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Related Art

Liquid-1iquid solvent extraction is a well established
process.

The separation of aromatics from hydrocarbon feed streams
comprising mixtures of aromatics and non-aromatics by solvent extrac-
tion is a process which has long been practiced in the refining
industry especially in the production of lubricating oil. The process
involves the use of solvents such as phenol, furfural, n-methyl
pyrrolidone which are selective for the aromatic components present in
the hydrocarbon feed streams. The hydrocarbon stream and the selec~
tive solvents are combined, typically and preferably under counter-

" current conditions. The contacting results in concentration of the
aromatic component in the selective solvent. Because the solvent and
"the hydrocarbon o0il are of different densities and generally
immiscible after the contacting the aromatics rich solvent phase
separates from the mixture thereby resulting in an aromatics rich
solvent phase, called the extract, and an aromatics lean non-aromatics
rich product phase, caliled the raffinate.

At certain times a portion of the distillate feed to the
extractor can become entrained in the continuous extract phase leaving
the bottom of the extractor. Entrainment can be caused by excessive
total liquid rates (fresh feed and treat solvent) in the tower and/or
inordinately high viscosities of the phases due to low temperature and
low solvent water content. The tower may be operating without
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The presence of carryunder in the extract constitutes loss
of yield of desirable pkoduct and is a condition to be strenuously
avoided. At present, extract is sampled from extraction towers on a
regular but infrequent basis.

Because extractions are usually maintained at close to
maximum throughput due to economic consideration to operate at maximum
charge rates, any variation in feed or solvent quality or characteris-
tic (even in a nominally constant feed or solveni profile operation)
can result in the extraction process straying outside optimum 1limits
and carryunder can be encountered.

. The maximum throughput of an extractor varies with the
nature of the feed charge being processed, the solvent properties
(which depend on water content, temperature, pressure, and other
operating condition, e.g., tower temperature profile). Unless all
potential variable conditions remain constant there will be variation
in the maximum throughput.

If the extractor is operating above the maximum throughput,
a portion of the charge is physically entrained in the extract
solution and leaves the process with the extract. In the case where
the extract is the valuable product, this results in contamination of
the product e.g. hexane contamination in benzene, which results in a
Toss valuable product.

In the case where the raffinate is the valuable product,
carryunder of feed into the extract constitutes a loss in raffinate
yield; that portion of the charge carried under into the extract being
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Thus, the need for a fast, repeatable, accurate and
continuous means for measuring for carryunder in extraction towers
operation exists. It would facilitate operation of extraction tower
at maximum throughput and permit more frequent changes in feed charge
composition while minimizing the possible of tower operation upset.

Description of the Figures

Figure 1 is a schematic of a 1liquid/liquid extraction
process showing the placement of the on line carryunder analyzer.

Figure 2 is a schematic of the on-line carryunder analyzer
Toop.

Figure 3 shows the relationship between miscibility tempera-
tures and volume % feed in extraction solution (e.g. miscibility
temperature vs LV% carryunder).

Figure 4 shows the relationship between heating/cooling/-
heating cycle steps and observed turbidity for three oil samples a, b
and c where sample a has about 4 LV% carryunder, b has no carryunder
and ¢ has 0-2 LV% carryunder.

The Present Invention

The process of the preseht invention comprises a method for
operating an extraction tower under solvent extraction conditions
comprising the steps of (a) introducing feed to be separated into
components into one end of an extraction tower having a feed end and a
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means for nefisthel howeror suchr thaindbhe itemperatureiakn thevend of the tower at
which the solvent is introduced is the same or higher than the temper-
ature at the other end of the tower the temperature at the end of the
tower opposite the solvent introduction end being called the tower
bottom temperature, the tower bottoms temperature, (d) recovering a
raffinate from a raffinate outlet at the end of the tower at a point
opposite that at which the feed was introduced, (e) recovering an
extract through an extract outlet at the end of the tower at a point
opposite that at which the raffinate is recovered, (f) taking a sample
of extract from the extract outlet, (g) passing the extract sample
through a filter to remove entrained solid particulates, (h) passing
the filtered extract sample to a Toop fitted with control valve means,
a recirculating pump means, heating/cooling means, a temperature
sensing means matched to the temperature sensing means fitted in the
tower and a turbidity analyzer means, (i) closing the control valve
causing the loop to become a closed recirculating loop and subjecting
the filtered, extract sample circulating in the closed Tloop to
repeated heating and cooling steps centered around the tower bottoms
temperature, such heating and cooling being to temperatures about 5 to
100°F above or below the tower bottom temperature, (j) passing the
sample during the repeated heating and cooling steps through the
turbidity analyzer means which analyzes for the presence of a second
phase in the extract sample, the turbidity analyzer triggering a
signal if a second phase is detected when the temperature of the
sample is above the tower bottoms temperature thereby indicating the
presence of carryunder in the extract, (k) adjusting the tower
operating conditions to reduce or eliminate the carryunder, (1)
flushing the extract sample from the recirculating loop, (m) repeating
steps f through m.

Alternatively, a continuous slip stream may be taken .from
the extract, filtered, subjected to sequential heating and cooling
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0 be separated into
component is more soluble 1in a solvent than is the other component.
Examples of such feeds includes hydrocarbon oils containing mixtures
of aromatic and non-aromatic hydrocarbon. Such feeds can be separated
using extraction solvents including phenol, sulfolane, furfural, SO2
and n-methylpyrrolidone (NMP), preferably furfural and NMP, most
preferably NMP. The NMP used may contain angrohers from 0 to 5 wtk
water. The aromatic hydrocarbons are preferentially soluble in the

solvent and from the extract phase.

Similarly heavy hydrocarbon fractions containing asphalt and
asphaltenes can be solvent extracted using light aliphatic hydrocar-
bons, e.g., propane, butane, propylene, butylene (and mixtures
thereof). This process is known in the art as solvent deasphalting.

In general extraction towers are expected under conditions
such that a temperature gradient of from 0 to 100°F exits between the
end of the tower at which the solvent is introduced and the end of the
tower at which the extract phase is recovered.

In the present invention, the presence of carryunder in
extract in 1liquid-liquid extraction towers is monitored on a
repetitive, high frequency basis by use of an on line turbidity
analyzer. The turbidity analyzer monitors for the presence of two
phases in samples of extract taken from the extraction tower as the
temperature of the sample is varied above and below that which exists
at the end of the extraction tower from which the sample is taken
(e.g. tower bottom temperature or TBT). The observation of the
existence of two phases when the sample temperature is above the tower
bottom temperature is an indication that carryunder is occurring and
corrective measures in tower operation can be instituted.



éohponents into one end of an extraction tower having a feed end and a
-4- second end, the end opposite that at which the feed is introduced being
fitted with a tenperature sensing neans, (b) introducing a selective :
extraction solvent at a point opposttg that at which the feed is

I ntroduced, (c) maintaining a tenperature gradient the height of the tower
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solvent, is recovered via line {4) and send to raffinate recovery unit
(5) wherein solvent is removed via 1ine (6) and recycled via line (3)
to the extraction tower. Solvent free raffinate is recovered via line
(7). Extract phase is recovered from Tower (2) through line (8).
Line (8) is fitted with a first temperature detector (TD1) which
measures the tower bottom temperature. A slip stream sample is
removed periodically from 1ine (8) via line (9) and sent to analyzer
system loop (10) for investigation of turbidity which relates to
carryunder. Following analysis the slip stream sample is either
discharged via line (11) or returned to the extract stream (8) via
Tine (12) or discharged for disposal via 1line 11. Extract phase in
line (8) is sent to extract recovery means (13) wherein solvent is
separated from the extract phase and recycled via 1line (14) for
combining with recovered solvent from 1line (6) into line (3) for
introduction into the extraction tower (3). Solvent free extract is
recovered via line (15).

Figure 2 is a schematic of the analyzer system. The extract
phase slip stream taken from the extract line (8) of Figure 1 via line
(9) is sent to filter (F) wherein entrained solid particulates are
removed from the sample stream. The filtered sample stream is sent
via line (20) to recirculating loop (21). Loop 21 is fitted with a
pump (P) a heating/cooling element (HCE) a second temperature detector
TD(2) (which is matched to TD(1) fitted on the extract recovery Tline
(8) of tower (3) in Figure 1) and a turbidity meter (TM) which
analyzes for the presence of a second phase in the extract sample.
The sample is subject to multiple heating/cooling cycles wherein the
temperature is repeatedly raised and Towered above and below the tower
bottoms temperature. Identification of a second phase in the extrac-
tion sample when the sample temperature is above the tower bottom
temperature indicates the presence of carryunder in the extract. The
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that the sample is flushed from the recirculating loop (21) into e.g.,

Tine 12 for reintroduction into the extraction line (8) of Figure 1.

Figure 3 presents the relationship which exists between the
miscibility temperature of the extract and the volume % feed present
in the extraction solution (LV% carryunder). The Figure is for a 100,
a 150 and a 600 neutral oil and shows that for those oils there is 1
LV% carryunder in the extract if there is an about +5°F AT between the
miscibility temperature and the tower bottom temperature. The Tlower
bottoms temperature of the tower running on 150N oil is about 134°F;
thus if 1in the present invention the turbidity meter reported the
presence of a two phase system at a temperature of about 140°F ("6°F
above the TBT) the extract has about 1 LV% carryunder. If the second
phase appeared at about 144-148°F (about 10°F-14°F above the TBT) then
the extract would have about 2 LV% carryunder. Thus, based upon the
AT above the TBT at which the second phase appear the practitioner can
readily determine the approximate LV% carryunder and adjust the treat
tower operating conditions (feed introduction rate, solvent introduc-
tion rate, tower temperature profile solvent water content 1level,
solvent temperature etc.) to reduce or eliminate carrydnder.

In the present invention a sample of extract is taken from
the extract outlet. This sample can be taken manually or, preferably,
a tap line is permanently installed into the extract outlet and
samples are taken on a regular, automatic basis. The sample is
filtered and introduced into a recirculation loop equipped with a
pump, a heating/cooling means, a temperature detector and a turbidity
detector capable of distinguishing between a one phase and a dual
phase dispersed system. |



Al ternatively, a continuous slip stream may be taken fromthe extract,
filtered, subjected to sequential heating and cooling -5- steps, and’
passed through the turbidity analyzer on a once through rather than on a
recircul ating basis. The sol vent exLygc;Lon process using the present

i nvention may be practiced on any feed stream containing at |east 2
conponents which can be separated by neans of solvent extraction, i.e., on
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phase. that the true temperature difference between the tower bottom tempera-
ture and the temperature at which the second phase is observed can be
accurately determined. Fast response temperature detectors are needed
such as resistance temperature detectors (e.g., Al1 Temp Resistance
Temperature Detector RD-S-18-10). |

The turbidity meter can be any device which is capable of
detecting suspended particles (solids) or the presence of a second
suspend phase dispersed 1in a continuous phase. An example of such
devices is the Monitek in 1ine centrifuge monitor 211 turbidimeter by
Monitek.

The Pump is any recirculating pump such as those produced by
Micro Gear Pump (e.g. Series 5K, capacity 20L/min. circulatory
velocity 10 ft/sec. max).

The temperature detector in the 1loop is an identical,
matched companion to a temperature detector located on the extract
outlet Tine of the extraction tower which measures the tower bottom
temperature of the extract.

The sample in the recirculation loop is subjected to at
least 3 temperature changes of about 5 to 100°F above and below the
tower bottom temperature. A matched set of temperature measuring
devices is employed, one measuring the tower bottom temperature and
the other measuring the sample temperature in the recirculating loop.

The three temperature changes can be such that the tempera-
ture of the samples is first increased above the tower bottom tempera-
ture, then reduced below the tower bottom temperature then again
increased above the tower bottom temperature to a temperature at least



Sinmilarly heavy hydrocarbon fractions containing asphalt and asphal t enes
can be solvent extracted using light aliphatic hydrocar- bons, e.g.,
propane, butane, propylene, butylene (and m xtures thereof). This-
process is known in the art as sol ventgdeasphalting. In general extraction
towers are expected under conditions’ %ch that a tenperature gradient of
fromO to [err] exits between the end of the tower at which the solvent is
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use of as extensive a cooling system nor be subject to as much delay
as would be encountered if a cooling, heating, cooling sequence was
employed.

The first heating is to a temperature from about 5 to 20°F
for example, a rate of from 1 to 5°F/minute, preferably 1-2°F/minute.
The sample heated to e.g. +20°F above the tower bottoms temperature
(+20°F AT) is maintained at that temperature for from 0 to 10 minutes
to insure thorough even heating. The sample is then cooled, either by
deliberate application of a cooling refrigerate under indirect cooling
conditions, or, preferably simply by the cessation of heating and
permitting the sample to cool under ambient conditions. The sample is
cooled to from 5 to 20°F below the tower bottom temperature at e.g., a
rate of from 1 to 5°F/minute, preferably 1°F/minute. Following
cooling to e.g., -20°F below the tower bottom temperature (-20°F AT)
the sample is again heated to from 5 to 100°F above the tower bottom
temperature (+5 to +100°F AT). A1l during this heating, cooling,
heating sequence the sample is passing through the turbidity meter.
If the meter detects the existence of two phases when the temperature
of the sample is above the tower bottoms temperature (i.e. at a +AT)
carryunder condition exist 1in the extractor tower and corrective
measures must be undertaken. If no second phase is detected at
temperatures above the tower bottom temperature, then carryunder
conditions do not exist in the extraction tower.

Upon completion of the temperature change cycle the recircu-
lating loop is flushed (the sample therein either being discharged for
disposal or preferably, recombined into the extract phase from the
tower) and a fresh sample is withdrawn from the extract outlet and the



=6~ Figure 1 presents a schematic of a liquid/liquid extraction process
equi pped with a carryunder turbidity analyzer system Feed charge is fed
wvia line (1) to extraction tower (2). Solvent is fed vialine (3) :into -
the top of extraction tower (2)._Raffinate phase, rich in one conponent
of the feed charge and sone solvent’, 1s recovered via |line (4) and send
to raffinate recovery unit (5) wherein solvent is renoved via |line (6) and
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|l oop (10) for investigation of turbidity which relates to carryunder.
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temperature and of the sample temperature be as accurate as possible
(i.e. when the extract and sample are truly at the same temperature
the two measurement devices should report that they are at the same
temperature, that is, report AT=0). To this end, matched identical
temperature measurement devices, regardless of type must be employed.
Matching identical resistance type transduces are preferred as they
have a very quick response time.

The operating principle is based on the relationship between
the amount of carryunder and the difference between the tower bottom
temperature and the miscibility temperature of the extract solution as
determined by the suspended solids detector (turbidimeter). As shown
in Figure 3 for a 150N Western Canadian distillate, if the miscibility
temperature is 140°F and the tower bottom temperature is 135°F then
the extract solution contains about 1 LV% carryunder. For this
particular feed stock, the relationship is 5-6°F AT (between
miscibility and extractor bottom temperature) per 1 LV% of carryunder.
While not identical, the relationship for other crudes and oil grades
is of this order of magnitude so that the accuracy of determining the
miscibility/tower bottom temperature difference by matching 1identical
resistance type transducers is satisfactory.

Example

A sample of extract solution produced by the extraction of a
150N o0il is withdrawn from the extractor outlet, filtered then intro-
duced into a recirculating loop. While it is circulating, the temper-
ature is increased to TBT + 10°F. Then the 1loop is allowed to cool
through ambient heat 1loss to TBT - 10°F. After this, the loop is
heated to TBT + 35°F. During the sequence the sample is passing
through a turbidity meter which is analyzing for the presence of a



Pine (12) or discharged for disposal via line 11. Extract phase in line (8)
Is sent to extract recovery neans (13) wherein solvent is separated from
the extract phase and recycled via line (14) for conmbining with recovered
solvent fromline (6) into line (3)_f3r_introduction into the extraction
tower (3). Solvent free extract is ré overed via line (15). Figure 2 is a
schematic of the anal yzer system The extract phase slip streamtaken from .
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Loop 21 is Figured4with a punp (P) a heating/cooling elenment (HCE) a second
tenperature detector TD(2) (which is matched to TD(1) fitted on the extract
recovery line (8) of tower (3) in Figure 1) and a turbidity neter (TM

whi ch anal yIuebidjty iMedeprRespomse of a second phase in the extract sanple.

The sanple is subject to nmultiple heating/cooling cycles wherein the
tenperature is repeatedly raised and | owered above and bel ow the tower .
bott oms t enfler Lanraundencsrd% {72.5%i earryundersfeocyrptadde in the extrac- tion
sanpl e when the sanple tenperature is above the tower bottom

Two phases will be present until miscibility is reached at a
temperature of about TBT + ~ 12-14°F

B. No Carryunder

Sample will be miscible at TBT. Two phases will occur between TBT
and TBT - 10°F.

C. Carryunder <2%

Miscibility/immiscibility transition will be detected at a temper-
ature between TBT and TBT + 10°F.

In accordance with curve A, two phases are detected until
the temperature of the test sample is raised above about TBT +
“12-14°F. This is an indication that carryunder is present in the
sample in an amount in the range of about 2+ LV%. For curve B,
miscibilty change to two phase occurs at temperature below the TBT.
This indicates that for the conditions under which the tower is
operating there is no carryunder in the extract. Curve C indicates
that miscibility change is detected at about TBT + “5-6°F. Because
the presence of a second phase 1is detected at temperatures above the
TBT, this is an indication that there is carryunder in the extract.
Based on Figure 3 the detection of a second phase at TBT + ~5-6°F for
the 150N oil1 sample of the example is an indication that about 1 LV%
carryunder is present in the extract.



fenperature i cates t he resence of carryunder in the extract. The
-7- turbidity] HH mmj Im manual | y nonitered or cannected--+& an -
alarmto warn If carryunder is dmlgrSmE@(pqlwtn sEEXiist :
corrective neasures can be |n|t|ated 150, adj ust exfirac ﬁ{pﬁ;&ﬁbtlons in the
Extraction Tower (3) of Figure 1. Three way ival-yve —EPRA= +HETFEeS t hat
the sanple is recirculated in line 21 until the heating/- coollng cycl es
are conpl et eAmsd the turbidity neter has had suffi- cient opportunity to
~anal yze for the presence of a second phase. Upon conpletion of the analysis
the three way valve (TW) is switched so that the sanple is flushed from
the recirculating | dep A Zikthediforcop@ratingneén lektiactioni tiweeduiderosolivehp t he

extraction esen S the rel ati onship which
exi sts bet mé%{rﬁféganmgé%ﬁ)t’qpﬁffjopgﬁ)sgﬂéem% Q% “extract and the volune %
feed present in the extraction solution (LV@bcarryunder). The Figure is for

a 100, a 150 and a Q9 ritr6dciAg'a P86d YOO dehdtated’ taEhngbnkitd RES 1S 1

an extraction tower having a top and a bottom, the bottom being fitted
with a temperature sensing means;

(b) ihtroducing a selective extraction solvent at a point
opposite that at which the feed is introduced;

(c) maintaining a temperature gradient across the height of
the tower such that the temperature at the end of the tower at which
the solvent is introduced is the same or higher than the temperature
at the other end of the tower, the temperature at the end opposite the
solvent introduction end being called the tower bottom temperature;

(d) recovering a raffinate from a raffinate outlet at the
end of the tower at a point opposite that at which the feed was
. introduced;
. (e) recovering an extract through an extract out on the end
of the tower at a point opposite that at which the raffinate is
recovered;

(f) taking a sample of extract from the extract outlet;

(g9) passing the sample of extract through a filter to
remove entrained solid particles;

(h) passing the filtered extract sample to a recirculating
loop fitted with a recirculating pump means, heating/cooling means, a
temperature sensing means matched to the temperature sensing means
fitted in the tower and a turbidity analyzer means;

" This Sheet Has Been R
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EWsb car ryun there is an about [err] AT between the

mscibility t ture and the:tower bottomtenperature. The |a .
‘t enper at ure:omﬂ ﬂmm u‘mmung on 15ON oi |l .i-s—abow T SO ‘ sif in
the present i ! SRR dity 3§ter repart §}; bf a two

phase system at a tenperature of about 140F |
extract has about 1 LV%carryunder. If the se € appeared at about

bout Y t ; bo LV%
o vunder . Thus, | beadd SUSCPHHD the'Shii el reRSoliihly BR¥RA Chimede 0
appear the ppaapeateshbpating reendiing stepsraenheradneargupd cbheniiowen \hottoms
TRt r bt | onoiperdrfd, Siith hedbing SN CoPRIGTOMIA €6 MonbLRItIre MRUL & 1 1e

e, sol vent. infroduc- tion

!sgl \r/gntjcvv;?iPé‘g{)ﬂP%‘fﬂ OF R OW é’!ﬂ g%‘fﬂ" E’%ﬁ&?@'ﬁa{"tﬂpér%ﬁ'ﬁ?i to reduce or
elimnate carryunder. In the present invention a sanple of extractfis L?ken
f t he ext t tdst . ls I e Y,
2 Cap ine i s per mardit (RRoeig SEESAmRRE PRl TPhdFoinet KentPhe S o
taken on acooldpgl skeps thnoyghtthe turbiidity awalyzeramgsns whichf analyzes dod
i ntroduced thé raséme bfW 25b&hd eeW'ﬂﬂQEdeMg& %aﬁ?’gﬂiaf% turbidity

heat i ng/ [ neans, a tenperature detector and a tu
eating (:Ooan£¥§zer triggering a signal if a second phase is detectéd when the

temperature of the sample is above the tower bottoms temperature
thereby indicating the presence of carryunder in the extract;

(k) adjusting the tower operating conditions to reduce or
eliminate the carryunder;

(1) opening the control valve to flush the sample from the
loop; '

(m) repeating steps (f) through'(m).

2. The method of claim 1 wherein the extraction process is
operated under conditions such that a temperature gradient of from 0
to 100°C exists between the end of the tower at which the solvent is
introduced and the end of the tower from which the extract is
recovered.

3. The method of claim 1 wherein the temperature sensing
means are matched resistance temperature detectors.

4. The method of claim 1 wherein the filtered sample of
extract of step (g) 1is not recirculated and is subjected to heating
and cooling steps and passed through the turbidity analyzer on a once
through basis.

This Sheet Has Been Replaced
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det'ect or capabl e of distinguishing between a one phase and a dual phase
di spersed system -8- The filter is used to renpve entrained solids
whi ch could give a false indication of the existence of a second phase.
Filters capable of renoving 5-10 nicrﬁg particles are preferred. The
tenmperature detectors used nust be a frhtched pair so that the true
tenperature difference between the tower bottomtenpera- ture and the
tenperature at which the second phase pAgstRRE€erved can be accurately
determ ned. Fast response tenperaturee%ggTﬁﬁTws are needed such as
resistance tenperature detectors (e.g., Al Tenp Resistance Tenperature
Det ector RD-S-18-10). UMINEWIAQYHS FBRQZOM?FNUOUS MEABUMENIFGDF/W chis
capabl e of detectingP . ( B

second suspend phase* : SAviaiamaieie. et Rr-exaty
devices is the Monitek in I|ne centrlfuge nDnltor 211 turbi di neter by

The presence of carryunder in the extract phase recovered
from a solvent extraction tower is an indication of unsatisfactory
performance. The continuous analysis of the extract phase using a
turbidity analyzer to detect the presence of two phases, indicating
carryunder permits corrective measures to be taken in tower operation
to reduce or eliminate carryunder.



Moni t ek. The—PuﬁﬁrTs~aﬂ7’T§ETFEUIat|ng punp such as those produced by Nlcro

Cear Pump (e. asBé#Re city 20L/mn. circulatory veIOC|ty 10—
° detector in the loop'is an = yhed
tector |located on the exits
bc »

ft/sec. nax).

conpanion to a

the extraction asures the tower bottom Y ,EEE”L,ﬂ— 2

extract. The sanple in the recirculation loop is subj: | east 3
t emper at ure changes of about 5 to [Gggs‘gpﬂgeland bel owthe tower bottom
tenperature. A matched set of tenpe Measuring deV|ces is enpl oyed,

one neasuring the tower bottomtenperature and the other neasuring the

sanple tenperature in the recirculating | oop. The three tenperature changes
can be such that the tenpera- ture of the sanples is first increased above

the tower bottom tenpera- t, a-wa-h-be(-t-e-m—([) :
tenperature then again incrieased above the tower bottom}enperature t¢ a
tenperature at |east : 1

N

. .5




-9- equal to and preferably above the tenperature reached in the first

heating. Alternatively the sanple can be first cooled, then heated then__-
cooled. It is preferred, however, that the sequence pragti€ed ORLs BEEN
heating, cooling then heating again as this does not reduit® '

extensive a cooling systemnor be s*ﬁ' Eg as rmuch delfjay a I :
encountered if a cooling, heating, equence was enpl oyed. The first

heating is to a tenperature fromabout 5 to [err] for exanple—arateof—

from1l to [err]/mnute preferably 1-2F/ mnute. The sanple heated to e.g.
[err] above the tower bottons tenperature [err] AT) is S cen Replaced
tenperature for fromO to 10 mnutes to insure thorough e m he
sanple is then cooled, either by deliberate application o

refrigerate under indirect cooling conditions, or, preferably sinply by the

cessation of heatingqand permtting the sanple to cool under anbient
conditions. The sanpl’é is

21
(TWV)_
(TM)
21~ | | } ()>___
TD(2)
21
(F) 1O ~—®EcE)
) | ®
9 ~21
) .
T T
20 21




cooled to from5 to [err] bel owthe

C
rate of from 1 to 5F/ mnute,  preferably:
cooling to e.g., -20F below the t
sanple is again heated to from 5 n
tenperature (+5 to [err] AT). Al i

ower—bottom t enper.a &3 o

rr]/ minHis SHEERQ
il s
70

sequence the sanple is passing through the turbidity met®r.

detects the existence of two phases when the tenperatyre of the sanple is

H—e—cH e

. 7‘

er at u'i;"\e [e
[Phe t oweF—1
ating, cool

om

ng, heating

If the meter

above the tower bottons tenperature (i.e. at -a +AT) cdgrryunder condition
exist in the extractor tower and corrective neasures rust be undertaken.
no second ghase is tected at tenperatures above the [t ower

tenperaturgd then car\yryunder conditions do not exist in the extraction
| ati ng

the r

bottom

ecircu-

tower. Upa= conpl eti o of the tenperature change cycl g
| oop is flusshed (the npl e therein either being discharged for disposal
pr ef er abl

sanple is g

(ainDiodwial WOKOY JOMO] - Agqiosiv) 4 v1iaa

p————t——t——t——
€ 8 8 ®§ R =2 =2 =© ©°

tower) and a fresh

4
Volume % Chatge in Extract Solution
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100N

DELTA TEMP (F) FOR 1.0 LV% CARRYUNDER
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-.10 - process repeated. It is preferred that the saon
cooling sequences be done automatically to increds
nonitoring of the extract for the existence of carryune
for the successful practicing of this process that the neasu

di fference between the tower botton1te erature and of the | e
tenperature be as acENeHA m Eﬁh extrac rﬁm aced
are truly at the sa -;Eis?"'ﬁ. surenent deV|ce

t hat they are at ther\E) Elé& QH}E report AT= O) '
mat ched i dentical tenperaturée measurenent deV|ces regardl ess of type nust

be enpl oyed:ggVhat chi.ng JdentLQaI.Iesistance.type.Iransduces.ate_pneferred as

t hey have a very quick response tine. The operating principle is based on

the rel ati onshijp between the anount of carryunder and the difference

bet ween the tower bottomtenperature and the mscibility tenperat of the
extract sol4gion.as detern.ped. by.the.suspended.sol.i.ds. detectap-. (... ...
(turbidinmeter).| As sho 3 for a 150N Western Canadian
distillate, if|[the wScibility te rature is [err] and e tower bhottom
tenperatureQ s F then . ‘

0o

F

(SAMPLE LOCfP TEMPERATURE) —
— (TREATER BOTTOM TEMPERATURE)

A0 | ... N S

TURBIDITY METER ABSORBANCE

% CARRYUNDER (~1 %)

FIGURE4



-the extract solution- contains about 1 LV% carryunderr-~££& e AL
particular feed stock, the relationship is 5-6F Af az -HUpEenET SHES T ﬁ
m sci bility and extractor bottomtenperature) per-1 LV%o carryqugg. gd
While not identical, the relationship for other crudes any it grad "+s~gjnu
this order of nagnltude so that the accuracy of determni e
mscibility/tower bottomtenperature difference by matching identical

resi stance type transducers is satisfactory. Exanple A sanple of extract

sol ution produced by the extraction of a 150N oil is withdrawn fromthe
extractor outlet, filtered then intro- Huced into a recircul ating |oop.

Wile it is C|rculat|ng t alure is incr err] Then
the loop is allowed to cool throug anbient heat l|oss|to TBT - [grr]:

After this, the loop is leated to TBT + 35F. During the sequence}the

sanpl e i s passing through turbidity neter. which is afal yzing forjthe
presence of a second phase. The sanple is discharged, the | oop flushed

and the next 3—\ | /_4 ./\//-6_

"\ o

AN
e FIG. 1




sanple is taken. . The: process is repeated. Reference is made -to
Figure 4. Turbidity Meter Response A. Carryunder >2% (2.5% '
curve A) Two. phases will be present until mscibility isr
‘tenperature of about TBT + [err] B. No Carryunder Sanple || be &g OGS
at TBT. Two phases will occur between TBT and TBT - [err] @ D&&rsyunder...<2%.
Mscibility/immscibility transition will be detected at a tenper- ature-
between TBT and TBT + [err] In accordance with curve A two phases are
detected until the tenperature of the test sanple is raised above about TBT
-+ [err] This is an indication that carri(under is present in the sanple in

an anount in the range of about 2+ LV%—for curve B, mscibilty change to
two phase occurs at ,tenperature below the TBT. This indicates that for the
condi tions under whil@ e tower is operating there is no carryunder in the
extract. Curve -Reh

BEBHUAGEMENT SHEET

/—21 |
(TM) *

21

) T0(2) ”

—
(HCE) ~
[ (F)
| (P)
gj | 21

Coo L2

FIG. 2



that mscibility change is detected at about TBT + 5-6# 1Pqﬁeﬁae§e“the =T
presence of a second phase is detected at tenperatures aliove the TBT, E
is an indication that there is carryunder in the extract, @gged%bﬂEGl&@
‘the detection of a second phase at TBT + [err] for the 1%8N=eit

t he exanple is an indication that about 1 LV% carryunder is present in the
extract. -12- G AM 1. A nethod for operating an extraction tower
under solvent extraction conditions congglsing the steps of: (a)
.introducing a feed to be separated i nt o=eonponents into one end of an
extraction tower heyepg WWBﬂBWaT@WERWOMh?EM@EWWRE g fitted
with a tenperature sen3|ng ans introducing a selective extraction
sol vent at a point on the end otb\thgtogkr Bhpoly t gheyndgt whi ch the
feed is introduced; (c) mai ntai ning a tenperature gradi ent across the
hei ght of the tower such o ' I —T—T | l l

o
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introduced is the sanme or’ higher than the tenperature at th her e Bg& 1995
the tower where the feed is introduced, the tenperature at nd ogp 3""
t he sol vent introduction end being called the tower bottom g
recovering a raffinate froma raffinate outlet at a point on 1 he end of t he
tower opposite the end at which the feed was introduced; (e) recovering
an extract through an extract outlet at a point on the end of the tower
opposite the end at which the raffinatedis recovered; (f) taki ng a sanple
of extract_{ﬁﬁ the extract outlet; (g)  passing t he sanpl e of extract
through a f er to renove entrained solid particles; (h) passi ng the
filtered extra t sanple to a recirculating loop fitted with a recircul ating

that“theetenperatUre at " the end of the tower at which the s Adéﬁc TSHEETe
hﬁng

punp neans, ing/cooling neans, a tenperature sensing means ched to
t he tenperg%gp sensi ng neans fitted in the tower and a turb| y anal yzer
means; : 29 OCT 1997 :
0
-10
.°F :

(SAMPLE LOOP TEMPERATURE)-
—(TREATER BOTTOM TEMPERATURE)

0 TIME

>2% CARRYUNDER(~ 2.5%)

NO CARRYUNDER

C ' C

TURBIDITY METER ABSORBANCE

0-2% CARRYUNDER(~ 1%)

FIG. 4



™13 (i) subjecting the filtered, recircul at| ng extract sappre=to-te aI__d .
heating cooling steps centered around the tower bottons mwf%? %

heati ng and cooling being to tenperature about 5 to [err] above or be

the tower bottons tenperature; (j) passing the sanmple d

heati ng and cooling steps through the turbi dity anal yzer-Treafs=whieh

anal yzes for the presence of a second~ ﬂﬁa'se in the exL[_acL_san@J—e—t—he——

turbidit \nal yzer triggering a signal if a second phase is det ect
t he temé‘ﬁéme of the sanple is above the tower bottonﬁlm “
thereby indicating the presence of carryunder in the ex I ng
the tower operating conditions to reduce or elimnate t he carryunder (1)
opening the contra. valAdnétBod PfétSdiZbehhﬁngh tﬁcﬁéﬁ)%wér def Shtve tf@xuacn? o

e

repeati g met hod of claim1l erern |
fi Ftere?ga'hngﬁicé)@b%iltrgic?ﬁof rq;sft ep (g) is not recirculated and is subjected

to heating and cooling steps and passed through the turbidity anal yzer on a
once t hrough basi S(a)

introducing a feed to be separated into components into one end of an
extraction tower having a top end and a bottom end, the bottom being fitted with a
temperature sensing means;

(b) introducing a selective extraction solvent at a point on the end of the
tower opposite the end at which the feed is introduced;

(¢  maintaining a temperature gradient across the height of the tower such
that the temperature at the end of the tower at which the solvent is introduced is the same
or higher than the temperature at the other end of the tower where the feed is introduced, the
temperature at the end opposite the solvent 1ntroduct10n end being called the tower bottom
temperature;

@ recovering a raffinate from a raffinate outlet at a pomt on the end of
the tower opposite_the end at which the feed was introduced;

(e recovering an extract through an extract outlet at a point on the end of
the tower opposite the end at which the raffinate is recovered;

® taking a sample of extract from the extract outlet;

(g)  passing the sample of extract through a filter to remove entrained solid
particles;

(h)  passing the filtered extract sample to a reclrculatlng loop fitted with a
recirculating pump means, heating/cooling means, a temperature sensing means matched to
the temperature sensing means fitted in the tower and a turbidity analyzer means;



~under conditions such that a terrperilmml!“
bet ween the end of the tower at whi

of the fower fromwhich the extract i’s recovered 4.

3.° The nethod of claiml1l or 2 wherein the extrﬂlm

fro
intr

1 or 2 wherein the tenperature sensi ng means are matched resistance
tenperature detectors. - 13-

¢

(i) subjecting the filtered, recirculating extract sample
to repeated heating cooling steps centered around the tower battoms
temperature, such heating and cooling being to temperature about 5 to
100°F above or below the tower bottoms temperature;

(j) passing the sample during the repeated heating and
cooling steps through the turbidity analyzer means which analyzes for
the presence of a second phase in the extract sample, the turbidity
analyzer triggering a signal if a second phase is detected when the
temperature of the sample is above the tower bottoms temperature
thereby indicating the presence of carryunder in the extract;

(k) adjusting the tower operating conditions to reduce or
eliminate the carryunder;

(1) opening the control v‘é1ve to flush the sample from the

Toop;

_ {m) repeating steps (f) through (m).

2.  The method of claim 1 wherein the filtered sample of extract of step

(g) is not recirculated and is subjected to heating and cooling steps and passed through the
turbidity analyzer on a once through basis.

3. The method of claim 1 or 2 wherein the extraction process is operated

under conditions such that a temperature gradient of from 0 to 100°C exists between the end
~of the tower at which the solvent is introduced and the end of the tower from which the
extract is recovered.

4. The method of claim 1 or 2 wherein the temperature sensing means are '
matched resistance temperature detectors.




