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SUMMARY 

A method for the determina tion of individual thiols in gaseous petroleum 
fractions by gas chromatography, based on concentration of thiots by sodium u- 
hydroxy- and p-chloromercuribenzoate solutions, is described. The individual thiols 
in samples of propane-butane fractions deternked by this method ranged in concen- 
tration from several tenths of 1 ppm to several parts per million. The results of qualita- 
tive analysis were confirmed by gas chromatography-mass spectrometry, while those 
.of quantitative analysis were tested by determination of the total thiol sulphur con- 
tent. This method can also be employed for the determination of much lower concen- 

-trations of thiols and for other types of gas samples. 

XNTRODUCXON c 1 

The gas chromatographic (CC) separation of individual thiob during their 
simultaneous separation from hydrocarbons is difiicult and tedious or even impossible, 
with gaseous petroleum fractions, because these fractions contain only minute 
amounts of thiols and are mixtures of a mimber of hydrocarbons. Direct determina- 
tion by GC can therefore be performed only by using detectors of high sensitivity to 
thiols that are virtually insensitive to hydrocarbons. Another possibility is to concen- 
trate the thiols in gaseous petroleum fractions and thus achieve their separation from 
excess of hydrocarbons. 

Fredericks and Harlow! have determined Cl-C4 thiols in sour natural gas by 
using a non-linear programmed column in conjunction with a silver ion-generating 
microcoulometric detector. On injection of 30 cm3 of the sample, as little as 1 ppm of 
an individual thiol was .determined with t_ 2 “/, precision at 50 ppm. A flame photo- 
metric de+ctor (FPD) w2s used to detect sulphur compounds: in city gas2 and to 
defermine them in natural gas3. However, its response to sulphur compounds had been 

.rcported to be influenced by simultaneously emerging hydrocarbonsJ-‘. A similar 
‘phenomenon was observed in. our work.. Accurate quantitative analysis of sulphur 
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compounds with an FPD is therefore possible only in certain instances. Cifrinovich 
and co-worker&g determined sulphur compounds, .iucluding thiols, in prc$an& 
propylene and ethane-ethylene fractions by i&ng the concentr&tio&base& Gc 
metbod. The sulphur compounds were sorbed at -80” on Supported liquid phases, 
then desorbed by heating to ambient temperature and introduced into a GC! column 
in a stream of carrier gas. Unfortunately, the. desorbates contained cotiiderable 
amounts of hydrocarbons. Staszewski and Zaslawskaxo adsorbed thiols from a 
propane-butane fraction on a 13X molecular sieve and then liberated them into 
toluene as described by Staszewski I1 The hydrocarbons were, however, not complete- . 
iy separated from the thiols. Warden&i and Staszewsh ‘11 also studied the concentia- 
tion of sulphur compounds from liquid petroleum fractions by an analogous techni- 
que. The reactions of o-hydroxymercuribenzoate and p-chloromercuribenzoate with 
thi.ols have been studied by Wrodski 13_ These mercurials are suitable for determining 
thiols and have been employed to determine sulphur in liquidx4*15 and gaseous hydro- 
carbons16. 

In this study, the concentration.of thiols from gaseous hydrocarbons by means 
of sodium o-hydroxy- and p-chloromercuribeuzoate has been investigated. Consn- 
tration was achieved by selective absorption of the thiols in aqueous solutions of the 
mercurials, followed by regeneration of the thiols and extraction with benzene. A 
concentration-based method for individual thiol determinations is described. 

EXE3ClMENTAL 

Absorption system 
The absorption of tbiols in sodium o-hydroxymercuribenzoate (HMB) and 

sodium p-chloromercuribenzoate (PCMB) was investigated with the apparatus shown 
in Fig. 1. The liquefied gas of known total thiol concentration flows from the reser- 
voir (1) into the valve (2), vaporizes and passes through the reducing valve (3), the 
hydrogen sulphide absorber (4), the thiol absorber (5) and Anally through the control 
abscrber (6). The valve (2) is heated with warm water at 60” flowing through the 
copptir coil so as to maintain constant the vaporization rate and hence the flow-rate of 
the sample .‘I%e absorber (4) contains 10 cm3 of acidified cadmium sulphate solution. 
Tests ori model mixtures” showed complete absorption of hydrogen sulphide and 
none of thiols in the absorber. The absorber (5) contains 2 cm3 of HMB or PCMB 

. 

Fig 1. Ap&ratus for exar&:ation of thiol absorption. 1 = Liquefied s;rsr&ervoir; 2,3 = valves; 
4 = hydrogen slrlphide absorber; 5 = tkiol absorber; 6 = control absorber_ 
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soltition. The height of the solution column is about 40 mm. The absorber (6) contains 
5 cm3 of 0.25 M sodium hydroxide solution and- about 5. IOF mmole of HlMB and 
thioffuorescein complex. If thibl absorption in the absorber (5) were not complete, the 
thiols would fiow into the absorber (6) and liberate thiofluorescein and the previously 
colourless solution would turn blue. 

Recovery of thiok from HA43 and PCMB mercapride solrrtions 
The thiols converted during absorption into HMB or PCMB mercaptides are 

regenerated with thioacetamide and extracted with benzene. Because of the analytical 
use of the concentration process, it is necessary to know the percentage of the thiols 
recovered in the two-stage process (regeneration and extraction). In order to determine 
this recovery, the same volumes of mercurial (HMB or PCMB) solutions and model 
thiol solutions of initial concentrations Ci in benzene were shaken and centrifuged. 
The concentrations C, of the thiols that remained in the benzene were determined by 
GC. Next, the mixture was treated with thioacetamide solution (1.5 molar excess) and 
acidified with orthophosphoric acid solution to about pH 6. After 5 min, it was 
shaken, centiifu.sed and the thiol concentrations (C,) in the benzene layer were 
determined again. 

The recovery of thiols (R, %) from aqueous mercaptide solution into benzene 
was calculated according to the equation 

(1) 

Removal of interfering compounds from mercaptide solutions 
In addition to thiols, certain amour,ts of hydrocarbons and possibly other com- 

ponents of the sample being analyzed are also retained in the mercurial solution. If 
not removed, they can be extracted with benzene. As those eluted from the GC column 
prior to benzene can interfere in the thiol determination, their removal by means of 
argon was investigated. 

The samples of liquefied gas were passed through the mercurial solution and 
various amounts of argon were bubbled through the thiol absorber at ambient tem- 
perature and at 50”. Benzene was then added to the absorber and, after shaking, the 
benzene layer was analyzed by GC for the presence of interfering compounds. 

Behaviour of unsaturated hydrocarbons 
To ensure that unsaturated hydrocarbons do not interfere in the thiol determi- 

nation, 25 cm” of propylene was passed through 2 cm3 of the mercurial solution, which 
was then heated to 50”. Through this solution was passed about 1 1 of argon, then 2 
cm3 of benzene were added, the mixture was treated with thioacetamide and ortho- 
phosphoric acid as described above and the GC analysis for the presence of propylene 
w&s carried out. 

DeterSnation of individual thiols in samples of liquefied gas 
Using the apparatus shown in Fig. 1, 20-25-g samples of liquefied gas (prop- 

ane-butane fraction) were passed through the absorption system at a flow-rate of 100 
cm3/min. The reservoir (1) containing the gas analyzed was disconnected and 500 cm3 
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of argon was bubbled through the absorbers. After-d&on&c&g absorber (5) and 
placing it in water at 50°, ar2o.n was passed through it for 15 rain at a flow-rate of’ 
100 cm3/min. The cap of absorber (5) was detached, air was removed with argon and 
2 cam3 of benzene were added. The co,ntents of t+e absorber were treated wjththio- 
acetamide solution (1.5 molar excess) aad subsequently acidified-with orthophosphoric 
acid so!ution to about pH 6. After 10 min, the mixture was shaken and centrifuged. 
(Absorption, regeneration and extraction of thiols were carried out in one vessei so as 
to minimize the volume .of mercaptide solution.) 

The thiols in the benzene layer (concentrate) were analyzed by GC. Idc&ica- 
tion was based on retention indices and quantitative analysis on calibration. For the 
procedure described here, the concentrations of individual thiols in -the analyzed 
samples were calculated according to the equation 

c RSHW = 
2CRSHK) -105 

m .R 
P 

where &u(S) = concentration of a given thiol in the analyzed sample in parts per 
million of sulphur if the sample is expressed in grams, or in mg/m’ of sulphur if ex- 
pressed in I&es; C,,,,, = concentration of a given thiol in the concentrate ins 
mg/cm3 of sulphur; mp = amount of sample expressed in grams or litres; and R( “/,) = 
recovery of a given thiol (Table I)_ 

To con&m the results of the analysis, the concentrated compounds were identi- 
fied by GC combined with mass spectrometry (GC-MS), and the total thiol sulphur 
content in the samples examined was determined by the coulometric method”. 

Chromatographic conditions 
The gas chromatograph used was a Fractovap 2200 Model (Carlo Erba, 

Milan, Italy) equipped with a flame ionization detector and a Spidomax recorder. The 
carrier gas was argon at a flow-rate of 50 cin3/min. A stainless-steel columns 200 x 
0.4 cm; tiled with 10 % DC-200 silicone oil on Chromosorb W DMCS (80-190 mesh) 
was used- The thermostat was maintained at 60”. 

Reagents and solutions 
Solutions of 0.025 M HMB in 0.25 M sodium hydroxide and 0.025 M PCMB 

in 0.25 M sodium hydroxide were prepared by dissolving o-hydroxymercuribenzoic 
anhydride (Koch-Light, Colnbrook, Great Britain) and p-chloromercuribenzoic acid 
(pure, Chemapoi, Prague, Gzechoslovakia) in sodium-hydroxide solution as described 
by Wroliski”. Solutions of 3.8 oA of thioacetamide (pure, POCK, Gliwice, Po+d) in 
water, 0.1 0A of thiofluorescein (indicator, POCH) in 0.1 M ammonia, 10 oA of cadmi- 
um sulphate (pure, PGCH) in 0.005 A4 sulphuric acid and 1 X OrthophoSphoric acid 
and propylene (Fluka, Buchs, Switzerland) were employed. Use was made of solutions in 
benzene (for spectroscopy, Zaklady Koksochemiczrre, Chorzow, Poland) af methane- 
thiol (pure, Fluka), ethanethiol (pure, Schuchardt, Munich, G.F.R.), isopropanethiol 
(synthesized in this Institute), tert.-butancthiol (synthesized &r this Institute) and n- 
propanethiol (Pluka). I 
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&?3UJiTs ANil CONCLUSIONS 

Our hvestigaticms have shown- that light thiols (methane, isopropane, tert.- 
.butane and n-propanethiol) at concehtrations up to 100 ppm of sulphur are absorbed 
quantitatively in HMB. and FCMB solutions when the flow-rate of the samples is up 
to- 100 cm3/min. Further, the recoveries of thiols from aqueous solutioti of HMB or 
PCMB mercaptide are high and reproducible Gable I). There are no essential differ- 
ence% between the. results obtained when using HMB or PCMB solutions, so that 
either of these mercurials can be used for concentrating thioIs. Hydrocarbons and 
other interfering components retained in mercurial solution during absorption can be 
removed with argon or some other inert gas. It has been found that interfering com- 
ponents can be removed from the mercurial solution through which. the samples of 
Iiquefied gas had been passed by heating the solution to 50” and passing argon through 
it for 15 rain at a flow-rate of 100 cm3/min. Fortunately, there are no thiol losses 
during the above process. Also, unsaturated hydrocarbons do not interfere in the 
thiol determination, as they are not concentrated during the thiol concentration. 

These results have shown that thiols c2n be selectively concentrated with BMB 

TABLE I 

RECOVERY OF THIOLS FROM MERCAPTIDE SOLUTIONS 

Znirid ~hiol Mercurjai Number of Mean Standard Confidence 
concentration (0.O.Z hf) measurements, recovery, deviation, intervai 
in benzene n RI%! S, for P=95% 
(W 

Methznethiol 0.015 HMB 8 89.2 1.03 89.2 i- 0.9. 
o.of)3 HMB 7 89.4 0.98 89.4 & 1.2 
0.015 PCMB - 90.0 I.00 90.0 i: 1.2 

Etbaethiol 0.015 HMB ; 96.1 0.90 96.1 f 0.9 
0.003 HMB 5 97.2 0.84 97.2 & 1.0 
0.015 PCMB 5 96.6 0.89 96.6 & 1.1 

n-Propanethiol 0.015 HMB 7 98-6 0.79 98.6 f 0.7 
0.003 HMB 5 99.2 0.84 99.2 & 1.0 
0.015 PCMB 5 98.8 0.84 98.8 + 1.0 

Isopropanethiol 0.002 HMB 6 99.2 1.00 99.2 i 0.9 
;ert_~Butznethiol oaO2 HMB 6 100.0 0.89 100.0 + 0.9 

TABLEH. 

CONTENT OF JXDIVIDUAL THIOLS IN PROPANE-BUTANE FRACTIONS 
Eight measurements for sample 1, five measurements for sample 2. 

~Sat&e T%ioI Average thioi Standard Confidence 
concenrrarion deviation, interval 

(ppm, wlw, of srclphur) S, for P = 95% 

1. Metbmethiol S-2 0.33 8.2 & 0.3 _ 
Ethanethiol 9.4 0.37 9.4 f 0.3 
&t_-B&m&i01 0.6 0.08 0.6 & 0.1 
Isopropaaethiol <co.1 - - 

2 Methanethiol 8.3 0.29 8.3 & 0.4 
Etbnethiol 9.2 0.41 9.2 i 0.5 
ter?.-Bukmethiol 0.6 OS-l6 0.6 ; 0.1 
+propauethiol <O-l - - 
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TABLEBI .- 
: 

Mona comprr OF ~f3ioL SULPHUR IN PROPANE-BUTANB FRACTIONS 

Swn& Total ffiial concentrdn (ppm, w/w, of &phrar) 

CaIczdated on the basfs of Determined &y 
the indiviiiud thiol coulometric method .- 
(Table Ir) 

: 
‘18.3 18.0 
18.2 18.7 

-- --. 

or PCMB from propane-butane and other hydrocarbon fractions, and that the con- 
centration process can be employed in the analysis of thiols. GC analysis of the thiols 
concentrated from propane-butane fractions by. the technique described showed that 
individual thiols can be determined accurately in these fractions (Table II). These 
results were confirmed by identification of the compounds concentrated by GC-MS 
and determination of the total thiol sulphur content by the coulometric method- 
(Table III). 

This method can also he employed for determining thiols mother gases when 
their concentrations are much lower than those of the thiols’determined in our study, 
provided that, with a detector of equal sensitivity, the minimum samples are larger 
and hence the time of analysis is longer, 

We have also studied the use of mercurials of this type for concentrating thiols 
from liquid petroleum fractions”. 

ACKNOWLEDGEMENTS 

The authors thank Dr. J. Szafranek, Head of the Mass Spectrometry Research 
Group at the Laboratory for Instrumental Physicoehemical Methods, Gdtisk, and 
his co-workers for their cooperation in carrying out the GC-MS analyses ofthiol con- 
centrates. 

REFERENCES 

1 E. M. Fredericks and G. A. Harlow- AnaI. Gem., 36 (196%) 263. 
2 G. Goretti and M. Posarzbi, J. chn?mOzogr., 77 (1973) 317. 
3 M. Dernczak, J. Gawlik, M. &gel and L. Nadzieja, Proc. 4th Polish Co& on AnaL Chem., 

Polish Academy of Sciences, Warsaw, 1974, p. 236. 
4 W. L. Crider and R. W. Sk&r, fr., AnaL Chem., 41 (1969) 531. 
5 W. E. Dale and C. C. Hughes, J. Gas Chromatogr., 6 (1968) 603. 
6 H. W. Grice, M. L. Yates and D. I. David, J. Chromatogr. Sci., 8 (1970) 90. 
? W. E. Rupprecht and T_ R. Philips, Anai. Chain. Acta, 47 (1969) 439. 
8 N. I. L&ova and A. N. Cifrinovich, Znvod. ti., (1971) 899_ 
9 N. I. Lulova, A. N. Ciinovich and E. I_ Charkovsky, Khjm. TekhnoL Topi. &fasef, (1968) No. 9, 

51. 
10 R. s tasev&i and L. Zastawska, Proc. 4th PoKsh Conf. on AnaL Chem., Polish Academy of 

s~-ences, Warsaw, 1974, p. 233. 
11 E. Stzszewski, J. Chromatogr., 65 (1972) 217. 
12 TV. Wardencki and R &a.szewski, J. Chrdmafogr., 91 (1974) 715. 
13 M. Wrr%ski, T& Gem., 17 (1963) 1. 
14 M. Wroriski, 2. Anal Gem., 206 (1964) 352.. 
15 M. Wroiiski, Pmt. 4th Polish COFI= on A&. Chem., Polish Academy of SC-; War&w, 1974, 

p. 232. 


