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[57] ABSTRACT 

A method for accurately sampling ambient air containing sul 
fur compounds in the low parts per billion range and for 
separating, identifying and quantitatively monitoring each sul 
fur compound. The gaseous sample is collected in substan 
tially sulfur-free methanol. The methanol solution is then 
passed through a gas chromatograph column packed with 
octylphenoxypolyethylene on oxyethanol polytetra?uoro 
ehtylene to separate the sulfur compounds. From the gas 
chromatograph the separated sulfur compounds go through 
a pyrolysis furnace where they are oxidized to sulfur 
‘dioxide, and thence into a microcoulometer for titration. 
By using the same procedure, sulfur compound impurities in 
solid materials can be identified and quantitatively measured. 

10 Claims, 1 Drawing Figure 
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SAMPLING AND ANALYSIS OF SULFUR COMPOUNDS 

LICENSE TO THE U.S. GOVERNMENT 

A non-exclusive, irrevocable, royalty-free license in the in 
vention herein described, throughout the world for all pur 
poses of the U.S. Government, with the power to grant 
sublicenses for such purposes, is hereby granted to the 
Government of the United States of America. 

BACKGROUND OF THE INVENTION 

1. Field ofThe Invention 
This invention relates generally to the sampling and analysis 

of sulfur compounds, and more particularly to a method for 
accurately sampling ambient air containing sulfur compounds 
and separating, identifying and quantitatively monitoring each 
sulfur compound. This invention is particularly applicable to 
,air pollution control work in the scienti?c characterization of 
odors from sulfur compounds. 

2. Description of the Prior Art 
One of the primary sources of odor pollution are sulfur 

compounds, such as carbonyl sul?de, hydrogen sul?de and 
various organic sulfur compounds. The term “organic sulfur 
compounds” as used herein and in the art is intended to 
designate a group of compounds of thetype RSH, RS2H, R25, 
and R282, in which R represents an aliphatic or aromatic radi 
cal. One or more of these sulfur compounds are emitted by 
rendering plants, kraft paper mills, oil re?neries, Frasch sulfur 
plants and various chemical plants. 
The odor thresholds for carbonyl sul?de, hydrogen sul?de 

and most organic sulfur compounds are generally regarded as 
being in the range from about 0.4 to about 4.0 parts per bil 
lion. Because of these low odor thresholds, it has been found 
almost impossible to scienti?cally characterize levels of odor 
emissions for these sulfur compounds. This has resulted from 
the inability to accurately sample,'separate, identify and quan 
titatively monitor mixtures of sulfur compounds in the low 
parts per billion range. 
The primary reason that has deterred the development of 

analytical techniques for low concentrations of sulfur com 
pounds is the reactive nature of sulfur, especially with respect 
to sampling and separating sulfur compounds. Sulfur com 
pounds have a tendency to adhere to or react with the surface . 
materials of the sampling and analytical equipment, and/or 
react with the liquid or gaseous materials in the equipment. 
Obviously, the accuracy of concentration measurements in 
the low parts per billion range is substantially affected by the 
ability to prevent sulfur compounds from reacting with or ad 
hering to other materials. 
The difficulties encountered in developing techniques for 

sampling and analyzing low concentrations of sulfur com 
pounds have hindered the development of satisfactory odor 
regulations by air pollution control agencies. Most, if not all, 
air pollution control agencies that have even attempted to 
regulate the emission of odors use one form or another of odor 
pollution panels, which usually consist of three or more per 
sons smelling air samples to determine if the odors are, offend 
ing. Obviously, the determinations made by these odor pollu 
tion panels are subject to the variations of the human nose and 
lack the desired scienti?c characterization typical of most air 
pollution control regulations. 

In addition, progress in the development of methods and 
equipment for controlling the emission of odor-causing sulfur 
compounds has been delayed by the aforementioned dif?cul 
ties. Identi?cation of the sulfur compounds that are being 
emitted and a determination of the concentrations of these 
compounds are prerequisites to the development of 
techniques and equipment to abate the emissions of odor pol 
lutants. 
Most methods for measuring sulfur compounds that have 

gained any acceptance in air pollution control work are 
restricted to those where only one speci?c sulfur compound is 
measured. For example, hydrogen sul?de can be measured by 
using either the lead acetate tape method or the cadmium 
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. hydroxide-methylene blue absorption method. A mercuric 
acetate-acetic acid absorption method has been developed for 
methyl mercaptan. 
A more ?exible instrument which separates and quantita 

tively monitors a two or more sulfur compounds is the recently 
developed Barton titrator. In this instrument the gas is imp 
inged through a series of chemical solutions which selectively 
extract the various sulfur compounds in the gas sample. How 
ever, this instrument does have the limitation of not being 
capable of separating some organic sulfur compounds. 
Furthermore, the use of a Barton titrator for analyzing low 
concentrations of sulfur compounds is a relatively slow 
method in that each chemical solution which is used to extract 
a speci?c sulfur compound or group of compounds must be 

. titrated separately with a microcoulometer. An additional 
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problem is that the complexes formed in the chemical solution 
upon the extraction of the sulfur compound or compounds are 
relatively unstable, requiring therefor almost immediate titra 
tion to avoid any loss of accuracy. 

Generally, previous attempts to separate sulfur compounds 
with gas chromatograph columns have proved to be unsuc 
cessful because of the tenacious adherence of sulfur com 
pounds to the column walls or solid supports, or irreversible 
reactions with the column walls, supports, stationary liquid 
phase or carrier gas. For example, in a paper presented at the 
157th meeting of the American Chemical Society in Min 
neapolis, Minn., in April of 1969, Stevens and others related 
such dif?culties with columns packed with 10 percent Triton 
X-30 S(octylphenoxypolyethylene oxyethanol) or Fluoropart 
T (polytetraflouoroethylene). However, as described in a 
recent article, “Modem Aspects of Air Pollution Monitoring," 
by Stevens and O’Keeffe, Analytical Chemistry, Volume 42, 
No. 2, Feb. 1970, an automated analytical gas chromatograph 
system has been developed which can quantitatively measure 
low parts per billion levels of sulfur dioxide, hydrogen sul?de, 
methyl mercaptan and ethyl mercaptan in ambient air. 
Although this chromatographic system seems to obviate the 

disadvantages of the Barton titrator, as noted above, its accu 
racy, as is the Barton titrator’s, is dependent upon the sam 
pling technique used. The possible inaccuracy results from the 
tendency of gaseous sulfur compounds to adhere to and/or 
react with the walls of the gas-sampling containers, regardless 
of the material used. As mentioned previously, even the smal 

' lest loss of material resulting from any adherence or reaction 
will cause substantial inaccuracy when measuring concentra 
tions in the parts per billion range. ’ 

Obviously, the loss of accuracy can be minimized by 
directly injecting the gas sample into the analyzing equipment. 
However, this would require having the analyzing equipment 
at the point of sampling. This requirement of using sensitive 
analyzing equipment in the ?eld has several disadvantages. 
Since the analyzing equipment would be surrounded by the at 
mosphere to be analyzed, any leakage in the equipment could 
substantially affect the results. Obviously, the more the equip 
ment is transported from sampling point to sampling point, the 
greater the possibility of leakage and the more time required 
for maintenance. Furthermore, when numerous samples are 
required, the use of sensitive analyzing equipment in the ?eld 
is much more expensive, both in terms of the number of 
trained personnel and the amount of equipment required, than 
if the samples were collected in the ?eld by relatively un 
trained personnel and taken to a central laboratory for analy 
sis. At such a central laboratory the samples could be run on 
more or less a continuous basis under controlled atmospheric 
conditions. In this manner, expensive analyzing equipment 
can be more ef?ciently utilized with fewer trained personnel. 

SUMMARY OF INVENTION 

The object of the present invention is to provide an accurate 
method for sampling mixtures of sulfur compounds and 
separating, identifying and quantitatively monitoring each sul 
fur compound. This invention is particularly applicable to 
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concentrations of sulfur compounds in the low parts per bil 
lion range. 

Especially with respect to ambient air containing sulfur 
compounds, a further object of this invention is to provide a 
flexible method whereby gas samples can be taken in the ?eld 
and then analyzed at a different location at some later time 
without any deterioration ofthe sample. 
These objects can be obtained by impinging gaseous sam 

ples containing sulfur compounds into sulfur-free methanol. 
The methanol solution is then inserted into a gas chromato 
graph column where the sulfur compounds are separated. The 
sulfur compounds are then identi?ed and measured quantita 
tively by ?rst passing the separated compounds through a 
pyrolysis furnace where they are oxidized to sulfur dioxide, 
and then by passing the sulfur dioxide products into a titration 
cell where they are titrated coulometrically. 
The use of methanol as the solvent for sulfur compounds 

obviates some of the problems of prior art methods. It has 
been found that sulfur compounds are completely soluble in 
methanol and do not adhere to or react with the sample con 
tainer walls. Moreover, there is no reaction of the sulfur com 
pounds with the methanol or with the other compounds in 
solution. Consequently, much ?exibility in the sampling and 
analyzing of mixtures of sulfur compounds is obtained, as the 
samples can be accurately analyzed many days, or even weeks, 
after they are taken. ' 

To separate carbonyl sul?de, hydrogen sul?de and various 
organic sulfur compounds, the gas chromatograph column 
must be inert to both the sulfur compounds and the methanol. 
A column packed with octylphenoxypolyethylcne oxyethanol 
on polytetra?uoroethylene surprisingly ful?lls this criteria. By 
absorbing the sulfur compounds‘ in methanol, the previous 
problem of retention of appreciable quantities of gaseous sul 
fur compounds in the column is obviated. 
The use of this gas chromatograph column in conjunction 

with a microcoulometer provides a means for quickly separat 
ing, identifying and quantitatively monitoring mixtures of sul 
fur compounds at low parts per billionlevels in a matter of4 to 
5 minutes. 

This invention also provides a quickI simple method for the 
analysis ofthiophene and other heterocyclic compounds, even 
though these compounds are normally found as impurities in 
solid rather than gaseous materials. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE presents a simpli?ed ?ow diagram of the 
method ofthis invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiment of this invention consists of a 
method whereby low concentrations of odor-causing sulfur 
compounds in ambient air can be accurately sampled and 
analyzed. Such a method will allow air pollution control agen 
cies to scienti?cally characterize low levels of these sulfur 
compounds and thereby regulate the emission os odors result 
ing from such compounds. Moreover, this method will aid in 
the development of techniques to abate the emission of odor 
causing sulfur compounds. 
The procedure in accordance with this invention consists of 

passing a measured amount of a gaseous mixture containing 
sulfur compounds through substantially sulfur-free methanol; 
passing the methanol solution in which the sulfur compounds 
have been absorbed through a gas chromatograph, essentially 
inert to methanol and sulfur compounds, to separate the sulfur 
compounds; passing the sulfur compounds as they are emitted 
from the gas chromatograph column through a pyrolysis fur 
nace to oxidize each compound to sulfur dioxide; and passing 
the oxidized sulfur compounds as they are emitted from the 
furnace through a microcoulometer where they are titrated to 
determine the concentration of each sulfur compound in the 
gaseous mixture. This procedure provides an accurate method 
for sampling, separating, identifying and quantitatively moni 
toring sulfur compounds in the parts per billion range. 
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4 
By using methanol as the solvent or scrubbing solution, the 

sulfur compounds are prevented from reacting with or adher 
ing to the walls of the sampling containers. No reaction 
between the sulfur compounds or between the sulfur com 
pounds and the methanol has been observed. 
To test the solvent capacity of methanol for sulfur com 

pounds, gas samples containing sulfur compounds were imp 
inged through two sample scrubbers in series. No sulfur com 
pounds were detected in the methanol in the second scrubber, 
thus indicating that all of the sulfur compounds had been ab 
sorbed by the methanol in the ?rst scrubber. 
Although heavier alcohols, such as ethanol, propanol or bu 

tanol, or ethyl ether, can be used instead of methanol, they are 
not preferred since methanol is the best solvent and has fewer 
carbon atoms which can be oxidized to carbon dioxide in the 
pyrolysis furnace. The presence of more than small amounts 
of carbon dioxide interferes with the titration in the microcou 
lometer. 
The methanol used must be essentially sulfur free, as any 

sulfur present in the methanol will indicate a higher than ac 
tual concentration. It has been found that high purity, sulfur 
free methanol can be more readily obtained than other sulfur 
free alcohols or others. 
Gas samples may be obtained by using conventional imp 

inger gas samplers, such as a Mine Safety Appliance midget 
impinger. The use of such an impinger allows the volume of 
gas sampled and passed through the sulfur-free methanol 
scrubbing solution to be measured. 
The absorption of the sulfur compounds in methanol allows 

greater ?exibility in the sampling and analysis of gaseous sul 
fur compounds, especially in air pollution control work. For 
example, ambient air containing sulfur compounds can be 
sampled in the ?eld and then taken to a laboratory for analysis 
at a later time. Even over an extended period of time, no 
deterioration of the sample occurs. In contrast, it has been 
found that one part per million of hydrogen sul?de inserted 
into a conventional three liter polyethylene gas sampling bag 
cannot be detected on analysis. This results from the hydrogen 
sul?de reacting with or adhering to the walls of the sampling 
bag. This does not occur when the gas sample is passed 
through methanol. Neither is there any interaction of the sul 
fur compounds. In fact, the stability of methanol solutions 
containing sulfur compounds is such that the solutions can be 
used as reference samples for calibrating the analytical equip 
ment. 

With this ?exibility, a substantial cost savings can be real 
ized by reducing the number of analytical equipment units and 
the number of trained operators of the equipment. For in 
stance, if a sample deteriorates over a short period of time 
either by reaction with or adherence to the walls of the con 
tainer, analytical equipment would need to be placed into the 
?eld at the point of sampling in order to maintain the accuracy 
required at parts per billion levels. On the basis of the number 
of samples taken and analyzed, such a use of the analytical 
equipment would require more equipment and more trained 
personnel as compared to having the samples taken in the field 
by relatively untrained personnel and then analyzed at a cen 
tral laboratory. Moreover, the analytical equipment cannot be 
as efficiently utilized in the ?eld as in a laboratory as much 
time is lost in moving the equipment from sampling point to 
sampling point. This movement of the equipment of the 
analytical equipment would also necessitate more calibration 
and maintenance of the equipment. Obviously, inaccurate 
measurements resulting from leakage of the surrounding at 
mosphere into the equipment can be minimized by using the 
equipment in an essentially sulfur—free laboratory atmosphere 
than in the atmosphere being sampled. 
The analytical equipment used in accordance with the 

preferred embodiment of the present invention is shown dia 
grammatically in the FIGURE and consists of gas chromato 
graph column 1, pyrolysis furnace 2 and microcoulometer 3. 
The sample methanol solution containing sulfur compounds is 
inserted into chromatograph column 1 through line 4. Also 
added to column 1 is the helium carrier gas. The sulfur com 
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pounds as separated in column 1 then ?ow through line 5 into 
pyrolysis furnace 2, to which is also added oxygen through line 
6. The separated sulfur compounds as oxidized to sulfur diox 
ide in furnace 2 then pass through line 7 into microcoulometer 
3. The results of the analysis by microcoulometer 3 are usually 
visually recorded by a recording device, such as recorder 8, 
which is connected to the microcoulometer. The formula for 
calculating the concentration of each sulfur compound in the 
sample will be described hereinafter. 

Besides having the capability of separating sulfur com 
pounds, the gas chromatograph column and its contents must 
he inert to methanol and sulfur compounds. Such a column is 
u lllafoot stainless steel one-fourth-inch column packed with 
oc-tylphenoxypolyethylene oxyethanol on 
polyte'trn?uoroethylene. The introduction of the sulfur com 
pounds into the column in in methanol solution instead of in a 
gaseous form prevents the compounds from reacting with or 
adhering to the packing or the walls of the column. Helium is 
used as a carrier gas at ?ow rates from about 90 to about 170 
milliliters per minute. The temperature at which the column is 
maintained is not critical but it must be high enough to 
prevent adherence of the sulfur compounds to the column 
walls or the packing but not so high as to cause the packing to 
break down. The gas chromatograph is typically operated at 
about 145°C. However, as shown by Table 1 below, the rela 
tive retention times of sulfur compounds in methanol are 
somewhat variable at different column temperatures. 

TABLE I 

Retention Time in Seconds 
Compound - 60° C. 100° C. 145° C. 

Carbonyl sulfide 36 34 2s 
Dimethyl sul?de 71 45 3] 
Methyl mercaptan 360 115 90 
Sulfur dioxide 7l 46 32 
Hydrogen sul?de 65 39 30 
Ethyl mercaptan 408 300 98 
Dimethyl disul?de 384 183 56 
Diethyl sul?de 79 75 42 
Thiophene 48 
2»acetylthiophene 780 
Z-nitrothiophene 1168 
2-hromothiophene I64 
Z-Ihiophenecarhoxylic acid 543 
2-thiophenecurboxuldehyde 516 

The compounds having approximately the same retention 
times can be distinguished and identi?ed by use ofwell~known 
sample dilution and temperature programming techniques. 
The sulfur compounds as they are emitted from the gas 

chromatograph column in the relation shown in Table 1 above 
are then passed into a pyrolysis furnace where they are ox 
idized in oxygen at such a temperature as to form sulfur diox 
ide. The temperature must be maintained low enough to avoid 
the formation of sulfur trioxide but high enough to avoid the 
formation of sul?des. Both sul?des and sulfur trioxide have an 
adverse effect on the titration cell reactions. The preferred 
temperature range is from about 675°C. to about 725°C. The 
following reactions are typical of those occurring in the fur 
nace: 

The sulfur compounds, as separated and oxidized, are then 
passed into a conventional microcoulometer where the sulfur 
dioxide products are titrated with either iodine or bromine 
ions. In the preferred iodine cell, the contents consist of sodi 
um azide as the buffer solution, potassium iodide, acetic acid 
and iodine. As the separated, oxidized sulfur compounds are 
drawn through the cell at a constant rate, the triiodide ions in 
the electrolyte are consumed‘ The resultant drop in triiodide 
ion concentration is sensed as a drop in cell voltage and the 
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6 
triiode ion generating circuit is activated to restore the 
original cell voltage. The additional current flow through the 
generating circuit is proportioned to the quantity of triiodide 
ion-titrable gases reacting in the cell. The reaction at the 
reference sensor electrode is as follows: 

S02 + l] + H2O = S03 + 3l' + 2HM 
At the generator anode, the reaction to replace the depleted 
triiodide ions is as follows: 

I, + l‘ =l-a 
The titration cell contents must be replenished periodically 

to maintain an approximate concentration of 0.07 percent 
acetic acid, 0.05 percent potassium iodide and 0.07 percent 
sodium azide. The concentration of these three cell com 
ponents is especially affected by the presence of substantial 
amounts of amines and organic chlorides in the samples. Upon 
combustion, the amines form nitrogen oxides and the organic 
chlorides form acids, both of which react with the cell solu 
tion. 

A sample of a methanol solution containing sulfur com 
pounds can be completely analyzed by the described gas chro 
matograph, pyrolysis furnace and microcoulometer arrange 
ment in an average of4 to 5 minutes. The results of the analy 
sis are visually recorded on a strip chart by means of a record‘ 
ing instrument connected to the microcoulometer. Using the 
relative retention times of the sulfur compounds in the gas 
chromatograph column, the peaks on the recorder strip chart 
can be identi?ed as representing speci?c sulfur compounds. 
The concentration of each sulfur compound is determined by 
the following formula: - 

Peak height in millimeters X factor (cpncemrdnon 
. . . = micrograms per microliters of sample >< resistance - - 

. . microhter) in ohms (microcoulometer) ' 

The factor for each sulfur compound was determined by 
running samples of known concentrations. Factors have been 
obtained as set forth in Table ll: 

TABLE ll 

Compound Factor 

Carbonyl sul?de 0.264 
Hydrogen sul?de 102 
Sulfur dioxide 0.246 
Ethyl mercaptan l L9 
Dimethyl sul?de 0.057 
Methyl mercaptan [0.4 
Diethyl disul?de 2.32 
Diethyl sul?de 0.956 
Dimethyl disul?de 0.228 
Thiophene 0.651 
2-bromothiophene 7.069 
Z-nitrothiophene L360 
Z-acetylthiophene 3.552 
2-thiophenecarboxaldehyde 5.575 
Z-thiophenecarboxylic acid 2.095 

The accuracy of the method in accordance with this inven 
tion for sampling and analyzing sulfur compounds is shown by 
Table III. Known amounts of sulfur compounds inserted into 
sulfur-free methanol were analyzed using the method previ~ 
ously described. 

TABLE III 

Compound Micrograms taken Micrograms recovered 

Dimethyl sul?de 0.085 0.085 
Diethyl sul?de 0.043 0.044 
Dimethyl disul?de 0.01 I 0.012 
Diethyl disul?dc 0.027 0.026 
Ethyl mercaptan 0.092 0.09] 
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Hydrogen sul?de 0.095 0.096 
Carbonyl sul?de 0.084 0.084 
Methyl mercaptan 0.084 0.084 
Sulfur dioxide 0.108 0.106 
Thiophene O. |9l 0.176 

This invention can also be applied to the detection and anal 
ysis of sulfur compound impurities in solid materials. The 
same procedure as previously described for gaseous mixtures 
is used in sampling and analyzing the materials. Obviously, the 
material to be analyzed must be ofa small enough particle size 
to insure that all the sulfur compounds are completely dis 
solved in the methanol. 

in the analysis of the solid materials, this invention has been 
found to be particularly applicable to the sampling and analy 
sis of low concentrations of thiophene and other heterocyclic 
sulfur compounds in synthetic rubber products. Previously, 
very sophisticated and expensive equipment was required to 
separate, identify and quantitatively monitor these com 
pounds. However, the method according to this invention al 
lows the analysis of these compounds to be effected very 
quickly with relatively inexpensive equipment. 

It would be obvious to persons skilled in the art that minor 
variations in the procedures of this invention may be used to 
sample and analyze sulfur compounds in gaseous mixtures or 
solid materials in addition to those speci?cally set forth and 
that changes and modi?cations of the invention can be made. 
lnsofar as such variations and modi?cations incorporate the 
true spirit of this invention, they are intended to be included 
within the scope of the appended claims. 

lclaim: 
l. The method of sampling a gaseous mixture containing 

low concentrations of sulfur compounds for the analysis of 
said sulfur compounds comprising passing a measured amount 
of said gaseous mixture through substantially sulfur-free 
methanol to absorb essentially all the said sulfur compounds in 
the said methanol. 

2. The method according to claim 1 wherein said gaseous 
mixture is ambient air containing parts per billion concentra 
tions of odor-causing sulfur compounds. 

3. The method of sampling and analyzing a gaseous mixture 
containing low concentrations of sulfur compounds compris 
ing the successive steps of: 

a. passing a measured amount of said gaseous mixture 
through substantially sulfur-free methanol to absorb es 
sentially all the said sulfur compounds in the methanol; 

b. passing the methanol containing the absorbed sulfur com 
pounds through a gas chromatograph column essentially 
inert to methanol and sulfur compounds in methanol to 
separate the sulfur compounds; 

0. oxidizing the sulfur compounds as separated to form sul 
fur dioxide; and 

d. titrating the separated, oxidized sulfur compounds in the 
form of sulfur dioxide in a microcoulometer to thereby 
determine the concentration of each sulfur compound in 
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V 8 
the gaseous mixture. 

4. The method according to claim 3 wherein the gaseous 
mixture is ambient air containing parts per billion concentra 
tions ofodor-causing sulfur compounds. 

5. The method according to claim 3 wherein the separated, 
oxidized sulfur compounds in the form of sulfur dioxide are 
titrated with iodide ions in a microcoulometer. 

6. The method according to claim 5 wherein the sulfur com 
pounds as separated are oxidized at a temperature in the range 
from about 675°C. to about 725°C. to form sulfur dioxide. 

7. The method of sampling, separating and quantitatively 
measuring low concentrations of sulfur compounds in a gase 
ous mixture comprising the successive steps of: 

a. passing a measured amount of said gaseous mixture 
through substantially sulfur-free methanol to absorb es 
sentially all the said sulfur compounds in the methanol; 

b. passing the methanol containing the absorbed sulfur com 
pounds through a gas chromatograph column packed 
with octylphenoxypolyethylene oxyethanol on 
polytetrafluoroethylene to separate the sulfur com 
pounds; 

c. oxidizing the sulfur compounds as separated to form sul 
fur dioxide; and 

d. titrating the separated, oxidized sulfur compounds in the 
form of sulfur dioxide with iodide ions in a microcou 
lometer to thereby determine the concentration of each 
sulfur compound in the gaseous mixture. 

8. The method according to claim 7 wherein the gaseous 
mixture is ambient air containing parts per billion concentra 
tions of odor-causing sulfur compounds, and the sulfur com 
pounds as separated are oxidized at a temperature in the range 
from about 675°C. to about 725°C. to form sulfur dioxide. 

9. The method according to claim 8 wherein the sulfur com 
pounds are heterocyclic sulfur compounds; the heterocyclic 
sulfur compounds as separated are oxidized at a temperature 
in the range from about 675°C. to about 725°C. to form sulfur 
dioxide; and the separated, oxidized heterocyclic sulfur com 
pounds in the form of sulfur dioxide are titrated with iodide 
ions in a microcoulometer. 

10. The method of sampling and analyzing a solid material 
containing low concentrations of sulfur compounds compris 
ing the successive steps of: 

a. dissolving a measured amount of said solid material in 
substantially sulfur-free methanol to absorb essentially all 
the said sulfur compounds in the methanol; 

b. passing the methanol containing the absorbed sulfur com 
pounds through a gas chromatograph column essentially 
inert to methanol and sulfur compounds in methanol to 
separate the sulfur compounds; 

0. oxidizing said sulfur compounds as separated to form sul 
fur dioxide; and 

d. titrating the separated, oxidized sulfur compounds in the 
form of sulfur dioxide in a microcoulometer to thereby 
determine the concentration of each sulfur compound in 
said solid material. 

* * * 1‘ * 
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