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This invention relates to an improved method
of infrared spectrometry by which samples are
analyzed according to their infrared absorption
characteristics. The invention is directed to a
new method of infrared spectrometry generally
advantageous in providing analytical results of
improved sensitivity. The invention is of par-
ticular application in the characterization of hy-
drocarbon mixtures of a similar nature. For ex-
ample, the invention is of particular application
in distinguishing between crude oils of approxi-
mately the same composition.

While the general application of the present
invention is relatively broad, the objectives and
advantages of this invention may be well under-
stood by referring to a particular application
-such as the characterization of hydrocarbon
mixtures. As an example of this particular ap-
plication reference may be made to the problem
of -distinguishing crude oils of similar charac-
teristics. Thus in the production of crude oils
from oil wells, it is frequently desirable to have
some means of readily characterizing the oil pro-
duced from a given well. This is of application
for instance in order to establish from what oil
pool a particular well may be producing. By
obtaining this information, it is often possible
to plan strategically the location of other wells
which should be drilled to tap the same oil pool.

Again, by having a means of characterizing .

crude oils, it is possible to determine which pro-
ducing stratum should be utilized in order to ob-
tain a crude oil of desired characteristics. As
a further example, in the refining of crude oils,

by having a means of readily checking the sim- :

ilarity or dissimilarity of two crude oils, it is fre-
quently possible to conduct more advantageously
the refining operations. Similarly, the invention
-has application to the characterization of lubri-
cating oils or asphalts, providing a convenient
means to establish the chemical similarity be-
tween closely related Iubricating oils or asphalts.
It is, therefore, to be understood that this in-
vention is of broad application to the charac-
terization of any hydrocarbon mixture. Conse-
quently, it may be stated that the principal ob-
Jective of this invention is to provide a means
for readily and effectively characterizing a hy-
drocarbon mixture.

To understand the method of this invention,
it is desirable to review the basic method in-
volved  in infrared spectrometry. The basic
principle upon which infrared spectrometry de-
vends is that different chemical compositions
generally possess varying degrees of opacity to
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infrared radiation. Furthermore, different sub-
stances will adsorh different bands of energy
within the infrared spectrum. Consequently, it
is possible to identify such substances by deter-
mining their characteristic infrared absorption
characteristics. To carry this method out, suit-
able apparatus is commercially available to de-
termine the infrared absorption characteristics
of substances to be tested. Such apparatus com-
prises a suitable source of infrared light energy
arranged to irradiate a sample cell having infra-
red transparent faces within which the sample
may be contained. Infrared light energy emit-
ted by the source is conducted through the sam-
ple cell towards a suitable energy detecting de-
vice which may consist, for example, of a bolom-
eter or a thermocouple. This infrared detector
is electrically connected so as to impress its out-
put on a suitable amplifying and recording sys-
tem so that the integral apparatus will produce
a record of the energy picked up by the detector.
The apparatus generally incorporates a mono-
chromator which is effective to disperse the in-
frared energy into an infrared spectrum. En-
trance and exit slits of the monochromator are
generally arranged to provide for the eontinuous
scanning of a particular portion of the infrared
spectrum. .

In using the general type of infrared absorp-
tion apparatus described, it is the general prac-
tice in conducting an analysis to adjust critically
two variables. - Pirst, it is necessary to adjust
critically the thickness of the sample cell, and,
secondly, it is necessary to adjust critically the
total amount of radiation falling on the entrance
slit ‘of the monochromator. It is necessary. that
the sample cell have a particular thickness in
order that sufficient radiation can be transmitted
through the sample, and in order to. secure de-
tectable infrared absorption characteristics. This
is & particular limitation in the case of hydro-
carbon mixtures since all constituents of a hy-
drocarbon mixture are somewhat opaque to in-
frared energy. Consequently, if the sample to be
analyzed is contained in a sample cell which is
too thick, substantially all infrared energy will
be absorbed by the sample with the result that
no appreciable infrared energy will pass through
the sample. - Similarly if the sample cell is too
thin, due largely to the complexity of a hydro-
carbon mixture, sufficient infrared absorption
willl not occur to characterize the mixture prop-
erly. P

Similarly, it is necessary to adjust critically the
total amount of infrared energy emitted by the
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monochromator so as to obtain optimum resolu-
tion - while utilizing sufficient light energy for
practical detection. In order to control the
amount of energy, the monochromator is gener-
ally provided with what are called entrance and
exit slits operative to control the amount and
pand width of energy entering and leaving the
monochromator. BY adjusting these slits, it is
consequently possible to control the total amount
of energy which will impinge on the detector o
as to secure optimum analytical results. If the
monochromator slits are opened too widely, the
result will be that the apparatus will be incapable
of proper resclution due to the passage of & rela-
tively broad band of infrared energy through the
monochromator. Alternatively, if the slits of the
monochromator are too narrowly adjusted, suffi-
cient light energy will not reach the detector to
produce a usable output.

So far as is known, it has been impossible to
adapt the type of apparatus described to the
analysis of complex hydrocarbon mixtures. This
has principally been pecause of the difficulty of
successfully choosing a sample cell thickness and
monochromator slit adjustments to get suitable
analytical results. Thus, in the case of crude oil
sample, such a sample contains a great many
isomeric hydrocarbons of similar infrared absorp-
tion characteristics. Consequently, if such &

sample is contained in a reasonably thick sample -

cell, sufficient infrared absorption will occur SO
that it is difficult to transmit detectable amounts
of radiation through the sample. For this reason
it has generally peen the practice in attempting
to analyze complex hydrocarbon mixtures to em-
ploy a relatively thin sample cell to contain these
mixtures. Insofar as it has been the practice
to employ what may be called a thin sample cell
it has also heen the practice to utilize relatively
narrow monochromator slit openings SO as fo
maintain the resolution of the analytical appa-
ratus. However, when using a system of this type
it has been discovered that it is impossible to dis-
tinguish between similar complex hydrocarhon
mixtures. In other words when using an jinfrared
analysis apparatus to analyze a complex hydro-
carbon mixture, if g relatively thin sample cell is
employed in conjunction with relatively narrow
monochromator slit adjustments adapted to pro-
vide high resolution, it is generally impossible to
characterize the hydrocarbon mixture. Examin-
ing a record produced by an apparatus of this
type, it will be found that few if any discrete ab-
sorption maxima characteristic of a particular
hydrocarbon mixture are indicated. In accord-
ance with this invention, it has been discovered
that the general method and apparatus of infra-
red spectrometry heretofore described may be
adapted to the successful identification of com-
plex hydrocarbon mixtures. One principle on
which this invention is based is that contrary to
conventional practice a relatively thick sample
cell is an essential requisite. It has been found
that in order to obtain significant discrete max-
ima in the infrared analysis of crude oils, it is
necessary that the infrared energy be passed
through & relatively thick sample. This is proba-
bly due to the fact that the production of char-
acteristic maxima depend upon the concentra-
tion of particular components in the mixture. In-
sofar as a hydrocarbon mixture, such as crude
oil, is a fairly complex mixture, many of the indi-
vidual components present occur in extremely
small percentages. This factor coupled with the
factor that the absorption bands of a single com-
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ponent of a mixture are weak, combine to dictate
the necessity for utilizing a relatively thick sam-
ple cell.

It has also been discovered that in order suit-
ably to characterize a complex hydrocarbon mix-
ture by infrared absorption techniques, it is nec-
essary to employ relatively wide settings of the
monochromator slits. While theoretically the use
of wide monochromator slit openings would sim-
ply result in a loss of resolution, contrary to what
h_as hitherto been supposed, the loss of resolu-
tion appears to he advantageous rather than dis-
advantageous. This is probably due to the fact
that maxima produced by reducing resolution are
the accumulated result of the absorption char-
apteristics of many individual components having
similar infrared absorption characteristics. In
any case, it has been discovered that successful
characterization of complex mixtures such as
crude oils may be achieved by employing uncon-
ventiopally broad monochromator slit openings.

As indicated, therefore, the method of this in-
vention depends upon utilizing a sample cell
which is relatively thick and on utilizing mono-
chromator slit openings which are relatively
broad.

The nature and objectives of this invention will
be better understood from a consideration of the
accompanying drawing in which:

Pigure I represents the infrared absorption
spectrum of a naturally occurring hydrocarbon
tar as obtained by conventional absorption meth-
ods, and

Figure II represents an infrared absorption
spectrum of the same tar as obtained by the
metpod and apparatus of this invention;

Figure III represents the infrared absorption
spectrum obtained for two crude oils obtained
from the two wells of the I.educ field determined
in accordance with this invention; and finally,

Pigure IV represents the infrared spectrum
of a Lloydminster crude oil determined in accord-
ance with this invention.

Pigure I, as stated, represents the absorption
spectrum of a tar obtained by conventional in-
frared absorption technique. The tar employed
was a naturally occurring seep and the sample
was dissolved in 20% concentration in carbon bi-
sulfide. The analytical apparatus employed was
that produced by the Perkin-Elmer Corporation
identified as model 12A. The sample cell thick-
ness employed in preparing the data of Figure I
was 0.25 millimeter. The slit widths of the mono-
chromator were .14 millimeter to .17 millimeter,
corresponding to a spectral slit width of .036 to
042 micron at 10 microns. The curve illus-
trated in Figure I, is an essentially continuous
curve except that the curve is broken at the points
A and B due to the necessity for broadening the
slit openings of the monochromator in order to
gcmpensate for the gradual drop of energy with
increased wave length due to the principles of
black body radiation. Referring to Figure Iit will
be noted that the curve plotted as the spectrum
of the tar contained relatively no significant
peaks. Based on the most careful examination
of the three curves illustrated in Figure I, only
cne or two points on the curve could be singled
out as apparently indicating a characteristic ab-
sorption spectrum.

Referring to Figure II, the spectrum represented
was obtained by employing the same type of ap-
paratus identified above. In this case, however,
the cell thickness was more than doubled and
the width of the monochromator slits were also
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approximately doubled. The cell thickness em-
bloyed was actually 0.55 millimeter while the slit
width was 0.28 millimeter corresponding to s
Spectral band width of .072 micron at 10 microns.
It will be noted that the spectrum plotted in Fig-
ure II covers the same wave length region indi~
cated in Figure I but that contrary to the plot
of Figure I, a curve was obtained containing at
least five distinctive discrete maxima. It will,
therefore, be seen that the method of this inven-
tion is operative to produce a spectrum from a
-complex hydrocarbon mixture which is clearly
characteristic of the particular mixture.
Referring now to the remaining figsures of the
‘drawings the infrared absorption spectrum of
different crude oils are reproduced as obtained ac-
cording to the principles of this invention. Thus
in each case g relatively thick sample cell was

Tt

-employed having a cell thickness of .27 millimeter.

Again, wide monochromator slit openings were
maintained, as will be specifically pointed out
with reference to the different figures. -

Referring first to Figure IIT, this figure rep-
-resents the spectrum of an oil obtained from the
Leduc oil field at depths of 5,029 feet to 5,066 feet,
in a particular well. Monochromator slit widths
of 300 millimeter were maintained while deter-
mining the portion of the spectrum from 10.77
to 12.66 microns. Monochromator slit widths of
600 millimeter were maintained over the por-
tion of the spectrum from 12.66 to 15.15 microns.
It will be observed that the spectrum cbtained for
this erude oil had numerous and clearly identi-
fiable peaks, clearly characterizing this particular
‘crude oil.

Using the identical sample cell and slit widths
as were employed in obtaining Figure III, the
infrared spectrum was obtained for a different
crude oil from the Leduc field. The ¢rude oil was
obtained from a different well in the field, from a
depth of 5,297 feet to 5,313 feet. It was found
that a spectrum was obtained which precisely cor-
responded with that formerly obtained for the
different crude oil as represented in Figure ITT,
At the time the crude samples were taken there
was reason to believe that the crude oils, while
obtained from different wells, were flowing from
the same 0il pool. From a comparison of the
spectrum obtained according to the method of this
invention, it appeared conclusive that in fact
these oils were of substantially identical charaec-
teristics, and must have been derived from the
same oil pool. :

As contrasted to this, as shown by Figure IV, a

-clear distinction between different types of oils

-may be made by the method of this invention.
Thus in Figure IV, the absorption spectrum of a
Lloydminster crude oil is shown. This absorption
spectrum was obtained using a sample cell thick-
ness of .27 millimeter. The monochromator slit
widths were .360 millimeter in the region from
10.77 o0 12.66 millimeters, and the monochromator
slit width were .790 millimeter in the region from
12.66 microns to 15.15 microns. Again, it will
be observed that Figure IV is characterized by
numerous characteristic peaks. In comparing
Figure IV, with Figure III, while a similarity of
the two crude oils is indicated, nevertheless a
clear distinction between the oils is shown. Par-
ticularly in considering the portion of the spec-
trum above 12.66 microns, it is apparent that the
oils could not have been obtained from the same
oil pool, and could not be of the same nature. As
brought out by this consideration of Figures III,
and IV, therefore, the utility of this invention, in
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identifying similar crude oils; or in distinguishing
different crude oils is convincingly demonstrated.

In order more fully to appreciate the nature of
this invention, it is necessary to understand the
manner in which characteristic absorption spectrg,
are produced by the method of this invention. In
this connection, it is apparent that the results
secured are distinctly different from those ob-
tainable by conventional analysis procedures.
Thus, the characteristic maxima notable in Pig-~
ure II could not be ascertained by even a micro-
scopic examination of the type of plot illustrated
inFigureI. Asformerly brought out, the maxima,
discernible in Figure IT are apparently due both
to Increasing the cell thickness utilized and to
increasing the spectral band width of the mono-
chromator slits. This relationship may be ex-
bressed by the following formula:

iy
;.

Where AH represents the increase in the height
of discernible peaks; ¢: represents a sample cell of
arbitrarily chosen initial thickness; ¢t represents a
final sample cell of a greater thickness; Si repre-
sents the - initial slit openings of the mono-
chromator in millimeters; S¢ represents the final
slit openings in millimeters. :

It should be noted from the formula that
Increase in peak height is obtainable in the case
where both the cell thickness # and the slit width
S are increased over the values # and Si. The
total increase in peak height is proportional to
the product of the square of the ratio of ‘the
slit openings times the ratio of the cell thick-
ness. The formula indicated is of utility in a
particular situation wherein it is desired to se-
cure a peak magnification of a given value. Thus,
if it is desired arbitrarily to increase the height
of peaks by a factor of 4, the slit widths required
to achieve this are twice the initial slit openings.
By evaluating the formula, it is possible then
to determine what cell thickness should be em-
ployed in order to obtain the desired increase in
peak height.

While in employing this formula extremely
wide slit widths appear most desirable, it must
be recalled, that the resolution obtainable is de-
pendent on the slit widths. Consequently, it is

Sp
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‘not practical to employ unreasonably -large-slit

widths in the practice of this invention. It is ap-
barent that the particular size of suitable mono-
chromator slit widths will depend on the par-
ticular sample examined and will, in turn, depend
upon the amount.of resolution required to se-
cure a.distinctive spectrum. The practical lim-
itation on the width of the slits is that the spec-
tral width provided by the slit openings be no
greater than the band in which the peak occurs.

While a practical method of adopting the
principles of this invention has been described
above, other methods may be employed in deter-
mining the critical cell thickness and slit widths
to be used. A convenient method which may
be used is essentially a trial and error method
in which the cell thickness and the slit widths
are experimentally increased until the desired
results are obtained. As an example of this
method, let it be assumed that a  hydrocarbon
sample is to be analyzed for which the con-
ventional cell thickness and slit widths give no
characteristic absorption spectrum. A first step
in the procedure to be used consists of increas-
ing the cell thickness until the apparatus “blacks
out” or in other words, until the amount of
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infrared energy passing through the sample and
reaching the detector is substantially undetect-
able. The second step in the procedure is to then
mcrease the width of the monochromator slits
unitil a detectable amount of energy is picked up
by the energy detectors. When these two steps
have been completed, it may be found that a
characteristic absorption spectrum for the sample
will be obtained. Alternately, it may be found
necessary to repeat the steps of this procedure
by further increasing the thickness of the sample
cell angd the width of the monochromator slits.

As an indication of the particular application
of this invention to an analysis of hydrocarbon
mixtures, it may be noted that in general when
analyzing a hydrocarbon mixture, the cell thick-
ness which is employed is conventionally about
04 to .1 millimeter in thickness. Cells having
a thickness of greater magnitude have been and
are being used in the analysis of relatively simple
hydrocarbon mixtures such as a 2 component
mixture cf paraffins. So far as is known, the

greatest cell thickness conventionally employed

fn any hydrocarbon analyses is about 0.25 mil-
Ymeter. As contrasted to this, in the practice
of this invention, cell thicknesses are employed
having a value of about .3 to .6 millimeter. Sim-
ilarly, in conventional infrared absorption spec-
trometry, the slit widths which have been used
for hydrocarbon identification are about 048
micron at 7.5 microns to .057 micron at 12.6
microns spectral band widths. In accordance
with this invention, the spectral band widths
which are utilized are about .087 micron at 7.5
microns to .136 micron at 12.6 microns. More
particularly, the distinction between conventional
slit widths and slit widths employed in this in-
vention are indicated in the following table. It
will be noted from this table that the particular
slit width employed is a function of the wave
length of the particular portion of the energy
spectrum examined. The slit widths employed
according to this invention are several times the
conventional slit widths.

Slit widths
in accordance
with this
invention,
mm.

Conventional
Slit Widths,
mm.

Wavelength (microns)

.126
. L2186
- . 342

. 260

What is claimed is:

1. In g process for characterizing complex
Hquid mixtures of hydrocarbons by infrared ab-
sorption characteristics in which the mixture to
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be characterized is first placed in a relatively
thin sample cell, and for which no characteristic
absorption spectrum can be obtained utilizing
substantially monochromatic infrared energy,
the improvement which comprises a first step
of increasing the sample cell thickness until the
amount of infrared energy passed through the
sample is substantially undetectable, and there-
after increasing the band width of the infrared
energy passed through the cell until a detect-
able amount of energy is passed through the
sample, and thereafter continuing these steps
until a characteristic absorption spectrum is ob-
tained.

9. An improved method for characterizing com-
plex liquid mixtures of hydrocarbons selected
from the class consisting of crude oils, lubricat-
ing oils and asphalts, comprising the steps of
placing the said hydrocarbon mixture in a sam-
ple cell having a thickness of about 0.3 to 0.6
millimeter, dispersing infra-red energy to obtain
an infra-red spectrum, and thereafter passing
successive portions of the said spectral energy
through the said sample employing a band width
of infra-red energy somewhat greater than about
0.07 micron.

3. In infra-red absorption apparatus adapted
for characterizing complex mixtures of liquid
hydrocarbons the improvement which comprises
an infra-red energy source, a monochromator
positioned in the range of radiation from said

-source adapted to disperse the infra-red energy

to provide an infra-red spectrum, means a&sso-
ciated with said monochromator to provide a
portion of the said spectrum somewhat greater
than about 0.07 micron in band width, and a
sample cell having a thickness of about 0.3 to
0.6 millimeter positioned adjacent said mono-
chromator in the range of radiation of the said
pand width from the monochromator.
CLARA D. SMITH.
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