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A great part of the world's petroleum production contaim sulphur 
compounds. Formerly, high sulphur content petroleum and petroleum products 
were in fact utilized where their sulphur content was not detrimental. New 
oil fields recently discovcred furnish oils of high sulphur content and it is 
no,\-- imperative that such types of oil he processed. Evcn during storage 
as well as during processing, sulphurous oils cause corrosion damages, hut 
it is their use as motor fuels that is the most disadvantageous. A numher of 
new problems arises with the processing of these, crudes. In Hungary this 
question arose with the exploitation of the ~ agylengyel oil field, and answers 
to it were sought for by the personnel of the Research Institute for Petroleum 
and Natural Gas O\L{FKI), and hy the Department of Chemical Technology 
[1, 2, 3]. 

In fuels for jet propulsion engines, in these special types of petroleum, 
it is very important that mercaptan content should be below 0.005 per cent, 
or 50 p.p.m. To achieve this, a sorbent was sought for, with the help of which 
a motor fuel that corresponds to standard specifications could he produced 
in an economical way. Mercaptans are conspicuous among the organic sulphur 
compounds present in petroleum and petroleum products. :t\lercaptans can 
already be detected in the crudes, but can he formed as decomposition products 
in an atmospheric distillation. According to REID [4], generally, mercaptans 
of the alkenes in the Cl' .. Cl range occur in petroleum fractions; to a higher 
proportion: ethyl mercaptan. Depending on the origin of the crude;::, long­
chain and cyclic mereaptans also occur in them. 

The presence of mercaptans in motor fuels is very noxious: on account 
of their active hvdrogen thev are rather corrosive. This corrosive action is 

~I..... .. 
damaging all along from processing to consumption. Sulphur content in 
benzines reduces their octane rating, and when such henzines are treated 
with tetra-ethyl-lead their semitivity to lead is increased. 

Besides these effects, sulphur compound" may cause colouration, and 
may assist the formation of resinous compounds [5]. :t\lercaptans are catalyst 
poisom and shorten the useful life by the cracking of catalYSts. 
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Possibilities for the removal of mercaptans 

The methods for the remoyal of mercaptans can be phpical or chemical. 
In the case of physical methods selectivity and efficiency are important. 
Solvent extraction is exten;-ively mentioned in thc literature, hut purification 
by distillation or hy azeotropic distillation is also feasihle. 

Sorption is an important method for the removal of mercaptan5. Pri­
marily, this is a physical process hut is accompanied, generally, hy phenomena 
of chemisorption. For this purpose diatomaceous earth, actiYated alumina, 
or silica gels are used. 

On aluminium silicates hydrogen sulphide and olefin are formed from 
mercaptan. The desulphuration effect of alumina is a function of its iron 
oxide and aluminium oxide content [6]. 

Sorptiye and catalytic sorptive desulphuration methods are the Gray 
process, the Perco desulphuration and the Houdry process [7]. 

Desulphuration with calcium oxide, the suhject of this paper, is mention­
ed in the literature. In a patent by BENSON [8] the oil is desulphurated with 
the aid of lime, this being mixed 'with the oil in cold or at boiling point, and 
then treated with overheated steam. According to DUBBS [9], calcium hy­
droxide-hydrosulphide is used; this being formed in the oil from calcium hy­
droxide, water and hydrogen sulphide. Desulphuration according to CROSBY 
and CAMEY [10] is carried out in a 2 ... 5 per cent suspension at low pressure. 
then the oil is treated 'with a sodium hydroxide solution of 15 ... 30 OBe. 
SCHAAFSMA [11] contacted the oil vapour with calcium oxide or with calcium 
hydroxide, to remove mercaptans. Studies of MAl\IEDLI [12] reveal that without 
a catalyst calcium carbonate containing calcium oxide does not reduce the 
sulphur content of oils because hydrogen sulphide dissolved in the oil is formed 
from mercaptans. This hydrogen sulphide, however, can be removed hy 
aqueous washing. When a catalyst is added, aqueous washing does !lot diminish 
sulphur content because this is bound by the catalyst, mainly in the form 
of elementary sulphur. Pure calcium oxide is not effective for the first step, 
i.e. for the formation of hydrogen sulphide. Temperature 'was round about 
300 cC. Mercaptans can be removed effectively by chemical l1lf'ans and at 
high degrees of selectivity. 

Through hydrogenation at elevated pressure, i.e. hydro cracking, hydro­
refining, destructive hydrogenation, various degrees of desulphuration can 
he achieved. Mercaptans can be completely decomposed to saturated hydro­
carbons and hydrogen sulphide. 

By oxidation, mercaptans are converted into disulphides or sulphonic 
acids. lV1etal oxides produce mercaptides 'which are easily crystallized. From 
hydrocarbons in the vapour phase mercaptans can he eliminated with the 
aid of sodium oxide [13]. 
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Experimental 

First, a study of the thermodynamics and reaction kinetics pertallllllg 
to the reactions that occur in the reactor, was undel-taken in order to form 
an id('a about the possibilities open from a technological point of view. Suh­
:;<'quently, the teehnologieal experiments were carried out for the speeial 
method for the removal, with the aid of a calcium oxide sorbent, the mer­
captans from petroleum. In this paper it is proposed to deal with question~ 
of technology only. A special petroleum fraction (type TSZ-l) of the Szony 
Refinery of the Komaromi Koolajipari Co. was used in our experiments. 
This fraction Sf,rves as the fuel for jet engines: its charact('ristics are listed 
in Table I. Th -' mercaptan content of this fraction was changed in the course 

Table 1 
Cha,acteri,tic" of the petroleum fraction w'ed in thi' ,tudy 

Density. dot' - , , , . - . - _ - , - - - - - , - - - - - - - - - - - - - - . - - - -
B'Il, at the begmning . _ - - _ - - ____ , ___ . , , , - - . - .. - - . 

10 per cent distilled at 

50 per cent distilled at 

90 per cent distilled at 

98 per cent distilled at 

B.p. at the end of distillation 

Acidity, mg KOH per 100 ml . _ , . ___ .. , .. _ . _ .. _ . _ . 

Turbidity point, _ , , . , , .. _ . ___ , , , __ . _ .... _ . _ , . _ , _ , 

Viscosity at 20 cC _ .. _, .. _ . _ . _ , , . , _ , _ 

FJa,.h point ,. _ , , . , , , , , . , , , .. _ . , _ . , . , , . __ . , _ , _ . _ . 

:Yfercaptans. per cent by weight _, ____ ... _ .... , ... , 

Total sulphur. per cent by w('ight . , _ .. ' ____ .... _ . , 

0.779 

146 'C 
158 cC 

171 'C 

20·~ C 

236 C 

2·t5 cC 

0.8 

6,3 C 

1.27 eSt 

39C 

0.004 

0,21 

of the experiments by the addition of various quantities of ethvl mercaptan 
n-octyl-mercaptan and thiophenol, respectively. 

A favourable feature of the calcium oxide used in our experiments was 
its high sorptive capacity. Because of its high sensitivity to moisture and air, 
the builder's lchite lime was kept in a glass powder bottle closed with a ground 
glass stopper, 

The calcium oxide grains of sizes between 6 and 8 mm, 3 and 6 mm, 
and 1 and 3 mm, respectiv('ly, were used after removal of dust by screening. 
In technical experiments mainly burnt lime of 3 to 6 mm grain sizes wa::: 
used; some characteristics are the following: average weight, 7.23 . 10-2 g per 
grain, average volume, 2.39 . 10-1 cm:; per grain. 

Also limestone from Dorog was used in our experiments: 5 per cent 
was the maximum content of all mineral components besides calcium carbon­
ate, thus it was suffieiently homogeneous for industrial utilization. 



304 E. NEUMAiVS 

The n-octyl-mercaptan, CSH 17SH, -was synthesized at the University of 
Chemical Industry, Veszprem. It was 93 per cent pure. 

Ethyl-mercaptan, C2H 5SH, we obtained from the Komaromi Koolajipari 
Co., the purity 'was 95 per cent. 

The apparatus for the experiments envisaged allowed the study of the 
several parameters under dynamic conditions. To a certain degree this 
apparatus is like the laboratory one used in the OD process for the desulphu­
ration of benzines with :::odium oxide. 

Fig. 1. Apparatus for the technological experiments. 1. );"itrogcn gas cylinder. 2. Gas meter 
3. Pressure equalizer. 4. Sulphuric acid scruhher. 5. Dosage hurette. 6. Evaporation flask. 7. Oi 
hath. 8. Lagged glass column with controllahle heatiug, in a porcelain cylinder. 9. Iron­
constant an thermocouple. 10. Temperature indicator. 11. Variahle transformer. 12. Ther-

mometers. 13. Column, filled with Raschjg rings. H, 15. Air coolers. 16. Scruhher 

Fig. 1 sho'ws the principle of the construction. Through a reducing 
valve inert gas is taken from flask (1) and, passing the meter (2), it is directed 
into the bubble-tube provided with a safety pipe (3). Herefrom the gas stream 
passes the sulphuric acid washer (4) and enters the evaporation flask (6) 
partly filled with Raschig rings. Upon the Raschig rings, kept at 260°C, 
the petroleum is fed through a burette (5). The mixture of petroleum vapour 
and nitrogen gas ascends from the evaporator into the reactor tube (8) placed 
vertically and filled to 53 cm of its length with burnt lime, therefrom the 
hydrocarbon ,-apours are led into the small column (13) filled with Raschig 
rings; the external surface of this column is slightly corrugated. The petroleum 
vapours partially condensed in column (13) are finally condensed in the 
condensers (14) and (15) in series, cooled bv air. Tail gases are vented after 
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an aqueous wash in scrubber (16). At the upper end of the reactor tube, a 
little further from the heated section, a thermometer is inserted through a 
ground glass sleeye. The reactor is eylindricaL lagged with asbestos and 
minnal wool, enclosed in an aluminium sheath, and placed in a porcelain 
oven the heating of whieh is stone hy resistance wires wound on the super­
ficies. Directly connected to it is the irOll-constantan thermo-couple (9) tlw 
leads of whieh are attached to the yariable transformer (11) anu the thpr-

1l10meter instrument (10). The eYaporator flask is heated with the oil-bath 
thermostat (7) amI a gas flame, a lubricating oil of flash point higher than 

. 'er cap ton ppm 

loaD 

132.0 

114,1( 

1030 

77,3 

6~.8 

4:'0 

105 

/ 

o 40 80 120 160 200 2lfO 280 ml 

Fig. ::. Elimination of mercaptall from a petroleuIll fraction admixed with n-octyl-mercaplall. 
throup'h treatment 011 a calcium oxide column at 300 cc. Temperature 300 ·'C. Grain-diameter 

CaO 3-6 mm. ~rercaptall content of the sample 200 mIll. Feed rate 0.36 Ifh 

300 'C serye" as the heat transfer medium. The non-heated eonnecting link~ 
are lagged carefully with asbestos in order to illinimize losses due to cooling. 
Tinted water was placed into the bubble tube, thus the level of the liquid 
in the capillary could be clearly obseryed. The reactor tube, 63 cm long and 
of '2.7 cm i.d. has a grating at its lower end for the support of the filling. 

212 g of calcium oxide, grain sizes 3· to 6 mm. was filled into the reactor 
tube. Temperature ,\-as 300 cC, resp. 400 cC. Experiments with burnt lime, 
grain sizes 6 to 8 mm, were also carried out. Space ,-elocity too was yaried 
in the experiments. 4·0 1111 samples of the hydrocarbon that passed the reactor 
and condensed were tested according to the spccifications of the releyant 
GOST (U .S.S.R.) Standard. n-Octyl-mercaptan, ethyl-mercaptan and thin­
phenol were adeled to the petroleum samples to raise mercaptan content. 
In most of the experiments petroleum with added n-octyl-mercaptan was used. 

Results are presented in diagrams, the ahscissae marking the YO!U111I:, 
1Il 1111, of the 5ample, with the p.p.m. concentrations of mercaptan found 

7 Periodi"" Poiytedll1i,·" Ch. XI/3-·1. 
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marked on the ordinate. The origin is the mercaptan content of the untreated 
~ample. Fig. 2 sho'ws results of experiments at 300°C; the corresponding 

(lata are listed in Table 2. 
Table 2 

Reduction at 300 cC of the mercaptan content of a petrolE'ul11 fraction to which n-oet:;l­
mercaptan had been added 

Quantity, ml 
\-Iercaptan, p.p.Ill. . ....... . 

o 
200 

40 
10.55 

80 

cH 
120 

64.8 
160 

77.3 
200 
103 

2to 
IlIA 

The graph sho\\'s that at 300°C calcium oxide does not eliminate sulphur 
to a sufficient degree: in the second step the sample tested contained mon° 
than the allowed 50 p.p.m. of mercaptan, there was no colouration of the 
column. In view of this, fllrther experiments were carried out at 400 cC, and 

l1ercaptan ppm 
251,0 

~i~==================~ 
OItO WO 800 1000 1200 1600 2000 ml 

Fig. 3. Elimination of mercaptan from a petroleum fractioll ad!lli:,:"J .. ,'ll h n-octyl-mcrcaptun. 
through treatment on a calcium oxide coluIllll at ·1-00 .'c. - Temperature ·1-00 °C. Grain­
diameter CaO 3-6 mm. ,Mercaptan content of the sample 251 p.p.m. Feed rate 0.55 rh 

a few at 500 cC. In the latter some cracking of the petroleum 'was perceiynhle. 
Therefore 400 cC was chosen as the temperature for subsequent experiments. 
Fig . .3 presents the results of experiments at 400 cC, data are collected ill 
Table 3. 

Table 3 
Reduction at 400 cC of the mercaptan content of a petroleum fraction to which n·cct)l· 

mercaptan had been added 

Quantity, ml ........ 0 40 500 800 1000 1200 1600 
Mercaptan, p.p.m ..... 116 2.51 3.22 3.22 3.22 3.22 3.22 

2000 
6.41 
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Experinients at 400°C gave very good results; eyen in the SOth raffinate 
not morc than 6.5 p.p.m. of mercaptan was deteeted. The caleium oxide 
column had a similar effect whcn petroleum containing ethyl-mereaptan 
instead of n-octyl-mcrcaptan was treated. The lower third of the column 
hecame slightly grey, the middle third intensively so, turning black, the upper 
third was of a lighter grey again. This colour change is due to carbon separated 
from the mercaptan and deposited in the reactor . 

. '1ercaptan ppm 

120.20 

)~l\===:::=:-''!!.(~OO2....._~ __ ·-
040 160 360 ~80 600 800 ml 

Fig. ·f. Elimination of mercaptan from a petroleum fraction admixed with thiophenoL through 
treatment on a calcium oxide column at 4·00 cC. Temperature 400°C. Grain-diameter CaO 

3-6 mm. ~rercaptan content of the sample 116 p.p.m. Feed rate 0.55 lih 

Fig. 4 shows the result obtained at 400 QC 'with a petroleum fraction 
t () which thiophenol was admixed: relevant data are collected in Table 4. 

Table 4 

Hedll<"tion at 400 'C of the mercaptan content of a petroleum fraction to which thiophenol 
had heen added 

Quautity, ml ....... 0 .1-0 160 

:\fercaptall. p.p.m.. . . 120.2 3.22 3.22 

360 

6.24 

,100 

16.1 

480 

32.2 

600 

38.6 

The graph sho'ws that thiophenol is not bound by calcium oxide in the 
"ame degree as are ethyl- and n-octyl-mercaptan. However, thiophenol is 
seldom present in petroleum products, so this method is quite adequate for 
the desulphuration of petroleum fractions. 

From the point of view of economics, the useful life of the sorbent is 
of decisive importance. If the mercaptan content of 40 to SO parts by weight 
of petroleum, referred to sorbent weight used, can he kept at the allowed 
limit then it is not worthwhile regenerating the caustic lime spent in the 
process and this greatly simplifies this technology. Experiments to test the 
adsorptive capacity were carried out with petroleum containing an added 
quantity of n-octyl-mercaptan, and as Fig. 5 and values in Table 5 show, 

7* 
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11ercaplan ppm 

2260 l 

E. SEU.H.tS'\" 

'2'0" 16,05 
'./..iJ 6.43L_~=====~ __ ~ mi 

to-limes 20-times 30-limes 40-limes 

Fig. s. Sorption capacity of calcium oxide. Temperature 400 '.c. Grain-diaUle~er CaO :3-6 IllIll. 
:"Ifercaptan content of the sample 226 p.p.m. Feed rate o.,a Hl 

at 400 cC and 0.55 litre per hour feed rate, 4·0 parts petroleum per part of 
sorbent could he treated in such a ·way that still only 16 p.p.m .. i.e. about 
one third of the allowed 50 p.p.m. mercaptan could be detected in the sweet­

ened product. 

Table 5 

Testing of sorptiYe ('apueity 

Ratio of CaO to petroleum treated. . . . . . . .. 1: 10 1: 20 

}fercaptun. p.p.Ill. 6,43 6.43 

1 : .31) 

12.8:; 

I : 40 

16.0:; 

The petroleum treated on the calcium oxide column "'as tested according 
to Hungarian Standard Specifications. Referred to the initial substance, h.p. 
of the raffinate at the beginning and at the end of distillation was lower by 
20 QC, its viscosity was less by 0.02 cSt, its acid number was zero. 

Experiments with the calcium oxide column showed that with this 
sorbent the mercaptan content of special petroleum fractions could be reduced 
to very lo·w leyels. On this basis experiments were carried out to elucidate 
whether natural limestones have a similar effect. 

Experimental conditions and apparatus ·were those just described, results 
are presented in Fig. 6 and Table 6. 
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Table 6 

Reduction of the mercaptan content of a special petroleum fraction with calcium carbonate 

Quantity, ml .................. . 

:1Iercaptan. p.p.m. 

o 
198 

50 

15.34 

100 150 200 

51.8 63.16 81.81 

Fig. 6 :3hows that, in contrast to calcium oxide, limestone is much less ef­
fective, and that great losses occur through cracking shown also by the coloura­
tion of the product. A great part of the petroleum leaying the reactor appear~ 
as a fog which does not precipitate but passes through the air-cooled tubes. 
The diYergent behayiour of the two :3orbents might be explained as follows. Dur-

·"r.:,~C:';P[::'{' Dpm 

'?3D !. 

o 50 100 200 m! 

Fig. 6. Elimination of mercaptan with calcium carbonate. Temperature 400 C. Grain-diameter 
CaC03 3-6 mm. 'Mercaptan content of the sample 198 p.p.m. FCe'd rate' 0.55 l/h 

iug lime-burning carbon dioxide is given off and the structure of the product 
is much less compact, so that calcium oxide has a much greater surface on 
which to react with the mercaptans. On the other hand, the normal affinity, 
at 700 OK, of the reaction 

H~S = CaS + CO~ 

IS 1.7 Kcal per mole, approximately, and, considering that in the gas phase 
hydrogen sulphide is present at a low partial pressure, this reaction can 
proceed only to a small extent. That some sulphur is bound might be ascribed 
to the formation of the intermediary 'where sulphur is present in part together 
with hydrogen. 0.003 atm is the equilibrium partial pressure of carbon dioxide 
aboye calcium carbonate at 700 OK and this means that some calcium oxide 
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may he formed and makes the elimination of sulphur to a certain nwa~ul'<> 

possible. Our technological experiments carried out with calcium oxide migh t 

be evaluated a:;; follows: 

a) Experiments have shown that calcium oxidc grains of 3 to 6 mm 

diameter, heated to 4·00 ~C, reduce the mercaptan content of ten timei' it" 

weight of a petroleum containing 226 p.p.m. n-octyl-mcrcaptan to 6.5 p.p.m .. 
and even after 40 parts hy weight of this petroleum is passed through tIlt' 
calcium oxide column this value rises hut to 16 p.p.m., still far helow tlw 
tolerance limit set for jet enginc fue18. 

b) Elimination of mercaptans is 98.6 per cent efficient in the fir~t 

50 ml, 97.2 per cent efficient for a quantity (hy weight) ten times that of the 
Borhent, and 9:2.9 per cent at a 1 : 40 weight ratio of sorlwnt to petrol,>um 

treated. 

c) Elimination of l11Pl'C'aptan is ,·xclusiveIy dH<' to the sorption df,-et 

of the calcium oxide. 

cl) In the experiments a feed rate of 0.55 litres per hour ~('emed ad,'(! u it tt': 
nitrogen was pa::;sed at a rate of 180 litres per minute. 

e) Los:- of petroleum is between 0.5 and 1.0 per cent. 

f) Optimum temperature of operation is '100 cC. 
g) No sorption of mercaptans hy calcium carbonate was ohsen't'd, 

thus this suhstanee is unsuitahle for the sweetening process discussed. 

Summary 

In this Hudy, a method for the eliminatiou of mercaptans from a special petroleulll 
fraction destined for use as a jet propulsion fuel was tested. It was found that calcium oxide 
at 4·00 cC is suitable since it retains an effectiveness of 92.9 per cent eyen af~er forty times 
its weight of the petroleum fraction has been passed through. 
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