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Abstract

This study is devoted to the development of non-waste technology of oil and petroleum refining. The
experimental material of a soft catalytic oxidation of oil sulfurorganic compounds with formation of sul-
foxides and sulfacides, having high consumer qualities is presented. Based on the IR-spectral data and
mathematical calculations the optimal conditions of the process are defined, the kinetics of the oxidation
is investigated and the process mechanism is offered. The results of research and approbation of
highsulfurous ails of the Kazakhstan oilfields are presented. These materials are offered for introduction
in the application by oil companies, which explore and produce the il from oilfields of Western region of

Republic of Kazakhstan.

I ntroduction

Therepublic of Kazakhstan is one of the leading
countriesin theworld by pool hydrocarbon raw ma-
terials resources, however, a significant part of ex-
tracted oilsis sulphurous and highsulfurous.

Theproduction, preparation for transportation and
transportation of such oilsisaccompanied by forma-
tion of sulfur-containing wastes, which represent se-
rious danger not only to the state of natural environ-
ment possessing of their high aggression, but also
render the influence on health of the population be-
cause of their high toxicity.

Besides, the presence of sulfurorganic compounds
in raw materials promotes the fast corrosion of pipe-
lines. During desulfurization the padding sources of
losses of oil and petroleum are crested, the level of
environmental pollution by hydrocarbonsand sul phur-
ous compounds is high; the states of clearing of
wastewater are more difficult. The consequent appli-
cation of such oil in chemical processing resultsinthe
destruction of reactive vessels and poisoning of
catalysts.

The highsulfurous oil isthe oil of Tengiz cilfield,
whichisof oneof thelargestintheworld. Thedistinct-
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ive peculiarity of Tengiz ail isthe high content of vola-
tilemercaptanshaving odor. Besides, the highsulfurous
gas hydrogen sulfide accompanies the production of
the oil. Taking into account the high toxicity and
corrosion aggression of sulfurcontain compoundsthe
devel opment of new non-waste technology for treat-
ment of oil and petroleum isreally actual.

The ways of clearing, existing in the world prac-
tice, arelimited by hydroclearing, i.e. at severe const-
raintsto reduce the organi ¢ sul phurous compoundsto
H,S, which further by Clause method can be oxidized
to free sulfur. The process is characterized by diffi-
cult technology and high power consumption. There
isalarge problem to remove the high-dispersed sul-
fur [7].

The sulfurorganic compounds of oil arerepresent-
ed basically by sulfides, tiophens, mercaptans etc.
[2.3]

One of the major reactions of sulphurous com-
pounds is oxidation, which allows the formation of
sulfoxides and sulfones, showing significant ability
to donor-acceptor interactionswith ions of noble met-
als. So, they can serve as high selective extraction
reagents[1,4-6].

Itisknown, that the Tengiz dilfieldislocatedina
semidesert zone with a sharply continental climate.
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This causes high responsivity of natural environment
to negativetechniques[7]. So, theintroduction of non-
waste technology isoneof the effectivewaysto lower
the pressure on the environment.

The present work describesthe experimental ma-
teria on catalytic removing of sulfur compoundsfrom
oil.

The technology based on a liquid-phase method
of soft oxidation, which does not demand difficult
instrumentation and superstrong materialsand allows
utilizing available reagents (HNO; or NaNO;, H,SO,,
H,0, air).

The current schemeto refinethe oil from sulfur on
Tengizchevroail (TCO) isthe oxidation of mercaptans
to disulfides, which are soluble in oil. So, thereis a
chemical transformation of one sulfur-containing
compound to others, not having a smell. So, the ag-
gression of sulfur isnot eliminated. Unlike of the pro-
cess used by TCO, we offer the catalytic system for
oxidation of sulfur-organic oil compounds to sulfa-
cides, which areinsolublein oil and remaining in aque-
ous phase, and, thus, can be extracted from petro-
leum composition.

Experimental

In order to find the optimal conditions for des-
ulfurization of oil, which prevent the formation of
sulfur-containing undesirable waste productswe have
investigated some inorganic metals sulfides as well
asthe catalysis of the process. Thetesting of the pro-
cess on Karachaganac and Karazhanbas oils was
done.

Theinorganic sulfideswere studied for determina-
tion of optimal conditionsfor sulfurorganic compounds
oxidation.

A synthetic bismuth (CC-mark 85%), obtained by
sintering of elementary sulfur and metal bismuth, with
monitoring of composition by chemical and radio-
graphy analysis, was used as a starting material. The
measurement of rate was done by volumetric method
with absorption of oxygen by the system and reduction
of bismuth sulfides amount during thetime. The oxi-
dation state of reacting particles in a solution were
determined by redox potential measured by a plati-
num electrode in relation to a calomel half element.
The IR-spectrawere recorded using Specord, IR-25
and UR-20 spectrophotometers.

The sulfide coating generated during oxidizing dis-
solution of bismuth was washed by benzene, then
again wasintroduced into the reaction mixture.

Thekinetics of soft catal ytic oxidation process of
sulphurous compounds from Karazhanbas oil frac-
tionsisinvestigated.

The composition of starting and refined fractions
of oil was established with the help of elemental
analysis and | R-spectroscopy.

During the study the detection of the factors
influencing the oxidation of halkpyrite and pyritewas
done, and the opportunity for refining of sulfur-
containing oil by amethod of homogeneous catal ytic
soft oxidation using the distillatesfrom K arazhanbas
and Karachaganac oil fields was shown.

Results and discussion

Oxidation of metal sulfides

The obtained experimental data indicate, that in
the absence of nitrogen oxides the oxidation of bis-
muth sulfide proceeds slowly (Wo,< 0.2x10° mol*[J
L[S') owing totheexclusiontill aback at interaction
by lowest free molecular sulfidesorbital. In the pres-
ence of NO, the rate of oxygen absorption by Bi,S; -
HNO, - MCl, - KI - H,O system increases in 2-3
orders.

The obtained experimental data are summarized
in the Table 1. The typical dependencies of oxygen
absorption rate (Wp,) as well as the values of redox
potential of the system (¢) on amount of oxygen ab-
sorbed (Qo,) are shown in Fig. 1. The analysis of
electrode equilibrium, possible in the investigated
system is shown below:

S+4H,0 » S0*+8e+8H* $=0.149V (1)

Ot de+H* o 2H,0 0=1223V  (2)
N02+ e+H* - H N02 ¢:1093 V (3)
Bi% .. Bis*+2e 0=1750V  (4)

Based on the absence of the second saltus on the
experimental potentiometric curves one can conclude
that it is one-electron process (4); and its redox po-
tential isdetermined by the following eguation:

[H'] (5)
[HNO,]

The form of the critical curves W,,=f(Qo,) de-

fined by two expressed sites: thefirst ischaracterized

by rather high values of W,,>10*mol[Ll[S?! at the
stoichiometric ratio with Cyo,/Qo,~ 2 and corresponds

¢=1.09+RFT|n[N02]@/
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Bismuth oxidation in HCl — MCl, — K| — NaNOlal—lIleg ind HCIO, — MCl, — KI —NaNO, — H,0 systems.

. Complex compound, mol/L . Start\Wo Of())(;;inaté?n
Bi,S; Test time,[Temperat- Pressure P I S
weight, g NaNO,,| min ure, K oV O,, Pa 1 blsrmthm n

HCI HCIO, | MeCl, | KI, 10° 107 mol/L solution,
mol/L
1 2 3 4 5 6 7 8 9 10 1 12
0.3 1 - 15 1 4.8 5 285 | 0.994| 10x104 13.6 28
0.3 1 - 15 1 48 20 285 |0.998| 10x10*| 135 3.24
0.3 1 - 15 1 48 60 285 |0.999| 10x10*| 135 3.50
0.3 1 - 15 1 4.8 90 285 | 1.002| 10x10*| 13.52 3.66
0.3 1 - 15 1 4.8 180 285 | 1.010| 10x10*| 14.14 3.88
0.3 1 - 15 1 438 60 303 | 1.001| 10x10*| 21.6 3.68
0.3 1 - 15 1 4.8 90 303 | 1.015| 10x10*| 20.6 4.38
0.3 1 - 15 1 48 5 303 10 | 10x10* | 216 3.08
0.3 1 - 15 1 4.8 180 303 | 1.001| 10x10*| 21.6 4.30
0.3 1 - 15 1 - 3 285 | 0.572| 10x10 0.2 0.04
0.3 1 - 15 1 - 60 285 | 0551 10x10*| 04 0.06
0.3 1 - 15 1 9.6 3 285 |0.987| 10x10* | 28.8 34
0.3 1 - 15 1 9.6 20 285 |0.992| 10x10*| 27.0 35
0.3 1 - 15 1 9.6 60 285 | 0.991| 10x10* 29 3.7
0.3 1 - 15 1 9.6 90 285 1.0 | 10x10* 27 3.8
0.3 1 - 15 1 144 3 285 | 0.982| 10x10 52 34
0.3 1 - 15 1 144 20 285 | 0981 10x10* 45 3.6
0.3 1 - 15 1 144 60 285 |0.976| 10x10* 55 3.6
0.3 1 - 15 1 144 90 285 | 0.979| 10x10 64 3.7
0.1 1 - 15 1 48 3 285 | 0.792| 10x10 10.2 11
0.1 1 - 15 1 4.8 20 285 | 0.992| 10x10* 22 4.0
01 1 - 15 1 4.8 60 285 | 0.987| 10x10 16 4.6
0.5 1 - 15 1 48 3 285 | 0.977| 10x10 14 2.8
0.5 1 - 15 1 4.8 20 285 | 0.984| 10x10 13 4.2
05 1 - 15 1 4.8 60 285 | 0.987| 10x10 16 4.6
0.3 - 05 15 1 4.8 3 285 | 0.966| 10x10* 22 21
0.3 - 0.5 15 1 4.8 20 285 | 0.974| 10x10 19.2 24
0.3 - 0.5 15 1 4.8 60 285 |0.980| 10x10 104 25
0.3 - 1 15 1 4.8 3 285 | 0.979| 10x10 12 29
0.3 - 1 15 1 4.8 20 285 | 0.988| 10x10 9 33
0.3 - 1 15 1 48 60 285 |0.986| 10x10* 14 38
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Tablel
Continued
_ Complex compound, mol/L _ Start\Wo, Of())(;%até?n
Bi,S; Test time,| Temperat- Pressure 2N S
weight, g NaNO min ure, K ¢V 0,, Pa 1 blsrmthm o
HCl | HCIO, | MeCl, | KI, 10? 102 2 mol/L | solution,
mol/L
0.3 - 2 15 1 4.8 3 285 0.986 | 10x10* 13.2 35
0.3 - 2 15 1 4.8 20 285 1.001 | 10x10* - 3.8
0.3 - 2 15 1 4.8 60 285 1.013 | 10x10* 15 4.0
0.3 - 3 15 1 4.8 3 285 1.008 | 10x10* | 144 35
0.3 - 3 15 1 48 20 285 1.012 | 10x10 15 3.95
0.3 - 3 15 1 4.8 60 285 1.013 | 10x10* 15 40
0.3 1 - 15 - 4.8 3 285 0.978 | 10x10* 12 31
0.3 1 - 15 - 4.8 60 285 0.994 | 10x10* 12 49
0.3 1 - 15 0.6 4.8 3 285 0.982 | 10x10*| 12.8 2.8
0.3 1 - 15 0.6 4.8 20 285 0.988 | 10x10* 12 3.6
0.3 1 - 15 0,6 48 60 285 0.986 | 10x10* 13 4.3
0.3 1 - 15 0.6 4.8 90 285 0.991 | 10x10° 12 4.4
0.3 1 - 15 2.0 4.8 3 285 0.987 | 10x10* 14 21
0.3 1 - 15 20 4.8 20 285 0.984 | 10x10*| 13.2 29
0.3 1 - 15 20 4.8 60 285 0.991 | 10x10*| 14.6 3.6
0.3 1 - 15 20 48 90 285 0,990 | 10x10*| 15.2 3.6
0.3 1 - 15 1.0 4.8 60 285 1.043 | 3.3x10* 8 0.63
0.3 1 - 15 10 4.8 60 285 1.042 | 5.3x10* 12 0.94
0.3 1 - 15 10 4.8 60 285 1.043 | 8.0x10 14 135
0.3 1 - 15 1.0 4.8 60 285 0.893 | 10x10*| 122 1.23
to the following reactions (6) and (7): In the presence of oxygen the disproportion of
HNO, is shifted to the right with formation of NO..
2HNO,=NO+NO,+H,0 (6) The comparison of redox potentialsfor HNO, (HNO,
INO+0,= 2NO, @) +e+H">NO+H,0@=0.9V) andfor NO, (NO, +

The second site, which affects the catalytic pro-
cesses, is connected with the dissolution of bismuth.
The kinetics of HNO, disproportion is investigated.
Therateof direct reaction isdefined by thefollowing
expression:;

W;=ks[HNO,J?, at 25°C, k;=5.8 mol 1IL[S?*

For reverse reaction thekinetic equationisthefol-
lowing:

W,=k,[NO][NO,], at 25°C, k,=2.1x10" mol*[IL[s*

H+ e >HNO, ¢=1.09V), and also thekinetic results
of the Table 2, specify the fact, that as a result of
reactions (6) and (7) in the solution stronger isformed
as contrasted to HNO, an oxidizer - NO,.
Separately we investigated the kinetics of HNO,
oxidation by oxygen in HCI - MClI, - KI - H,O solu-
tionin conditionsidentical to oxidizing dissolution of
bismuth. The kinetic results are presented in the
coordinates Wo,— Qo, in Fig. 1b. The dependence of
absorbtion rate of oxygeninthe solution HNO, - MCl,
- K1 -H,0 (W, a 1 > 0) on starting concentration of
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Wo,, 10% mol/Lxmin
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Fig. 1. Oxidation of bismuth sulfide by oxygen in the presence of nitrogen oxides.
a b, c Cyg,m15, Cyg=1.0 molxL™* Cyao, 1- 0.46, 2-0.92, 3-1 molxL* ac) Bi,S;=0.3g, b) Bi,S=0g

Table 2
Probable kinetic equation in

HNO~ KI -H,O - MCl, -

H,O - Bi,S, system.

Reaction

Kiretic equation

4HNO,+HI > I+NO+H,O

ks =3x10* M2, st
[HNO,][HI][H*]

NO,+ HI > | + HNO,

ke =3x106 M2, st
[HI] [NO,]

NO, + H,S > HNO, + HS

k; =7.24x10° M2, st
[HS] [NO,]

nitrite is described by the equation:

Wo,=ks[NaNO,]?, at 22°C, ks= 9.13x102 mol ‘L ([S*

These results were used for determination of oxi-
dizing dissolution rate of bismuth by a subtraction
from common absorbtion rate of oxygen in Bi,S; -
MCI, - KI - HCI -H,O system W, concerning with
the oxidation of nitrite to NO, only. The obtained,
thus, kinetic regularities are summarized in Fig. 1.

The curves had an extreme nature (Fig. 1c) in
coordinates Wp,= F(a). Inthe beginning of thereaction
the rate is small, then it increases, passes through a
maximum and decreases practically to a zero, or to
the values, which aredistinct from zero, feebly time-
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dependent. Such character of the curves frequently
meetsthe kinetics of topochemical behavior reaction
in the systems, which are powering up even one solid
reagent and a solid product of the reaction. So, the
solid products can be and on its basis a polysulfides.
Theinclination of sulfur atomsto formation of polysul-
fides phases, is probably conditioned by aspiration of
sulfur atomsto acquisition of energetically steady elec-
tronic configurations, that is possible as a result of
acquisition by one atom of sulfur s2p®, and another
sp? (st + Spt > PP + sp?) with continuous inter-
changing by configurations between these atoms and
realization of bond between them by pair of electrons
crossing from atom to atom. The presence of
elementary sulfur and of polysulfides phasesformed
during disal calining on asurface of bismuth, istested
by IR - spectraof benzene extracts from the cover of
disinclining samples(Fig. 2).

The absorption band in the field of 470 cm* be-
longs to the valence vibrations of S-S group. Upon
contact of gaswith starting solid (Bi,S;) the reaction
rateissmall. Asthe nucleuses (kernel), and phase of
solid product of the reaction are formed, thereis an
interface of solid phases. The value of thisinterface
increases in the process of sulfides oxidation and the
reaction rate increases.

The further increasing of nucleuses of the phase
of solid product beginto merge. Theformation of new
nucleuses practically does not occurred because the
absence of afree surface and the reaction rate is de-
creased. Thekinetic curves of topochemical reactions
contain aspecial point, the maximum of reaction rate.
According to the independent growth of nucleuses of
the phase of the solid product the maximal rate should
be observed at the moment of acontingence of grow-
ing nucleuses. So, the value of specific rate can be
defined from thefollowing equation:

Wyg _ 2W max
Y8,

absorption %

10 14 18
Fig. 2. IR- spectra of benzene extract.

v10Z em!

g- weight, S;- specific cover of the sample.
The useful information is presented by IR - spec-
tra of the gas phase (Fig. 3).

1 NO;
4 N,0
X
= 1
2
N
o 1
|
8 1 V14
)
=
T 1
T Vi
T 1
—HHHHHHHHHHH
10 20 320 1
V10 cm

Fig. 3. IR- spectra of the gas phase. Cy, =1.0 ,C y,=1.5,
Chano,=0.456 mol L, Bi,S;=0.3 g, T: I- 3min; |- 20 min;
[11- 60 min, V- 90 min.

Inthe spectraof the sample selected from thereact-
or, containing agueous solution HCI - MCl, -NaNO, -
KI - H,O through 3, 20, 60, 90 minutes after experi-
ment was started there are bands with frequencies of
vibrations of nitrogen dioxide (1318 cm'), (749 cm?)
and (1617 cm') and N,O (1200-1300 cmrt) with maxi-
mum at 1250 and 1270 cm'?, NO (500-600 cmrt) with
peak 588 cnrt and NO (2150-2240 cm?) with peaks
2190 and 2220 cm'*. The absence of absorption bands,
characteristic for N,O without of bismuth sulfides
givesfoundation to believe, that N,O isthe product of
more deep reduction of NO, by bismuth by the
reaction:

Bi, S+ 6NO,+6HCI — 3N,0+ 2BiCly+3H,30, (8)

And theamount of N,O asincreased ashigher the
weight of Bi,S; and higher the acidity of the solution.
Theredox potential for N;O (N,O+2 e +2H* - N,)
is 1.59 V and the nitrous oxide does not oxidate by
oxygen. According to it, the part of nitrogen oxides
irrevocably disappears from a catalytic cycle, which
includesthefollowing reaction:

S+4NO,+ 2H* [ H,S0,+ 4NO  (9)
2NO + 0,3- 2NO, (10)
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Using the IR-spectraof N,O (vol.%) and | R-spec-
tra of samples selected during experiment (Fig. 2) it
was possible to cal culate the amount of N,O formed
and accordingly amount of sodium nitriteleaving from
acatalytic cyclein each case. For further accounting
of the rate constants value of maximal rate on the
curve Wo,=f (Qo,) and value, accordingly to NaNO,
concentration were used.

The dependence of the processrate on the sodium
nitrite concentration is described by the equation of
thefirst order:

Wiax = KiXChano,,at 22°C, k;” = 2.5x10* s*
The increase of the weight of bismuth is aresult
of increasein the processrate.
The dependence of k,” on theamount (g) of Bi,S;
isdescribed by the expression:

ki = koxg?, ko = 3.2x10° gS?

At Pp,>0.6%x10° Pa practically there is no influence
of a partial pressure of the oxygen in the mixture on
the rate of O, absorbtion in the system. In gases
enriched by oxygen the formal regularities are ob-
served, and on the contrary, at P, < 0.5%10° Pa, the
following equationisrealized:

Wo,=K x P,

The order of reaction on bismuth is lowered and
the order of reaction on concentration of sodium ni-
triteisincreased, i.e. the conditions are created, when
the stage with oxygen participation islimiting.

At P,,=1.01x10° Patheinfluence of solution acid-
ity on oxidation rate of bismuth in HCI - MgCl, - Kl
- NaNO, - H,0O solutionisinvestigated. Theincreas-
ing of acidity in the interval of C,qo, fromOupto 1
mol/L positively hasthe effect on thereaction kinetics
(3). Theincreasing of activity of the solution in this
interval Cyqpo, IS a result of the accumulation of
NO,HCI and NO,HI particlesin solution by the fol-
lowing equilibrium (8):

NO,+ H*+ X [, NOHX  (11)

As aresult of the oxidation the salts of sulfuric
acid areformed. It istheimportant moment, because
it determines the opportunity for extraction of heavy
metals as soluble forms in the liquid phase from pe-
troleum composition, and, generating, the acid accel-
erates processand extraction of avanadium and nickel
fromtheoil of Tengiz oil field becomes possible.

The quantum characteristics for NO,, NO,HCl,
NO,HI were cal culated, and are presented in the fol-
lowing table:

Atom's
charge Structure of LYMO | Evmor
eV
N X
NO, |0.289-0.198 -0.83P,(NO)-0.39P,(0)| -3027
NO,HCI| 0.236-0.029 -0.78 PACI) -7061
NO,HI {0.205{ 0.039 -0.86 PLl) -7.0

For NO, the lowest vacant molecular orbital
(LVMO) isbasically presented by P,-orbital of nitro-
gen, aso there is a composition P, - orbital of halo-
gen, and at transferring from NO,HCI to NO,HI in
it'sthe contribution of thisorbital increases. Theval-
ues of E ywo show that the acceptor properties of
NO,HX are higher, than that of NO.,.

Upontheincrease of Ciyc0, > 1 mol/L the character
of the kinetic curves varies, the maxima decreases,
the sharp decrease of the rate is observed during the
oxidation of bismuth. InIR - spectraof the gas phase
in these sol utions there are some absorption bandsin
thefield of 500-600 cm, 1500-1650 cmr?, 1700-1820
cmt with maximum at 595-1580 cm'?, 1798 and 1802
cm’t, concerning with the NO in NOX (X-Cl, I), that
specifiesthe realization in data states of equilibrium
(12), (13):

HNO,+ Hl » NOI + H,O (12
HNO, + HCl ~ NOCI + H,O  (13)

The particles of NOX are reduced by bismuth sul-
fide to the N,O and so the concentration of sodium
nitrite from 4.56x10* mol/L (Cyao,) to 0.16 mol/L
isoriginated.

The increase of temperature in the interval from
22 10 40°C results in the fact that the maximum on
the curve becomes brightly expressed and it is dis-
placed to the side of smaller time.

Thevalues of maximal rate calculated on thefoun-
dation, that the value of activation energy of the bis-
muth sulfide oxidation by oxygen in the presence of
NO, equal to 10.205 kcal/mole and is decreased up
to 7 kcal/mole at Qo, = 2.5x102 mol/L (after amaxi-
mum).

The above mentioned fact indicates the diffusive
stopping of the reaction after reaching maximal rate,
that resultsin the sample covering by the polysulfide
coating.

In order to removethe sulfides coating, the gener-
ating during oxidizing dissolution a sample was
washed by benzene, then again revertedto thereaction
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mixture. The increase of oxidation rate of bismuth
sulfide testifies the dissolution of a sulfur coating.
Thisfact is confirmed by the IR-spectrum of a ben-
zene extract from washed bismuth surfaces. The ab-
sorption band at 470 cm'? correspondsto the frequency
vibrations of the S-S band (Fig. 4).

This experiment has a practical importance for
originating of bismuth oxidizing dissolutionin mixed
solvent.

The obtained results have allowed offering thefol -
lowing mechanism of the oxidation of bismuth sul-
fide by oxygen in the presence of nitrogen oxides:

2HNO, & NO+NO, +H,0 (14)
2NO+0, £ 2NO, (15)
Bi,S;+H* . -Bi-S." (16)
Bi-S." +NO,HX {0 HNO,+HX +-Bi +S* (17)
-Bi-S"+H" O, Bi-H? (18)
Bi — SH?" + NO,HX {1, HNO, +HX +-Bi** +S (19)
CHZ%
-Bi-H?*+s .0, Bis:jS (20)
H
-Bi:  +NO,HX . -Bi-S-%"+HNO, + HX (21)
*.S-S :
S
CHZ
2NO +-BiS:’ . B NO+ Bi®* + 2HX (22)
NO + -BiS—H? ——_ N,O +Bi% +HX (23)
Cluo/W - 10 tionary concentrationsthe obtained rate law describ-
ing the experimental resultsin kinetic conditionsare
o described by the equation (24).
2
KTy, [Co, K'G% 3T
. - W, = no, o, KK'ld 2/3NOX (24)
o KTCyo [T, +K'D
o
™ 1 2 3 no/ g2%-S-10° The equation (24) describes satisfactorily the ob-

Fig. 4. Oxidation of bismuth sulfides by oxygen in a so-
Iution Bi,S; -HCI - MCI, - NaNO, - H,0.

According to the reactions (14,15) the NO, and
morereactiveformsof NO,HX areformed. Inlimiting
stages (17) and (21) the NO,HX attacks coordinated
sulfide or polysulfide with transferring of one elec-
tron and formation of HNO,. Asaresult of thereaction
(22) the concentration of the catalyst NO, isdecreased.
According to the offered scheme and the theory of
topochemical reactions aswell asthe method of sta-

tained experimental results. The experimental points
are stacked on straight lines in coordinates [NO]%
Wx10=[NQ]/g?3xSx102 (Fig. 4).

In investigated interval of Cyco, the value of kK
practically does not depend on the acidity of the solu-
tion. Theinfluence of Cyci0,0NK” isdescribed by the

equation:

kY@,

=0 (25)
1+y @H o

wherey - equilibrium constant:
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NO, + H* — NO(OH)*

The solution of the equation (25) by the least
squares method has allowed defining the parameters
of the equation (25), which are thefollowing:

k" =410t g8t and y=7.8x107?
The segment of the axis ordinate, cutting off by

straight line gave usthe value of the constant of oxi-
dation rates of the sodium nitrite by oxygen (k') in

the investigated conditions. The tangent of inclina-
tion corner allows determining the rate constant of
interaction of NO, or him of the protons forms with
bismuthin (k). Theresults presented in the Table 3
testify that thek’ and the k™ do not depend on starting
nitrite concentration in the system and on the weight
of bismuth sulfides. The values of k' are in accor-
dancewith theliterature data. The obtained dataprove
the proposed mechanism.

Table3
Kinetic characteristics of bismuth sulfides oxidation by oxygen in
HCI - MCl, — KI —NaNO,- H,0 system T=295K, Cy, = 1.5 mol/L.

C nano, MOI/L Bi,S;, g CHCIO,, mol/L k, mol2xL?xs? k', g¥xs?
4.8x107? 0.3 1.0 2.25 0.93x10?
3.6x1072 0.3 1.0 2.20 0.90x10*
14.4x102 0.3 10 23 0.91x10?
4.8x10? 0.1 1.0 1.87 0.7x10*
4.8x10? 0.5 1.0 21 0.6x10*
4.8x10? 0.3 15 22 1.1x10?
4.8x1072 0.3 20 2.15 1.47x10*
4.8x102 0.3 3.0 2.18 3.3x10%

Oxidation of sulfur compounds of ail

The method of homogeneous soft catal ytic oxida
tionwasinvestigated on the sulfur-containing oil frac-
tions. The samplefrom Karachaganac oil field (Ne 126
well) was taken for the study. According to the data
obtained in our study the common sulfur is 1.28% by
weight. The weight fraction of mercaptanous and
hydrosulfurous sulfur compoundsis 0.21%.

The experimental data of regular study of the
sample of oil and catalizate by the method of homo-
geneous soft catalytic oxidation isshowninthe Tables
4-9 and Figures 5-11.

The potential contents of fractions in starting oil
and catalizate were determined by the method of
rectifying distillation on the ROD-2.

According to the diagram of samples digtillation
theinitial boiling temperature moving almost to 40°C,
the weight fraction of 10-grades of fractions varies.
At temperature higher than 150°C, for oil boilsaway
28.39% of total weight, and for catalizate only 18.22%
(Table4, Figs. 5,6). Itispossibleto approve, that the

hydrocarbon composition of catalyst significantly “is
weighted” as contrasted with starting sample of ail.
The pressure of 10-grades of fractions also signifi-
cantly varies.

Theresultsof chromatographic study are presented
in Table 5. These data confirm and supplement the

7

6

0il ,%, mass.

30 40 50 60 70 80 90 100 110 120 130 140 150
Temperatures limit of boiling of the 10-grade fraction

Fig. 5. Diagram of oil distillation of the Karachaganac
oil field from Ne 126 well.
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Table4
Pressure of 10-grades fractions of samples of oil and of catalizate from Ne 126 well.
Boiling temperature of Qil Catalizate
fractions, °C % mess. p, kg/m? % mess. p, kg/m?
33.6-40 1.04 638.6 - -
40-50 0.64 649.2 - -
50-60 1.22 659.7 - -
60-70 16 671.2 - -
70-80 2.00 685.4 0.78 721.8
80-90 2.63 709.8 1.39 7339
90-100 2.99 724.7 2.19 723.1
100-110 2.27 736.6 2.03 735.7
110-120 2.72 742.7 2.57 740.9
120-130 2.60 751.8 3.37 753.3
130-140 6.06 757.4 3.38 764.3
140-150 2.62 765.2 251 764.0
fractions total 28.39 18.22
3.5 Table5
3 Chromatographic analysis (component composition) 10-
8 grades of fractions of oil and catalizate from Ne 126 well.
®
g 25
f: 5 Boiling Qil catalizate
8 temperature "y grocarbons, % | Hydrocarbons, %
5 15 of fractions, °C eSS S,
®
° oy 33.6-40 Co — 12% -
051 40-50 Co— 17% -
50-60 Cs — 29.6% -
0 y y y T - -
50 60 70 80 90 100 110 120 130 140 150 60-70 % 136020;/0
. . . 7 — 9.U70 -
Temperatures limit of boiling of the 10-grade fraction 080 Co— 2.4% C. - 184%
C,-3.0% C,-3.0%
Fig. 6. Diagram of cataizate distillation. 80-90 Cs—52% Cs — 10.5%
C,—4.7% C, - 16.6%
results of distillation. 90-100 Cs — 1.0% Co - 3'30?
The most significant result of the study isthefact, G, - 17-30/0
that the catalyst does not contain even traces of .~ 12.9% % '_(:3'9;0//"
mercaptanous and hydrosul furous sulfur after origin- 100-110 87 a2 7T O
) oo ) Co - 1.3% Cs — 13.2%
ating the homogeneous catal ytic oxidation of raw oil. C, - 0.47%
_The sulfur_contal ning organic compounds are absent 10120 C, - 21% Co—3.0%
inal fl’aCtI.Of:lS. . . . Co - 6.7% C, - 6.0%
Thg addltlon_ of nitrogen oxml_es_ to the solution of 190.130 Cs - 21% Co - 14%
the acid, or their addition to oxidizer promotes the ) Co — 19.2% Cy - 24%
increase of oxidation rate. The oxides of nitrogen are 130-140 Cs — 10.3% Cg — 3.0%
easily deleted from oil at temperature of the reaction Co — 23.0% Co — 29.3%
(80-90°C) and are dissolved in sour water solution, Cs— 7% Cs — 2.4%
in which they are collected as a result of sulfoxides 140-150 Co—12.3% C, — 8.6%
and sulfacides oxidation. Cio — 1.9% Cio — 1.2%

Eurasian ChemTech Journal 4 (2002) 125-139




K.A. Zhubanov et al. 135

The aqueous solution can be utilized multiply up
to concentration of sulfacides - 70%. The obtained
by abovementioned procedure solution, represents
acid contact obtained in the industry at the suffoca-
tion of qil. It has surface-active propertiesand can be
utilized as marketable products for preparation of
washing-up liquids, flotators, etc.

At present time the industry and transport of
Republic of Kazakhstan consumptions are increased
and great money are required. According to the

tearing up of economic links with the countries of
CIS the Kazakhstan ail begin to play an increasing
role. Not the last place among them belongs to the
oil of Karazhanbas, Tengiz and Karachaganac oil
fields.

Based on the consideration of physical-chemical
characteristics of the Karazhanbas oil one can say
that it contains the large portion of paraffin, resins
and asphaltens, and can be processed with high part
of light fractions (Table 6).

Table6
Physical-chemical properties of Karazhanbas oil.

Concentration at 293 K

940 kg/n? (State standard 3900-85)

Dynamic viscosity at 293 K

1000 (State standard 33-82)

Dynamic viscosity at 423 K

150 (State standard 33-82)

Weight fraction of water

up to 1% (2477-65)

Concentration of chloride salts

30-300 my/drm?

Weight fraction of mechanical impurities

0.01-0.03%

Weight fraction of sulfur

up to 1.8% (State standard 1437-7)

Weight fraction of paraffin

1.4-17% (State standard 11851-85)

Weight fraction of resins

14-17% (State standard 1185 -86)

Weight fraction of asphaltens and porphyrins

6-14% (State standard 11011 -85)

Theresultsof distillation under vacuum (266.6 Pa
and 1066 Pa) (Table 7) show, that the percentage of
light fractions is more than 30%. The total percent-
age of oil boiling up to 673 K is 30.61%.

Asaresult of distillation at atmospheric pressure
(Tables 8,9) in the temperature interval from 273 K
up to 593 K it ispossible to obtain the light fractions
up to 87%. Probably, such variance of distillation
under vacuum and at atmospheric pressure is due to
thefact that the Karazhanbas oil containsbig amounts
of asphaltenes and porphyrins contains, which arein-
ternal catalysts of cracking of oil.

All thisinformation testifiesthat the Karazhanbas
oil is a favorable source for the process. However,
the presence of big amount of sul phurous compounds
inthe oil makesdifficultiesinitsprocessing, because
it promotes fast corrosion of pipelines, and next use
of itsfraction at chemical processing or asfuel results
in destruction of reactors. Besidesit |eads to the poi-
soning of catalystsand negative ecological influence

on theenvironment.
So, the problem of highsulfurous oils refining is
very actual.

Table7
Physical-chemical properties of Tengiz ail.
Concentration at 293 K To 800.6 kg/n?
Viscosity at 293 K To 2.51
Weight fraction of water 1.4%
Concentration of chloride 26%
salts
Weight fraction of 0.002%
mechanical impurities
Weight fraction of sulfur 2%
Weight fraction of paraffin 9.8%
Weight fraction of resins 2.3%
Weight fraction of 0
asphaltens and porphyrins 0.36%
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Table 8
Data of distillation of hallmark of Karazhanbas ail.
Tto | & of %, D,
vacuum normal m 9 weight kg/m®
conditions
1066 Pa

313-347 | 432-472 1.30 021 -

347-377 | 472-512 | 15.99 2.60 828.1
377-409 | 512-552 | 36.40 5.92 836.1
266.6 Pa
384-415 | 552-592 | 26.42 4.30 861.2
415-448 | 592-632 | 50.30 8.18 875.3
448-485| 632-673 | 57.82 9.40 896.2

Table9
The data of distillation of hallmark of Karazhanbas oil
at atmospheric pressure.

T To Cont_ents of Content_s of Sina
' fractions, % fraction, %
273-443 53.9 0.34
443-593 32.93 1.065
> 593 13.7 254

In order to determine the optimal composition of
the catalyst and optimal state of acatalytic oxidation
of the sulfurous sulfur, the mechanism of reaction as
well as the kinetics of soft catalytic oxidation pro-
cesses of sulphurous compounds from fractions of
Karazhanbas oil was investigated in details. The
characteristic spectraof the oilsare presentedin Figs.
7,8,9. The absorption bands corresponding to sulphur-
ous compounds have the maximain the area 460, 580,
620, 680, 700, 1070, 1330, 1450 cm?, which are
characteristic for sulfidous and mercaptanous sulfur.

Thedataof IR - spectrahave shown predominance
of absorbed structures as CH, CH, and CH; (absorp-
tion bandsin thefield of 3000-2800, 1470,1380 cm')
and group CH, of long paraffin links, included in the
composition (absorption band 730 cm'?), weakly ex-
pressed [1,8-10]. For all samples the presence of
aromatic structures of different types of substitution
(900-750 cm*) (one -, di -, three-substituted deriva-
tives of benzene is typical). The absorption band at
815 cm together with absorption band at 1610 cm*
can be attributed to the presence of para-substituted
benzenering [1,8-10]

100 +

80 +

60 +

40 4

absorption%

20 +

0
vV 10Zcm”
Fig. 7. IR-spectra of the petrol fraction.

absorption%

600 1000 1400 2 1800 4
0“cm

Fig. 8. IR-spectra of diesel fraction.

absorption%

v 102 em™

Fig. 9. IR-spectra of cleaned petrol.

The kinetic regularities of the catalytic oxidation
in the temperature interval 293-323 K were invest-
igated depending on the concentration of all reagents
making up the catalytic system, partial pressure of
oxygen and temperature of experiment.

Thetypical conversion curvesof the catalytic oxi-
dation of oil sulfides by oxygen in system FeSO, x
7H,0-Kt-H,S0O, - ail fraction - H,0O, where Kt-water
soluble P-oxide being the with - catalyst of the given
process of activation of oxygen are presented in Figs.
10,11.

In the absence of Kt and compounds of iron the
rate of oxygen absorption, asfor petrol, and for die-
sel fractions is small and also does not exceed the
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W00* mol/L8
16|

Fig. 10. Oxidation of oil sulfides of petrol fraction.

W0* mol/LE

S

>%
o
=

s 1

Fig. 11. Oxidation of oil sulfides of diesel fraction.

T=303 K, P,,=1.05[10° Pg, C(=2010"* mol/L, CH,SO,= 1.75 mol/L,
Cre: 1—5.0000° mol/L; 2 —1.0010* mol/L, 3 — 1.5(10* mol/L, 4 — 2.0010" mol/L, 5 — 2.5[10* mol/L.

error of experiment. Asfor petrol, and for diesel frac-
tionsthe dependence of initia velocity of process (W,
at t > 0) on starting concentration of compounds of
ironinthe systemisdescribed by the equation of the
first order:

W =KX Creso, (26)

At T=303 K the rate constant for petrol and diesel
fractions is equal to 1.32 s* and 8.7x10* s* accord-
ingly.

It isnecessary to note, that the activity of sulfides
of the petrol fraction is higher, than the activity of
sulfides of the diesel fraction.

As aresult of catalytic process the data of IR-
spectra have shown the absence of absorption bands
inthe hydrocarbon stratum, characteristic for sulphur-
ous compounds. It is the fact that the complete ab-
sence of sulfur in the organic stratum. According to
Fig. 9 the absorption band in the area 460, 580, 620,
680, 700 cm™* have vanished. These dataare confirmed
by theresults of elemental analysis.

The potentiometric results and analysis of litera-
ture data on catalysis by compounds of iron on oxi-
dation of different substratum by oxygen have shown,
that the most limiting stage of the process is
connected with regeneration of three-valence iron by
oxygen. So, the catalyst (Kt) in the system was se-
lected. The concentration of Kt was changed in the
interval: 5x102 — 2.5x10"* mol/L the concentration
of other components is remained consternated and
were: Py,=1.05%10° Pa, Creso,=1.0x10* mol/L,
Ch,s0,=1.75 mol/L.

The rectilinear dependence of initia rate of the
oxidation on starting concentration of the catalyst (Kt)
in the system, asfor petrol, and for diesel fractionis
observed:

W=k XCy, 27)

At 303 K the value k; for petrol and diesel frac-
tionsisequal accordingly: 9.0x10! st; 4.6x10* s™.

The comparison of k; valuesfor petrol and diesel
fractions specifies the large activity of sulfides of
petrol fraction to the oxidation as contrasted to die-
sl

The sulfuric acid was selected as the proton-do-
nating agent, which concentration in the system was
varied from 1.75-7.0 mol/L, at constant concentrations
of the other components of the system, which were:
Cre=1.0x10* mol/L, Cy=2.0x10"* mol/L, Po,,=
=1.05x10° Pa.

When the concentration of the acid in the
investigated interval was increased the character of
the conversion curves was not varied. The starting
potential according to the increase of concentration
of theacid isincreased on 0.1-0.15 V. When the acid
concentration isincreased, the character of movement
of potential varies at the end of the reaction up to the
concentration of the acid equal to 3.5 mol/L (at the
end of experiment). All this specifiestheinfluence of
acidity of environment on the oxidizing ability of the
system, activation rate of oxygen in asluggish stage.

The dependence of initial rate of oxygen absorp-
tion, as for petrol, and for a diesel fraction from
concentration of the acid is described by the follow-
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ing equation:
_ky otk B [@%h,0"
1+ Y1 EH 3O+ + Y1 WZ Bi|.|30+

where 1 and 2 constantsfollowing protolitic equilib-
riums (29), (30):

(28)

Fe(CH)SO,+H" [ Fel0; aq  (29)

MO+H* -2 MOH"* (30)

The solution of the equation (28) by the least
squares method has allowed defining the partial rate
constants k; and k, and value of the equilibrium
constant

The absence of sulfur as the product of the
reaction, and the quality detection of sulfoacidesin
water solution after reaction, allow to assume, that
the oxidation of sulfidesof petrol and diesel fractions
origins up to water-soluble sulfoacidesin the studied
conditions.

The completely exceeded kinetic results are de-
scribed by the equation (31):

_ k' [Cr [Ty k" [T,
k' [Cre K" [Ty [Ty,

The indicated mechanism of the oxidation of oil
sulfides in our conditions includes two slow stages
(32), (33):

(31)

W,

|
FeX* +RSH+2H,0 K Fex?' +
+ RO,0H + H* (32)

Fexz + 0, K Fex® (33)

Selection of the equipment now is made, the de-
signer account of installation is picked up by produc-
tivity 20t/day of raw oil and tested apparatus ensuring
intensive of masstransfer agas - fluid during oxidiz-
ing desulfurization of oils.

The review of the literature of last years has
shown, that the apparatus which is carrying out gas
liquid agitating in a turbulent state is the most suit-
ablefor this purpose. The most widespread device of
arotationa type is the scrubber of Venture, which
main body of it for purposes of lowering harmful hy-
draulic lossesis executed asthe pipe of Venturi hav-
ing smooth lowering on the input of gas (conphuzor)
and smooth expansion on its exit (diffuser). Thereis
thegreat of constructions of scrubbersof Venturedis-

tinguished by a way the intake of the trickle fluid,
section and length of aneck, by arrangement etc. Itis
usual intake of thefluidiscarried out immediately in
the neck at right angle to a stream of gases, and pre-
cipitation of dropsin the device of the centrifugal op-
eration. Thefluid (in this case catalyst) is brought to
confessor on some distance from the neck with the
help of nozzlesallowing to inspect the sputtering. As
theliquidtrap after the pipeisestablished the straight-
flow acyclone. The mathematical accounts of pipe of
Venture made on the basis of filtration model.

Conclusion

At the condition of development of oil industry in
our republic expedient and necessary the introduc-
tion of non-waste technologies is made. The soft
catalytic desulfuration of oil allowsto solve not only
the task of improvement of state of environment of
region arranging of the plant, but also will open new
ways of deriving of quality fuel, and defined after
sulfurtreatment of oil and the gas, probably, will let
off for the prices appropriate to high-quality fuel raw
material intheworld market. The degree of desulfur-
ation of the given technology is great enough (92%),
and it alowsto recommend it to introduction on TCO
oil company.
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