., a relatively small
amount of dissolved or suspended solid components, i.e., on the order of from 10
" ppm to about 60,000 ppm by weight of the feed mixture. Such a case is frequently
encoyntered in the scrubbing of gaseous hydrocarbon streams, e.g., natural gas, using
alkanolamines to remove acidic gases. With reference then to Fig. 1, a feed mixture,
such as, for example, an alkanolamine such as MEA, that has been used to remove
acidic gases from a natural gas stream and that contains acidic gases, water, MEA
~ (the processing liquid), and less volatile components, is introduced via line 10 from



vol atil e conponent can conpfise aliquid that is higher boiling than the

pracessing liquid and that, because it iis-a |liquid, would net ‘noermalty-—-—w-.

cause -fouling or solid buildup in the Iines of the process but that, under
certain conditions, can formsolids or enul sions and therefore nust be
renoved from WR9s#8¥8essing |iquid. Further, such high boili RgIIBIHNSEL may
affect the operating efficiency of the prgcessing liquid and therefore must
be renoved or at |east have their concentration reduced in the processing
1/\:!) qg ;3 ?4t8 82 gal Y gAdpRYAkRE Ifaddlit) §HeaiHS) b B Ihe REIEOTI)BAeee Rfif hEieaneih a

PCT/ | B97/ 00820kecycle stream, described more fully hereafter, introduced into mixer 12 via line 14. g .

used herein; tixgeleHPw fBats Fotitidyed SRADR il PRIGUNC &5 Spedste kiieiptosbst o a

admi xture with one or nore, nore volatile cofrponents and one or_nore less

vol atile conpemineess manser; o Aypical roftshenmiverssare Hetnipixerso injpabars, Quiiees and
conponent s bei ng. e . - L. OCRSST L O] t he
type of proces@g%nfdﬁ‘ﬁ&%g’i %df?%gp{ﬁ@ d%gzsilg%%tﬁla%i Lxlgxgs u@gg#%gﬁgblg%ih%? such
factors wel | kthaswhile link as eflosk miiters] afenprefewed afrt cerfiinu sases,hif Hobliap Hingtigre, as’
used in the description that follows efers, to.the teri.al te 1S to be
treated in acccgqsggcﬂ@mHes(sﬂé_m&ygggglgfog?ftﬁlée IBP‘(%‘L’@HF Eﬁ%r{\g/‘é}}ﬁfkl s@%emt%dr?educe_
or substanti alline B dndithéfeed teurddrom lind 10, iafter inphoogidy inixed in mexéreldd

m xture and substanjiially . requce, if not elinmnate, the |less volatjle .
conponents fr o‘ﬁfntf‘ﬁ%w?‘leﬁ% IWFSB ghiga frs separatxogszopﬁﬁqat:%n&f %ﬂ@"é‘e&)ﬁéé@ fi ng
upon whi ch progsagerated 18.0UAS eixplained Meredfi€r(l 1 nédessago bslickfestnseptirader ihi ch
it i's being used, it will_ contain nore or, | ess of the Iigs volatile,
conponent, i . esepamatien gonecid) iy dmpagicd to heerd o feRagRt08 79B% 45 DY heat talsess Wner e

the | ess vol at jnjar §ONREMENE hbstedeBRRStreaR frdth Fnk 18k thieFBéd mixiRy Rh@ring€- J.
from about 10 ppmto about 60,000 ppm by wei ght of the feed m xture, and

dependi ng on tixepd2t frem| bre M-op&%@e [spegiSEPAEAON Apee, 18 i8alndes BAOWH ¢ he
concentration &Bﬁm%w@aeé bong 200440 AR WBher SibsERDANNapYr pifis@ssRM), | shed

by purge, e.g. a streamin the process. Alternately, when the |less
vol'atil e conpoancimtesface 21 fheing domhedibrtweer zepes 20 and 22.

In the embodiment shown in Fig. 1, separation zone 18 is maintained under

a substantial vacuum, e.g., at least 16 inches of mercliry, by means of a vacuum
pump 24, forming part of a downstream, second separation zone (shown as S in
. phantom). In any event, vapor or gases released from the heated feed mixture in
_ separation' zone 18 pass overhead via. line 26 to a concentrator, distiller 28, wherea
light, overhead fraction is removed via line 30 and passed through a condenser 32 and
thence via a line 34 into a'_gaslliquid separator 36, e.g., a gravity separator allowing
sufficient stilling time to effect gas/liquid separation. Light, non-condensables are -
removed from separator 36 via line 24 and are sent via line 38 for recovery,
incineration, or other disposal. Liquids separated in separator 36 are removed via
line 40, a portion being circulated via pump 42 and lines 44 and 46 as reflux, a
portion being removed as a clean water stream via line 47. As noted, it will be
understood that in the example given, wherein an alkanolamine is being used as the
processing liquid to Scrub natural gas, water is present as one of the more yolaﬁle '
components in the feed mixture. , S
Depending upon the temperature and the degree of vécuum in separation zone
22, a certain amount of the processing liquid is taken overhead via line 26 and



present in higher anmounts, e.g., fromabout 3 to about 30% by wei ght, and

agai n dependi ng on the particular processing-liquid enpl-oyed; other -steps - -

are necessary to reduce the concentration of the | ess volatile conponent in
t he processi | i i(g to maxi m ze recovery of the processin ééll @H
Wth referencn'gc’ﬁ’g'%i'lz the draw ngs, Fig. 1 shows a basic prglc’: é@wg Mratic
-flow di agram of the process of the presem invention wherein the feed

m xture contains a relatively small anount of |ess volatile conponents,
e.g., a rel atiimeddpcedriitd canventratorodistilies 28! V@ntealisesgegpe e theahord wlatjonent s,

i he el OB BB AR S0 O0.BE AN Y e Tecd

“hydrocarbon stifoafeBacentrgior diseliesr 28 agashottomi fachdrk iadimend8) eshdre it eanbe
acidic gases. Wth rﬁ};)erence hen to E{!!g 1, a.{)&gde{gi xture, such as, for
exanpl e, an aFRQNEEAAPHEFUSS he gas\jemd OIS oEE®bsed to remove acidic
gases from a nat ur ghe g@fdubin’if 36patifidn Lo 18; eohpridhty Bdlidlpltasgas Sontatiithe . MEA

(the processing_liquid), and | ess volatile conponents, is-introduced via
line 10 from bulk of the\grpepssingyligid, a vastly reduced concentration of any more volatile

PCT/ 1 B97/ 00829 15 g fer, and substantially all ofSthe fs@ADiatil -
processi ng fac????rilent hr%é'gjhga F1Bw or I i'ne m xer 1%, wher e it igs m xed with

a recycl e strecompontatse €ighetighen koilingl lignidscandéor tdissolvechanddotusspenided solidsxer 12
via line 14. B'C)gogg&'i of E@Q’es‘i‘&x{ﬁ%ﬁ?r&ﬁo@eﬁ’%ﬁﬂ%% and i \@%élﬁtﬂﬁgﬁgﬁ@ﬁﬁg to

operate the pr S I'n a continuous manner. Typical o m xers are jet
m xers, injecbérthroughi 4 iscemd dredting zdomegShoz¢cen] heatimgr zdne g0 cpurcpmprisend

oe! ot ot er r oq Db sk Moo RSP BRACH S ot 0B clfthbifoe, fPetlipeld, L™ X7
Uhe T ead M xtHre [romiine 10, Al Ler barna tbor sy rxed i giaee 12, 1
i ntroduced vi §@q‘§<{@/ e@“?’ffsﬁ“gﬁ’“figrcgpg glﬁglggﬁﬁf gﬂ%ﬂ@]éﬂ%?r %ﬂ‘ﬁ cﬂ@g‘l{%ﬁiﬁ der ed
a still or evgaesadibis thlightA6 TS PPAdnD Nb. 136389008 £ rwhilkchdating 86:RS5Y dant takeef f ect

separation in separation.zone 18 ijs inparted to,the feed to separation zone
18p by heat tr&ﬁgg g‘prmq, rit is preferred that mggmﬁng zone be of the tubular typepwhereby _

residence times can be kept to a minimum to avoid overheating of the residuum and

concomitant decomposition of the processing liquid. To this end, recirculation of the
residuum through heating zone 56 is conducted at a flow rate of 10 feet per second
or greater, prefefably from about 11 to about 16 feet per second. Maintaining these
high flow rates through heating zone 56 minimizes the likelihood that there will be
excessive heating of fluid in the film zone adjacent the tubing walls, which could
cause vaporization 'and/or degradation of the processing liquid. Furthermore, the high
flow rates minimize coking or scaling of the interior tube walls. Lastly, the high
flow rate aids, in conjunction with back pressure regulation, discussed more fully
hereafter, in preventing vaporization at the tube walls. '

To control foaming in separation zone 18, a portion of the residuum stream _
can be recycled via line 58 and introduced into separation zone 18 in the vapor space
portion 22 through spray head 60, which directs a spray of the residuum toward the
full interfacial area defined by interface 21 of the vapor space 22 and the liquid space
20. If desired, other foam suppressants by way of additives can be introduced into
separation zone 18. - - '



m xer 12, fromthe heated recycle streamfromline 14 to the feed m xture
entering--m-xer-12-from-ine-10- As can be seen, separation zone 18 incl udes
a lower, substantially |iquid phase zone 20 and an upper, substantially
vapor phase zone 22, an interface 21 being forned between zones 20 and 22.
In the enmboswonesaso2ehown in Fig. 1, separation zone 18 is nBEHBIV/MB under a
substantial vacuum e.g., at |east 16 islpches of mercury, by neans of a
vacuum.punp 24, formng part of a downstream second separation zone (shown
as Sin phanton .p,lde 8BA¥.ENEN desiBBO In Ble. 92385 ﬁxelaﬁaaﬂdofftﬁ@mmaaeat ed
f.eed -m xture-in- separatlon zone 18 pass-overhead via line 2 _
-concent r at orcompiogesit/in the fogl mixtuee is aba relagively low devel aad P%I'E%‘tlﬁfbhwh@ ﬁ“é?mved vi a
line 30 and SS " 0 into a
gas/liquid slg%ar g%hl %@B&I gnfis 4 &%%ﬁguaf‘%’%ég&g?@tgg%ﬁ‘f ’I*ow g“?ﬂ?’ f %Y ent
stil.ling ti rmsmhreefsbmmxghsthdpmhy prepear lowdown bf gMg;nmmﬂm&dmmrfMI es are

df t t
acovery, i MEPRBRGR Pt Tor thitie At o BAMOOT o8 et ap fEmnts oy o,

36 are r emvﬁﬁovwﬁbm&pﬂuorﬁme foid 162 @2edndglichirged & wakteri Bhepampund 3f and :
lines 44 and 46 as reflux,. a portlon bei ng renoved as .a clean wa]t stream
via line 47.blawdows erpurge vVigiips 63 wil BDOR SnCERiTatign ok3ny difse §‘$ven |

wherei n an a4aRoLARRNAEd IslidiSh e &'@sﬁﬂuﬁis 1té1eﬂermﬁmﬁ Sbifding Tembved tffons Cr ub
natural gas, water 1s present as one_of the nore volatile conponents in the

feed mixtur esePafatlon zone[ky svhisinig wpowill depend ypeY the sprceatationy R YeRlesE of
vacuum i n Sepgiat @heaAag i?ane RAChibAiR ATHP sBbii eriEAERER: R dbaUI d 1S

t aken over hea 6 and
PCT/ | B97/ 008@§iduum. In any event by proper control of the amount of blowdgwn viadined3uced | nt o

component . Phasesle ieally widBaE pELSERORAREE LhR'3G M BWputih Bl ot foar
renoved fr onsatoatioenievels mthdltqmcﬁpmnorﬂaf ay wliiot Bymeayfofasampls, ¥itypital ne 48,
unere It CanBe i GERYRORS il kEtRr bba" B BrSRR: REHL R i Soheaid
' 49.5% by weight monoethylene glycol, 49.5% by weight water, and 1% by weight
sodium chloride. To prevent saturation of the glycol residuum and 'precipitation of
salt, estimated at 8% by weight, 2 15% blowdown stream relative to feed to the
separation zone is removed on a continuous basis such that the residuum will not
" exceed the concentration of near 6% by weight or 6 times concentration. The

| fésulting 'equi]-ibrium residuum will have a composition of about 93% by weight
glycol, 1% by weight water, and 6% by weight salt. This purge of residuum,
coupled with the high flow rates through heating zone 56, permits the application of
sufficient heat energy into recirculating fluid in recycle stream 14 to supply all of the
heat necessary to effect vaporization in separating zone 18 without permitting
precipitation of dissolved solids, which would greatly reduce efficiencies and could
render the portion of the residuum being recycled via lines 50, 54, 14, and 16
virtually unpumpable. Thus, by using the process of the present invention, as
depictéd in Fig. 1, and when the feed mixture contains relatively small amounts of
' 'dmsolved solids, it is possible to recover 95% or more of the processmg hqu1d ona
continuous basis. : _
It was observed in U.S. Patent No. 5,389,208 that flow rate through‘ the
recirculating liquid or residue (in this case, the residunm) through the heater tubes of



The residuumin separation zone 18, conprising |liquid phase 20, contains
t-he- bul -k of -the -processi-ng liquid, a vastly reduced concentration of any
nmore vol atile conponents, e.g., gases or water, and substantially all of
“the less vol atj | nponents, e.g., higher boiling Iiquids a 350l ved
~and/ or -suspen&'é)d"’%é“g 'ds. A portion of the residuumis rermvegeéllﬂgﬂla?én‘z 50
and circulated via punp 52 and |ine 54 thriough a second heating zone 56. _
Second heating zone 56 can conprise apparatuses well known to those skilled
in the art andbeating zorel S6cbould be atirash ifest pertrecand aangmere prefersbly 7te 10 feet
Pat.ent.- No... 5,389, 2 _ ri si t _ i S, :

exchange with- %%r?ﬁ%og’[ar gl(rgl aS-?s-&?rc%%‘g% %rﬁgﬂ%tgrsh}g?st %@ﬁ%ﬁgﬁgﬁ %Bla'gtegases,
al | as taught ofhchtbbn £edlerflowNoelobitiB8dn 26@ess\\f labotied i fogt pohec®Bdcame t ake
many forms, it is preferred

). hat .t he. heating_ z )¢ t . ype
wher eby resi deffi¥H ctﬁ??ggte??(é’ﬁt E’lggﬁ'agrr?\m ?’rruglgnfttgﬁ%fg{ﬁ %H‘O\r/'e#{%g%% n&gf of
tEe resijduum a&is@ﬁﬁﬂ@ﬁl i U%ﬁc?fak Eﬁ&mﬂngs]i dtiopsomthe l% ape wseds Nangthblessyitdvas To
this end, recirculation of the residu t hy ough heatin 6 IS
conduct ed at aUHSKBeFIgAAY @%#W&i&@%@%ﬂé Srigted i S’fcgiﬁg%ffﬁqﬁg?eérs%ﬂ? from
about 11 to abwpréf%ribg)etul@&ﬂs?&@g&dsec&@iitni@'mmehﬁﬁamehb@hdbbammes
t hrough heating zZone 56 m nim zes the |ikelihood that t*xpg rt@ibvm 1 be,

t

excessi ve heat ¢v¢g theush) the deater whbes are mads ohsarken stedAnd PhHgo EISHE :
whi ch coul d Calitdy YRR @a&k%ﬂs&m{ Ofnil GREXBELS fRBulPEs belibveR o B8 2Sfudtioni qui d.
e hig 0

Fur t her nor e, ) w rates mnimze coking or scaling of the interior
tube wal l's. . Lofsedngrollingdhensolifs inltheweryaled rgsidunm by, mewnsjof ther blowdown ropgly
pressure regulation, di$c Maters I r Eﬁtuf'e{[ ! exetih Reatin
vapori zation aﬁﬁ‘it% af&%ezla\l%;bsl%gnm& &Edfélﬂg%h?%o oagarin&n el n selpar at |gon
zone 18, a porzomerb6of the residuum stream can be recycled via line 58 and .

I ntroduced into separation zone 18 i.n th 0 LL b QA %& ugh
spray head 60, whi gﬁa@iﬁﬁ%&nézélog’pé’abgb?’t e\éea?se%logﬁﬁg?%mgr B&p e {JJ{IP]%
interfacial arpesdheinvestorbwhéreindatlapessiie rpulatien is apal insoanactih withl highe
i quid space 2

can be introd uggﬂ | r]I:‘“f?? %‘%é é’g%i‘:%f&t"gg.i‘i‘ﬁ fﬂ%gml‘g&]oo‘&r eiﬁﬁi’%@ﬂ% gﬁﬁ%’@g{)‘t 268l

PCT/ US97/ 00820incorporated, the embodiment shown in Fig. 2 does not use foam suppression as is

shown in the embodiment of Fig. 1. In one case, in the embodiment shown in Fig.
2, the composition of the féed mixture entering line 10 is basically the same as
described with réspect to the embodiment of Fig. 1, i.e., having a relatively low
content of dissolved and/or suspended solids. As with the embodiment of Fig. 1, it
will be appreciated that the vapors passing out of separation zone 18 via line 26 pass -
into the second separation zone as described above with respect to Fig. 1 and
accordingly will not be further described with respect to the embodiment shown in
- Fig. 2. In the embodiment shown in Fig. 2, back pressure regulation is employed to
avoid several problems that can lead to decomposition of the processing liquid,
inefficient process operation, two-phase flow in the heater tubes and connecting piping
in the recirculating loop through which the residuum flows, and several other
problems. Back pressure regulation can be employed at several locations in the
recirculating loop, its preferred location being dependent upon the content of the less
volatile componénts, particularly the content of dissolved and/or suspended solids in
the feed mixture and the solubility characteristics of the residwum. Preferably, in the
case when the dissolved and/or suspended solids content of the feed mixture and



-10-. In the enbodi nent descr.i bé_d in Fi g. 1, when the anpunt of the

l.ess volatile component in the feed mixture is at a relatively -l ow-l-evel; -~ -

and- particularly when such | ess volatile conponent is a dissolved and/ or
suspended solid, precipitation of any dissolved solid can be avoi ded by
proper bl on¥&#¥48¥20pur gi ng of resi duum from separati on zonBCHEBI7U§2G hi s
regard, a blowdown or purge stream of rgsiduumis renoved from separation
zone via line 62 and di scharged as wast'e. The anopunt of blowdown or purge

via line 62 hentd theeesithRinelid editivelyaBw A S 6 thedkded Bf REs H&Y atdus KNOOEshrNd/ Or

suspended salids in the residuum_ i.e.; the-1iquid-bottons-remved from- -

separ ati on ZYn¥eigH, bagki Rressirg reamationiiy hesiréiveied berisen haster §6Ardling mixepn of - -
such | ess vobathy fin mgcuaae]greggaréﬂla 1h&sConeslet Sg,yta%gbhmeﬂoﬁ?hﬂm(éh' tg%( ihe

characteristics of the residuum any- event, by proper contr

amount. of ~blBR§MhedteR 56 iinmbgantiallyiaveided; c Taisds dessmble\airics lontes twepltasel i n
heat i ng ZONGRP cofiind, {HR! lgky,&@&:éaﬁ, %@hﬁ%}é{.ﬁ&@iﬁgﬁg@' Gin'Yeb R -
precipitation of “any solIds. way Of exanpl e, a typlcal feed mxture from
a gl ycol scrigsgaar, yesltingdn prdetriamentahgifeca be tHecirvalatingresidinim cevidenced BP. 5% by

o um onl oy AEneEa et preisye bt oty ) Sl rbeien i

pr Ieci pitati (t?e di;alu@ tybes Senid nad én_tbrwé 8t feynperaingd)t indaddlﬁc% lod casckeleyating lr)ea_m
relative to feed t.o t aration zone is remyved on_a. conti nuous basis
~ such that tﬁ&&%’?ﬁ‘%ﬁ%ﬁg%@f a’é‘g‘é‘&%tﬂlgttl‘(g'?&%ﬁrﬁrg?ﬁ’r Feity i fg‘i“& PfglﬁFmB% by

wei ght or 6 thdtreasseCpioeess tupiits ol inkabilities wutfhddgscaBng bn ltd thbe rvRsls O amem wi | |
have a conposition of about 93%5%@§i ght glycol, 1% by weight water, and
6% by wei gh®THANre g te Ofidingaally, tWp-Phase flovy vig VBparizaton gh the ow r at es
through heatrksidhuADMENS SaterPRE BF t bkt @RI 3bduels B nediihh@bediciag@ ener gy

into recircylating fluid in recycle stream 14 to supply all of the heat
necessary t &0 8FHRFII0.y Aserrdingly; BY maintaiaige back Prgssursregulaian inthe tubgeii t ti ng
preci pi t at i GeasH 56]insere biigshmsiiv 43 coldifeh QuSadf it fnigh ! eNCH €
and could render the portion of the residuumbeing recycled via Iines 50,
54, 14, and heaesfubes;is| achieveds uFhyshrather thapshaving angilay fluideflow de ahichodn t he
present i nvgptiie Lot ' Ly 4 . ; fvf'ﬁl ' e
contains rel atiyelfy‘aagorrq ] éggﬁ‘%%pgwéﬁ %%%‘?@g%%s%’gﬁhég'ﬁ’el |§H%§Fsc§febl eto
recover 95uPbresidwum Hguid ieflpwingdbrongh thei cgatrd mart of the tatien,ucssentiblyy ithe.

Feci roul at aautes O s or VA3bER ertbinacch, 14 68 tule Vs el B OBRGN [he
heat er tubesasef since the circulating residuam passing through heater 56 contains dissolved

and/or entrained solids, this flashing at the inner tube walls, while not only leading

to possible decomposition of the processing liquid, also contributes to fouling or.

coking on the inner tube walls by the dissolved and/or suspended solids precipitating

from the circulating residuum.

~ Preferably, back pressure regulation is effected by means of a flow restrictor,
which, to the extent possible, provides streamline or viscous flow and minimizes
turbulent flow. For example, a suitable flow restrictor to effect back pressure
- regulaﬁon comprises a Venturi flow restrictor. Other types of back pressure'
regulators or flow restrictors that prevent or minimize downstream turbulent flow can-
be used, as is well known by those skilled in the art. o _
It is important that any vaporization of residuum in the lines:conhecﬁng
separation zone 18 and mixer 12 be minimized and ideally eliminated. Accordingly,
it is preferred that any back pressﬁre regulation be effected as close as reasonably
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56 should be at |east 6 feet per second, and nore preferably 7 to 10 feet
per second. Indeed, in the case where the heater tubes formp 4£ zone
56 are of caVOI®4¥Bel flow velocities in excess of about %%r g@ %% '
second are conventlonally t hought to bejhi ghly erosive, and therefore
other materials of construction, such as hardened steel alloys or the

like, are useosdislees Heliflesof hixeel towenawe dat seliapodratios wegnrs soragily inf theind

that flow rates in_exces 10 feet per.second, -and ferably:. o 16 - -
feet. per secorf#® qst?fg fémg lﬁfh y&u%ﬂpﬂlg@gmzf&%ﬁ?%égsageéh%%hltgugh the
heater tubes %&ofm&hq OfheClehdi® Rf ThiRbtinkN fipingFetbécht Hegted S6undemixer U isef fect
on the tubes is observed. This unexpected result is belleved tQ be a

function of cuinimiged.ivhich fretherarpduges thelikehboadelyaParaiIagd SRR BRENH0S of
the bl owdown thraugh, line 62, as well as by control li ng the flow rate,
pressure, and-‘tenperature in heat i ng zone th reference now

to Fig. 2, there |§n§aspa/rwmthnéeedemb@§wemmsﬁ lph@velth@éledﬁmh'ﬁ@éﬁéu%n
wher ei n back prg;%ﬁ&éaesghﬁ%héh wn%ag&qﬁ@{d&ogpm wabﬂ%yhou%}ﬁmf% f&kOW

rates and proc pur gi ng or Itiond It could be
i ncor por at ed, mixmre,rnbminmmbsxmble\ﬂmtbacld:prgssu@ reégdationde effeesed mmploésm on

as is shown |n th?%errbo ?CP|"'-1 2g?_%jlseip &pgoceafse sh yﬁcl?&;?ér%glr o

shown in Fig. el to Ture en ering
basically the mgnm@smndesmwhegdnmnmnr;ﬂmemtastﬁé tOnee egdindinydype Qﬁﬂcﬁvg 1,

i.e., having a relatively |ow cont nt o solveda r.s

solids. As wi tTRStRFfEr Rﬁf&“rfofeg o 3? t°°§m“? d‘B‘gﬁ“&&‘Fi‘B&’d ttg%t the
vapors passi NGogikinafibn S€ BRIfadd @ik tuE© B ﬂ;grwyaldstrwn Aowinghrouginlite tHéntsecond
separation zone as described above with respect F| 1 and acE rd| ngly

will not be fUFPationfae 1B arbssRRloyeds foapy VGI“PW gk pETOTS Fig.

2. In the emboglidmbled BESIEN ntkeF I DandheatePSe o?b&&&étfﬁméﬁmlérﬂtsepd}aﬁ@xm' oyed
to . avoid several problens that can | ead_to,_deconposition of tEg pr.Qcessi ng

liquid, inef fl&ltlmmetmf@@tes&\edp@p,aw of? m%wswawwo\wp?wapﬁv gyidin ¢ ypes
and connect i gy pRhigting Bop Binprifl 150! pitfp 52OReateR 56U 1)ingiRer 12 ah@si duum
flows, and severa 5
line 16, especlally in the tubes in heater 56.
As discussed above with respect to the embodiment of F1g 1 the content of
less ‘volatile components in the residuum is controlled by means of a blowdown
through line 62, : : S L

It is apparent that the process of the present invention mvolves vacuum

distillation as supplied by vacuum pump 38. Thus, separation zone 18 is operated
under vacuum conditions, and mixer 12 is also under vacuum conditions when back
pressure regulation is effected between heaier 56 and mixer 12, i.e., at location 64,
as shown in Fig. 2. However, when back pressure regulation is effected between

* mixer 12 and separation zone 18, i.e., at location 66, mixer 12 is then under positive
pressure | | '

« With reference now to Fig. 3, there is shown another embodiment of the
present invention wherein precipitated or filterable solids are continuously removed
from the system. As in the case of the embodiment shown in Fig. 2, the second
separation zone depicted in Fig. 1 is used in the embodiment of Fig. 3 and
accordingly will not be discussed with reference to the embodiment of Fig. 3.



probl ens. Back pressure regul ation can be enpl oyed at several |ocations in
t he ~ reci rcutating-loop;-its preferred | ocati on bei ng dependent upon the
content of the less volatile conponents, particularly the content of

di ssol ved and/ or suspended solids in the feed m xture and the solubility
char act eri st WQ&9M8920he resi duum Preferably, in the case WREHIRIFHB0S20

di ssol ved and/or suspended solids contenf, of the feed mxture and

WD 98/48920 )

PCT( | B97/ _0082Qdditi_onally,_ as can be seen, the embodiment of Fig. 2 iﬁé’o%ﬁor%tg? the
resi-duum-i-s relativel'y |l ow -i~..e.7 on-the order of |éss than about 10, 000 :
ppm by wei gh$uPpPrsgirn.paibeit armodifiefufoam efnthptsshowstindfig.c bt o etoatseof theat er 56

and line. m xe, Y HATROS] BY . S r - 0 teg. 56,
o phase 11 o PREne oVACH| R, 2l RESP belte” oS Hibli PondfF Chisho g
Thi s -i s desi r edricentsation eofdessevdlatile pbrapments) bw, Foomrenme’0%tthe weighk Forssur e
on the main cj t ] u 52 can beco Iyreqular, .resul ti in a
detri nment al e#){agl#’?éoangﬁﬁ@ rngFugﬁ e |trs?gp roeegF gﬁsu{wdr% if?fé'ﬁt?%’a “b? naﬁg?llﬁarqher
reduction of pmoesssingepevatidn wouldyplraily emtdinlkigl dissbived solidd wadh Balkali mpt@ssur e
in the heati

. tubeg and an increase in._te rature, in addition to
accel erating Q@'&Bﬁr‘i@’ﬂ’ﬁ&ﬁ G- ?%g‘et"&%é ‘\%/Qtf’gg%n  WRigRE i ng t wo- phase flow,
results in fluid velfoiefdré@re thdda FAUSLa RIiP 8RES YPER! fesidiithn 1A HnalB4l ikt i es,
surface scaling on the tube walls, and,  premature netal failure,
Addi ti onal |y, S HEsHOg (6viovt doldsfliauid, stpeBtion device 70, Bhergu fRlis atRe
interface of $ehfralelNAE rfeMBRed'd 4 Sufrf G GESstLnkS §§rtca§:£ %&Sﬁxfé 7EMbhvEERCY 1N
heater 56. Accordingly, by maintaining back pressure regulation imthe
tubes in heawésmzr@%, y eslids-frep f liuid oBionant the Aesidinme that dapremeved drame of
resi duum t hr ogghefibgid gﬁ?z&ﬁndﬁé"ﬁﬁ 23 ’f‘ﬁé'%o BUEH E%lé. AL AR s i ving
annular fluid fl ovf/&iﬁr_] 5 Ich an anenu‘fus 0 v'apger (T %Pgé?ggscfgggérhpcg&é‘e) S
fl owi ng adj acain scparationgeneid|as @ foam| supprassagt vigisprap Seafubihnak desgiibed aboleé owi ng
t hrough the 0 .. 8SSENt. | annul. as or
vapor is eli ?n\giralgg%he&?é Eﬁ%ﬁ?@&%ﬁgg}g{ ﬁéﬁéﬁ%@r‘fﬁ%ﬁ@ﬁ@r‘fyﬁ?g&%& se,
si nce the ci !’lGlﬂiWﬁeng rselsdsdumrd mmﬁ_ongomiﬂcdagén_dhmnehe sdfide cofiteatrof tHe ssol ved
0! oot 2! iR ' e Beftofinane Shdibefhos'dd Bphtot. " BeackRly, Sowihilr, © "

' ~ the amount of residuum that is sent to the solids/liquid separator via the slip stream
in line 68 will range from about 1 to about 90% by weight of the total volume of
residuum passing out of separation zone 18 via line 50, more preferably from about
1 to about 40% by wéight, most preferably from about 5 to about 15% by weight.
Suitable solids/liquid separating devices that can be employed include cyclones,
screeners, centrifuges, etc.

The continuous removal of solids from the recirculating residuum |
accomplished by the embodiment of Fig. 3 maintains the circulating residuum fluid
and pumpable and ensures that the high, annular velocities through heater 56 can be
maintained.
| It will be understood that the embodiment of Fig. 3 can be carried out without
* the necessity for reintroducing the liquids separated in solids/liquid separator 70 as
_ & foam suppressant, e.g., it can simply be recycled to mixer 12 or to other locations

in the system. It will also be appreciated that, although not shown, back pressure
regulation can be used advantageously in the embodiment of Fig. 3 to further ensure

no in-line vaporization, with resulting dual-phase flow through heater tubes 56 and



to possible deconposition of the processing liquid, also contributes to
f.ouli-ng-or---coki-ng-on-the-inner tube walls by the dissolved and/ or
suspended solids precipitating fromthe circulating residuum

Preferably, back pressure regulation is effected by nmeans of a flow
restrictor, WOME9200 the extent possible, provides strean PRETRIOL cous
flow and mnimzes turbulent flow For §i<sa_1rrpl e, a suitable flow restrictor
to effect back pressure regulation conpri'ses a Venturi flow restrictor.
Qther types ofnelfsiky B @R TUCHat tors or flowrestrictors that prevent or
m.ni.m ze. downst ream-t urbul ent flow can:be used, as_is well known, by those
skil1€d-in the -ar t1f the amount of prpeessing, Bauid prrieh aver imthe yapRs S{Teal VBingi26
resi duumin t ' i e ; Fhe i

mnim z'e'd-andﬁieeéggg?@§' lg%p%%%éte .ﬁ%?:%or fﬁég}lf/ﬂﬂi@ts&?g@%géf er(gjﬁﬁgfmany
back . pr essur eremsyed £tom thelrystemf iz linel 76 and reumedi io the g8 pEasessing unit from\p

98/ 48920 . . - . —_— .

PCT/ | B97/ 00828h1°h the feed mixture originated. In this regard, it will be app}‘ef?_ted th?)t oﬂées :InB.Tse to
the inlet of bilamee beBveen thenfead enixthzet comingy tpo ting 3@ ewrhald of thesstnaams owfigf i n t he

Mo 12, AcEEeRDINA BrbSranel Hns SRR Rell bt AT Sl o s

and mixer 12 is - niwhilsj Zambteddbood) therprobas of the pessent tilventiorkial appliambilectd a
vapori zation apd concoftant, two- hase fl ow. [ n .cases. wher.e the
foed m xture WSIIAREROPTPESing UGHigs. i s ReirUay Bl SAropmopessit SR ENPS o) i o
content, i:e.jn ﬁb&%Eéﬁﬁnﬁdﬂﬂg% R Prddutfiod) WAniRrmidn, \Wed §& ofafatirilegak.c tus,

a

mxture, it is nore desir e . that back pressure requl ati on be effected
downst r eam of-therrpmssl%,nd? Rerticugg: Wy H‘Bﬁ‘br azpraq?asq%wi%ﬁl%??e 418.
Such a back prsgsiehé(s) sERUsd EQldZ MRRr-saulid AMandIARRE Fohttinidy BBANT @ngas 66.
Once again, any type of flow restrictor or back pressure regulator, which

does not i npagarbenatpmscn liqyid owateosalyhle amigspniaining frast 1tp 6 cathion WS @r e and
t heI recycle S%ﬁéﬁ%&kﬂﬂ%h&ﬂ&&i@mngi #6m1P thN LarbdRPAEALT BR/EPRCgBoICAN be
npl oyed.” I n any event, et her back pressure regulation _
containing from 2 to 8 carbon atoms. - ' '
It will be appreciated that, while not shown in any of the drawings, valves,
level controllers, reboiling loops, and other conventional processing equipment can
be incorpOIaied in a manner well known to those skilled in the art to optimize the
process of the present invention such that the process can be conducted in a
~continuous fashion with maximum efficiency. For example, a reboiler could be
incorporated into concentrator distiller 28 to add additional heat. |
1t will thus be seen that the process of the present invention makes it possible
* to continuously recover processing liquids, whether such liquids contain a relatively
small amount of dissolved and/or entrained solids or a relatively large amount of
dissotved and/or entrained solids. Indeed, by incorporating purge or blowdown with
the high flow rates through heater 56 and back pressure regulation, in the case where
the feed mixture contains relatively small amounts of the less. volatile, dissolved
.andlon entrained component, recoveries of the processing liquid of 95% or greater
can be achieved. Likewise, by incorporating the solids/liquid separation shown in
Fig. 3 with back pressure regulation and high fluid flows in heater 56, processing
liquid recoveries of 95% or greater can be accomplished from feed mixtures
containing substantial amounts of dissolved and/or suspended solids.



be effected between m xer 12 and heater 56, or between m xer 12 and

separation zone 18, the net effect is the sane, i.e., to mnimze or ~  ~ 77"
prevent vaporization of liquid in the circulating |oop conprising |ine 50,
punp 52, heater 56, line 14, mxer 12, and I|ine 16, especially in the

t ubes in heaWsrosEga2o As di scussed above with r espect PGTABHT0820

enbodi ment of Fig. 1, the content of | s vol atile-conponents in the
residuumis controlled by means of a blowdown through |ine 62. I t

i s apparent that tﬁf‘efB egs%gﬁegeﬁp&d?%ne %gﬂésxnﬁgﬁ%tsble&,déﬁrwdyﬁ&rwmem

distillation as sup vacuum
operated un dm’psenammqno A lightshereo mmn%&ndlmcaap%wwmgsﬂa@d il

Thus, separation zone 18 is

- condi t| ons vvh&_[é ;@&Foca &P })fr %hnpghel uﬁfafx@%ﬁﬂmp&t%ﬁiﬂvéiﬁéﬁer 56 and.. -.

~mixer own | Fig. 2. However, when back
; pressure regulatron is effected betmeen m xer 12 and separatron zone 18,
i.e., ‘location 66, mxer 12 is then under positive pressure.

Wth reference nowto Fig. 3, there is shown another enbodi nent of the
present invention wherein precipitated or filterable solids are
continuously removed fromthe system As in the case of the enbodi ment
shown in Fig. 2, the second separation zone depicted in Fig. 1 is used in

the embodi ment of Fig. 3 and accordingly will not be discussed with
reference to the enbodi nent of Fig. 3. _ WO 98/48920
PCT/ 1 B97/ 00820 -14- Additionally,

as can be seen, the enbodrnent of Fig. 2 incorporates foam -suppression,

al bei-t a nodified formof that shown in Fig. 1. In the case of the

enbodi ment shown in Fig. 2, the feed mxture would typically contain a high
concentration of |ess volatile conponents, i.e., from3 to 30% by wei ght.
For exanple, a glycol mxture used to prevent gas hydrate formation in a
natural gas processing operation would typically contain high dissol ved
solids such as al kali netal



hal i des, carbonates, r of 6 to 15% by wei ght. Wth
reference then to Fi ng,IIlmmI"Bﬁurn ﬂﬁm-of the residuumin line 54 ig~ = ===
diverted via line 68 td a®soti db/ IS qdi d separation device 70 wherein solids

are separate @&2 moved as a slurry or substantially dry - ia line

72, | eaving gvsu 2 gnt lally solids-free liquid portion of t‘li’gﬁ%’?fo%ﬁm t hat

Is renoved fromsolids/liquid separator .Y via line 74. The solids-free
streamin line 74 is introduced into separation zone 18 as a foam

suppr essant viVéhatds elaithediis: 60, as descri bed above with respect to the

enbodi mrent of Fig.,1. The_ amun f . residugm in|i.ne .54 that s diverted to- -
solids/liquid separat orkﬁmﬁsf I%rdg%%e&ﬁapaoﬁﬁ é%gﬂﬁgsé%nat gﬁfi %%t‘frg’e R
resi duum and tdeprisid saidrprovessingdigaid, at leastions carfipdnent thatia hitir® olaflertkamal |y, L
however, the anpunt of resi.dquumthat is sent to . the sqlids/liquid separator

U a the sl SUF BRnertg HAus el et g TR AR Jess AR e Sy o

wei ght of t.hepm&s@ing\diduiﬂr%oﬁlbﬁﬁiﬁgi duum passi ng out of separation zone 18

via line 50, nore preferably fromabout 1 to about 40% by weight, npst

pr ef er abl y3 f r om abBiFoduring;sahised mirbys fijo 581 heatingzeneapt gidallyiheating gid d
separating degs§&dxfuhdio %?g@ﬁn%fﬂéﬁ@rﬁ 1 DAAGIHER afiead Q5K §of§§d’ﬁ%¥ﬁf Sne

centrifuges, etc. . The continuous renoval of solids fromthe .
recircul at i ngmoees veliatile eerapanphti andeat legst tafepastiono of seidt processing) liggidyeseish ai ns

the circul ati Wl . | bgm;g IEIA-LE J}%nté! ,

annul ar vel oc%%%%a%rg?%t% ﬁﬁ%i’?@&ggg can %@U&?ﬁt al ne@%lﬁoﬁ&l&nIS t vﬁ\ ~be”

under st ood t hsaid tphecessit diquidi tto irodticg).a G2pon rstrbam camprisidg csatd leist ivolatilet he

necessity.£ or ‘;am OQH;CLJ}&J Lhe. ' f-n%ﬁ S ltogg dn.solidslli idd

separ at or1 0 4o H;)tam supprv san fﬂ'ge. g.(f s?aféf@an glflgplf%/mdoean eac%1 eat o

' [n'h_xter 1|2t ﬁr ttr:]nnwiitﬁag r?ﬁd@m;m% limd,rnaredmﬂe:n?ce:ltraﬁdnl of saigsan lémtd appneri at ed
at, althoug shown, back pressure regulation can be use

advant ageous| YOI _eﬁﬂ'élpg?ﬁ%(ﬂﬂﬁéﬁﬁ agf ioé‘.eli%‘gf'ﬁla?lﬁrcp}‘?@?neé‘ﬁsure no in-line

vapori zation, W thsep@atihd kdid vabor|str@iin sromf dafivebibiiin o a FRgttseparitivaemngd and

WD 98/ 48920 . . . . . .
PCT/ | B97/ 00820  Dpassing at least a portion of said residuum through a secondsheating zone at

15 a temperature below the decomposition temperature of said processing liquid to
produce a heated, first recycle stream;
reducing the concentration of said less volatile component in said residuum;
admixing said heated recycle stream with said feed mixture to effect said
initial heating of said feed mixture; and | - )
20 recovering processing liquid from said vapor stream.

2. The process of Claim 1 wherein said less volatile component is
removed from said residuum by purging a portion of said residuum from said
process.

3. - The process of Claim 1 wherein said residuum contains solids of said
- less volatile component and wherein a second portion of said residuum is passed
through a solids/liquid separation zone to produce a substantially solids-free, second
recycle stream and a substantially solids waste stream, said second rec::ycle stream
5 being recycled to said first separation zone.



the piping in the ci rculﬁmugl | f the anmount of processing
liquid carriéd over in't ﬂHmHH!'tl aline 26° i's essentially
negligible, then at |east*a Porti6n © e solids-free streamin line 74 is
renoved from{he emvia line 76 and returned to the gas processing unit
from which twgwféég&mxture originated. In this regard, it %TIIIPF%!]@SZO :
appreci ated that the mass bal ance betwegg- the feed mxture comng into
line 10 and all of the streans out of the systemw || be maintained with
respect to all of tde erfhogrovesstcef Glaiowd wherein said fivshiséparatios zont cemptfiseve, t he.

process of ‘the present, i nvention i.s applicable to a . w I an f

processi fig 1 i i ‘Te iSPb%fag*‘ﬁ%Ex Yapgx phigse %?E:“’“Fe&r s“§fr%%v*%§§ ihﬂgﬂﬁ’?‘a‘% 4% used

i N processes. idadhérdiga bhrtiofn bpektdresidium isransyed fion sathfirsbsegaratien zwheand ur al
gas. Thus, the process finds particular utili when. the processipg |iquid
ompri ses a  ABNUEHS S erpol Phase PR o spipset fondaey Sk ORI

cont ai ni ng 5f r AP sdidtvapSr pass RAB a8d I8 liqdd phakdizBne, Wa bétitrob ManithEintgiidBrst
containing from1l to 6 carbon atons;. @ water-m scible al cohol containing
from1l to 6 cafPBAIMREME: and/or a glycol containing from2 to 8 carbon

at ons. It wll be appreciated that, while not shown in any of the
drawi ngs, valves, level controllers, reboil Lsg]g | oops, and ot her
conventional procedsi ng Tog@rasessof Claim 3 wherpinsaid Justepazation zoneincHides 3| |

known 't o thoseﬂp?ﬁi lehiehnki O Iibéer. & B& d e BrEseNt

i nvention such a’}tS t‘%g p%@g@%%&ge%p%uct’egﬁfaﬁ a“ ¢ nt%ouse?xéshi on
wi th maxi mum erlerein saidyseconsh resyclerpiream is intrbdiced inte saiddvaper phase gppoeed ed
into concentr iSLi : it Jot il |t hus
be seen that tashie)&%‘?gé&e'é{’s’&gb %’ﬁ"ea} %@gggﬁg&gnﬁeﬁaﬂgﬁwﬁé%mg aggssg‘lldblfagid to
conti nuouslSy raspeteconobfessagiy sidfissdeparatiet toae. such |iquids contain a
relatively small anmount of dissolved and/or entrained solids or a
relatively |large anmount of dissolved and/or entrained solids. Indeed, by

i ncorporating purgé.or [Theypteass ofiClim 1 vhefeirginid bepond hdacing zbaeoctgipriseat er 56

d back .ation, in.the. wh t he f.eed m xt t ai
"ol at 1 vel y Sl FOUCHAHGE tmeian it S d: PHsed el G Sccomh HPOPE 2HRe a nod

cogponegt , L_r E@‘D}aéﬂb\eﬁgaﬁfoﬂﬁieaxﬁ* &ﬁ@seiﬁ% ﬂér%lﬂ@ogd,;)fh_e%%s_ d@xfe i@ﬁieawsecsx&nh be
acnl eved. | W Se, l.ncorporatin t he soll I qUI Se aratl_or] sSnown I n
Fig 3 with bIicRing 2008 heitl regiiated iy GACkRTRSSHE SREWAGP Ao PNIES YADORZRNGR Mo 6.
processi ngs | isgidiseoon@ BeMREizBfe, Sfid BRKpRssit RRURKoS BandSr AGSOHR! hifigged I OM

feed m xtures containing substantial amounts of dissolved and/or suspended
sol i ds. turbulent flow. _

7. The process of Claim 6 wherein said residoum is paséed through said
second heating zone at a flow rate of from about 11 to about 16 feet per second.

B.  The process of Claim 6 wherein said back pressure regulation is
effected between said second heating zone and said first heating zone, said initial
heating of said feed mixture and said separating in said first separation zone being

conducted under vacuum conditions.



R I

foregoi ng descri ptl on and exanpl es | ra e sel ected enbodi nents of the

. present inve i ght thereof, variations and nodific d'l‘?(ﬂ Lol De
suggest ed t'o%%}%g"?k'?l led in the art, all of which are in-t?\éa sp?"rl ioand

purvi ew of this invention. - W398/ 48920

PCT/ 1 B97/ 00820 : _ o -17-

What is clainmed is9. The process ofl Claim ﬁ\phe@@essgxdf backr pressuee rqgglagoprlgcessed

Ii.qui-d from-a d e, [ I kP [ at

| east one comSSRaRt Tehbith;id. g, beSRETIohS uP o8 AP LEERGH db, G Bt

i quid, and athehtﬁtgsiomrtmulgomﬂﬁmwemssm lsaaésepmﬂtmguhsaxﬂkﬁtm sepaxition
processing |i onprising:. . 5 i ntroducing said feed m xture
into-a first %@ﬁ? Pﬁgggg?@cﬁﬁgmﬁwﬁ?%"} V’q‘?@é’f‘f ng said feed mxture to
a tenperature sufficient to volatilize at |east sone of said at |east one
nore vol atile conponent and at |east o rti sai d cessing liquid,
sai d t enper atlfr e ﬂ‘ﬁeé’secassmf@%mh{eag 5“@8?\@ %%?Wugéﬁsb‘w t he
deconposi tion tenperature of said processing liquid, to produce a
vapor stream conprising said | ess volatile 10 conponent and said

vapori zed portion df- sailie preseessefi Glgim Sgnhereinasaid @eqiélgpc@mjﬁqmpnses from
cont i 1 N0 Al el PReSRIE 4 3 S48UG dos@RCBRpiRnL on Of sai d al | east

one nore volatile conponent] and said at |east one |ess vol atile
conmponent ; - separating said vapor streamfromsaid residuumin

a first separat _i ON 139N The process of Claim 2 wherein said feed mixture comprises from

about 10 ppm to abouf 60,000 ppm by weight of said less volatile component.

13.  The procesé of Claim 1 wherein said vapor stream contains a plurality
of said more volatile components and said vapor stream is introduced into a second

separation zone to recover processing liquid vaporized in said first separation zone.

14, The process of Claim 1 wherein said feed mixture comprises water and

a substanhally clean water stream is recovered from said second separation zone.



passing at | east a portion of said residuumthrough a second. heating zone
at 15 a tenperature bel ow the deconposition tenperature of said
processing liquid to produce a heated, first recycle stream
reduci ng the concentration of said | ess volatile conponent ih sg'gP
residuum WO 98/48920 admi xi ng said heated recycle st reamPﬁr{'W? A feed
m xture to effect said initial hg@?%ng of said feed m xture; and 20
recovering processing liquid from sai por stream 2.
The process of Claim 1 wherein said |less volatile conponent is.

renoved from,_sai-d—-r.esLd.uLmL.by_pmgi.ng,.a,.pgr-u.gn_m_l said residuumfromsaid

process. | 3. The process of Claim 1iwherein said residuum
contains solids of sai. | ess vQIatiIekconpqneni and vherein--a second -
portion of sAid re mis passed - thrnough Ja solids/I{iquid separation
zone_to prodice a subsfantially solids-fre¢, second| riecycl e stream and
a substantially solidsjwaste stream sapd secohq regycle stream5 bei ng
recycled to iaid first aration zone. N ro 98/ 48920

PCT/ 1 B97/ 00820 : . -18-

4. The prdcess 2 wheretg said fli rst [separatiornf zone conpri ses
an upper, substantially jvapor hasg’zeye amd a ljowef, subgtantially liquid
phase zone | and wherjein & porLkb wﬂfS&ﬁid residbun1is-renoved fromsaid
first separation zone an i d ifnto gai d!vapor |phase zone and
sprayed down of dai d|vapor [phase zone and

said liquid in sgid {irst separati on
zone. ©
N
|
N
©0
_____ _I ©
n

b e ———— ]

FIG.1




5. The -process of Caim3 wherein said first separation zone includes an

upper, substantially vapor phase zone and a | ower, substantially |iquid:
phase zone and wherei n said second recycle streamis introduced into
sai d vapor ph zone and sprayed downwardly toward t ce of
sai d vapor 5W§§§M?%%e and said liquid 5 zone to control fé%ﬁd%ﬁ? said
first separation zone. 6. ‘The process of Caim1l wherein
sai d second heating zone conprises 2/ tubul ar heating zone and said .
residuumis passed through said second heating zone at a flow rate of-

greater than 10 feet per second, the pressure inside the seconq25 ~heati-ng- -

zone being regulat g by - back pressure regulation to mnintze vapprization-
in5 said se t:-i ng zone, said back pressure.regu

of Ctaim 6 wherein said residu I's passed t hrough said heating
zone at a flowrate of fromabsut 11 to about 16 feef_ pet < ,
8. The process of Clal ( erei n said bggk pressure reg Lon i s
ef fected betmeeTﬂﬁyt ; . rst he bgzone sai d
initial heatfi ng gf sajd feed m xtyre and'ﬁaid se [ 7a|d first -
separation zone beis&. conduct ed #@der vaggum congd 2 VO
98/ 48920
PCT/'1 B97/ 00820 -20
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fFos Tope
-19- 9. The process of Caim6 wherein said back pressure
regulation is effected bet ween sai:d first’ heati ng zone and e first-
separation zone, said first heating zone being under posi til§
sai d separati nPCTsaid fi WmnmpamgtmgnorﬁszMAnchonduct S
condi ti ons. 10. Erocess Ot ai m 1 _conduct ed on :
cont i nuoDSTEBNATIONAL APPLICAHOHTUB SHER UNOFRIHE RGTENT GGQP 7Wi BCPeeqg
i Xt Uy @1) Gteiatdns Peteck ClasBatbOUt 3 t 0 | abquiy) B0Kadayar Wbicgdsh Nafves ai d | WS 98/48920
vol at | | eggfyREEENT . " 12. | AfHe process of Oaim 2 V\/ne/el n said
feed pixture conprises from about |10 g hinteratioprb Erbiicettyn Bge Eﬁﬁ?"ﬂ?“'\h@"ﬁ”ﬁ’ﬁ%”@f' ST
sai'd [€ss volatiTe conponent. ﬁL 3. Tﬁe E%écess of Claim R

‘wher ef @) Fesrpitiops herlicaion Nomherc ont o qﬁ’?%’@"ﬁp &2 C’&ﬁéﬁ"‘ pam_

CONMPONEH hiferBitlar Flh b PO 21423 st Gadsehj oduc TISﬁvﬁ AuBedn Pdtent
zone- r‘gﬂrecove? préc])bcaesm rigg?l qui d vaporifzed I(AT»BEIICE! HEDIS-tESs% r @R BRAE. IH KE.

14. J E'E‘ ess of Claim1 wherein saild fe dghé » Rt Slﬁc
a sub;‘?e\ iﬁfg’yé c-/e'anﬁv)@,ﬁ@gg, g_g(g,;@gru//s veecovered from sal second separatidn
zon _
one. Published
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A process for récovering processing liquids such as gas-treating liquids wherein a feed mixture containing the processing liquid and
componeats or impurities that are more volatile and less volatlle than the processing liquid is initially heated in a first heating zone to a
temperature sufficient to volatilize at least one of the more volatile components and a portion of the processing liquid, the temperature being |
maintained below the decomposition temperature of the processing liquid to produce a vapor stream containing the less volatile component
and the vaporized portion of the processing liquid and a residuum containing the processing liquid, 2 reduced concentration of the more
volatile components and the less volatile components, the vapor stream being separated from the residuum in a first separation zone, a
portion of the residuum being passed through a second heating zone at a temperature below the decomposition temperature of the processing
hquzdtoproduceaﬁ:stheamdrecyclesuum ﬂzeh&amdrecyclesu'eam being admixed with the feed mixture to effect the initial heating
of the feed misture, the concentration of the less volatile components in the residuum being reduced, preferably on a continuous bass, any
processing liquid present in the vapor stream being recovered for further use.




