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INFLUENCE OF ORGANIC SULFUR COMPOUNDS ON EXPLOITATIONAL
PROPERTIES OF FUEL TS-1

Ya. B. Chertkov, V. M, Shchagin, and V. N. Zrelov

The eulfur content (organic sulfur compounds) in oil products produced from
sul furous oils is strictly rcgulated by GOST norms. Thus, in fuel TS-1 (GOST
7149-54), the content of total sulfur must not exceed 0.25%, and mercaptan - 0.01%.

During research on the variations of the exploitational properties ol fuels
sulfur organic compounds are considered independently of their structure as part
of the non~hydrocarbon impurities. Mercaptans are an exception. However, it is
difficult tv assume that all organic sulfur compounds, regardlese of their structure,
have an identical negative influence on the quality of a fuel.

The present investigation was undertaken for the purpose of studying the
influence -n the exploitational qualities of contemporary fuels of {ype T of sulphur
organic compounds (in quantities allowed by GOST 7149-54), taking into account their
structure.

Studies were zmade of 23 individual organic su!fur compounds®* of various
structure, the presence of which in fuel of type T, judging by their molecular

weights and boiling points, is very probable, and studies were also made of

*The organic sulfur campounds and concentratea were odtained at the Institute
of Organic Chemistry of the Bashkir Branch of the Academy of Sciences of the USSR
(BashPAM SSSR).




concentrates separated from fuel TS-1 (see table). Hydropurified fuel TS-1, not
containing organic sulfur compounds and thermally stable at a tempersture of 250°C
(1imiting temperature, at which the testr were conducted) served as a background.
Into hydropurifiel fuel TS-1 were introduced different quantities of organic sulfur
compounds not exceeding (in sulfur) the norms permissible by GOST 7149-54. The
mixtures were heated for 6 hours during mixing in autoclaves made of EYa-1T brand
stee]l a=4 half loaded (the remaining volume was filled by air). Two plates of
brand VB-23NTs bronse were in contact with & total surface of 0.w2 w</100 mi oi
fuel. The fuel mixing was produced by bronse plates suspended from a revolving
cartridge for thermocouple. Tests were conducted at 120°, 150°, 200°, and 250°C.
In the course of the tests determinations were made of the corrosion of bronse,
resin depositing on the mstaliic plates, and ¢ the quantity and magnitude of
insoluble deposit particles formed in the fuel. With the help of an electronic
microscops w» managed to obtain, in general form, the wechanism of solid phase

formation in a heatad fusl in presence of organic sulfur compounds.
1. Corrosion

Corronies. nf VB-23KTs bronse was characterized by loss of weight of metal in
g, relative to 1 12 surface. Before the tes: ‘l.c oronse was ground to mirror
brightness on a wheel, which was covered by a cloth and coated with a layer of No. 1
peste from the State Optical Inatitute (aimensioms of particles 7-104#). Thsn the
alate was washed in alcohol-bensene mixture inxd isopentane, dried, and weighed
on analytic scales. Afier the test in fuel and washing in the alcohol-bensene
mixture “he trnase wmr - we ghed. The difference in weight constituted the loss
from ocorrosion. The griaiing did not campletely remove the residual scratches from
the surface of the mstal. After test in fuel comtaining organic sulfur compownis,

and separation of the tarry-fuel layer, the surface of mstal obtained a completely




Physicochemical Properties of Organic Sulfur Compounds (According to

Data of the Institute of Organic Chemistry, BashFAN SSSR)

Boiling point; Index of r&—) Dmait.y
Organic sulfur compounds *C (pressure, fraction nj Q,
m Hg)
Mercaptans
Isoamyl-mercarptan..,......... oo 115-.118 é';s[,; 1. 4426 0.8360
Secondary octyl-mercaptan,..... 186-187 (758 1.4485 0.8429
Methylcyclohexyl mercaptan..... M~75 (17) 1.4838 1.0110
Benzylmercaptan.....,........ . 6u~66 (4) 1.5757 1.0544
a-thionaphthoi.......... e 153-163 (200 | - | 1.1545
Sulfides
Dibutylsulfide.oeeeeeenennnns,. 91-92 (10) 1.4532 0.8440
Di-isobutylsulfide........... .o 83-85 (30) 1.4470 0.8263
Butyl-secondary-octylsul fide... 119-120 (8) 1.4580 0.8429
Di-secondary-octylsul fide...... 135-136 (2) 1.4610 0.8403
Fthylmethylcyclohexylsul fide.. . 65.5-60 (10) 1.4649 -—
Iscamylmethylcyclohexylsulfide. 133~136 (15) 1.4760 0.8995
Methylbensylsulfide..... cerenen 87-88 (o) 1.5630 1.0274
Dibenzylsulfide............. ees | Tonn 48.549 -— -—
Thiophanes
& -Propylthiophane,.. ......... . LU4~178 (740) 1.4862 0.9307
a—(}-ﬂethylbutyl) thiophane. ... , 215~216 (768) 1.4840 0.9176
a-Amylthicphanae............... ] 2~225 (762) 1.4828 C.9131
Thiophenez
Thiophene..................... . 83-84 (760) 1.5289 | 1.0652
a-Butylthiophene. ............. 8c-81 (22) 1.5019 0.5535
e, ¢ '~Dibutylthicphene........ . 87-89 (2) 1.4942 I c.9181
Dibensothiophene............... T. nn 98-99 -_— J -
Disul fides
Di-isobutyldisulfide (2.7-
dinethyl-i.S5-dithiaoctane)... | 108.5-109 (13) 1.4842 0.9272
[M-secondary-octyldisul fide
(5.8-dipropyl-6.7-dithiado-
decane) ................ 197-198 (7) 1.4818 0. 8982
Di-o-tolyldisulfide........... T. ma 37.5-38 - -—

Sulfurous concentrates, separsted from fuel TS-1

Sulfur content 4.3%..........
Sulfur content 17.96%.........

150-200 (750)
187-240 (760)

1.4852




3{ different character. At a 500-fold ma—ification blisters and pitted sections were

.
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very conspicuous even where the loss of weight of metal was insignificant (Pig. 1).

Fig. 1. Bronse VB-23NTs after heating in hydropurified
fuel ';'5—1 containing sul furous compounds (magnified 500
times).

a=-0.01% weight mercaptan sulfur: l--fuel without
me:captans; 2—isoamylmercaptan; 3--secondary-octyl-
mercaptans; L--benzylmercaptan; S5-—a-thionaphtol.
b—0,25% weight. S sulfurous concentrates and acycliic
sulfides: 1-—sulfurous concentrate separated from fuel
TS-1 (S = 4.3%; t) = 150-200°C); 2—sulfurous concentrate
separsted frow fuel TS-1 (S = 17.96%; t, = 187-24C*C);
3—dibutylsul fide; L-——di-isobutylsulfide; 5--butyl-
secondary-octylsuifide.

c¢—L0.025% weight S thiophanes, thiophenes, and disulfides:
l—e—axmylthiophane; 2—thiophene; 3—a-butylthicophene;
b~~di-secondary~octylsul fide; 5——di-o-tolyldisulfide.

From the figure it is clear that with increase of the test temperature, in
the pres.e of sulfur organic compounds, in all cases, the affected surface area
of the metal increases.

Of the mercaptans (0.01% of sulfur®) the strongest influence on bronse was

rendered by cmpounds with an aromstic ring - bensylmercaptan and s-thionaphtol.

#In the prasent article subsequently the concentration o organic sulfur
compounds will everywhere be given in terms of sulfur.




Even after heating at a temperature of 150°C the surface of the metal was hickl~
covered by dark spots. Mercaptans of aliphatic and naphthenic structure (in the
same quantiiy) led to insignificant changes in the surface of the meta:. Organic
sulfur compounis of othsr classes, especially di-o-tolyldisulfide (0.25%), evoked
a significant change in the surface of bronse. 3uch is the picture based on visual
observations, which are confirwmed by the results of quantitative appraisal of loss
of weight of the metal.

In the reference “uel during heating to 250°C the loss of waight of bronze
was insignificantly small and was within the limi®s of sensitivity of the method
(0.2 g/mz).

Mercaptans. For the mercaptans, introduced invo the fuel in gquantities of
0.0C12 and 0.0025%, at a temperature of heating tc 200°C the loss of weight of
bronze did not differ from the loss in the reference fuel under the same conditions.

With increase of the concertr: .ion of mercaptans to 0.01% the loss of weight
of bronze increased ac compared to loss in the reference fuel by 3 times at 120C°C
and by 1.5 times at 150° and 200°C. In contrast to this, in the fuel with benzyi-
mercarptan at 200°C the loss of weight of bronse increased 12 times, and in the iuvel
with xethylcyclohexylmercaptan at 20C*C the loss of weight of bronge did not differ
from the loss in the reference fuel.

Sulfides. Sulfides in fuel (0.12%) at heating to 150°C are low-active with
rerpect to brand VB-23NTs bronse. At 200°C the loss of weight of bronse increases
3 times as compared tc the loss in the reference fuel under the sames conditiuns.

At a concentration of 0.25% sulfides at a temperature of 150°C the loss of
weight of bronse incresses by «-. ‘imes, and at 200°C - by 1.5-5 times.

Disulfides. At a concentration of d'+vulfiues of C.25% at 150-200°C an inc:ease
of weight loss of bronse cf 2-2 times occurs as compared to the lcas in the
reference fuel. In the presence of 0.12-0.25¥ di-o-toiyldisulfide at 150°C the

~orrosion losses increased by 50-70 times.




Tuiophanes. *t a concentration in fuel of 0.12% and at a temperature of
Leating up to 200°C, thiophanes do not cause a noticeable weight chinge in bronzs.
At concentration 0.25€ and a temperature of 150°C the losses increase by 1.5-2
times, but a: 200°C - by 2-3 times as compared to losses in the refersnce fuel.

Thiophenes in c.ncentration of 0.25% and at heating to 250°C are not
corrosionally active. The loss of weight of bronse is insignificantly small.

Sullurous concentrates of fuel TS-1 in a concentration of 0.25% and at a

tempesracure to 20C° do not evoke increased losses of bronze as compered to losaas
of bronze &a compared to losses in the reference fusl,

Thus, corrosivity ol organic sulfur compounds in fuel with respect to bronze
is amzl} when their concentrations are within the limits allowed by the GOST and
temperature of ~eating of the fuel i3 200-250“C. The sxception is di-o-tolyldi-
sullide, which proved to be very active. Thiophenes are inactive and in this they

favorably diffe. from other organic sulfur compounds.

2. Resin Formation

The tarry substarces which adhered to the surface of bronze VB-23NTs in the
process of heating the fuel and were separatec only by washing the plate with an
alcohol-bonzene mixture (1:1) were not dissolved in the isopentans, which was uaed
to separate the fuel. Therefore,the weight of the tarry deposits on the bronze
was estimated to be the difference in weight o7 the plate after treatment with
isopentane and the alcohol-benzene mixture. The weight of tars was relatzd to
1 m° surface of bronze. The sensitivity of the method of determination was 0.2 g/nZ.

Mercartans. During the introduction into hydrcpurified fuel TS-1 of mercaptans
in concentration to 0.01% and heating of the mixture to 200°C the quantity of resins
on the surface of the bronze of orand VB-23NTs was insignificant, and the fuel

aixture by this index did not differ from hydropurified fuel TS-1. The exception




was aromatic mercaptans. During heating to 200°C and at a concentration of (.005%
in the preasence cf thionaphtol, the quantity of resins incresses 1.5 timee, and in
the presance of ovenzylmercaptan - by 3 times. At a 0.01% concentration of thesec
mercaptans tarry precipitate at 200°C in the presence of thionaphtholi increase by
< times, but in the fpresence of benzylmercaptan - by 15 times as compared to the
ref{erence fuel,

Sulfides. Sulfides led to significantly larger precipitate of resins on the
surface of bronge than did the mercaptans. Thus, at a concentration of 0.12% and
a temperature of 150°C the quantity of tarry precipitate increased 2-3 times, and
for cervain sulfide even more, as comparad to the quantity of tarry precipitate in
the reference hycropurified fuel. It is interesting that in the presence cof
aromatic sulfides (methylbenzylsulfide, dibenzylsulfide) the quantity of tarry
preciritate did not increase. Thus, the aliphatic and naphtenic sulfides played a
regative role. With an increase of the concentration of salfide to 0.25%, at 150°C
the picture was changed insignificantly; with further healing to 200°C the quantity
of tarry precipitate increased 6-12 times as opposed the quantity observed for the
reference fuel At 200°C aromatic sulfides also gave a significant quantity of
tarry precipitates.

Disulfides. At a disulfide concentration of 0.25% and temperature of 150°C
the quantity of tarry precipitate increased by 3 times, at 200°C - by 4 times, and
at 250°C - by 8-16 times as compared to their quantity in the reference fuel. An
especially large n.mber of resins was formed in the presence of di-o-tolyldisulfide
at 150¢C,

With ir« rease of the fuel temperature disulfides, mainly aromatic ones,
underwent condensation and closely adhered to the surface of bronze VB-23F ..

Thiophares. At a content of up io 0.25% in hydropurified fuel and during

heating to 200°C the thiophanes exerted a small influence on the formation of tarry
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precipitates, which increase by 1.5-2 times.

Thiophenes in concentrations up to 0.25% during heating of the ruel to 250°C
do not give tarry precipitates on bronse VB-23NTls.

Sulfurous concentrates of fuel TS-1 with boiling limits of 150-200°C in
concentrat.ons up to 0.25% and during heating to 200°C did not give tarry
precipitates on the bronse. In contrast, sulfurous concentrates , which boil within
the limits 187-240°C, under the same conditions led to a twofold increase in
precipitate as compared to the x-o;eunce fuel.

Thus, the greatest sources of tarry precipi‘aste formations on bronse VB-23NTs
are sulfides and disuifides during heating of the fuel from 150°C and above.

Thiophenes during heating of the fuel to 250°C do not give tarry secession.
3. Sedimentation

The deposits constituted solid particles, retained on a No. L glass filter
after filtration of the fuel, which had been subjected to a 6~hour heating in an
sutoclave in contact with *he bronse. The deposits were washed on to a filter with
isopentane and brought to a constent weight at room temperature. The sensitivity
of the method was 0.2 milligrams psr 100 ml of fuel (the convergence of parallel
determinations wvas + 0.25 milligram/100 ml1).

Mercaptans. Heating the fuel with mercaptans (in concentratione 0.0012-0.01%)
at 120°C led to the formation of a deposit (0.5-2.5 milligram/100 ml), while in the
hydropurified fuel there was none. At 150-200°C 2-3 times more deposit was formed
than in the reference fuel,

Sulfides. At 150°C (temperature of maximum sedimentation) sulfides in
concentrations of 0.12% lead to an increase in deposit of 3-7 times, and at 0,25%
of 4=9 times. At a higher temperature (200°C) the quantity of deposit is lowered
somewhat and exceeds the quantity of deposit forwed in the reference fuel by 4-5




times. This is in keeping with the character of sedimentation in commerical fuels,
which form a maximum quantity of deposit at 150°C, but which experience a drop in
the weight quantity of deposit at higher tsmperatures as a result of simultaneous
condensation and enlargement of the particles.

Disulfides. In the preaence of aliphatic disulfides in concentrations of
0.25% the quantity of deposit at 150°C increases by 3-6 times, at 200°C by 2-4
times, and 250°C by 2-3 times as compared to the deposits in the reference fuel
under the same conditions. A huge quantity of deposit (50 times more than for the
reference) is obtained at 150° in the presence of di-o-tolyldisulfice.

Thiophanes. In the presence of thiophanes in concentrations of 0.25% at
150°C the quantity of fuel deposit increased by 4-6 times, at 200°C by 3~4 times,
i.e., in this respect thiophanes are analogous to aliphatic disulfides.

Thiophenex. The presence of thiophenes in concentrations of 0.25% at 150-200°
increases the deposit by 1.5-2 times, but at 250°C it does not evoke sedimentation.
An excertion iz a, a'-dibutylthiophene, in presenca of which (apparently,
from its two side chains) at 150°C 6 times more deposit was formed, and at 200°C -

4 times more than in the reference fuel.

Sul furous concentrates of fuel TS-1. Organic sulfur compounds of concentrates

in quantities of 0.25% led to an ir-rease of deposit at 150-°00°C by 2-4 times as
compared to deposits in the reference fuel. In Fig. 2 are shown deposits forming
unde ~ the action of organic sulfur compounds at 5C0-fold magnilication.

From the figure it 1s clear that the density and area occupied by the deposits
which are formed by the action of mercaptans, increase with increases in the
temperature of heating of the fuel, especially in the case of thionaphihol and
secondary-octylmercaptan.

In the presence of acyclic sulfides, thiophanes, and disulfides &t 150-200°C

an abundant dense deposit will form as large aggrogates of cuharing particles. In
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contrast, in the presence of thiophenes and concentrates of organic sulfur

compounds of fuel TS-1 the deposit consists of small particles nf small density.

Fig. 2. Deposits formed in hydropurified fuel TS-1 in the presence
of sulfurous compourds (magnified 500 times).

a~0,01% weight mercaptan sulfur: l—-isoamylmercaptan; 2--secondary-
. stylmercaptan; 3--msthylcyclohexylmercaptan; L-—benzylmercaptan; 5-—
thionaphthol.

b=—0.25% sulfurous concentrates and acyclic sulfides: l--sulfurous
concentrate, separated from fuel TS-1 (S = 4.3%; t, = 150-200°C);
2--g .furous concentra.e, separated {rom fuel TS-1 (S = 17.96%;

t; = 187-240°C); 3--dibutylsulfide; 4--di-isobutylsulfide; 5—butyl-
secondary-octylsul fide.

c~-0,25% thiophanes, thiophenes and disulfides: 1--a-amylthiophane;
2—-thiophene; 3--a-butylthiophene; i—di-secondary-octyldisulfide;
S5~~di-o-tolyldisul fide.

Thus, at a temperature 150-250°C acyclic sulfides, thiophanes, and disulfi-es

at concentration of 0.25% cause the formatiou of significant quantities of deposit.

T™e maximm quantity of deposit was observed at a temperature of 150°C.

Along with the welght quantity of the deposit in the fuel the screen cxmposition,

or magnitude of the particles making up the deporit is of great importance for

noreal use by the fuel system of a motor. Actually, a deposit may be of small

weight, but its particles wo big that they are retarded and clog the filtering

Qg
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elements, restricting or stopping the entrance of fuel inte the zone cf combustion.
The reverse picture is possible as well where significant quantity c¢f deposit is
formed but the dimensions of its particles ars so small that they freely penstrate
through the filtering elements, proceed with the fuel into the sone of combve!iun
and burn, causing no complications. As an wxample, consider a stabilized colloidal
system, which, as is known, is characterised by particle dimensions of up to 14,

We tried to estimate the influence of individnual sulfur organic compouncs on
the magnitude of particles of the deposit forming .uring heating of the fuel.

For that the fuel being heated was passed through a calitrated filter cf
square weave. After washing the filter with isopentane and dryirg, the quantity
of deposit (in %), retained by filter was determined b, the difference beiween the
weight of the filter with deposit and without it. In the operation a set of filters
with holas of different dimensions was used. However, we shall mention only the
share of deposit, retained by two filters: with holes 15 and 50 . These filters
are close to those applied in practice, and the data obtainec shows what part of
the deposit is obtained with particles larger than 15 and 50 4.

Mercaptans. ‘At a temperature of heating of 120°C in the fuel with mercaptans
(to 0.01%) particles of the deposit are very fine. The whole deposit passed
through a filter with 154 holes. With an increase in the temperature the particle
increased significantly in sise. In the preaence of 0.01-0.0C25% thionaphtol
42-5CK of the deposit did not pass through the filter with 154 holes and 5-6% —
through the filter with 504 holes. Under the same conditions in preseace of
aliphatic and naphtenic mercaptans 10-20% ~f the deposit constituted particles of
more than 154 dimsnsions and particles of 504 dimensions were almost absent. At
200°C and 0.01% content of both aliphatic and aromatic mercaptans deposit with big
particies was formed: 50-90% with perticles larger than 154 and 4-6% - with

particles larger than 504 . Only in the presance of methylcyclohexylmercaptan and




Lenzylmercaptan were almost all of the particles of the deposit smaller than 154.
Thus, the biggest deposit particles are obtained in the presence of thiomaphthol
(150°C anu above) and aliphatic mercaptans (200°C) and the finest - in the presence
of benzylmercaptai and methylcyclohexylmercaptan (200°C).
Sulfides. In fuel, containing 0.25% sulfur sulfide, at 150°C deposits are
obtained in which 12-25% of the particles are larger than 154, and 2-8% of the

g particles are larger than 50 u. At 200°C the particle magnitude is not changed

g significantly.

§ Disylfides. Within the limits 150-250°C and at a concentration of 0.01%

g sulfur disulfide, 15-25% of the deposit consists of particles larger than 154 and

,« L-14% - larger than S0 .

i Thiophanes. In the presonce of thiophanes at a temperature of 150-200°C part

% of the deposit (20-60%) has pa~ticles which are larger than 154 . Deposit with

E particles larger than 504 constitutes 3-9%.

- Thijophenes. In the presence of thiophenes a light-weight and very fine deposit

i will form. Thus, at 150-250°C the jortion of particles larger than 15 x constitutes

g in all 0.25% of the deposit, and particles smaller than 504 are absent.

E S eptrates of fuel TS-1. In the temperature interval 150-200°C
8-25% of the deposit consirts of particles larger ‘han 154 and up to 8% of particles

i larger than 50 4,

§ Thus, the magnitude of the deposit particles depends on the concentration of

organic sulfur compounds, their chemical structure, and the tempsrature of heating

by e

of the fuel. Fxreptions are thiophenes, which even at a temperature of 250°C gave

an insignificant quantity of deposit with very fine rarticles.

h. The Mechanism of Sedimsntation

Samples of the fusls were examined before and after the heating test on a..

W\!%WW USRI GAORAGRS oo i




Fm-3#* electron micrcscope with a resolving pover of 60 ; at 2 magnification of
10,000 times. As a preliminary the samples were thoroughly filtered: the absencs
of a visible 20lid phase was controlled on a MM-8 microscope with & magnification
of 100 times.

For the elestron microscope average fuel sample applied on the collodion
sublayer was pladed in vacuum apparatus at a residual pressure of 1 - 1075 m He
for 4=6 hours (till full evaporation of the fuel). After such preparation the
samrles were examined on an electron microscope and different sections of them
were photographed.

The obtained photographs are shown in generaliszed and : ystematized forms in
Figs. 3 and 4. Photographs of fuels with impurities of diffarent organic sulfur
compounds (0.01-0,25%) differed in no way from photographs »f the reference fuel:
in all cases a homogenecus mixture was obtained, which may he compared to a true
solutior of organic sulfur compounds in a hydrocarbon medium. Separete particles
of the solid phases are visible in the field of sight cf the fuel mixtures with
e -alkylthiophanes, di-isobutylsulfide, and ethyimethy!ryclohexyisul{ide. However,
such particles are very mmall, and their dimensions are less than 0.1 4,

After heating the fuel mixtures and separating the solid particles visible a:
100-magnification onto the filter, an entirely different picture was obtained. In
the hydropurified fuel, solid ,articles, as before, were absent, but in the fuel
with organic sulfur compounds an accumulation of particles of different density and
magnitude were distinctly conspicuous. At a temperature of 200°C and a concentration
of mercaptans of 0.01% (Pig. 1) the biggest accumulations of particles are formed
in the form of dense aggregates, the dimsnsions of which exceed 1 4. bvicusly,
under these conditions the colloidal system formed during heating of the fusl
aixture is destroyed and rrecipitates out in proportion to the sise of the

particles in the deposit.

Wiork on the electron microscope was exscuted by B. 1. leont'yer and A. Ye.
Sasoncy.
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Fig. 3. Hydropurified fuel TS-1 with mercaptans after heating
(magnified 10,000 times).

1=—=Puel without merciptans; 2-—With isoamylmercaptan; 3-—With
secondary-octylmercaptan; 4L—-With methylcyclohexylmercaptan;
5=-With bensylmercaptan; 6——With a-thicnaphihol.

KEY: (a) Concentration »f mercaptan sulfur in fuel TS-1, §
weight; (b) Tempsrature of heating, °C.

Fig. 4. Hydropurified fu=l TS-1
with 0.25% weight of sul furcus
concentrates, sulfides, thiophanes,
thiophenes, and disuifides (magni-
fied iC,00C times).

a—Sulfurous concsntrates and
sulfides: 1—Sulfurous concentrate
TS-1 (ty = 150-20CC; S = 4.3%);
2—Sulfurous concentrats TS-1 (t) =
= 187-240°C; S = 17.94%); 3—Dibutyi-
sulfide; L—Di-imobutylsul “ide; 5—
Ethylasthylc clohaxylsul fide.

b—Thiophenes, thiophanes, and di-
suifices: l--s-amylthiophare; 2-—
Thiophene; 3—e-butylthiophans; 4—
DMi-secondary-cctyldisul file; 5—Di-o-
tolyldisul fids.

FEY: (a) Prior to heating.




The same picture is observed for a large part of the other organic sulfur
compounds. Inassuch as ‘n the initial hydropurified fuel under these same conditions
the formation of a colloidal system was not observed, and moreover, no precipitate,
it 1s natural to consider that this process is caused by organic sulfur compounds.

For all of the compounds, besides Lhe thiophenes, with an increase in the
temperature of heating the quantity of particles of deposit visiole under the
microscope, the area occuried by them, and the density of their accumulations
strongly increase (see Fig. 4). At 200-250°C in mixture: with thiophanes and
disulfides the accumulations of the aggregate solid phase is so great that in
separate caseu partic.s dimensions exceed 14, 1i.e., it goes beyond the dimension
limits of particles characteristic of a colloidal system. On photographs is showr
tne process of destruction of the colloidal system, accompanied by the enlargement

an’ ovackinz of particles with subsequent loss of the sc2id phase in depos_t.
In the presence of thiophenes in fuel during heating of it to 250°C the

solid rarticles preciritate in very small quantity and are of smill dimensions

to 0.1 4); noticeable aggregating of the particles does not occur. In other words,
tniophenes showed themseives to be the mcat thermally stable organic sulfur
compowsis, in the presence of which a stable colicidal system will be formec with

rinute solid phase particles.

Conclusions

1. Ressarch on the influence of individual organic sulfur compounds of
various structure on *he exrloitational yroperties of TS-1 type fuels in the case
of 1 total content of sulfur within the limits, allowed by GOST 7149-54, showea
that the corrosivity with respect to brense of mercartans, sulfides, thiuphanes,
ard disulfides during heating of ‘he fuel %0 a tempersture of 200-I50°C is sma.l,

with the exception of di-o-tolyldisulficd which is extremely corrosive.

t-
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2. Sulfides, disulfides and to a smaller degree, mercaptans of aromatic
structure are a source of significant tar formation on metals during heating of
fuel higher than 150°C. Thiophenes, during heating of fuel to 250°C,do not give
tarry precipitates on bronse.

3. At 150-250°C acyclic and cyclical sulfides, thiophanes, and disulfides
are & source of formation of significant quantities of deposits (which are
insoluble in fuel), tihe quantity and magnitude of whose particles increase as the
concentration of cuifurous compourds and the heating increase. In the presence
of thiophenes and mercaptans (to 0.01%) and during heating of the fuel to 250°C
the aeposit is insignificant.

4. In standard fuels there is present a mixture of organic sulfur compounds
of different structure; therefore, their influence on the exploitacional properties
of the fuels is levelled, which is proven by the results of tests with sulfurous
ccocentrates of fuel TS-1.

5. The presently permiassible norms of organic sulfur campounds in fuels of
type T are limiting ones, i.e., they do affect the quality of the fuel when it is
heated to 120°C. At a higher temperature it is necessary to ‘ake measures to
prevent the negative influence of mercartans, sulfides, thiophanus, and disulfides
on the exploitetionsl properiies of fuels.

&. In the presence of thiophenes and its homologs during heating of fuel

to 250°C its exploitational quaiities are not lowered.
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INFLUENCE OF NATURAL AND SYNTHETIC SULPHUR- AND NITROGEN-CONTAINING
COMFOUNNS ON THE THERMOOXIDIZING STABILITY OF DIRECT
DISTILLATIWN OF FUELS

G. F. Rol'shakov, }t. I. Davydov, T. G. Porapenko, F. Yu.
Rachinskiy, and N. M. Slavachevskaya
In directiy distilled fuels of the kerosene type along with organic sulfur
comr~unds nitrogen organic compocunds are also present [1].
We separated sulfur- and nitrogen-containing compounds of a "basic” character
from the tarry part of fuels TS-1, T-1, and DA. The method of separation was the

following (2].

Tars were dissolved in sulfuric ether in a volumetric ratio of 1:1. "=
sulfur-and nilrogen-containing compcunds from solution were extracted by treatmen*
with a 25¥ aqueous solution of sulfu-ic acid. After settling, the acid layer was
separated and pessed throuvgh a paper flliter, on which ‘races cf ‘&r were retairec
and then carried awav by mechanical means. The filitra*te was neutralised under
strong cooling by a 30% coiution of alkali ur to a weakly a‘kaline reaction. The

A}

separated olly layer was extracted by sulfuric ether. The ether extract was ir.- :
by heated socium sulfate., Afrer distillatior of ‘he sulfuric ether there remaine:
an oll, consisting of s fur- and nitrog:an~containing compounds of a "basi:”

~haracter.




Fxtraction wvas continued until no more cil was extracted frcm the next frash
portion of acid solution. In separate cases such treatment of the tars was repeated
vp to 8 times.

In Table 1 are given the yield and characteristics of the soparated compounds.

The results of inveatization of the pruperties of separated sulfur- and
nitrogen-containing compounds with the apnlication of physicochemical and spectral
methods make it possible to consider that these compounds can exert both & negative
and positive sction on the tharmooxidizing stability of fuels (3, 4}.

The _2terwinution of the thermociidising stablility was conducted in a
spscially designed apparatus at & tempsrature of 150°C for 6 hours [5].

The fusl was in closed vessels in contact with bronze VB-24; the vessels were
given an wzciliatory motion by a crankgear. At the end of 6 hours, after cooling
the instrument ihe corrosion of ths bronzs plats placed in the fuel was determined
(g/27) and aiso the quantity of deposits on this plate (z/m<) and of insoluble
deposit in the fuel {milligram/170 ml).

The depusit was ssparated by filiration of the fuel through a No. L glass
filter, The scidity (petentiometric) and optical demsity of the filtered fuel were
determined. In precsss of the work the deposit and plate were photographed at
300 K magnification o 5 MIM-8 mic.oscope.

All o the compounds studied in oplismm conceni.ations sumewhal improved the
tharmooxidiging stability of the initisl detarred luel.

Thus, during addition of separated compourds to detarred fuel TS-1 the corrosion
and opticel density wore not changed practically, and the formation of insoluble
deposit on ihe hr-nge dscreseed somewhat. At concenirations of 0.03-0.05% weight
a miniam of sodimentation was clearly indicated (Pig. 1).

The wvarlational curves of corrosion, sedimentation an optical density have

distinct minimups &t the foliowing conceritrations of the investigated compounds:




0.05-0.09% for fuel DA {Flg. 2) and 0.02-0.06% -~ for fusl T-1 (Pig. 3).

With an

increase of ti.2 optimm quantity of sulfur- and nitrogen-containing compoundes in

the fuele, sedimentation, corrosion, and tar formation are increased.

Table 1. FPhysicochemical Properties of Sulfur- and Nitrogen-Containing

Compounds Separated From Fractions of Pual Tars.

[ Fual DA _Fuel T-1

2% Coapounds, separated from the
L fraction of
1288 2 2
QO
Charactseristics 4 -3 9% % %
kB Q © 0
esfél o |5 | B
g.c o~ | © ~ -
Sgo| w 2 £ &
fgse| & | ¢ £
jrgs 3 3
Yield, ¥ weight per fraction of tars..| 13.4 10.1 43.4 —
Molecular we.ght.... 5.0' cevnosnseness 1935 243.1  602.4 R32.4
Index of refraction n vereeees | lo5241) 1.5 1.538% 1.52484 1.5305
Dersity, g/cm3...cvuvurenennnns ceev..| 1.0039] 1.0 1.1014 1.0113 1.0935
Iodine number, g I per 100 Bevonons ene ) 3104 36.7 | 49.3 38.4
Flementary composition, ¥ weight:.....
Cevernennececrnncencoonsnceanaess | 19.98 1 72,41 |72,17 73.71
|+ P ceessvenesans ceeecrosesres 9.82 ! 10.01 8.92
Seeeeceocnnons ersecireenen cvresas 1.25 4,12 1.80
. F feseecetesetecnas 8.81 6.81 11.63
0 (by difference) .......... 7.7 6.89 1.9,
Y 0.0048 0.0074 384 0.0051

The basic cause of increased thermooxidiszing stability of the fuels at

optimumm quantities of the etudied compounds, apparently, must be considered

to be thc presence in the tarry part of the fuels of certain compounds, capable of

forming a durable film on the surface of me’::l which "protects" the fuel from the

catalytical influence of the mstal. In connection with this there is & decrease

in the quantity of insoluble deposit and tarry deposit formec.

Furthermore,

these compounds, probably, also have a certain inhibiting action on the process of

ths oxidation of the heated fuel by stmospheric oxygen.

To confirm this supposition experiments were conducted with individual,

specislly synthesized sulfur- and nitrogen-containing organic compounds, the




propertiea of which are given in Table 2 (in all 61 compounds). The results of

studlies of fuel TS-l with additions of individual compounds are given in this same
table.
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, Fg. 1. Influvence of sulfur- and nitrogen-containing
compounds of a "basic" character on the thermooxidizing
ntahﬂity of fuel TS-1 (at a tempsrature of 150°C).
sl‘u vessels; O- in brass vessels.
KEY: L of deposit, milligram/100 ml; (b)
Comcion, s (c) Contept of compounds, £ weight;
(d) Deposit on bronse, g/m<; (e) Optical demsity.
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All of the aminodieulifides lower the thermooxidising stability of initial
fuel 718-1 by 1.5-2 times. Mminosulfides with aliphatic radicals increase

e R A

sodimentation and corrosion by 2-3 times. The formation of tarry deposits on

bronse is increased insignificantly. Introduction of the phenyl radical ( 5--amino-
. ehtylphenylsulfide) sharply decreases the sedimentation in fuel. Evidently, the
phenyl radical plays aa inhibiting rols hers,
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Fig. 2. The influence of sulfur- and nitrogen-containing
compiuncs of a "basic" character [separated from benszene
(1), and alcohol-acetone (2) fractions of tars] on the
t.hemt;osd.dizing stability of fuel DA (at a temperature of
150°C).

A - in glass vessels; O~ in brass vessels.

KEY: {a) Weight of deposit, milligram/100 ml; (b) Deposit
on bronze, g/m<; (c) Content of compounds, % weight; (d)
Corrosion, g/m?; (e) Optical demsity.

In sur preceding work [6] it was shown that mercaptans significantly lower
the exploitational properties of fuels. It was of interest to investigate how the
arine group influences these properties of mercaptans. Of 7 synthesised aminothiols,
6 showed unsatisfactory properties from the point of view of their influence on
the thermooxdidizing stability of the fuzls. One of the aminothiols (2-phenyl-2-
mercaptobutylamine) significantly improves the stability of the fuel: in its
prssence aimnst no deposit was formed in the fuel.

Aminonitriles differ little in stability - they are easily disintegrated and

form percxlide radicals. This, evidently, was also a basic ~ause of the lowered

5y g%
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thermal stability of the fusl during addition of aminonitriles,cspecially with
respect to deposii~ and .ar formation.
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Pig. 3. Influence of sulfur- and nitrogen—-containing compounds
of a "basic” character [separated from benzens (1) and alcohol-
acetons (2) fractions of tars) on the thermooxidizing stability
of fuel T-1 (at a temperature of 150°C).

4 - in glass vessels; O - in brass vessels.
KET: (a) Wgight of deposit, m'11igram/10C ml; (b) Deposit on
brogse, 3 (c) Content of compounds, ¥ weight; (d) Corrosion,
g/m; (o) Optical density.

All of the investigated thiasolidines and thiasolines increase the sedimentatior
and corrosion of fuel, but wome of them (s-phenylthiasolidine and 2-n-hydroxyphenyl-
thissolidine) decrease the corrosion of hr.nse by 4 times as compared to the initial
fuel.

Ascomethynes prevent the depcaiting of insolubl: tars on bron-s, but all
ascesthynes; with the axception of o-phenylene diamine and sai.icylal-o-aminophencl,
lower thermal stability of the “ael with respect tc sedimentation and corrosion of

the metal.
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Lonol derivatives (3.5-tert,-but-" -.-!.~4roxybenzaldehyde and 3.5-di-tert-
butyl-4~hydroxybenzylel-o-azinophen ' «:"sctively decrease sedimentation in fuel.
Corrosion and the formation of tars v !_.h are insoluble in fuel remain almost the
sanm a8 in the initisl fuel.

0f vhe tetrahydroquincliine group, tetrahydroquiroline itself zignificantly
improves exploitational croperties of fuel being conslidered.

The product obtained by condensation of styrene with phenol improves the

thermooxidizing stability ¢f the fuel being investigated.

Thus, in the presence cf certain sulfur- and nitrogen-conta’ning compounds which

have been synthesized and seperated from fuels, the thermooxidising stability of fuel
is increased. The substan-es which have an inhibiting action are complicated

heterocyclic compoundg, characterized by tne presence of atoms of nitrcgen in a
ring, sulfur in the form of the thiol group, end oxyren in the form of 8 hydroxyl

group.
Conelusions

1. Synthetic sulfur- and nitrogen-containing organic compounds basically
lower thermooxidizing stability of directly distilled fuels, with the exception of
2- phianyl-2-mercaptobutylamine, 1,2,3,4-t»irahydroquinoline; certain derivatives of
ionol; and the product, obtained by the interaction of styrens with phenol.

2. In tars of fuels TS-1, T-l, and DA are cont:' ed compounds, which in
small concentrations are shle to improve effectively the thermooxidizing stability

of fuels., These are basizally - heterocyclic compoundz, ~cntaining thiol, amine,

cnd phenyl groupe.
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INVESTIGATION OF THE THERMAL STABILITY AND CORROSIVENESS
OF SULFUROUS FUELS AT TEMPERATURES ABOVE 100°C
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The length of service and reliability of work of motors depend to a significant

o)

depre= on the quality of fuel used and primarily on its thermal stability and

ity pv ey

corrosiveness.
Motor operational experience shows that standard fuel TS-1 obtained from

sxatern sulfurous crudes, at operating temperatures higher than 100°C will form

R L R

insoiuble sediments, which are deposited on the components of fuel equipmant. Cases
are also noted of heightened corrosional wear of fusl pumps components, burner
nozzles, and filters during operation of motors on such fuel.
In 1960 we conducted research to study the thermal sta':ility and corrosiveness
of sulfurous fusls at temperatures above 100°C.
The following sulfurous fuels were tested: TS-1 hyd-opurified fuel, TS-1 with
a heightened content of mercaptan sulfur obtained from a mixture of Stavropol'and
Chapayswsk crudes, TS-1 with a heightened content of sulfur, obta.ned from arlan-
chelmagush crude, and also standard fuels TS-1 and T-1 {(Table 1).
« The thermal stablility and corrosiveness of sulfurous fuels were studied under
staticconditions in a bomb and in & flow during a single-time injection of fuel on
a device simulating the work of the fuel filter of a motor [1].

RN R
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Table 1.

Group chamical

r
C
Dengity| Limits of o .8
Fuel Q,;” boili.:goout . w | g 5?
¢ 18 |3 |- 3 :
302 |118|8 3
3|2 g a8 |23
TS-1 hydropuwified...| 0.778 | 137<=235 Jéo.oo 24,.00{ 16.00{0.,01p.000| 0.0

T5~1 from mixture of
Stavropol' and
Chapayevsk arudes...| 0.778 | 133--228 - | = [13.80{0.16pP.030| 7.0

TS-1 from arlan-
chekmagush orude....| 0.782 | 142e=232 - | = [.40[0.47P.002] 5.0

TS=1l...... ceessienans 0.778 133230 56.00]{25.50] 18.50{0,20P.009| 2.4
T=l..ceonnns ceeees ...| 0.818 139278 20.70162.90¢ 16.40{0.06pP.000| 1.6

The research conditions for fuel in a bomb correspond to the conditions in a
fuel tank, which makes it possible to determine the total amount of insoluble
deposits and tars and the corvosion of fuel squipment components under static
conditions. Resdarch on fuels in flow simulates the work of a fuel system beyond
the tank and makes it possible to estimate the influence of insoluble deposits and
tars on the working of fuel filters and the corrosi-n of fuel equipment components
under dynar‘c conditions.

Necessity of such a double appraisal of fuels is unavoidable since the
reliability of work and service life of a fuel system depend on both the total
quantity of deposits and tars forming in the fuel and on their ability to be
deposited on fuel equipment parts and filters. The study of corrosion is partic-
ularly important for fuels containing active sullur,

The results of research on the thermal stability of sulfurous fuvels under

static conditions in a bomb at a temperature of 150°C are given in Table 2.
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Table 2.
Quantity of Quantity of tars,
deposit, mg/100 ml| mg/100 ml of fuel
Fuel of fuel

without | with without with
metal | bronze metal bronze
TS-1 hydropurified.. 1.0 8.0 8.0 10.6

TS-1 from a mixture

of Stavropolf and
Chapayevsk crudes.. 1.3 23.4 2.8 13.6

TS-1 from arlan-

chelmagush crude...| 18.9 33.1 41.6 35.6
TS-1..... cececasnas 5.3 18.5 15.2 21.6
T-lo . . LIRS A ) 29»1‘ 3“00 1706 30c8

The data of Table 2 show that fuel TS-1 which has been subjected to hydro-
purification has the best thermal stability. Consequently, hydropurification is
an effective method of increasing the thermal stability of fuels obtained from
eastern sulfurous crudes.

Fuel obtained from arlan-chekmagush crude turned out to be the most unstable.
During heating it will form a significant quantity of insoluble deposits and tars.
Fuel TS-1 obtained from mixture of Stavropol' and Chapayevsk crudes, possesses
sufficiently high thermal stability during heating without metal, but in the presence
of brongze the quantity of insoluble deposits in it sharply increases.

Analysis of the deposits obtained during test of sulfurous fuels in the bomb,
showed that these deposits contain a large quantity of ash (to 20% and above). It
was noted that the higher the active sulfur content (mercaptans and elementary
sulfur) the higher the ash content of the deposits. This circumstance makes it
possible to suppose that heightened formation of insoluble deposits is connected

with the corrosion of bronse and loss of products of corrosion in solid phass.




From the data, given in Table 2, it i3 also clear that standard fuels TS-1 and
T-1 possess insufficient thermal st:0ility, especially fuel T-1.

In Pig. 1 ave shown the results of analysis of the thermal stability of
sulfurous fuels under dynamic conditions at a tempesrature of 150°C for 5 hours
(with single fuel injection through the filter). The criteria for analysis of the
thermal stability of fuels were the pressure drop on the filter, the characteristic
degree of clogging of the filter by insoluble dsposits, and the state of filter
after the test.

Fuel TS-1 after being subjected to hydropurification under the indicated
conditions does not clog the filter with deposits. Standard fuels TS-1 and T-1
are unstable: camplete clogging of the filter with insoluble depoaits for fuel
T-1 occurs after 2 hours, 20 minutes, and for fuel TS-1 - after 4 hours, 30 minutes.
The character of the filter clogged by insoluble deposits is shown in Fig. 2.

Sulfurous fuwels TS-1 from arlan-chekmagush crude and TS-1 from a mixture of
Stavropol’ and Chapayevsk crudes have a significantly smaller inclination to clog
the filter than do standard fuels TS-' and T-1, although under static conditions in
a bomb these fules were practically equivalent to standard fuels TS-1 and T-1. This
is explained by the fact that the dsvosits forming in these fuels have smaller
particles and, therefore, are not stopped by the filter.

Consequently, sulfurous fuels, depending upon their chemical composition, form
during heating insoluble deposits which can be distingvished both by quantity and
by quality {sise of particles).

Deposits foyming in sulfurous fuels during their healing above 100°C are
amorphous carbon,particles usually black and sometimes dark-brown.

In Fig. 3 ars shown photomicrographs of fuels TS-1 and T-1 at 120X magnification

after heating in.a bomb at a tempsrature of 175°C for 4 hours.
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A method of screen analysis was
applied to determine the particle
e size of the deposits formed in

sulfurous fuels. Results of the

Ca)

ropera; Ja8Pw 8 wg Q. ATDP Mm
8

analysis (Pig. 4) showed that the

deposits of standard fuels TS-1 and

T-1 have bigger particles; 75-80%

(‘) B.ema uCPEmMGrun VO
Fig. 1. Characteristic of filt of these deposits were trapped by a
. 1. acte co er

clogging by insoluble deposits during 204 filter. Deposits of fuel TS-1
a single injection of sulfurous fuels.

A - TS-1 hydropurified; X - TS-1 from the mixture of Stavropol' and
from mixture of Stavropol' and
Chapayevsk crudes; O - TS-1 from arlan- Chapayevsk crudes have the smallest
chekmagush crude; ® - TS-1 standard;

¥

S

- T-S standard. particles - 75% of these deposits

KEY: (a) Pressure drop on filter, mm Hg;

(b) Time of test, hours. were trapped by a filter of only less
than 5 xsize,

B AT P SN
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Pig. 2. Appearance of filter before (a) and after (b)

test with standard sulfurous fuel TS-1.
The magnitude of the deposit particles of sulfurous fuels significantly
increased during testing in contact with bronse (Pig. 5). Thus, 75% of TS-1 fuel
:
i deposits are trapped by a 20k filter during testing of this fuel in contact with
§ btronse; 72% of the deposits formed are trapped on even = &0-micron filter. Thus,




bronse not only increases the inclination of sulfurous fuels te sedimentation, but
also evokes a sise increase in the particles of the deposits formed. The influence
of bronse on the magnitude of particles of low-sulfur fuel T-1 is in the opposite
direction: the sisze of deposit particles decreases. Steel has practically no

influence on the magnitude of deposit particles formed in either sulfurous or in
low-sul fur fuels.

Pig. 3. Photomicrcgraphs of fuel TS-1 &) ama
T-1 b) after heating.

In Table 3 is given the

L

chemical composition of insolubie

o

deposits obtained during testing of

fuels TS-1 and T-1 i~ a bomb at a

temperature of 17/5°C,

The chemical camvosition of the

deposits makes it possible to suppose

C‘) Nrades 2lpoa@rnoC FL om0 Y

that they ars forsed in fuels TS-1

a
.

(ﬂ 5:3_'.>-a.*~e¢;‘, C ol Dumam - and T-1 »3 a result of the oxidation

Fig. 4. Particle sise of sulfurous atmospheric oxygen of ihermall
fuel deposits during test with bronse i s 7

b) and without it a).

1-—-T-1 standard; 2-—TS-1 standard;
L—-TS-1 frem mixture of Stevropol' and '8 ‘ ’
Chapayevek crudes. ont t 1.

KEY: (a) Deposit trapped by filters, %5 1 Fooon in the fue

(b) Magnitec of filter holes, » .

enstable sulfur-nitrogen, and oxygen-
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Our experiments showed that if from fusl T-l or TS=1 the dissolved air were

removed and it was heated in special ampoules, then ‘n the tempsrature interval
100-250°C deposits and tars will not be formed in the fuel.

Table 3.
A composition of deposits
el c cal it of deposits, %
e H N S 0 Ash

TS=leeeeeoencesconees| 04,80 | 5.78( 4.18 6.76 | 18.48 | None

TS-1 in contact with
DrONS®...ccovesess..] 46.97 | 4.8 2.46 8.06 | 13.35| 24.32

T-thOQOQO.OIOOOOCQOO 67.53 6-83 1.91 5092 16.10 1071

T-1 in contact with . '
bronse......... veee. 62,62 1 5.23) O. 6.09 ;18.00{ 7.4

A peculiarity of the influence of temperature on the formation of insoluble
deposits in hydrocarbon fuels is the presence >f a maximum in a definite region of
temperature.

Under both static and dynamic test conditions the maximm formation of insoluble
deposits is within the same limits. Thus, in the bomdb the maximm quantity of
depoaits will be foimed in the temperature interval 150-200°C; in practically the
same range of temperatures there is observed a maximum speed of growth of the
pressure drop on the filter or speed of clogging in the filter by insoluble deposita.

At present there is no universally recognised explanation of the temperature
saxizm for inscluble deposit formation in hydrocarbon fuels. Different authors
have given a number of suggestions concerning this question (2, 3].

Visual observations of the formation of deposits in fuel in special apparatus
have shown that during heating of the fuel ebove 100°C it first becomes slightly
cloody, then the finest particles appear in the form of white dots. With further
heating thess particles gredually grow, acquiring a brown and them a black eclcr.

Subsequently, agglameration of particles occurs (ses Pig. 5). At temperatures above




175°C the quantity of particles gradually decreases, and at a tempsrature of 250°C
only a small quantity of big particles remains.

Visual observations and experimental
detsrminations of the tempsrature dependent
sedimentation in fuels makes it possiole
to explain temperature maximum of insoluble
deposit formation in the Jollowing form.

With increase of temperature of
heating of fuel as a result of oxidation

by atmospheric oxygen of the unstable

Fig. 5. Particle-agglomerate of  impurities of the fuel (sulfur-, nitrogen-,

fuel TS~1 deposit at 120X magni-

fication. and oxygen-containing organic compounds
and unsatvrated hydrocarbons) at the beginning of oxidation tars dissolved in the
fuel are formed. In certain cases part of these high-molscular tars may precipitate
at temperatures of 100-13C°C. With further increase of the temperature condensation
and packing of the molecules o.curs, and the final products of oxidation are formed
- insoluble deposits. At temperstures of 175-250°C a large part of the deposits
formed (80-90%) is dissolved in fuel; then, apparently under the influence of
temperature their there.l disintegration begins with the formation of ligh:
cxidaticn products which do not precipitats into the solid phase. At temperatures
above 250°C there remains in tie fuel only a small condensed and censolidated part
of the deposit.

The corrosiveneas of « 17 .. us fuels was studied by many researchers, and in
this rerion there ras recentiy been published a number of works. Rowever, thess
investigail.ons were conducted at temperatures below 100°C.

We investigiied the corrosiveness of sulfurous fuels at a tempersture of 150%C
under stallic corditions in a bamb and under dynamic conditions on apparatus,

simulating the operation of a fuel filter of a motor (Table 4).
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Table 4.
Loss in weight of plates, g/m?
Under static Under dynanic
conditions (in conditions (on
Puel bomb ) apparatus)
Steel |[Bronze Bronse
TS-1 hydropurified.| 0.00 0.25 N.60
TS5-1 from arlan-
chelomagnush crude.. - 0.99 1.80
Ts-l SW¢cov-t 0021‘ 1.50 7.05
TS-1 from mixture
of Stavropol' and
Chapayevsk crudes.| 1.29 3.07 L2 40

Fuel TS-1 which has been subjected to hydropurification has the ileast
corrosiveness. As campared to standard fuel TS-1 its corrosiveness is lass by
approximately 10 times. The most corrosive is fuel TS-1 from a mixture of

Stavropol' and Chapavevek crudes, which contain 0.C3% mercaptan sulfur.
Conclugions

i. Insoluble deposits in sulfurous fuels of type TS-1 are formed at
temperaiures above 100°C. The biggest incliination of these fuels tc sel‘=entation
is observed in the Lamperature interval [(50-20C°*C.

2. Deposi’s forming in suifurous fuel; are products of oxids+* ion mainly of
the sulfur,- nitrogsn, - and oxygen-ccntaining organic compounis rresent in these
fuelis.

3  Hydreswification of sulfurous fuels effectively incresses their tharmal

stabi ity and sharply lowers their corrosiveness. The quantity of de~.1"a formed

decreases by 2-3 .imes, and the corrcosiveness !e iowered by 1C or more ‘mes.
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