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The present invention is a systemand nmethod to control and optim ze

| soneri zation processes. Such processes |nclude the isonerization of a
hydro- carbon feed to create a product (i.e., isonerate) Oféls SRR P —
val ue exceeds that of the feed material - 4son} erization i gen%ﬂi;ﬁfﬁ?B**

carried out with a catal yst and under reaction conditions chosen—+6

maxi m ze conver- sion consistent with target product specifications. Plant
operating strategies attenpt to ﬁHXIn]ZG the oroductlon of isonerate
product within cert ai HEEKRRFRRGONEX NG A ' Haeyst |ifetinmes,
process paraneters (e.g., tenperature and pressure), and desi red product
proper -

The present invention provides a method for controlling and

optimizing an isomerization process;

Such processes include the isomerization of a hydrocarbon
feed to create a product (i.e., isomerate) whose economic value
exceeds that of the feed material. Isomerization is gemerally carried
out with a catalyst and under reaction conditions chosen to maximize
conversion consistent with target product specifications. Plant
operating strategies attempt to maximize the production of isomerate
product within certain constraints such as feed rates, catalyst
lifetimes, process parameters (e.g., temperature and pressure), and
desired product properties which may be dependent upon the degree of
conversion. Process models are sometimes developed and employed which
permit the plant operator to optimize run lengths; thereby achieving
maximum profitability within the practical constraints. Typically,
the process is allowed to run for a predetermined time, either contin-
uous or batch, established by experience and model calculations. This
predetermined time (i.e., run-length) is not always optimum due to
feed variability, imperfections in the process model and uncertainties
in catalyst activity and actual process conditions. The net result is
that the process may be terminated prematurely, or allowed to proceed
longer than would be optimum. In the first instance, profitability is
diminished since the catalyst and the capital-intensive plant equip-
ment are not fully utilized. 1In the second instance, for example, by
allowing the process to run for a time longer than is optimum, feed
material will not be adequately converted into valuable isomerate
product when the catalyst has exceeded its useful lifetime. The net
result is the unwanted production of lesser-valued material which,
when blended with the higher—valued material produced during the early
stages of the run, reduce the quality (i.e., net wvalue) of the final
product. Additionally, storage costs are incurred for products having

off-target specifications.
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ties which may be dependent upon the degree of con- version. Process nodels
are sonetinmes devel oped and enpl oyed which permt the pl apt—eperator.i0
optim ze run | engths; thereby achieving_n@xjnun1profitab| vayﬁﬂﬁﬁ|HAbW“FV
practical constraints. Typically, the process is allowed r uREPBACED
predetermned tine, either con- tinuous or batch, established by experience

and nodel cal cul at'mSFi[@ 'bole e Ed mr‘éﬁE‘mH ”Fhé#e §s: sfgmfi&iﬁt hécdriomiet

al ways optimum due to vari a ec- tions in the progcess
nodel and updwantagettocbe; rgadae6|!gvspp%rat’it;9tysaw1aétm 9596%% URRRYI t Rons.

The net resgpritrio} édtitme! WhiRAOCARIUGEY Reader Bb NaioRdi MicURY Uridinitowr the
process stream and estimate, from this input, the quality of the
product or the effectiveness of the process, or both as a function of
time. This control scheme comprises, in part, an analyzer that would
initially monitor and analyze the first batch of product and a means
for said analyzer to send a signal either to a computer or to a plant
operator confirming that the process is yielding product with maximum
available quality. For example, the analyzer would measure the degree
to which feed has been converted to isomerized product (i.e., degree
of conversion). As feed quality, process conditions, and catalyst
activity vary due to either known or unknown causes, the analyzer will
monitor the effectiveness of the conversion process and provide a
signal to either a computer or a process operator that the run should
be terminated. One object of the present invention 1is to provide
process units with a means capable of determining the degree of
conversion in an 1isomerization application, or other applications
where plant economics can be optimized by continuously tracking the
quality of the product.

Another aspect of the isomerization process is the separation
of the isomerate product from the non-isomerized feed. Incomplete
separation results in loss in yield of the higher valued isomerate,
since the separated, non-isomerized feed is recycled and mixed with
fresh feed. Consequently, means to determine the effectiveness of the
separation and to control the separation process based upon this
information has value and is another application of this invention to
the isomerization system.

One specific, but not restrictive example of such a process
involves the isomerization of a linear paraffin feed into a product
consisting mainly of branched paraffins. More specifically, if the
Tinear paraffins are of sufficiently high molecular weight, the feed
will be a wax and the isomerate product will be an oil over a broad
temperature range. For example, the feed may be a hydrocarbon which
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al l owed to proceed | onger than would be optimum In the first instance,
profitability is dimnished since the catalyst and the capi =t At |
plant equiprment are not fully utilized. .I® the second i ngtidie HEFOHAS BEEN
exanpl e, by allowing the process to run for a tine |onge(_thaREPEABER| num |
feed material will not be adequately con- verted into valuable isonerate
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Additi on- invention provides information on the degree of conversion which, in
this case, is directly determined by the relative amount of branched
versus linear paraffins in the product. Complete conversion is rarely
achieved in practice; hence, the product of the isomerization process
acting upon a hydrocarbon wax feed, for example, will contain some
unconverted wax. Thus, the product mixture is called a waxy
isomerate. Since complete conversion is not achieved in practice, the
analyzer will be used to maximize run-length and optimize process
operations by reporting either to a computer or a process operator
when the relative proportion of branched to linear paraffins has
maximized. A plant optimization scheme could use this information,
for example, to decide when to terminate the run; say at the time that
the analyzer shows that the abundance of branched versus Tlinear
paraffins has either leveled-out, or shows the first signs of decline
or to optimize operating conditions such as temperature and H2 pres-
sure.

Since conversion of the wax to isomerate oil is not compiete
in practice it is necessary to separate the isomerate o0il from the
non-isomerized wax. This may be accomplished by catalytic or solvent
dewaxing of the mixture. Two streams will emerge from the dewaxer, a
dewaxed isomerate oil and a residual wax stream. The residual wax
stream may contain some of the isomerate oil since the dewaxing
process is also not complete, in practice. For example, in solvent
dewaxing isomerate oil may be physically entrained in the wax. In
this example, the efficiency of the separation process may be
controlled by solvent type and amount relative to the wax-isomerate
mixture feed, and flow rate to the separation filter. Means to
provide rapid determination of the amount of the isomerate oil that
may be entrained in the wax allows the operator to control and
optimize the dewaxing process with respect to the reduction of
isomerate oil yield and throughput.
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ally, storage costs are incurred for products having of
speci fications. For the above stated reasons, there
nom ¢ advantage to be gained by operatinggi sonmeriza- ti
control schene which includes

The present invention claims a method for controlling and
optimizing such processes as are typified but are not limited to
isomerization processes in general and wax isomerization processes
specifically. The present invention also claims a method which is
both novel and unobvious whereby the gquality of an isomerization
process can be determined by spectroscopic means.

SUMMARY OF THE INVENTION

The present inventioh includes a system and method to
determine the o0il content of waxy isomerates. " This allows for con-
trolling and optimizing an isomerization process and system. The
method includes the steps of irradiating a hydrocarbon feed stream
including waxy isomerates and o0il with near-infrared radiation, that
is, radiation having wavelength in the range from 700 nm to 2800 nm,
and determining the optical absorptivity of the hydrocarbon feed
stream at 1least one selected wavelength in this range, and,
determining the weight percent of the o0il content of the oil and wax
mixture, comprising the waxy isomerate, from the difference in the
optical absorptivity.

The method is used in a system to optimize an isomerization
process.

In a preferred embodiment, the difference in absorptivity
between two wavelengths is used in order to minimize possible errors
(discussed below).

In a preferred embodiment, the two selected wavelengths are
about 1210 nm and 1196 nm or about 927 nm and 916 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the absorption of isomerates containing oil
for three samples.
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2 means to continuously nonitor the process stream and es$t ITHRBEEET Hoh itifiins ¢
I nput, the quality of the product or the effectiveness o he 'pfdaEED, or
both as a function of time. This control. gcheme conprises, in part, an
analy- zer that would initially nonitor and anal yze the first batch of
product and a neans for said analyzer to send a signal either to a conputer
or to a plant oper aFngurQOﬂf 'shﬁW@Q& tb&hﬁwepmm%ﬁs the Yoidl domtendr odfict28ni t h

maxi mm avals'a:%p es ompam t'i?ar spe rTIa)llfy preﬁu:at% ¢ content to the content

determined by the ASTM method.

Figure 3 shows, schematically, a wax isomerization system
which is comprised of wax pretreatment, isomerization, and waxy-
isomerate post-treatment processes.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention is a system and method to determine the
0oil content of waxy isomerates by near-infrared (NIR) absorbance
spectroscopy. This NIR method can replace the laboratory ASTM test
and can be implemented in an on-line analyzer for process monitoring
and control of the isomerate oil yield.

The method and system uses the difference between the
absorptivity of NIR radiation at two different wavelengths to deter-
mine the oil content of waxy isomerates. The absorptivity is defined
as the negative of the logarithm of the ratio of the transmitted to
incident intensity, the logarithm being divided by the pathlength
through which the radiation traversed. The two wavelengths used in
the present invention correspond to the near-IR overtone features of
the CH3 and CHyp stretching vibrational modes, whose peaks are at,
approximately, 1196 and 1210 nm, respectively. These wavelengths are
chosen because the isomerate 0il consists largely of branched paraf-
fins rich in CH3 groups, while the isomerate wax consists largely of
linear paraffins rich in CH2 groups. The spectra in Figure 1 show the
absorbance of a high (77.50%), medium (60.57%), and low (44.85%) oil
content isomerates in the wavelength region of 1140 nm to 1300 nm. It
can be seen that the CH3 feature at 1196 nm increases in relation to
the CHp feature at 1210 nm with increasing oil content. The invention
employs the fact that oil and wax content vary inversely.

We have shown that the ASTM oil content is a Tinear function
of the difference between the absorptivity at the characteristic
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woul d neasure the degree to which feed has been con- verted to isonerized
product (ie., degree of conver- sion). As feed quality, p 0ﬂﬁ§%n¢9ﬁﬁ«k;ﬂ“%’
and catalyst activity vary due to either. lgnown or unknownjcauseggp iy

analyzer will nmonitor the effectiveness of the con- versi
proevide a signal to either a com puter or a process operator that the run
shoul d be t%m}engthedforOtﬁesvéJJgecﬁpso Iélf—; A(Bmt-A(rM@r)tmoﬁtss regaptwej.de
process units v&#ﬂﬂa means ca nlng t he de ree Q{ coagﬁﬂ§|on
in an i somernz34q OprIqsc?le ° ‘l’)arve ? ap 35 cAhe AW £ 9
econom cs caffbetopni - the zedediyacmm,l nforus examplagktmg st:b’eterﬂngi toy obthere

pr od- non-absorptive phenomena is gained.

Full spectra and multivariate techniques could be employed,
if needed, to improve further the accuracy and robustness of the
model.

EXAMPLE - Determination of oil ‘content of waxy isomerates

A calibration model using the absorptivity at two wavelengths
in the near-IR was developed. The absorptivities, A(1210) and
A(1196), at 1210 and 1196 nm, respectively, were used to predict the
0il content, determined by modified ASTM method, using the model:

predicted wt% oil = 164.796 + 441.052*[A(1196)-A(1210)]

The calibration is based upon 28 samples from the same feed.
Absorbance spectra with a common pathlength of 1 cm, were taken with
the samples heated to about 85°C to insure a well mixed, single
continuous phase. This calibration model successfully predicted the
0il contents of three isomerates from one or more different feeds,
whose spectra were not included in the set of spectra used for cali-
bration. The correlation coefficient of the above model, RZ = 0.9611
and the standard error of estimate = 1.35 wt%. The parity plot in
Figure 2 shows the NIR-predicted versus ASTM oil contents in the range
44.45 to 77.65%, for all 31 isomerate samples.

Referring to Figure 3, wax feed may be pretreated in process
1. An example of such pretreatment is the heating of the wax to a
temperature above its melting point. The molten wax is pumped into
the isomerization process 2, where it contacts hydrogen and catalyst.
The hydrogen, fluid flow rates, and temperature are maintained at such
values so as to optimize the isomerization of the wax into an
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uct. Anot her aspect of the isomerization process is the se
i somerate product fromthe non-iso- merized feed. |nconplete sepagﬁﬂﬁn
results in loss in yield of the higher valjued isonmerate, singe thQL§FQ -
rated, non-isonerized feed is recycled and m xed with fresh fe€
Cbnsequently, means to determne the effec- tiveness of the separatlon and
to control t{figmert@dr i1 OwhiN & GRES mPAHd éﬂtqm¥§ﬁ1|13fénfa<hﬁnﬁinﬁﬁzﬁlﬁ§ \eabrgy and
i s anot her plication of this invention to the isoneriza- tion system

One speC|f|dPSB&t not restrictive exanple of such a

The waxy isomerate, comprising a mixture of the isomerate oil
and non-isomerized wax feed, is pumped into a post-treatment process
3, which may be, for example, a solvent dewaxing process to separate
the wax from the isomerate oil.

The invention may be applied to several points in the wax
jsomerization system, two of which are labeled, A and B, in Figure 3.

When applied to point A, the oil content, hence the degree of
conversion, may be estimated by the NIR method and this estimate may
be used to control the parameters of process 2. These estimates may
also be used to determine when the catalyst activity has deteriorated.
Finally, the estimate may be used to feed information forward to
control the dewaxer comprising process 3.

When applied to point B, the oil content of the residual wax
stream separated from the isomerate oil may be estimated. This
estimate may be used to control the parameter of the dewaxing process
3, such as the solvent to oil ratio or the dewaxing temperature.
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process involves the isonerization of a linear paraffin feed into a product

parat ti ns ar ol SR I mﬂﬂﬂlﬁﬂllﬁaL?fgh ol geular vel ght, 1hg VB3 &%ﬁﬂ Rontiy

wax and the isdmefate ptoduct” will be anoll over a broadltenpe

range. For exanple, the feed may be a hydrocarbon which b0|Is I n the
Iubricatina oil range. In this case, all of the above general argunents
appl y-the IMSs catalytically isonerized into a higher-value iso- nmerate
oil. The anal yzer described in the present inven- tion provides i nformation
on the degree of conversion.ad §F" ablednlhfnd 22SomekSed! LEF! L¥nfiSherdR Ngd bY

hydrocarbon feedstream, comprising the steps of:
(a) irradiating said feedstream with optical radiation;

(b) determining the optical absorptivity of said mixture for

at least one selected wavelength; and

{c) determining the weight percent of said isomerate oil

content from said optical absorptivity.

2. The method of claim 1, comprising determining the optical
absorptivity at a second selected wavelength, and determining the

difference in the optical absorptivity between said two wavelengths.

3. A method for optimizing operating parameters for the
catalytic isomerization of a hydrocarbon feedstream, comprising the

steps of:

(a) feeding a molten hydrocarbon feed stream into one or
more catalytic reactors with catalyst and hydrogen which wunder
operating conditions isomerizes the normal paraffins in said

feedstream;

(b) irradiating the stream emerging from said catalytic

reactor with near-infrared radiation;

{c) determining the optical absorptivity of said emerging

stream for at least one selected wavelength;

{d) determining from said optical absorptivity the degree of
isomerization; and, at least partly in response to the result from

step (4),
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tive anount of branched versus linear paraffins in the product. Conplete
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(e} controlling at least one of the operating parameters

to optimize the isomerization.

4. The method of c¢laim 3 wherein said method includes
determining the optical absorptivity at a second selected wavelength,
and determining the difference in the optical absorptivity between

said two wavelengths.

5. A method for optimizing the operating parameters for an

isomerization process comprising the steps of:

{(a) feeding a molten mixture of isomerate oil and wax feed
into a dewaxer which under operating conditions separates said mixture

into an isomerate oil stream and a residual wax stream;

(b) irradiating the residual wax stream emerging from said

dewaxer with near-infrared radiation;

{c) determining the difference in optical absorptivity of

said emerging stream at two selected wavelengths;

(d) determining the weight percent isomerate oil from the
difference in optical absorptivity; and, at least partly in response

to the result from step (d),

(e} controlling at least one of the operating parameters to

optimize the dewaxing process.

6. The method of claim 2 or claim 4 or claim 5, wherein

said two selected wavelengths are about 1210 nm and 1196 nm.
7. The method of claim 2 or c¢laim 4 or claim 5, wherein said

two selected wavelengths are about 927 nm and 916 nm.
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cess acting upon a hydrocarbon wax feed, for exanple, will contain sone
unconverted wax. Thus, the product m xture is called a waxy isonerate.
Since conplete conversion is not achieved in practice, thE~nnalv7pr will be

used to nmaxim ze run-length and optin zethrocess oper ati onSHE/ SHEDORAS MBGEN
either to a conputer or a pro- cess operator when the reljative R¥OPOEDi on
of branched to linear paraffins has maxi m zed. A plant optim zati on SCHeme
could use this information, for exanpPBSIEASTde  cide when to terminate the
run; say at the tine that the anal yzer shows that the abundance of branched
versus linear paraffins has either |evel ed-out, or shows the first

METHOD FOR CONTROLLING AN ISOMERIZATION PROCESS

The oil content of a waxy isomerate is determined by means of
optical, e.g. NIR, radiation. This information can then be employed

to control the separation of oil from the waxy isomerate.
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signs of decline or to optim ze operating conditions such as tenperature
and H2 pressure. Since conversion of the wax to isonerate oil is not
conplete in practice it is necessary to separate the iso- perate oi
the non-isonerized wax. This nmay be acconplished by catal yf neiosiuaol ¥enieEN
dewaxi ng of the m xture. Two streans will energe fromthe |[dewaxed:pi.& o §
dewaxed i sonerate oil and a residual wax stream The residual wax stream
may contain some of the isonerate oil since the dewaxi ng process is also

not conplete, in practice. For exanple, in solvent dewaxing isonerate oi
may be physically entrained in the wax. In this exam
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ple, the efficiency of the separation process nmay be controlled by sol vent

type and anount relative to the wax-isonerate mxture feed, a Eg?ﬂtp e B
to the separa- tion filter. Means to provide rapid deternination ofithettis Bh

anount of the isonerate oil that may be entrained in the wax Ll ows i tED
operator to control and optim ze the dewaxi ng process with respect to the

reduction of iso- nerate oil yield and throughput. The present invention
claims a method for control- ling and optim zing such processes as are
typified but are not limted to isonerization processes in general and wax
| someri zati on processes specifically. The present o
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I nvention also clains a nethod which is both novel and unobvi ous whereby
the quality of an isonerization pro- cess can be determ ned by

spectroscopi ¢ neans. SUMVARY OF THE | NVENTI ON W%n?@ﬁ??FhAQBFFV
i nvention includes a systemand nethod to determine the oil con,gqg ng
| somerates. This allows for controlling and optim zing an i-sefefrtzat+on

process and system The nethod includes the steps of irradiating a
hydr ocarbon feed stream i ncl udi ng waxy isonerates and oil with
near-infrared radiation, that is,
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:lhradi ?_t [ oln hgvi ng wavel en?t hhi Hq,ge\ﬂggﬁngéf‘? F’BEI?‘ | 2800 nm and determ ning
the optical absorptivity of the|hydra stream wﬁ
‘'sel ected wave- length in this r ; and determ nl(f;g t he \XJ@?E‘E‘#E‘, er-SHEET
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METHOD FOR CONTROLLING AN ISOMERIZATION PROCESS

24 FEB 1997

The present invention provides a method for controlling and

optimizing an isomerization process

Such processes include the isomerization of a hydrocarbon
feed to create a product (i.e., isomérate) whose economic value
exceeds that of the feed material. Isomerization is generally carried
out with a catalyst and under reaction conditions chosen to maximize
conversion consistent with target product specifications. Plant
operating strategies attempt to maximize the production of isomerate
product within certain constraints such as feed rates, catalyst
lifetimes, process parameters (e.g., temperature and pressure), and
desired product properties which may be dependent upon the degree of
conversion. Process models are sometimes developed and employed which
permit the plant operator to optimize run lengths; thereby achieving
maximum profitability within the practical constraints. Typically,
the process is allowed to run for a predetermined time, either contin-
uous or batch, established by experience and model calculations. This
predetermined time (i.e., run-length) is not always optimum due to
feed variability, imperfections in the process model and uncertainties
in catalyst activity and actual process conditions. The net result is
that the process may be terminated prematurely, or allowed to proceed
longer than would be optimum. In the first instance, profitability is
diminished since the catalyst and the capital-intensive plant equip-
ment are not fully utilized. In the second instance, for example, by
allowing the process to run for a time longer than is optimum, feed
material will not be adequately converted into valuable isomerate
product when the catalyst has exceeded its useful lifetime. The net
result is the unwanted production of lesser-valued material which,
when blended with the higher-valued material produced during the early
stages of the run, reduce the quality (i.e., net value) of the final
product. Additionally, storage costs are incurred for products having

off-target specifications.
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cent of the oil content of the

l.sonerate, fromthe difference ijn_t rptivity. The net hod
used in a systemto optinize an i somer - _ization process. & PERTH97 ec
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advantage to be gained by operatlng isomerization processes under a
control scheme which includes means to continuously monitor the
process stream and estimate, from this input, the quality of the
product or the effectiveness of the process, or both as a function of
time. This control scheme comprises, in part, an analyzer that would
initially monitor and analyze the_first batch of product and a means
for said analyzer to send a signal either to a computer or to a plant
operator confirming that the process is yielding product with maximum
available quality. For exampie, the analyzer would measure the degree
to which feed has been converted to isomerized product (i.e., degree
of conversion). As feed quality, process conditions, and catalyst
activity vary due to either known or unknown causes, the analyzer will
monitor the effectiveness of the conversion process and provide a
signal to either a computer or a process operator that the run should
be terminated. One object of the present invention 1is to provide
process units with a means capable of determining the degree of
conversion in an isomerization application, or other applications
where plant economics can be optimized by continuously tracking the

_qua]ity of the product.

Another aspect of the isomerization process is the separation
of the isomerate product from the non-isomerized feed. Incomplete
separation results in loss in yield of the higher valued isomerate,
since the separated, non-isomerized feed is recycled and mixed with
fresh feed. Consequently, means to determine the effectiveness of the
separation and to control the separation process based upon this

information has value and is another application of this invention to
the isomerization system.

One specific, but not restrictive example of such a process
involves the isomerization of a linear paraffin feed into a product
consisting mainly of branched paraffins. More specifically, if the
linear paraffins are of sufficiently high molecular weight, the feed
will be a wax and the isomerate product will be an oil over a broad
temperature range. For example, the feed may be a hydrocarbon which
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FIG 1 shows the absorption of i lning ol
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cont ent
higher-value isomerate oil. The analyzer described

invention provides information on the degree of conv

in the present
ersion which, in

this case, is directly determined by the relative amount of branched
versus linear paraffins in the product. Complete conversion is rarely
achieved in practice; hence, the product of the isomerization process
acting upon a hydrocarbon wax feed, for example, will contain some
unconverted wax. Thus, the product mixture is called a waxy
isomerate. Since complete conversion is not achieved in practice, the
analyzer will be used to maximize run-length and optimize process
operations by reporting either to a computer or a process operator
when the relative proportion of branched to linear paraffins has
maximized. A plant optimization scheme could use this information,
for example, to decide when to terminate the run; say at the time that
the analyzer shows that the abundance of branched versus linear
paraffins has either leveled-out, or shows the first signs of decline
or to optimize operating conditions such as temperature and Hz pres-

sure.

Since conversion of the wax to isomerate oil

is not complete

in practice it is necessary to separate the isomerate oil from the

non-isomerized wax. This may be accomplished by cata
dewaxing of the mixture. Two streams will emerge fro
dewaxed isomerate oil and a residual wax stream.
stream may contain some of the isomerate oil sin
process is also not complete, in practice. For exa
dewaxing isomerate 0i1 may be physically entrained
this example, the efficiency of the separation
controlled by soivent type and amount relative to t
mixture feed, and flow rate to the separation fi
provide rapid determination of the amount of the is
may be entrained in the wax allows the operator
optimize the dewaxing process with respect to t
isomerate o0il yield and throughput.
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specifically. The present invention also claims a method which

both novel and uncbvious whereby the gquality of an
process can be determined by spectroscopic means.

SUMMARY OF THE INVENTION

The present invention includes a system and

trolling and optimizing an isomerization process and system.

waxy

is
isomerization

method to
determine the oil content of waxy isomerates. ~This allows for con-

The

method includes the steps of irradiating a hydrocarbon feed stream

including waxy isomerates and oil with near-infrared radiation,
is, radiation having wavelength in the range from 700 nm to 2800 nm,

that

and determining the optical absorptivity of the hydrocarbon feed

stream at least one selected wavelength in this range,

and,

determining the weight percent of the o0il content of the 0il and wax
mixture, comprising the waxy isomerate, from the difference in the

optical absorptivity.

The method is used in a system to optimize an
process.

isomerization

In a preferred embodiment, the difference in absorptivity
between two wavelengths is used in order to minimize possible errors

(discussed below).

In a preferred embodiment, the two selected wavelengths

about 1210 nm and 1196 nm or about 927 nm and 916 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the absorption of isomerates containing oil

for three samples.
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consists largely of branched paraffins rich in CH3 groypg, while the
| somerate wax consists largely of linear paraffins richh in CHerr] groups.

The spectra in FIGFiguyaoa tshéws a parity plot for the ‘sil-centent—of—26—
samples comparing the spectrally predicted oil content to the content
determined by the ASTM method.

Figure 3 shows, schematically, a wax isomerization system
which is comprised of wax pretreatment, isomerization, and waxy-
isomerate post-treatment processes.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention is a system and method to determine the
0il content of waxy isomerates by near-infrared (NIR) absorbance
spectroscopy. This NIR method can replace the laboratory ASTM test
and can be implemented in an on-line analyzer for process monitoring
and control of the isomerate oil yield.

The method and system uses the difference between the
absorptivity of NIR radiation at two different wavelengths to deter-
mine the oil content of waxy isomerates. The absorptivity is defined
as the negative of the logarithm of the ratio of the transmitted to
incident intensity, the logarithm being divided by the pathlength
through which the radiation traversed. The two wavelengths used in
the present invention correspond to the near-IR overtone features of
the CH3 and CHz stretching vibrational modes, whose peaks are at,
approximately, 1196 and 1210 nm, respectively. These wavelengths are
chosen because the isomerate 0il consists largely of branched paraf-
fins rich in CH3 groups, while the isomerate wax consists largely of
linear paraffins rich in CHz groups. The spectra in Figure 1 show the
absorbance of a high (77.50%), medium (60.57%), and Tow (44.85%) 0il
content isomerates in the wavelength region of 1140 nm to 1300 nm. [t
can be seen that the CH3 feature at 1196 nm increases in relation to
the CHp feature at 1210 nm with increasing 0il content. The invention
employs the fact that o0il and wax content vary inversely.

We have shown that the ASTM oil content is a linear function
of the difference between the absorptivity at the characteristic

This Sheet Has Been Replaced
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absorbance of a high (77.50% , med gms(fikey4%4s sand || ow | 44. é%r%@ % _
content isonmerates in the mavelenqth reggmnunﬂ)1140 nmtp 136¢ 1y

be seen that the CH3 feature at 1196 NmMeigiTeases In relption to fhew=
CH err] feature at 1210 nmw th increasing oil content. {The invention
enpl oys the fact that oil and wax content vary inversely:

wavelengths for these groups [i.e., A(1196)-A(1210) or its negative].
In addition, using two wavelengths has the advantage of removing
offsets in the spectra due, for example, to scattering or other
non-absorptive phenomena is gained.

Full spectra and multivariate techniques could be employed,

if needed, to improve further the accuracy and robustness of the
model.

EXAMPLE - Determination of oil ‘content of waxy isomerates

A calibration model using the absorptivity at two wavelengths
in the near-IR was developed. The absorptivities, A(1210) and
A(1196), at 1210 and 1196 nm, respectively, were used to predict the
0il content, determined by modified ASTM method, using the model:

predicted wt% oil = 164.796 + 441.052*[A(1196)-A(1210)]

The calibration is based upon 28 samples from the same feed.
Absarbance spectra with a common pathlength of 1 cm, were taken with
the samples heated to about 85°C to insure a well mixed, single
continuous phase. This calibration model successfully predicted the
0il contents of three isomerates from one or more different feeds,
whose spectra were not included in the set of spectra used for cali-
bration. The correlation coefficient of the above model, RZ = 0.9611
and the standard error of estimate = 1.35 wt%. The parity plot in
Figure 2 shows the NIR-predicted versus ASTM oil contents in the range
44.45 to 77.65%, for all 31 isomerate samples.

Referring to Figure 3, wax feed may be pretreated in process
I. An example of such pretreatment is the heating of the wax to a
temperature above its melting point. The molten wax is pumped into
the isomerization process 2, where it contacts hydrogen and catalyst.
The hydrogen, fluid flow rates, and temperature are maintained at such
values so as to optimize the isomerization of the wax into an
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Det er mi nat €8At%f oil content of waxy isomerates

EXAMPLE -

The waxy isomerate, comprising a mixture of the isomerate 0il
and non-isomerized wax feed, is pumped into a post-treatment process -
3, which may be, for example, a solvent dewaxing process to separate
the wax from the isomerate oil.

The invention may be applied to several points in the wax
isomerization system, two of which are labeled, A and B, in Figure 3.

When applied to point A, the oil content, hence the degree of
conversion, may be estimated by the NIR method and this estimate may
be used to control the parameters of process 2. These estimates may
also be used to determine when the catalyst activity has deteriorated.
Finally, the estimate may be used to feed information forward to
control the dewaxer comprising process 3.

When applied to point B, the oil content of the residual wax
stream separated from the isomerate oil may be estimated. This
estimate may be used to control the parameter of the dewaxing process
3, such as the solvent to oil ratio or the dewaxing temperature.
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1. A method of determining isomerate oil content of a

hydrocarbon feedstream, comprising the steps of:
(a) irradiating said feedstream with optical radiation;

(b) determining the optical absorptivity of said mixture for

at least one selected wavelength; and

(c) determining the weight percent of said isomerate oil

content from said optical absorptivity.

2. The method of claim 1, comprising determining the optical
absorptivity at a second selected wavelength, and determining the

difference in the optical absorptivity between said two wavelengths.

3. A method for optimizing operating parameters for the

catalytic isomerization of a hydrocarbon feedstream, comprising the

steps of:

(a) feeding a molten hydrocarbon feed stream into one or
meore catalytic reactors with catalyst and hydrogen which under

operating conditions isomerizes the normal paraffins in said

feedstream;

(b) irradiating the stream emerging £from said catalytic

reactor with near-infrared radiation;

(¢) determining the optical absorptivity of said emerging

stream for at least one selected wavelength;

{(d) determining from said optical absorptivity the degree of

isomerization; and, at least partly in response to the result from
step (d),

cet Has Been Replaced

R




about 85[err] C to insure a wel | mx are|! nt i nuou
TN érrﬁi ﬁ%%r‘%ﬂ @Eﬁs/ﬁ%«.&@m SHEET

calibrat ssf ully pne <,LA D nt ent
I somer Hi\ m nore diff er-——ent—feeds; vvuuQe spe¢trna were not
I ncl u nSe spectra used for &afibration. The|corr2§aREDrgy7

coeffrcr ent of the above nodel, Rl err]=0.9611 and the stanglard error of

estimate =1.35 Wt % The parity plot in FIG 2 shows the| NFR-prediectet—
versus ASTM oil contents in the range 44.45 to 77.65% for all 31 isoneratje
sanpl es. Ref er i ng) t Ocdric@ol Bingak f1esk NBye b IR rpketling) garaRessTsI AN

exanpl e of such pretreatrrent .S the heat- ing of the wax to a tenperature
above its &l f’?’ﬁjﬂlﬁal isomerization.

4. The method of claim 3 wherein said method includes
determining the optical absorptivity at a second selected wavelength,
and determining the difference in the optical absorptivity between

said two wavelengths.

5. A method for optimizing the operating parameters for an

isomerization process comprising the steps of:

(a) feeding a molten mixture of isomerate oil and wax feed
into a dewaxer which under operating conditions separates said mixture

into an isomerate oil stream and a residual wax stream;

(b) irradiating the residual wax stream emerging from said

dewaxer with near-infrared radiation;

(c) determining the difference in optical absorptivity of

said emerging stream at two selected wavelengths;

{d) determining the weight percent isomerate oil from the
difference in optical absorptivity; and, at least partly in respomnse

to the result from step (d),

(e} controlling at least one of the operating parameters to

optimize the dewaxing process.

6. The method of claim 2 or claim 4 or claim S, wherein

said two selected wavelengths are about 1210 nm and 1196 nm.

7. The method of claim 2 or claim 4 or claim 5, wherein said

two selected wavelengths are about 927 nm and 916 nm.
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ABSTRACT

METHOD FOR CONTROLLING AN TSOMERIZATION PROCESS

The oil content of a waxy isomerate is determined by means of
optical, e.g. NIR, radiation. This information can then be employed

to control the separation of oil from the waxy isomerate.

FIGURE 3
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met hod of claim 2 wherein sai

BACKGROUND OF THE INVENTION

The present invention is a system and method to
control and optimize isomerization processes.

Such processes include the isomerization of a hydro-
carbon feed to create a product (i.e., isomerate) whose
economic value exceeds that of the feed material. Isom-
erization is generally carried out with a catalyst and
under reaction conditions chosen to maximize conver-
sion consistent with target product specifications. Plant
operating strategies attempt to maximize the production
of isomerate product within certain constraints such as
feed rates, catalyst lifetimes, process parameters (e.g.,
temperature and pressure), and desired product proper-
ties which may be dependent upon the degree of con-
version. Process models are sometimes developed and
employed which permit the plant operator to optimize
run lengths; thereby- achieving maximum profitability
within the practical constraints. Typically, the process
is allowed to run for a predetermined time, either con-
tinuous or batch, established by experience and model
calculations. This predetermined time (i.e., run-length)
is not always optimum due to feed variability, imperfec-
tions in the process model and uncertainties in catalyst
activity and actual process conditions. The net result is -
that the process may be terminated prematurely, or
allowed to proceed longer than would be optimum. In
the first instance, profitability is diminished since the
catalyst and the cap:tal-mtenswe plant equipment are
not fully utilized. In the second instance, for example,
by allowing the process to. run for a time longer than is
optimum, feed material will not be adequately con-
verted into valuable isomerate product when the cata-
lyst has exceeded its useful lifetime. The net result is the
unwanted production of lesser-valued material which,
when blended with the higher-valued material pro-
duced during the early stages of the run, reduce the
quality (Le., net value) of the final product. Addition-
ally, storage costs are incurred for products having
off-target specifications.

For the above stated reasons, there is significant eco-
nomic advantage to be gained by operating isomeriza-
tion processes under a control scheme which includes
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the effectiveness of the process, or both as a t'unctxon of
time. This control scheme comprises, in part, an analy-
zer that would initially monitor and analyze the first:
batch of product and a means for said analyzer to send
a signal either to a computer or to a plant operator
confirming that the process is yielding product with
maximum available quality. For example, the analyzer
would measure the degree to which feed has been con-
verted to isomerized product (ie., degree of conver-
sion). As feed quality, process conditions, and catalyst
activity vary due to either known or unknown causes,
the analyzer will monitor the effectiveness of the con-
version process and provide a signal to either a com-
puter or a process operator that the run should be termi-
nated. One object of the present invention is to provide
process units with 2 means capable of determining the
degree of conversion in an isomerization application, or
other applications where plant economics can be opti-
mized by continuously tracking the quality of the prod-
uct.

Another aspect of the isomerization process is the
separation of the isomerate product from the non-iso-
merized feed. Incomplete separation results in loss in
yield of the higher valued isomerate, since the sepa-
rated, non-isomerized feed is recycled and mixed with
fresh feed. Consequently, means to determine the effec-
tiveness of the separation and to control the separation

“process based upon this information has value and is

another application of this invention to the isomeriza-
tion system.

One specific, but not restrictive example of such a
process involves the isomerization of a linear paraffin
feed into a product consisting mainly of branched paraf-
fins. More specifically, if the Iinear paraffins are of suffi-
ciently high molecular weight, the feed will be a wax
and the isomerate product will be an oil over a broad
temperature range. For example;- the feed may be a
hydrocarbon which boils in the Iubricating oil range. In
this case, all of the above general arguments apply—the
wax is catalytically isomerized into a higher-value iso-
merate oil. The analyzer described in the present inven-

. tion provides information on the degree of conversion

which, in this case, is directly determined by the rela-
tive amount of branched versus linear paraffins in the
product. Complete conversion is rarely achieved in
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will contain some unconverted wax. Thus, the product
mixture is called a waxy isomerate. Since complete
conversion is not achieved in practice, the analyzer will
be used to maximize run-length and optimize process
operations by reporting either to a.computer or a pro-
cess operator when the relative proportion of branched
to linear paraffins has maximized. A plant optimization

scheme could use this information, for example, to de- .
cide when to terminate the run; say at the time that the -

analyzer shows that the abundance of branched versus
linear paraffins has either leveled-out, or shows the first
signs of decline or to optimize operating conditions
such as temperature and Hj pressure.

. Since conversion of the wax to isomerate oil is not
complete in practice it is necessary to separate the iso-
merate oil from the non-isomerized wax. This may be

accomplished by catalytic or solvent dewaxing of the -

*. mixture. Two streams will emerge from the dewaxer, a

dewaxed isomerate oil and a residual wax stream. The
residual wax stream may contain some of the isomerate
oil since the dewaxing process is also not complete, in
practice. For example, in solvent dewaxing isomerate
oil may be physically entrained in the wax. In this exam-
ple, the efficiency of the separation process may be
controlled by solvent type and amount relative to the
wax-isomerate mixture feed, and flow rate to the separa-
tion filter. Means to provide rapid determination of the
amount of the isomerate oil that may-be entrained in the
wax allows the operator to control and optimize the
dewaxing process with respect to the reduction of iso-
merate oil yield and throughput.

The present invention claims a method for control-
ling and optimizing such processes as are typified but
are not limited to isomerization processes in general and
wax isomerization processes specifically. The present
invention also claims a method which is both novel and
unobvious whereby the quality of an isomerization pro-
cess can be determined by spectroscopic means.

SUMMARY OF THE INVENTION

The present invention includes a system and method
to determine the oil content of waxy isomerates. This
allows for controlling and optimizing an isomerization
process and system. The method includes the steps of
irradiating a hydrocarbon feed stream including waxy
isomerates and oil with near-infrared radiation, that is,
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radiation having wavelength in the range fro
to 2800 nm, and determining the optical absorptivity of

" the hydrocarbon feed stream at least one selected wave-

length in this range, and, determining the weight per-
cent of the oil content of the oil and wax mixture, com-
prising the waxy isomerate, from the difference in the
optical absorptlvxty

The method is used in a system to optimize an tsomer-
ization process.

In a preferred embodiment, the difference in absorp-
thtty between two wavelengths is used in order to

minimize possible errors (discussed below).

In a preferred embodiment, the two selected wave-
lengths are about 1210 nm and 1196 nm or about 927 nm
and 916 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the absorption of isomerates containing
oil for three samples. _
FIG. 2 shows a parity plot for the oil content of 28

samples comparing the spectrally predicted oil content

to the content determined by the ASTM method.

- FIG. 3 shows, schematically, a wax isomerization
system which is comprised of wax pretreatment, isom-
erization, and waxy-isomerate post-treatment processes.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention is a system and method to
determine the oil content of waxy isomerates by near-
infrared (NIR) absorbance spectroscopy. This NIR
method can replace the laboratory ASTM test and can
be implemented in an on-line analyzer for process moni-
toring and control of the isomerate oil yield.

The method and system uses the difference between

the absorptivity of NIR radiation at two different wave-

lengths to determine the oil content of waxy isomerates. -

The absorptivity is defined as the negative of the loga-
rithm of the ratio of the transmitted to incident inten-
sity, the logarithm being divided by the pathlength
through which the radiation traversed. The two wave-
lengths used in the present invention correspond to the

near-IR overtone features of the CH3 and CHp stretch-
ing vibrational modes, whose peaks are at, approxi-
mately, 1196 and 1210 nm, respectively. These wave-
lengths are chosen because the isomerate oil consists
largely of branched paraffins rich in CHj groups, while
the isomerate wax consists largely of linear paraffins
rich in CH; groups. The spectra in FIG. 1 show the




8  10. A method for optim zing operating paraneters f
vprocess conprising the steps of: (a) feeding a nolten
and wax feed into a dewaxer which unpe

i somersate oil

tions separates said mxture into an isonerate oil
resi dual wax stream (b) irradiating the residual wa
from sai d dewaxer with near-infrared radi ation;

absorbance of a high (77.50%), medium (60.57%
low (44.85%) oil content isomerates in the wavelength
region of 1140 nm to 1300 nm. It can be seen that the
CHj feature at 1196 nm increases in relation to the CH;
feature at.1210 nm with increasing oil content. The
invention employs the fact that oil and wax content
vary inversely.

We have shown that the ASTM oil content is a linear
function of the difference between the absorptivity at
the characteristic wavelengths for these groups [ie.,
A(1196)-A(1210) or its negative]. In addition, using two
wavelengths has the advantage of removing offsets in
the spectra due, for example, to scattering or other
non-absorptive phenomena is gained.

Full spectra and multivariate techniques could be
employed, if needed, to improve further the accuracy
and robustness of the model.

EXAMPLE - Determination of oil content of waxy
isomerates

A calibration model using the absorptivity at two
wavelengths in the near-IR was developed. The absorp-
tivities, A(1210) and A(1196), at 1210 and 1196 nm,
respectively, were used to predict the oil content, deter-
mined by modified ASTM method, using the model:

predicted wt %
0il =164.796-+441.052*[A(1196)-A(1210)]

The calibration is based upon 28 samples from the
same feed. Absorbance spectra with a common path-
length of 1 cm, were taken with the samples heated to

about 85° C. to insure a well mixed, single continuous

phase. This calibration model successfully predicted the
oil contents of three isomerates from one or more differ-
ent feeds, whose spectra were not included in the set of
spectra used for calibration. The correlation coefficient
of the above model, R2=0.9611 and the standard error
of estimate =1.35 wt %. The parity plot in FIG. 2
shows the NIR-predicted versus ASTM oil contents in
the range 44.45 to 77.65%, for all 31 isomerate samples.

Referring to FIG. 3, wax feed may be pretreated in
process 1. An example of such pretreatment is the heat-
ing of the wax to a temperature above its melting point.
The molten wax is pumped into the isomerization pro-
cess 2, where it contacts hydrogen and catalyst. The
hydrogen, fluid flow rates, and temperature are main-
tained at such values so as to optimize the isomerization
of the wax into an isomerate oil while maximizing cata-
lyst life and minimizing energy costs.

oper
str b

tream

Bty



(c) determning the difference in optical absorpti'vity

e

of said
energing streamat two sel ected wave- | engt hs; Tﬂg\p CA%EW\ENTfﬁHf@Tt L
wei ght “percent isonerate oil from the difference in -c-at
absorptivity; (e) controlling at |east one of the ope atlng Kﬂ,@
ters in response to said determ ned weight percent J z h
dewaxi ng process. 11. The method of glaim 10 wherein s |d tvvo
wavel engt hs are about 1210 nm and 1196 nm 12. The nef héd of claim 10
where said two sel ect dmc\/\/wwdyemmu‘ram’,ec@hpﬁgm%ﬂ iRt ther """

isomerate oil and non-isomerized wax feed, is pumped
into a post-treatment process 3, which may be, for ex-
ample, a solvent dewaxing process to separate the wax
from the isomerate oil. -

The invention may be applied to several points in the
wax isomerization system, two of which are labeled, A
and B, in FIG. 3.

When applied to point A, the oil content, hence the
degree of conversion, may be estimated by the NIR -
method and this estimate may be used to control the
parameters of process 2. These estimates may also be
used to determine when the catalyst activity has deteri-
orated. Finally, the estimate may be used to feed infor-

-mation forward to control the dewaxer comprising
process 3.

When applied to point B, the oil content of the resid-
ual wax stream separated from the isomerate oil may be
estimated. This estimate may be used to control the
parameter of the dewaxing process 3, such as the sol-
vent to oil ratio or the dewaxing temperature.



13. A: -ng operating paraneters for catalytic
4 SOMEer i arbon feedstream conprisin
mol ten: mumum I"ﬂllﬂﬂm f eedstream i nt gpone o?
react ors *w tth tat al yst » and hydrogen whi ch under oper ng conditions
i someri zes normal paraffins in said feedstream (b) i I’%dl 138 gl 1398
stream energing fromsaid cat a- lytic reactor with -hehr-infrared
radiation at two Whaelsclafifledds:el engt hs; (c) determn g—HTEf’dT‘T‘T'e"rJen e
in optical absorptifyiA YnethodOo @etcPmeNe isdirirats oitavnténtiof @ two sel e
wave- hydrocarbon feedstream including a mixture of isorfier-
ate oil and wax comprising the steps of:
(a) irradiating said feedstream with optical radiation;
(b) determining the optical absorptivity of said feed-
stream for at least one selected wavelength; and
(c) determining the weight percent of said isomerate
oil content from said optical absorptivity.
2. The method of claim 1 wherein said -method in-
cludes determining the optical absorptivity at a second
selected wavelength, and determining the difference in
the optical absorptivity between said two wavelengths.
3. The method of claim 2 wherein said two selected
wavelengths are about 1210 nm and 1196 nm.
4. The method of claim 2 where said two selected
wavelengths are about 927 nm and 916 nm.
5. The method of claim 1 wherein said feedstream
consists of a mixture of isomeric oil and wax feed.
6. A method for optimizing operating parameters for
the catalytic isomerization of a hydrocarbon feedstream
comprising the steps of:
(2) feeding a molten substantially waxy feedstream
into one or more catalytic reactors with catalyst
and hydrogen which under operating conditions
isomerizes normal paraffins in said feedstream;
(b) irradiating the stream emerging from said cata-
lytic reactor with near-infrared radiation;
© determmmg the optical absorptivity of said
emerging stream for at least one selected wave-
. length;
(d) determining from said optical absorptivity the
degree of isomerization; and
O] eontrollmg at least one of the operating parame-
ters in response to said determined degree of isom-
erization to optimize the catalytic isomerization.
7. The method of claim 6 wherein said method in-
cludes determining the optical absorptivity at a second
selected wavelength, and determining the difference in
the optical absorptivity between said two wavelengths.
8. The method of claim 7 wherein said two selected
wavelengths are about 1210 nm and 1196 nm.

9. The method of claim 7 where said two selected
wavelengths are about 927 nm and 916 nm.



| engt hs; ,—(er—determning the degree of isonerization fromthe

-di fference pt|V|ty and (e) controllifn N‘I SHiEETo

the operat”lnlmmluammmﬂn! ,ers in response to said detar EPLA:-{‘I VU. ee—of
etizatitonm osopeim ze the catalytic isomerizgtijo é 19%

rret hod of claim 13 wherein said two sel ected wavel engt Ris arézhﬁ ﬁ‘t 14 r

and 1196 nm 15. The nmethod of claimg 13 where said t
wavel engt hs are about 927 nm and 916 nm
10. A method for optimizing operating paramete:

a dewaxing process comprising the steps of:

(a) feeding a molten mixture of isomerate oil and wax
feed into a dewaxer which under operating condi-
tions separates said mixture into an isomerate oil
stream and a residual wax strean;

(b) irradiating the residual wax stream emerging from
said dewaxer with near-infrared radiation;

(c) determining the difference in optical absorptivity
of said emerging stream at two selected wave-
lengths;

(d) determining the weight percent isomerate oil from
the difference in optical absorptivity;

(e) controlling at least one of the operating parame-
ters in response to said determined weight percent
to optimize the dewaxing process.

11. The method of claim 10 wherein said two selected
wavelengths are about 1210 om and 1196 nm.

" 12. The method of claim 10 where said two selected
wavelengths are about 927 nm and 916 nm.

13. A method for optimizing operating parameters for
catalytic isomerization of a hydrocarbon feedstream
comprising:

(a) feeding a molten substantially waxy feedstream
into one or more catalytic reactors with catalyst
and hydrogen which under operating conditions
isomerizes normal paraffins in said feedstream;

(b) irradiating the stream emerging from said cata-
Iytic reactor with near-infrared radiation at two
selected wavelengths;

© determining the difference in optical absorptivity
of said emerging stream at said two selected wave-
lengths;

(d) determining the degree of isomerization from the
difference in optical absorptivity; and

(e) controlling at least one of the operating parame-
ters in response to said determined degree of isom-
erization to optimize the catalytic isomerization.

14. The method of claim 13 wherein said two selected
wavelengths are about 1210 nm and 1196 nm.

* 15. The method of claim 13 where said two selected
wavelengths are about 927 nm and 916 nm.

sel ect ed




9 16. The nethod for optinizi ng operating paranmeters of a dewaxing

. process conprisin ding a nolten m xture of g | wax
feed i-nto a WWl“ﬂ”ﬁmHmer operating condi - ﬁ%ﬁ&@éﬁl\ﬁ SHEETd
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16. The method for optimizing operating Metm
of a dewaxing process comprising:

(a) feeding a molten mixture of isomerate oil and wax
feed into 2 dewaxer which under operating condi-
tions separates the mixture into an isomerate oil
stream and a residual wax stream;

(b) irradiating the residual wax stream emerging from
said dewaxer with near-infrared radiation;

(c) determining the optical absorptivity of said
emerging stream for at least oze selected wave-
length; -

(d) determining the weight percent isomeric oil from
the optical absorptivity; and

(e) controlhng at least one of the operating paramc-
ters in response to said determined weight percent
to optimize the dewaxing process.

17. The method of claim -16 wherein said method
includes determining the optical absorptivity at a sec-
ond selected wavelength, and determining the differ-
ence in the optical absorptivity between said two wave-
lengths.

18. The method of claim 17 wherein said two selected
wave lengths are about 1210 nm and 1196 nm.

19. The method of claim 17 wherein said two selected
wavelengths are about 927 nm and 916 nm.

* %x * ¥ *




tions separates the mxture into an isonerate oil stream and a residua

‘wax stream (b) irradiating the residual wax stream energing from

said dewaxer with near-infrared radiation; (c) determ-nimn ne -
absorptivity of said energing streamfor at |east o RH bgﬁﬁﬁp&g@gt

| engt h; (d) determ ning the weight percent isoneric otllfrom t he
optical absorptivity; and (e) controlling at |east ong ¢f {BejANd?®ihg
par ane- ters in response to said d¢term ned wei ght pefcent to
optim ze the dewaxi ng process.
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17. The method of claim 16 wherein said nethod include determ ning the
‘optical absorptivity at a sec- and sel ected wavel ength, and determning the
differ ence in the optical absorptivity between said twh g@AcEMENT&HERDE
met hod of claim 17 wherein said two sel ected wave | engthp n
and 1196 nm 19. The nethod of claim 17 wherein said tpo selgct ed

wavel engt hs are about 927 nm and 916 nm : 13 JAN 1998
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