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ABSTRACT OF THE DISCLOSURE 
Chromatographic analysis of a ?uid mixture utilizing 

as column packing a solid selective sorbent such as mo 
lecular sieves, incorporating a modi?ed procedure which 
provides a continuous output signal, notwithstanding inter 
mittent sample injection, proportional to concentration of 
selectively sorbed component(s) in said mixture. The 
method is particularly adapted to determining total n 
para?in content of a mixture of normal and non-normal 
hydrocarbons. The column is ?rst presaturated with n 
para?ins. Carrier gas is passed continually through the 
column, and ?xed volume samples of the analysis mixture 
are periodically injected into the carrier gas stream. There 
after, the n-paraf?n content is re?ected by a continuous 
elevated baseline signal proportional to n-paraf?n concen 
tration, which accurately tracks changes in said concen 
tration as between a plurality of the series of samples. The 
non-normals of each sample are preferably eluted as a 
single lumped peak superimposed upon the baseline signal. 

This invention relates to a method for analyzing mix 
tures of ?uid components and more particularly to the 
analysis of such mixtures by an improved vapor phase 
chromatography technique utilizing as the component 
separating medium a solid sorbent capable of retaining one 
or more components of the mixture and rejecting one or 
more other components thereof. More speci?cally the 
present invention is directed to a method for the rapid 
analysis of either or both of two broad classes of com 
ponents present in a sample mixture: (1) those compo 
nents which are selectively sorbed by the sorbent and (2) 
those components which are relatively less sorbed or 
rejected by the sorbent. Those of the ?rst class are ana 
lyzed continuously. ' 

The theory and application of vapor phase chroma 
tography is well known. Much of the work in this art 
has been directed to the development of high resolution 
apparatus capable of separating and quantitatively meas 
uring'very closely related compounds in a complex multi 
component system. Many sophisticated column designs 
have been developed which are capable of handling sam 
ple, volumes in the microliter or even nanoliter range; 
other designs'embody elaborate ?ow schemes, multiple 
columns, novel column packing materials, ultra-sensitive 
detectors, advanced electronic circuitry, and the like, all 
with the objective of providing ever higher resolution 
and sensitivity. For the most part such complicated ana 
lytical equipment can be utilized to advantage only in the 
laboratory by or under the supervision of a skilled tech 
nician. Equipment of this type has generally proven 
unsatisfactory, when transferred to the chemical plant or 
petroleum re?nery and utilized as a process stream ana 
lyzer, because it lacks reliability under adverse environ 
ment and needs considerable maintenance and calibra 
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tion. Even the highly engineered process stream chroma 
tographs heretofore available for use in ?eld installations 
do not provide the complete answer and in fact have at 
least four substantial drawbacks: ?rst, conventional chro 
matographs hav excessive capability, by which is meant 
they supply a more thorough analysis of a'multi-compo 
nent stream than is needed by a plant operator who is 
usually interested in only one key component or group 
of components. Second, they require a relatively long 
time to elute a given sample, hence the interval between 
analyses is often unduly delayed which cannot be short 
ened even though the peaks not of interest are mechanical 
ly or electronically suppressed. Third, the output signal 
of a conventional chromatograph, being a train of unidi 
rectional peaks, is inherently discontinuous and therefore 
unsuited to online process control unless it is taken 
through a peak-picker or integrator and memory device, 

' which auxiliary apparatus adds to system cost and reduces 
its reliability. Fourth, where it is desired to determine the 
percentage of A in a mixture of components A, B and C, 
it is necessary to compute by integration the area under 
each of the peaks corresponding to components A, B and 
C, sum the integrations, and divide the area for A by the 
resulting sum; this is a tedious and time consuming task 
when done manually, necessitates elaborate and expen- . 
sive computing circuitry when done electronically, and in 
any case the frequency of the determinations remains 
limited by sample elution time. 
The present invention largely eliminates the aforesaid 

disadvantages of prior art chromatographic analyzers 
through the use of a specially pretreated solid sorbent as 
the chromatographic column packing material. Various 
solid sorbents of speci?c composition and structure are 
known which, upon contact with a mixture of components 
which differ in their relative sorbency on the solid, have the 
ability to selectively sorb one or more components there 
of and to pass or reject one or more other components, 
thereby providing a means for segregating the individual 
components according to their structure. The physical or 
chemical mechanisms by which particular sorbents are 
operative for particular multi-component mixtures may 
differ. For example, typical sorbents operative by reason 
of their adsorptive properties include silica gel, activated 
charcoal, aluminosilicates such as the various clays and 
activated silica gels including, for example, Attapulgus 
clay, montmorillonite, dehydrated composites of alumina 
and silica activated by heating to a temperature slightly 
below the fusion point of the composite, and activated 
alumnia; sorbents operative by molecular occlusion are 
the dehydrated metal aluminosilicate hydrates wherein the 
metal constituent is an alkali or alkaline earth metal, 
commonly referred to as “molecular sieves.” These and 
other types of sorbents, as well as processes employing 
them, are well known in the art, and are more completely 
described, for example, in US. Patent 2,985,589. Any of 
the above sorbents may be employed in the present in 
vention. 

In accordance with this invention there is provided 
a means for passing a continuous ?ow of carrier gas, such 
as helium, ?rst through a reference thermal conductivity 
cell, then successively through a separating column and 
a measuring thermal conductivity cell. A sample injection 
means is provided for injecting controlled volume samples 
of the ?uid mixture to be analyzed directly into the car 
rier gas stream between the reference cell and the sepa 
rating column. The reference cell and measuring cell are 
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incorporated in a suitable bridge circuit which drives a 
potentiometric recorder. These elements are conventional. 
I have discovered, however, that if the column is packed 
with a solid sorbent capable of selectively sorbing one or 
more, but less than all, of the components present in 
the sample, and further if the sorbent is substantially pre 
saturated with at least one of the selectively sorbed com 
ponents, then a true continuous analysis for the selectively 
sorbed material can thereafter be obtained. The presatura 
tion of the sorbent may be effected by contacting it with 
the selectively sorbed component or components, either 
in pure form or in admixture with relatively less sorbed 
or non-sorbed components, under sorption conditions 
prior to loading it into the separating column; presatura 
tion may also be accomplished in situ, after the sorbent 
is loaded into the column, by repetitive sample injection 
until substantial saturation is achieved. Consider ?rst that 
the column is ?lled with fresh or only partially saturated 
sorbent, carrier gas ?ow is established at the proper rate, 
column temperature is stabilized at the proper level, and 
the measuring bridge circuit parameters are adjusted to 
provide an electrical zero output in the recorder. Assume 
that the ?uid mixture to be analyzed is a binary mixture 
consisting of one selectively sorbed component and one 
relatively less sorbed component. A ?rst sample is in 
jected and a short while later a peak is recorded corre 
sponding to passage of the less sorbed component through 
the measuring cell; the recorder pen returns to zero and 
remains there since the selectively sorbed component 
originally present in the sample is captured by the sorbent 
and is not stripped or desorbed by the carrier gas. The 
same response will be obtained after each of a number 
of successive sample injections until the sorbent becomes 
saturated with respect to the selectively sorbed component. 
When saturation occurs the selectively sorbed component 
begins to elute at a uniform rate from the separating 
column, even though another sample has not yet been in 
jected, and the recorder pen will suddenly drive upscale 
a substantial distance above electrical zero corresponding 
to passage of the selectively sorbed component through 
the measuring cell. This response is not a “peak” but is a 
stable “baseline” elevated above electrical zero which con— 
tinues for a substantial period of time following the last 
previous sample injection, and signi?cantly the magnitude 
of such elevation has ‘been found to be proportional to 
the amount by weight of selectively sorbed component 
present in the sample. If, now, successive samples of the 
?uid mixture are injected periodically, and the concentra 
tion of selectively sorbed component in each is different, 
the analyzer output will have the form of a peak, soon 
after each Sample injection (due to the less sorbed com 
ponent) superimposed on a continuous time-varying ele 
vated “baseline,” the latter accurately tracking the varying 
content of the selectively sorbed component in the series 
of samples. The de?ection above electrical zero after the 
less sorbed component peak provides a continuous meas 
ure of the selectively sorbed component content of the 
sampled binary system. The analyzer in effect converts 
a sampled data input to a continuous output. 

Consider, next the case where the ?uid mixture to be 
analyzed is a multi~component mixture consisting of two 
or more selectively sorbed components and one relatively 
less sorbed component. After a number of sample injec 
tions the sorbent becomes saturated with selectively sorbed 
material which thereafter elutes at a uniform rate and 
without discrimination or chromatographic separation as 
among the several selectively sorbed components. The 
analyzer output has the same form as when the ?uid mix 
ture is a binary system except that now the elevated base 
line, after passage of the less sorbed component through 
the separating column, is proportional to the total selec 
tively sorbed component content of the mixture. The 
analyzer in effect treats the multiwcomponent mixture as a 
pseudobinary system. 

Consider further the case where the ?uid mixture to be 
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analyzed comprises at least two selectively sorbed com 
ponents and at least two relatively less sorbed compo 
nents. After the sorbent is saturated with selectively 
sorbed material, continued repetitive sample injection re 
sults in a continuous elevated baseline developed by the 
continuous, non-discriminatory elution of the several se 
lectively sorbed components. If the temperature of the 
separating column is sufficiently low, chromatographic 
separation of the less sorbed components will neverthe 
less occur so that the analyzer output, following each 
sample injection, is a series of peaks, corresponding to 
the speci?c components contained in the less sorbed class, 
deviating from the elevated baseline. While this type of 
analysis is frequently useful and is included within the 
scope of the invention, it is also desirable and possible to 
make the analyzer respond as though the ?uid mixture 
were binary. This is accomplished by raising the column 
temperature to the point where all the less sorbed com 
ponents are eluted from the column almost immediately 
and without discrimination, while the selectively sorbed 
components continue to elute uniformly, also without dis 
crimination, thereby achieving a “lumping effect.” The 
analyzer output, following each sample injection, now 
takes the form of a single narrow peak or spike deviating 
above the elevated baseline, the latter being proportional 
to the total selectively sorbed component content of the 
sample. When operated in this manner, e.g., to perform a 
pseudobinary analysis, the analyzer distinguishes only be 
tween two broad classes of components: those which are 
selectively sorbed, and those which are relatively less 
sorbed. Such information is often invaluable to the plant 
operator who is seeking to optimize the performance of a 
particular piece of hardware or re?nery process unit, such 
as a distillation column or catcracker, and who is not in 
terested in a compound-by-compound analysis of a stream. 
The pseudobinary analysis has the additional advantage 
that elution time per sample is generally at a minimum so 
that higher sampling frequencies may be used. The column 
temperature necessary to achieve the lumping effect is 
dependent on several variables such ‘as the type of sorbent, 
the speci?c compounds in the mixture to be analyzed, the 
carrier gas ?ow rate, etc., but in any event can be ascer 
tained by routine experimentation with a particular sys 
tern. 

It will be recognized that the method of this invention 
differs over prior art ‘chromatographic analyzers in at least 
four important respects: 

(1) At least one of the components of the analysis mix 
ture is eluted from the column continuously, notwith 
standing intermittent sample injection, and at least one 
other component is eluted discontinuously, in contrast 
to conventional chromatographs wherein each speci?c 
component elutes discontinuously as a binary mixture 
with the carrier gas. 

(2) If the analysis mixture contains two or more selec 
tively sorbed components, these are eluted from the 
column continuously and Without discrimination. This 
technique deliberately provides for a zero or negligible 
separation between the speci?c selectively sorbed com 
ponents, as opposed to the philosophy of the prior art 
which has sought to achieve high resolution between 
all speci?c components of the analysis mixture. 

(3) If the analysis mixture contains tWo or more less 
sorbed components, in a preferred embodiment of the 
invention these components are eluted simultaneously 
or substantially so, within a very short time after sam 
ple injection, and their time of passage through the 
measuring cell is short in comparison to the interval 
between sample injections. 

(4) Elution time per sample is signi?cantly less than that 
required by conventional chromatographs. 

Advantages of the instant technique include the follow 
ing: a continuous output signal is developed from a dis 
continuous input, attaining closer tracking of a varying 
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component, concentration and easier marriage with stand 
ard analog control elements to form a closed loop sys 
tem; a single component or group of components develops 
a unitary signal proportional to their weight concentra 
tion, which signal is continuous for selectively sorbed com~ 
ponents and may be lumped into a single peak for less 
sorbed components, thereby eliminating the computing cir 
cuitry required for automatic component readout in high 
resolution work; the relatively short elution period per 
mits a higher sampling frequency and therefore increased 
accuracy and reduced dead time; the use of a solid sorbent 
as the chromatograph column packing material eliminates 
problems of stability and substrate boilaway arising from 
conventional packings comprising an inert solid carrier 
coated with a high-boiling organic liquid substrate. 

It is, therefore, a broad embodiment of this invention to 
provide a method for analyzing a mixture of ?uid com 
ponents, at least one of which is selectively sorbed by con 
tact with a solid sorbent (such as, for example, silica gel, 
activated charcoal, activated alumina, or molecular sieves) 
and at least one other component is relatively less sorbed 
by the sorbent, which comprises pretreating a mass of said 
sorbent by contact with said selectively sorbed component 
until the sorbent is substantially saturated with respect to 
the selectively sorbed component, passing a sample of said 
mixture together with a carrier gas stream through a sep 
aration zone containing the pretreated sorbent, and pass 
ing the e?luent from said zone to a measuring cell. 
A more speci?c embodiment of this invention is di 

rected to a method for analyzing a mixture of ?uid com 
pounds, at least one of which is selectively sorbed by con 
tact with a solid sorbent and at least two other compounds 
are relatively less sorbed by the sorbent, which comprises 
pretreating a mass of said sorbent by contact with the se 
lectively sorbed compound until the sorbent is substan 
tially saturated with respect to the selectively sorbed com 
pound, passing a carrier gas stream through a separation 
zone containing the pretreated sorbent, introducing sam 
ples of said mixture at periodic intervals into the carrier 
gas stream at a point upstream’from the separation zone,’ 
the temperature of said zone being sufficiently high so 
that all of said compounds are maintained in the vapor 
phase therein and said less sorbed compounds are eluted 
from the separation zone substantially simultaneously, and 
passing the ef?uent from the separation zone to a measur 
ing cell. 
A preferred solid sorbent is a material characterized as 

a dehydrated metal aluminosilicate hydrate wherein the 
metal constituent is an alkali or alkaline earth metal, also 
known as molecular sieves. These sorbents are particles 
having pore diameters in the range of 3 to 7 A. and are 
capable of selectively sorbing a variety of compounds de 
pending upon the speci?c pore diameter range and size 
distribution. The molecular sieves may be prepared by c0 
precipiating or otherwise combining alumina, silica, and a 
metal oxide such as an oxide or hydroxide derivative of 
an alkali metal such as sodium, lithium or potassium or of 
an alkaline earth metal, such as calcium, magnesium, bar 
ium or strontium to form a uniform and intimately dis 
persed mixture of silica, alumina and the metal oxide or 
hydroxide, removing excess water from the mixed oxides 
and thereafter heating the recovered dispersed mixture to 
a temperature at which the water of hydration will be 
driven oif by evaporation from the particles. The resulting 
dehydrated mixed oxides are preferably calcined at a tem 
perature of from about 400° to 800° F. to improve rigidity 
and strength of the particles. Methods for the preparation 
of molecular sieves are well documented in the literature, 
as set forth, for example, in U.S. Patents 2,882,244 and 
2,882,243. 
'One speci?c embodiment of the invention, using molec 

ular sieves as the chromatographic column packing ma 
terial, provides a method for analyzing a mixture of hy 
drocarbons containing at least one normal aliphatic hy 
drocarbon and at least one non-normal hydrocarbon se 
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6 
lected from the group consisting of branched chain and 
cyclic hydrocarbons. The normal aliphatic hydrocarbon is 
selectively sorbed by the molecular sieves and, after satu 
ration of the sieves therewith, elutes continuously from the 
column. The non-normal hydrocarbon is passed by the 
sieves and elutes as a band soon after sample injection. 
The normal aliphatic hydrocarbon may be saturated or 
unsaturated, e.g., a normal parai?n, or a straight chain 
ole?n, diole?n or polyole?n, and may contain from 1 to 
about 22 carbon atoms. The non-normal hydrocarbon may 
be a branched chain para?‘in, ole?n, diole?n or polyole?n 
containing from 4 to about 22 carbon atoms, a cyclo 
para?ln or cycloole?n containing from 4 to about 22 car 
bon atoms, or a mononuclear or polynuclear aromatic 
hydrocarbon containing from about 6 to about 22 carbon 
atoms. Since the components undergoing chromatographic ' 
separation are in the vapor state, hydrocarbons containing 
more than 22 carbon atoms cannot generally be analyzed 
by this method because they are too di?’icultly vaporizable, 
even with the substantial reduction in hydrocarbon partial 
pressure afforded by excess amounts of carrier gas, and 
tend instead to thermally decompose and deposit coke 
upon the column packing. When the normal aliphatic hy 
drocarbon is a normal para?in it may therefore contain 
from 1 to 22 carbon atoms, and preferably is one contain 
ing from 4 to 18 carbon'atoms. The non-normal hydrocar 
bon may contain from 4 to about 22 carbon atoms, and 
preferably is one containing from 4 to 18 carbon atoms. 
The “lumping effect” is most readily achieved when the 
carbon number spread of the analysis mixture does not 
exceed about 6 to 8 carbon numbers. 

This invention is especially well suited to analyzing 
kerosene fractions comprising one or more normal paraf 
?ns containing from 10 to 16 carbon atoms, and one or 
more non-normal hydrocarbons containing from 6 to 16 
carbon atoms. For an analysis mixture of this type the 
temperature of the molecular sieve column should be at 
least ‘600° F. and preferably somewhat higher, for ex 
ample, in the range of 610°—650° F., in order to obtain 
continuous non-discriminatory elution of the normal 
para?ins, on the one hand, and non-discriminatory lumped 
elution of the non-normal hydrocarbons on the other. 
Below about 600° F. some separation of the Clo-C16 frac 
tion will begin. A typical analysis mixture may comprise 
a major proportion of normal para?‘ins ‘and a minor pro 
portion of non-normal hydrocarbons, in which case the 
height or area under the peak due to non-normals, super 
imposed on the continuous elevated baseline due to nor~ 
mals, will provide a measure of the total non-normal con 
tent of the sample. Another typical analysis mixture may 
comprise ‘a major proportion of non-normals and a minor 
proportion of normals, in which case the displacement 
above electrical zero after passage of the non-normal peak 
will provide a continuous measure of the total normal 
para?‘in content of the sample. 

Another speci?c embodiment of the invention, using 
molecular sieves as the column packing material, provides 
a method for the continuous analysis of water in a mix 
t-ure of water with one or more of the following less 
sorbed materials: methane, ethane, propane, isobutane, 
hexane, oxygen, hydrogen, nitrogen, air and natural gas. 
The less sorbed materials are passed by the sieves and 
elute from the column as a compact band soon after 
sample injection. The water vapor is selectively sorbed 
by the molecular sieves ‘and, after saturation of the sieves 
therewith, elutes continuously to develop an elevated 
baseline signal the height of which, after passage of the 
peak due to the less sorbed materials, is proportional to 
the water content of the sample. 

Another speci?c embodiment of the invention, using 
molecular sieves as the column packing material, provides 
a method for the continuous analysis of hydrogen sul?de 
or mercaptans in a mixture of hydrogen sul?de or mercap 
tans with one or more of the following less sorbed mate 
rials: methane, ethane, propane, normal butane, isobu 
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tane, normal pentane, isopentanes, normal hexane, nor 
mal heptane, normal octane, hydrogen, carbon dioxide, 
and natural gas. The less sorbed materials are passed by 
the sieves and elute from the column as a compact band 
soon after sample injection. The sulfur compounds are 
selectively sorbed by the molecular sieves and, after 
saturation of the sieves therewith, elute continuously to 
develop an elevated baseline signal the height of which, 
after passage of the peak due to less sorbed materials, 
is proportional to the sulfur compound content of the 
sample. 
Another speci?c embodiment of the invention, using 

molecular sieves as the column packing material, provides 
a method for the continuous analysis of carbon dioxide 
in a mixture of carbon dioxide with one or more of the 
following less sorbed materials: methane, ethane, ethyl 
ene, propane, butane, pentane, nitrogen, hydrogen and 
carbon monoxide. The less sorbed materials are passed 
by the sieves and elute from the column as a compact 
band soon after sample injection. The carbon dioxide is 
selectively sorbed by the molecular sieves and, after satu 
ration of the sieves therewith, elutes continuously to 
produce an elevated baseline signal the height of which, 
after passage of the peak due to the less sorbed materials, 
is proportional to the carbon dioxide content of the 
sample. 

Still another speci?c embodiment of the invention, using 
molecular sieves as the column packing material, provides 
a method for the continuous analysis of normal unsat 
urated C1—C3 aliphatic hydrocarbons in a mixture of one 
or more of such unsaturated hydrocarbons with one or 
more of the following less sorbed materials: methane, 
ethane, oxygen, hydrogen and nitrogen. The less sorbed 
materials are passed by the sieves and elute from the col 
umn discontinuously soon after sample injection. The un— 
saturated hydrocarbon is selectively sorbed by the molec 
ular sieves and, after saturation of the sieves therewith, 
elutes continuously to produce an elevated baseline signal 
the height of which, after passage of the peak due to the 
less sorbed materials, is proportional to the unsaturated 
aliphatic hydrocarbon content of the sample. 

Still another speci?c embodiment of the invention, using 
molecular sieves as the column packing material, provides 
a method for the continuous analysis of isobutane in a 
mixture of isobutane with one or more C1-C3 para?‘ins. 
The C1—C3 par-a?ins, being relatively less sorbed, are 
passed by the sieves and elute from the column as a com 
pact band soon after sample injection. The isobutane is se 
lectively sorbed by the sieves and, after saturation of the 
sieves therewith, elutes continuously to produce an ele 
vated baseline signal the height of which, after passage of 
the peak due to the less sorbed C1—C3 paraf?ns, is pro 
portional to the isobutane content of the sample. 
A still further speci?c embodiment of the invention, 

using molecular sieves as the column packing material, 
provides a method for the continuous analysis of mono 
nuclear aromatic hydrocarbons in a mixture of such 
mononuclear aromatic hydrocarbons with polynuclear 
aromatic hydrocarbons. The polynuclear aromatics, being 
relatively less sorbed, are passed by the sieves and elute 
from the column as a compact band soon after sample 
injection. The mononuclear aromatics are selectively 
sorbed by the molecular sieves and, after saturation of 
the sieves therewith, elute continuously to develop an 
elevated baseline signal the height of which, after passage 
of the peak due to the polynuclear aromatics, is propor 
tional to the mononuclear aromatic content of the sample. 
Yet another speci?c embodiment of the invention, using 

as the column packing material a solid adsorbent such 
as dehydrated silica gel, activated charcoal, activated 
alumina, etc., furnishes a method for the continuous deter 
mination of mercaptans or amines in a mixture of mer 
captans or amines with a para?inic hydrocarbon frac 
tion. The para?ins, being relatively less adsorbed, are 
passed by the adsorbent and elute from the column as a 
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compact band soon after sample injection. The polar mer 
captans or amines are selectively adsorbed and, after 
saturation of the adsorbent therewith, elute continuously 
to develop an elevated baseline signal the height of which, 
after passage of the peak due to the para?ins, is propor 
tional to the mercaptan or amine content of the sample. 

Still another speci?c embodiment of the invention, 
using as the column packing material a solid adsorbent 
such as dehydrated silica gel, activated charcoal, activated 
alumina, etc., furnishes a method for the continuous 
determination of ole?ns in a mixture of ole?ns and 
paraf?ns. The para?ins, being relatively less adsorbed, are 
passed by the adsorbent and elute from the column as 
a compact band soon after sample injection. The ole?ns 
are selectively adsorbed and, after saturation of the ad 
sorbent therewith, elute continuously to develop an ele 
vated baseline signal the height of which, after passage 
of the peak due to the para?ins, is proportional to the 
ole?n content of the sample. 

Still another speci?c embodiment of the invention, using 
as the column packing material a solid adsorbent such 
as dehydrated silica gel, activated charcoal, activated 
alumina, etc., provides a method for the continuous deter 
mination of aromatic hydrocarbons in a mixture of 
aromatic hydrocarbons and non-aromatic hydrocarbons. 
The non-aromatics, being relatively less adsorbed, are 
passed by the adsorbent and el-ute from the column as 
a compact band soon after sample injection. The aromatics 
are selectively adsorbed and, after saturation of the ad 
sorbent therewith, elute continuously to develop an ele 
vated baseline signal the height of which, after passage 
of the peak due to the non-aromatic hydrocarbons, is 
proportional to the aromatic hydrocarbon content of the 
sample. 

In still another embodiment of the invention, employ 
ing as the column packing material a solid adsorbent such 
as dehydrated silica gel, activated charcoal, activated 
alumina, etc., there is provided a method for the con 
tinuous determination of water vapor in a mixture of 
water vapor with air, nitrogen or other inert gas, ‘or 
paraf?nic hydrocarbons. The air, nitrogen, inert gas ‘or 
para?inic hydrocarbons, as the case may be, being rela 
tively less adsorbed, are passed by the adsorbent and 
elute from the column as a compact band soon after 
sample injection. The water vapor is selectively adsorbed 
and, after saturation of the adsorbent therewith, elutes 
continuously to develop an elevated baseline signal the 
height of which, after passage of the peak due to the 
less adsorbed materials, is proportional to the water vapor 
content of the sample. 
The invention is speci?cally described in connection 

with the accompanying drawings of which: 
FIGURE 1 is a schematic diagram of a process stream 

analyzer embodying the invention. 
FIGURE 2 is a schematic diagram of a bridge circuit 

for deriving an output signal from the apparatus of 
FIGURE 1. 
FIGURE 3 is a plot of a typical output signal developed 

by the method of this invention. 
With reference to FIGURE 1, there is shown in partial 

section a linear sample valve 10‘ which comprises outer 
stator plates 11 and an inner reciprocable plug 16 in 
?uid-tight contact with plates 11. Stator 11 is provided 
with ports 12, 13, 14 and 15. Plug 16- is provided with 
three transverse ports 17, 18 and 19; intermediate port 
18 is of somewhat smaller diameter and is the sample 
or metering port. Plug 16 is driven to either of its two 
adjusted positions by means of a shaft 20 which is con 
nected to an upper diaphragm operator 21 and also to a 
lower diaphragm operator 23. Actuating air is alternately 
supplied (through suitable automatically programmed 
valving, not shown) through line 22 to operator 21 or 
through line 24 to operator 23; when one of lines 22 
and 24 is under pressure, the other line is simultaneously 
vented. With operator 23 pressured, plug 16 is moved 



3,345,858 
9 

upwardly into the position shown which is the “sample 
port re?ll” position: ports 12, 18 and 13 are in serial 
?uid communication, ports 14, 19 and 15 are in serial 
?uid communication, and port 17 is inoperative. With 
operator 21 pressured, plug 16 is moved downwardly 
into the “sample injection” position: ports 12, 17 and 13 
are now in serial ?uid communication, ports 14, 18 and 15 
are in series ?uid communication and port 19 is inoper 
ative. Sample valve 10 is enclosed by an electrically 
heated, temperature controlled jacket 25 which maintains 
the valve at an elevated temperature su?‘icient to pre 
heat, partially vaporize or completely vaporize the sample, 
as desired. A circulating sample stream of the process 
?uid to be analyzed is introduced through inlet line 26, 
?lter 27 and ‘line28 to valve 10; it passes through either 
port 18 or port 17 and is Withdrawn through line 29, ?ow 
controller 30 and line 31, from ‘which it may conveniently 
be returned to a point in the process under lower pressure 
than the inlet. The volume and length of tubing runs of 
the sample loop should be kept as small as practicable to 
minimize transport lag. A source of carrier gas 32 is con 
nected to the analyzer by ‘line 33. The carrier gas is pref 
erably helium, but may also be neon, argon, hydrogen, 
nitrogen, C02 or other inert gas differing substantially in 
thermal characteristics from the components of interest in 
the sample stream. From line 33 the carrier gas is taken 
through a ?ow controller 34, line 35, reference thermal 
conductivity cell 36 and line 37 to valve 10; it passes 
through either port 18 or port 19 and then through line 38 
to separating so‘lumn 39 which contains a suitable solid 
sorbent. Vapor e?luent from column 39 ?ows through a 
measuring thermal conductivity cell 40 and is then vented 
through line 41. It will be appreciated that other types of 
‘detection devices may be substituted for the thermal con 
ductivity cell, for example, this may be an ionization de 
tector or a beta ray detector. Cells 36 and 40‘ and column 
39 are encased in an electrically heated, temperature con 
trolled detector block 42 which holds the column at a tem 
perature su?iciently high to vaporize all of the com 
ponents in the sample and, where the sample mixture con 
tains more than one selectively sorbed component or more 
than one less sorbed component, su?iciently high to pre 
vent any appreciable separation as between the selectively 
sorbed components and, preferably, also as between the 
less sorbed components. The sample valve, detector block 
and carrier gas ?ow controller are mounted in a tempera 
ture controlled housing 43 adapted to provide an interior 
temperature in the range of 60°-120° F. 
When valve 10 is inthe “sample port re?ll” position, 

process ?uid entering lines 26 and 28 ?ows through port 
18 and is returned through lines 29 and 31 to the process 
or to a suitable sump or drain. Carrier gas is admitted 
through lines 33 and 35 to reference cell 36, passes 
through port 19, line 38, column 39, measuring cell 40, 
and vent line 41. When valve 10 is in the “sample injec 
tion” position, plug port 18 is moved down to register with 
stator ports 14 and 15 and the sample trapped therein is 
swept out by the carrier gas into column 39 and thence to 
measuring cell 40. Plug port 17 moves down into registry 
with stator ports 12 and 13 to provide continuity of sam 
ple loop ?ow during the sample injection portion of the 
operating cycle. Frequency of sample injection may be 
varied from as much as 10 times per minute to once every 
ten mniutes depending on the mixture to be analyzed, type 
of sorbent, length of column, column temperature, etc. 
The response time of the analyzer itself can frequently 
be made less than about ?ve seconds after the sample is 
injected. One sample injection every one-two minutes is 
usually quite adequate for process monitoring and control 
applications and is preferred to allow time for operation 
of auxiliary apparatus such as a peak picker or bridge 
zeroing servo. Notwithstanding the intermittent nature of 
sample injections, a continuous output signal with respect 
to the selectively sorbed component or components is 
readily obtained. . . 
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10 
In FIGURE 2 there is illustrated a suitable two-element 

bridge circuit 50 for obtaining an output signal. One side 
of the bridge contains a ?xed resistor 51 connected in se 
ries with a temperature sensitive resistive ?lament 56 
within reference cell 36. The other side of the bridge con 
tains the series combination of potentiometer 52 (coarse 
zero adjustment), ?xed resistor 53, potentiometer 54 (?ne 
zero adjustment) and a temperaure sensitive resistive ?la 
ment 55 within measuring cell 40. Both sides of bridge 50 
are connected through a voltage divider 57 (attenuation 
adjustment) across which is connected a potentiometric 
recorder 58. A constant current source 59 supplies regu 
lated current to bridge 50 through a milliammeter 60. 
Obviously there are many other functionally equivalent 
circuits which could be used; for example, a four-element 
bridge would increase the sensitivity two-fold. 
As an example of the operation and response of the 

invention, apparatus of the above~described construction 
may be employed to analyze a hydrocarbon stream con 
sisting of about 60i5% ‘by weight of Clo-C16 normal 
para?ins and about 40i5% by weight of C6-C1‘,- non 
normal hydrocarbons (branched chain alkanes, aromatics 
and naphthenes). The separating column is 5 inches in 
length x 1A inch in diameter‘and contains about 1.9 grams 
of molecular sieves (a dehydrated calcium aluminosilicate 
hydrate having a pore diameter of about 5 A.). The vol 
ume of the sample injection port of the liner sample 
valve is 3 microliters. Operating conditions are established 
as follows: 

Sample valve temperature ___ 320°~330° F. 
Detector block temperature _- 625 °—6'35° F. 
Carrier gas (helium) flow ___. 100 cc./min. @ 750 mm. 

Sample ?ow _____________ _. 100 cc./min., 
Rate of sample injection _____ Once every 60 seconds. 
Elution time: 

Non-normals ________ __ 4.5 seconds. 

Normal para?ins _____ __ In?nite before saturation, 

continuous after satu 
ration. 

The response of the analyzer is shown in FIGURE 3 
in which the recorder output is plotted as a function of 
time. The abscissa represents electrical zero, which is de 
termined by the measuring bridge circuit parameters and 
may or may not coincide with chart zero. The arrows 
marked I indicate successive sample injections. During the 
initial portion of this run, embracing peaks 61 and 62, 
each of which correspond to the total non-normal hydro 
carbons lumped together, the molecular sieve sorbent is 
not as yet substantially saturated with normal para?’ins, 
and the normals are» therefore occluded by the sorbent 
and do not emerge from the column. The recorder pen 
returns to the electrical zero baseline after each of non 
normal peaks 61 and 62 has passed. At point 11, however, 
the sorbent has ?nally become saturated with the normal 
para?ins, which commence to elute continuously there 
after, and the analyzer output increases rapidly. Peaks 
63 and 65 each represent the total non-normal hydro 
carbon content of the respective sample, but they are now 
superimposed on an elevated baseline 64. In other words, 
even though the sample injections occur at rather wide in 
tervals of 60 seconds, the recorder pen does not return 
to zero but draws a substantially continuous stable line 
64, except for the intermittent non-normal peaks. The 
height of line 64 above electrical zero is proportional to 
the total normal paraf?n content by weight of the sampled 
stream and, surprisingly, follows small variations of the 
normal hydrocarbon content of successive samples with 
high accuracy. The non-normal hydrocarbons elute al 
most immediately without discrimination and all the nor 
mal para?ins elute continuously, also without discrimi 
nation. 

Mixtures other than hydrocarbons, such as those set 
forth above, may be analyzed in similar fashion. In all 
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cases a continuous output signal corresponding to the 
selectively sorbed material is obtained by utilizing a solid 
sorbent which has been substantially saturated with re 
spect to the selectively sorbed material. Where the an 
alysis mixture comprises more than one selectively sorbed 
component, the temperature of the separating column is 
sufficiently elevated so that little or no separation of the 
selectively sorbed component will occur. And in a pre 
ferred embodiment of the invention, when the analysis 
mixture comprises more than one less sorbed component, 
the temperature of the separating column is held suf 
?ciently high so that no signi?cant separation of the less 
sorbed components will occur and these are therefore 
lumped together in a single peak which elutes soon after 
sample injection. In this manner a unitary signal is de 
veloped which is proportional to the weight concentration 
of a single component or a group of components which 
is selectively sorbed by the solid sorbent and there is also 
developed a unitary peak corresponding to the weight con 
centration of all the less sorbed components. The elu 
tion time per sample is markedly reduced over that pro 
vided by conventional chromatographic analyzers, there 
fore permitting a higher sampling frequency, increased 
accuracy and reduced dead time. The invention also per 
mits a very high order of accuracy and sensitivity with 
respect to the selectively sorbed material, because by using 
larger sample volumes and/or more frequent sample in 
jections, the effective concentration of sorbed material in 
the separating zone ef?uent may be multiplied many fold, 
whereby concentrations of the order of 1—5 p.p.m. Will 
produce a detectable output signal without the need for 
ultrahigh signal ampli?cation. 

I claim as my invention: 
1. A method for ‘analyzing a mixture of ?uid compo 

nents at least one of which is selectively sorbed by con 
tact with a solid sorbent and at least one other compo 
nent is relatively less sorbed by the sorbent, which com 
prises pretreating a mass of said sorbent by contact with 
said selectively sorbed component until the sorbent is 
substantially saturated with respect to the selectively 
sorbed component, passing a carrier gas stream through 
a separation zone containing the pretreating sorbent, in 
troducing ?xed volume samples of said mixture at pe 
riodic intervals into the carrier gas stream at a point up 
stream from the separation zone, passing the effluent ‘from 
said zone to a measuring cell, and developing from said 
cell a substantially continuous elevated baseline signal, 
the magnitude of which is proportional to the concentra 
tion of selectively sorbed component in said sampled 
mixture and which responds to changes in said concen 
tration as between a plurality of the resulting series of 
samples. 

2. The method of claim 1 wherein said sorbent is silica 
gel. 

3. The method of claim 1 wherein said sorbent is acti 
vated charcoal. 

4. The method of claim 1 wherein said sorbent is acti 
vated alumina. 

5. The method of claim 1 wherein said sorbent is a 
dehydrated metal aluminosilicate hydrate. 

6. A method for analyzing a mixture of ?uid com 
pounds, at least one of which is selectively sorbed by 
contact with a solid sorbent consisting of a dehydrated 
metal aluminosilicate hydrate and at least one other com 
pound is relatively less sorbed by the sorbent, which com 
prises pretreating a mass of said sorbent by contact with 
said selectively sorbed compound until the sorbent is sub 
stantially saturated with respect to the selectively sorbed 
compound, passing a carrier gas stream through a sepa 
ration zone containing the pretreated sorbent, introducing 
?xed volume samples of said mixture at periodic inter 
vals into the carrier gas stream at a point upstream from 
the separation zone, passing the effluent from said zone 
to a measuring cell, and developing from said cell a sub 
stantially continuous elevated baseline signal, the mag 
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nitude of which is proportional to the concentration of 
selectively sorbed compound in said sampled mixture and 
which responds to changes in said concentration as be 
tween a plurality of the resulting series of samples. 

7. A ymethod for analyzing a mixture of ?uid hydro 
carbons, at least one of which is selectively sorbed by 
contact with a solid sorbent consisting of a dehydrated 
metal aluminosilicate hydrate and at least one other hy 
drocarbon is relatively less sorbed by the sorbent, which 
comprises pretreating a mass of said sorbent by contact 
with said selectively sorbed hydrocarbon until the sorbent 
is substantially saturated with respect to the selectively 
sorbed hydrocarbon, passing a carrier gas stream through 
a separation Zone containing the pretreated sorbent, in 
troducing ?xed volume samples of said mixture at peri 
odic intervals into the carrier gas stream at a point up 
stream from the separation zone, passing the e?iuent from 
said zone to a measuring cell, and developing from said 
cell a substantially continuous elevated baseline signal, 
the magnitude of which is proportional to the concentra 
tion of selectively sorbed hydrocarbon in said sampled 
mixture and which responds to changes in said concen 
tration as between a plurality of the resulting series of 
samples. 

8. The ‘method of claim 7 wherein said selectively 
sorbed hydrocarbon is a normal aliphatic hydrocarbon 
and said less sorbed hydrocarbon is a non-normal hydro 
carbon selected from the group consisting of branched 
chain and cyclic hydrocarbons. 

9. The method of claim 7 wherein said selectively 
sorbed hydrocarbon is a normal para?in and said less 
sorbed hydrocarbon is a non-normal hydrocarbon selected 
from the group consisting of branched chain and cyclic 
hydrocarbons. 

10. The method of claim 9 wherein said normal paraf 
?n contains from 1 to 22 carbon atoms and said non 
normal hydrocarbon contains from 4 to 22 carbon atoms. 

11. The method of claim 9 wherein said normal paraf 
?n contains ‘from 4 to 18 carbon atoms and said non 
normal hydrocarbon contains from 4 to 18 carbon atoms. 

12. The method of claim 9 wherein said normal paraf 
?n contains from 10 to 16 carbon atoms and said non 
normal hydrocarbon contains from 6 to 16 carbon atoms. 

13. A method for analyzing a mixture of ?uid com 
pounds, at least one of which is selectively sorbed by con 
tact with a solid sorbent and at least two other com 
pounds are relatively less sorbed by the sorbent, which 
comprises pretreating a mass of said sorbent by contact 
with said selectively sorbed compound until the sorbent 
is substantially saturated with respect to the selectively 
sorbed compound, passing a carrier gas stream through a 
separation zone containing the pretreated sorbent, intro 
ducing ?xed volume samples of said mixture at periodic 
intervals into the carrier gas stream at a ‘point upstream 
from the separation zone, the temperature of said zone 
being su?iciently high so that all of said compounds are 
maintained in the vapor phase therein and said less sorbed 
compounds are eluted from the separation zone substan 
tially simultaneously, passing the ef?uent from said zone 
to a measuring cell, and developing from said cell a sub 
stantially continuous elevated baseline signal, the magni 
tude of which is proportional to the concentration of 
selectively sorbed compound in said sampled mixture and 
which responds to changes in said concentration as be 
tween a plurality of the resulting series of samples, and 
said baseline signal having superimposed thereon a single 
peak for each of said samples corresponding to the total 
less sorbed compounds contained in such sample. 

14. A method for analyzing a mixture of ?uid Ihydro 
carbons, at ‘least one of which is selectively sorbed by 
contact with a solid sorbent consisting of a dehydrated 
metal aluminosilicate hydrate and at least two other hy 
drocarbons are relatively less sorbed by the sorbent, which 
comprises pretreating a mass of said sorbent by contact 
with said selectively sorbed hydrocarbon until the sorbent 
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is substantially saturated with respect to the selectively 
sorbed hydrocarbon, passing a carrier gas stream through 
a separation zone containing the pretreated sorbent, in 
troducing ?xed volume samples of said mixture at periodic 
intervals into the carrier gas stream at a point upstream 
from the separation zone, the temperature of said zone 
being su?iciently high so that all of said hydrocarbons 
are maintained in the vapor phase therein and said less 
sorbed hydrocarbons are eluted from the separation zone 
substantially simultaneously, passing the effluent from 
said zone to a measuring cell, and developing from said 
cell a substantially continuous elevated baseline signal, 
the magnitude of which is proportional to the concentra 
tion of selectively sorbed hydrocarbon in said sampled 
mixture and which responds to changes in said concentra 
tion as between a plurality of the resulting series of sam 
ples, and said baseline signal having superimposed thereon 
a single peak ‘for each of said samples corresponding to 
the total less sorbed hydrocarbons contained in such 
sample. 

15. The method of claim 14 wherein said selectively 
sorbed hydrocarbon is a normal aliphatic hydrocarbon 
and said less sorbed hydrocarbons are non-normal hydro 
carbons selected from the group consisting of branched 
chain and cyclic hydrocarbons. 

16. The method of claim 14 wherein said selectively 
sorbed hydrocarbon is a normal paraffin and said less 
sorbed hydrocarbons are non-normal hydrocarbons se 
lected from the group consisting of branched chain and 
cyclic hydrocarbons. 

17. A method for the continuous chromatographic 
analysis of the total aliphatic hydrocarbon content of a 
mixture of ?uid hydrocarbons containing from 4 to 18 
carbon atoms, at least one of which is a normal aliphatic 
hydrocarbon selectively sorbed by contact with a solid 
sorbent consisting of a dehydrated metal aluminosilicate 
hydrate and at least two other hydrocarbons are non-nor 
mal hydrocarbons selected from the group consisting of 
branched chain and cyclic hydrocarbons which are rela 
tively less sorbed by the sorbent, which method comprises 
pretreating a mass of said sorbent by contact with said 
normal aliphatic hydrocarbon until the sorbent is sub 
stantially saturated with respect to the normal aliphatic 
hydrocarbon, passing a carrier gas stream through a sepa 
ration zone containing the pretreated sorbent, introduc 
ing ?xed volume samples of said mixture at periodic in 
tervals into the carrier gas stream at a point upstream 
from the separation zone, the temperature of said zone 
being su?i-ciently high so that all of said hydrocarbons 
are maintained in the vapor phase therein and said non 
normal hydrocarbons are eluted ‘from the separation zone 
substantially simultaneously, passing the effluent from said 
zone to a measuring cell, and developing from said cell 
"a substantially continuous elevated baseline signal, the 
magnitude of which is proportional to the concentration 
of selectively sorbed normal aliphatic hydrocarbon in 
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said sampled mixture and which responds to changes in 
said concentration as between a plurality of the resulting 
series of samples, and said baseline signal having superim 
posed thereon a single peak for each of said samples cor 
responding to the total non-normal hydrocarbons con 
tained in such sample. 

18. A method for the continuous chromatographic 
analysis of the total normal para?in content of a mixture 
of ?uid hydrocarbons, at least one of which is a normal 
para?in containing ‘from 10 to 16 carbon atoms and which 
is selectively sorbed by contact with a solid sorbent con 
sisting of a dehydrated metal aluminosilicate hydrate and 
at least two other hydrocarbons are non-normal hydro 
carbons seleoted from the group consisting of branched 
chain and cyclic hydrocarbons containing from 6 to 16 
carbon atoms and which are relatively less sorbed by the 
sorbent, which method comprises pretre‘ating a mass of 
said sorbent by contact with said normal para?‘in until the 
sorbent is substantially saturated with respect to the nor 
mal paraf?n, passing a carrier gas stream through a sepa 
ration zone containing the pretreated sorbent, introduc~ 
ing ?xed volume samples of said mixture at periodic in 
tervals into the carrier gas stream at a point upstream 
from the separation zone, the temperature of said zone 
being su?‘iciently high so that all of said hydrocarbons are 
maintained in the vapor phase therein and said non-nor 
mal hydrocarbons are eluted from the separation zone 
substantially simultaneously, passing the e?luent from said 
zone to a measuring cell, and developing from said cell a 
substantially continuous elevated baseline signal, the mag 
nitude of which is proportional to the concentration of 
selectively sorbed normal para?in in said sampled mix 
ture and which responds to changes in said concentration 
as between a plurality of the resulting series of samples, 
and said baseline signal having superimposed thereon a 
single peak for each of said samples corresponding to the 
total non-normal hydrocarbons contained in such sample. 

19. The method of claim 18 wherein the temperature 
of the separation zone is above about 600° F. 
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