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PECULIARITIES OF THE AEROBIC OXIDATION OF OIL HYDROCARBONS
CATALYZED BY CARBON NANOCOMPOUNDS

E.B.Zeynalov', G.G.Nasibova®
(Presented by Academician of ANAS D.B.Taghiyev)

Results of the catalytic oxidation of naphthenic hydrocarbons of the diesel cut in the presence
of fullerenesCgsy and Csy, single- and multi-walled carbon nanotubes, containing Co and covalently
grafted Br-groups have been considered. Efficiency of a catalytic activity of the nanocarbons con-
siderably exceeds that for the most active transition metal salt (Mn naphthenate) and leads to con-
siderable higher yield and selectivity of synthetic naphthenic acids.The carbon nanocatalysts are
estimated as the most advanced and suited for oxidation of hydrocarbons to be used in the indus-

trial scale.
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Introduction

Synthetic naphthenic acids (SNA) pro-
duction reached by the direct aerobic oxidation
of naphthenic hydrocarbons blend of a petro-
leum diesel cut has been an accented subject of
comprehensive explorations for last decades[1, 2].
This scientific direction launched by the scien-
tific school of Academician B.K.Zeynalov then
was developed by his successors. They were
clearly understanding that the oil system sub-
jected to the oxidation is very mutable and
changeable, the reaction is going spontaneously
and unamenable to control, selectivity is re-
duced because of lower yields and high conver-
sions. Maximum yield of SNA was 16% that
gives the same selectivity even at 100% of a
naphthenate concentrate conversion. This is
fairly low rates and task of investigators was to
find special balanced conditions of the process
to get higher output.

There was difficult to undertake some-
thing to shift temperature range to change the
balance between SNA and oxynaphthenic acids
(OSNA) unless use biomimetic catalytic sys-
tem. As for a catalytic system used, the all ef-
forts to do it with conventional hydroperoxide
decomposers like salts of transition metals -
Mn, Fe, Co, Ni, Cr, Cu, Ti naphthenates,
stearates, acetates, palmitates and oths. to make
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the industrial process economically sounded did
not give any positive results. Optimal tempera-
ture was fixed as before at the range 403-413K.
Other reserve is a rate of air passed through the
reaction mixture - used one within 100-300 1
per hour was found in vitro and accepted as
providing the kinetic state of the reaction pro-
ceeding.

Novel horizons was recently discovered
when we became to use carbon nanocompound-
scontaining transition metals and Br —grafted
functionality. It has brought really noteworthy
results. Surprisingly there was revealed that se-
lectivity and yield of the process towards SNA
increase at the same conversion degree while
those for OSNA is substantially sunk.

Experimental procedures

Naphthenate hydrocarbons isolated from
a diesel cut of Azerbaijan oils industrial blend
boiled up at 493-613K were subjected to the oxi-
dation in the presence of carbon nanocompounds
— fullerenes Cgo and Cyg, carbon nanotubes, con-
taining Co (1.5-2 wt. %) - CoCNT-MW (pro-
ducer is Future Carbon GmbH, Germany)) and
brominated multiwalled (Br),-MWCNT and
single-walled (Br),-SWCNTcarbon nanotubes
produced by plasma- chemical technique in the
BAM (Bundesanstalt fiir Materialforschung und-
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priiffung: Federal Institute for Materials Research Oxidation of the oil stock, containing in-
and Testing, Berlin, Germany). clusions of carbon nanocompounds was con-

Characteristics of the oil stock are pre- ducted in glass laboratory setup. Schematic
sented in table 1. view of the flow reactor for the oxidation ex-

periments is shown in the figure 1.

Table 1
Physico-chemical features of the diesel cut of Azerbaijan (Baku) crude oils blend
Hydrocarbons content, wt.% 20
Fraction (boiling/freezing (nlz’([)}’:c 0 4210 gfem’ dy (re-
oints range, T°C, ] ] ; e . fraction
p g ) Aromatic Paraffinic Naphthenic weight) (density) inden)
crude [216-360/ (-35°C)] 16 -18 20-22 60-62 247 0.8555 1.4695
naphthe(‘_’;cz)[%o'% o 0.6-0.8 6-8 90-92 235 0.8330 1.4620

a4 &

Fig. 1.Schematic representation of laboratory glass reactor for oxidation of liquid hydrocarbons.
1 — upper reaction zone of bubbling liquid hydrocarbons; 2- water trap; 3, 4 — condensers; 4-6 — absorbents; 7 — bibcock
for sampling and draining; 8 — holders for contact thermometer and temperature indicator; 9- hole for a stock feeding;
10-11 — devices for air cleaning and air stream regulation; 12 — filter glass
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Criteria of the oxidative conversion of oil
hydrocarbons were values of acid number
(ANN.) of a reacting mixture (oxidate) and
yields SNA and OSNA. The acidic components
(SNA + OSNA) were isolated from an oxidate
by the alkali (NaOH or KOH) treatment fol-
lowed by reverse recovering SNA + OSNA
with the acidizing (the mineral acids). Next step
was the separation of SPA from OSPA and un-
saponifiables by light benzene or petroleum et-
her processing.

Results and discussions

The oxidation results obtained are accu-
mulated in table 2 [3-8].

The data obtained are convincing evi-
dence of the advantage of carbon nanocatalysts
in regard to the salt of transition metal. Much
lesser amounts of the nanocompounds lead to

higher SNA yields and selectivity that those for
the conventional industrial catalysts. It should
be also specially noted that results are impres-
sive since the heterogeneous catalysis capability
are compared with that for homogeneous ca-
talysis with manganese naphthenate.

We forward several explanation of the ob-
served effect: 1. No doubt that this phenomenon
originates from the peculiarities of electronic
configuration of a structure of carbon nanocom-
pounds 2. Carbon nanocompounds may serve as
an active support providing faster transfer of
electron from metal to substrate 3. Moreover, a
plausible mechanism of the catalytic activity
may be connected with formation of reactive
oxygen species.

The effects of catalytic activity may be
schematically illustrated in the figure 2.

Table 2

Ratesfor the catalytic aerobic oxidation of the petroleum fraction 493-613K hydrocarbons.
Amount of the taken oil stock is 128 q (150 ml), reaction temperature 140°C,
speed of air stream = 100-120 I/hour. A.N.-acid number. MnNapht. — Mn(II) salt

of indigenous naphthenic acids

Catalyst type Catalyst amount, mas. % Reaction time, A.N. (oxidate) Yield of acids, %
h. mgKOH/g SNA OSNA
Mn%(’;i) Ch7t°[3+ 41 0.01+0.4 6 60 19 4
M m;ﬁ’ﬁd"rg d) [4] 0.01+04 3 53 21-24 -
MnNapht.[1] 15 5.0-5.5 50-60 133-16 10-12
CO[(;I:IST,%W 0.01 6 58 20 1.3
CO[?:IST,%W 0.1 6.5 55 19 1.5
(Br),-SWCNT [7] 0.16 6 60 25 3.0
(Br)“'ﬁ‘]NCNT 0.16 6 75 30 5.0-7.0
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Fig. 2. Catalytic action stage of the oxidation of hydrocarbons

The literature confirmative data is [9]:inte-
ractions of the transition metal atoms with carbon
nanotube walls are investigated using a tight-
binding molecular dynamics method that allows
for spin unrestricted geometry optimization. Com-
parison with the results for bonding on graphite
indicates major differences in bonding sites, mag-
netic moments and the direction of charge transfer.
The significant values of magnetic moments ob-
tained for the metal atoms on nanotube walls is
consistent with the recent experimental findings.

Conclusions

Metal- and Br- containing carbon nano-
compounds are utmost active and selective cata-
lytic systems for oxidation of hydrocarbons and
have considerable advantages over salts of tran-
sition metals. These nanocompounds are cata-
lysts of the future. Currently their using is re-
stricted due to relatively high cost.

The author from the Institute of Catalysis
and Inorganic Chemistry would like to note that
this work was performed at the Institute of Pet-
rochemical Processes with assistance of Dr.
L.H. Nuriyev and Dr. A.Z. Aliyeva. The author
thanks them for the collaboration.
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NANOKARBON BIRLOSMOLORI iL9 KATALIZ OLUNAN NEFT KARBOHIDROGENLORININ
AEROBIK OKSIDLOSM® XUSUSIYYOTLORI

E.B.Zeynalov, G.Q.Nasibova

Ceo, Cyo fiillerenlori, kobalt vo funksional Br qruplart saxlayan tok- vo ¢oxlayli karbon nanoborulari istirakinda
dizel fraksiyasinin naften karbohidrogenlorinin katalitik oksidlogsma proseslorinin naticalori tohlil edilmisdir. Miiayyon
edilmigdir ki, nanokarbon katalizatorlar1 tosir effektine goéra kegid metallarinm an aktiv duzlarmi (Mn naftenat) shamiyyatli
daracado istoloyir vo onlar daha yiiksok ¢ixim vo selektivliklo sintetik naften tursularinin alinmasina gotirib ¢ixarir.

Tosvir edilmis nanokarbon katalizatorlar1 senaye oksidlogsma proseslari {iglin on perspektiv katalitik sistemlor
kimi qiymatlondirilir.

Acar sozlar: neft karbohidrogenlori, oksidlasma, fiillerenlor, carbon nanoborular:, mangan naftenat, katalitik
aktivlik, sintetik naften tursulari

OCOBEHHOCTH ADPOBHOI'O OKUCJIEHUSI HE®TSAHBIX YIJIEBOAOPOOB,
KATAJIN3NPYEMOI'O YIVIEPOAHBIM HAHOCOEJIVWHEHUAMUN

9.B.3eiinanos, I'.I'.Hacu6oBa

PaccMoTpeHsl, pe3yibTaThl KaTaIUTHYECKOTO OKHCIEHUS HAa()TEHOBBIX YITIEBOAOPOIOB ANW3ENbHON (paKIiH B
npucyTcTBuH GymiepeHoB Cegp, C79, OHOCTEHHBIX M MHOTOCTCHHBIX YTJIEPOIHBIX HAaHOTPYOOK, CONIEpKAIIMX KOOAIBT
n Br-QyHKIIMOHATBHBIE TPYNIBI. Y CTAaHOBICHO, YTO HAHOYTJIEPOAHBIC KaTaJIW3aTOPhl 3HAYMTEIHHO HPEBOCXOST I10
3¢ GEeKTUBHOCTH JEHCTBHSI CaMble aKTHBHBIC COJM TEPEXOJHBIX METAIOB (HadTeHaT Mn) M NMPUBOIAT K MOIYISHHUIO
CHHTETHYECKMX HAa(TEHOBBIX KHCIIOT C BBHICOKMM BBIXOJOM M CEIEKTHBHOCTHIO. 1o pesymbraTtam paboT yriaeponHble
HAHOCOCIWHECHNS OLIEHUBAIOTCS KaK HanOoJee MepCcreKTUBHBIE KaTaIN3aTOPbl OKUCICHUS YITIEBOAOPOIOB U PEKOMEH-
JYIOTCS I peaIn3aliiy B IPOMBIIIUICHHOM Maciirade.

Knroueevle cnosa: negpmsnvle yene8000poobl, OKUCIeHUe, (DYILIepensl, yeiepoorble HAHOMpPYOKuU, Hagmenam
Mapeanya, KamaiumudecKkas akmueHOCHb, CUHMEeMu4ecKiue HapmeHogble KUCIOMbL
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