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Acid tars are wastes from the processing of coal, petroleum, and petrochemicals (oil refining, benzene refining
and petroleum fractions refining and alkylation of isobutane with butenes). Acid tar compositions include resinous
substances, organic matter, and polymerization products of unsaturated hydrocarbons. The presence of free sulfuric
acid in acid tars often reaches 70 % by weight. Almost all metals from oil are concentrated in tars, and the content of
vanadium and nickel can reach 0.046 and 0.014 %, respectively. A lot of countries keep acid tar in the open air in
spent quarries, storage ponds, barns, lagoons or near landfills. It poses a risk or even potential threat to people and to
the environment nearby due to soil, water, and air pollution. Thus, disposal of the acid tars is a very important eco-
logical and industrial task. In this study, we have researched catalytic cracking and distillation as the utilization
methods for acid tar. Anhydrous AICI; was used as a catalyst during the cracking of petroleum residues to obtain
volatile gasoline fractions due to its catalytic activity in many organic reactions. The catalyst ratios (0.15 g/g of tar or
0.1 g/g of tar) had a very significant influence on the number of volatile fractions and boiling temperature in the acid
tar cracking process. According to the results of *"H NMR research, the main components of volatile fractions in the
case of catalytic cracking were alkanes CHs-(CH2),-CHs. The compositions of these fractions were similar to the
compositions of gasoline and diesel fuel. A series of distillation experiments (distillation of previously deacidified and
centrifuged tar, acid tar without deacidification and centrifugation, and previously deacidified tar without centrifu-
gation) gave different results for each type of material. Aliphatic hydrocarbons were the main components of volatile
fractions (~ 80, ~ 60 and ~ 90 %, respectively) and the contents of aliphatic S-organic compounds were also signifi-
cant (~ 10, ~ 30 and ~ 8 %). Thus, both for catalytic cracking and for tar distillation, aliphatic hydrocarbons were the
main component of volatile fractions. Deacidification of tar increased the yield of aliphatic hydrocarbons during tar
distillation and decreased production of S-organic compounds due to its reactions with calcium carbonate. It is
perspective in the context of fuel production.
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Introduction

Acid tars are hazardous, non-utilizable solid
wastes with resinous and viscous characteristics and
varying flowability. It is waste from the processing of
coal, petroleum and petrochemicals (oil refining, ben-
zene refining, petroleum fractions refining and alkyla-
tion of isobutane with butenes) [1]. Sulfonation tech-
nologies are among the oldest technological processes
of oil processing that are still used today due to their
high efficiency of removing undesirable substances
and improving the oxidative stability [2]. In the petro-
leum and petrochemical industries sulfuric acid is used
for the removal of metal impurities from spent lubrica-
tion oils, for the removal of unsaturated hydrocarbons
and sulfur-containing compounds from heavy lubricant
fractions, and for the sulfonation of undesirable impu-
rities in benzene (also toluene and xylene) separation
[1, 3]. Thus, acid tars are produced as a result of these
processes.
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Acid tars compositions include resinous substan-
ces, organic matter, and polymerization products of
unsaturated hydrocarbons. The presence of free sulfu-
ric acid in acid tars often reaches 70 % by weight [4].
Almost all metals from oil are concentrated in tars and
contents of vanadium and nickel can reach 0.046 and
0.014 %, respectively [4]. For example, tars stored at
the Lviv city landfill contain 20.6 % of carbohydrates,
78.2 % of such components as resins, carbon, carboids,
ash, and oxidation products. The content of sulphuric
acid and sulfonic acids is about 1.2 % [5]. In the case
of the Kozinske forestry the total concentration of sul-
fonic acids in the aqueous extract from the acid tar is
8.9 %. Derivatives of benzene and naphthalene are
among the main species of sulfonyl chlorides in these
acid tars [6].

A lot of countries keep acid tar in the open air in
spent quarries, storage ponds, barns, lagoons or near
landfills. The USA, UK, Netherlands, Belgium, Ger-
many, Latvia, Slovenia, Slovakia, China, Ukraine, and
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Zimbabwe are among these countries [7, 8]. Storage of
acid tars in open areas (ponds, lagoons, etc.) causes an
increase in regional environmental hazards [7, 9]. It
poses risk or even potential threat to people and to the
environment nearby due to soil, water and air pollution
[1, 8]. The leaching of the acid tars components affects
the ground water and the evolution of gaseous com-
pounds from the acid tars also affects the atmosphere,
which might cause acid rains, which will in turn affect
surface water, flora, and fauna. During storage in
open-air ponds, the chemical composition of the acid
tar changed as a result of the leaching of the acid from
the tar by rainfall, the evolution of SO, and condensa-
tion of the different substances [1]. There are elevated
concentrations of total organic carbon (TOC), chemi-
cal oxygen demand (COD), chlorides and sulphates in
groundwater in the indication area of these storage
places [8]. Thus, disposal of the acid tars is a very im-
portant ecological and industrial task.

There are a lot of disposal methods for acid tars,
especially thermal (combustion, gasification, etc.), bio-
logical (usage of microorganisms and enzymes),
physico-chemical (separation of different fractions)
and chemical methods (extraction and other approach-
es with usage of chemical reagents) [10].

Combustion is the most widely used process for
acid tar disposal, but this method has some disad-
vantages, including a high concentration of SO, in
produced gases and a significant content of heavy me-
tals in the ash [2]. In this case, disposal of one type of
waste leads to the production of polluting gas emis-
sions and another type of toxic waste. Also, deacidifi-
cation is necessary before the combustion due to the
high corrosive activity of acid tars.

Acid tar disposal by biodegradation in natural
conditions also has some disadvantages, especially
significant duration of the degradation process; differ-
rent biodegradability due to possible toxicity; the need
for appropriate nutrients; large area requirements; and
complex control of the biodegradation process [2, 11].

Chemical and physico-chemical processes are
very perspective in the context of acid tars disposal
because they produce a lot of important substances
(liquid fuel, coke, asphaltic binders, surfactants, con-
trolled low-strength materials for landfill liner and
landfill daily cover, polycondensates used as basic
stocks for adsorbents, etc.) [3, 12-14]. But chemical
disposal is often relatively expensive due to the use of
chemical reagents and can produce different wastes.

This research is about catalytic cracking and dis-
tillation of the acid tar for fuel production.

Materials and methods
We chose catalytic cracking and distillation as
the utilization methods for acid tar. The acid tar sample
was characterized by the following parameters: free
acid content - 12%, mineral component - 21.3%,

organic component - 66.7%. The main elements of the
organic component are C-62%, H-17%, O-13%, N-
1.5%, S-6.5%. The aim was to obtain the maximum
quantity of volatile fractions from tar. AICI; (an-
hydrous) was used as a catalyst during the cracking of
petroleum residues to obtain volatile gasoline fractions
due to its catalytic activity in many organic reactions.
Although the use of aluminum chloride as a catalyst
cannot be called environmentally friendly, it is still
quite popular due to its high efficiency.

Figure 1 demonstrates lab-scale equipment for
tar cracking. Acid tar and anhydrous AICIs were put
into a two-necked flask and heated to a temperature of
about 200 °C. The obtained volatile compounds were
concentrated in condensers. The activated carbon tube
was used to hold emitted gases. For cooling and con-
densation, we used water in the Liebig condenser and
air in the Dimrot condenser.

Two different catalyst ratios (0.15 g/g of tar and
0.1 g/g of tar) were used to study the effect of the
amount of catalyst on the acid tar cracking process. We
also carried out a series of distillations of previously
deacidified and centrifuged tar, acid tar without de-
acidification and centrifugation, and previously deaci-
dified tar without centrifugation. For the first distilla-
tion experiment, acid tar was deacidified by calcium
carbonate (CaCQg) to pH 6 and centrifuged (7000 rpm)
for 20 min to separate solid and liquid phases. After
centrifugation, 107.6 mL of liquid fraction was put into
a round-bottomed flask and inserted into a flask heater
for distillation experiment
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Fig 1. Tar cracking lab-scale equipment: 1 - tube
with activated carbon; 2 - the Liebig condenser with
ground glass joints; 3 - the Dimrot 3-way air condenser
with ground glass joints; 4 - two-necked flask with
ground glass joints; 5 - thermometer; 6 - flask heater.
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'H NMR technique was used to characterize the
structures of volatile compounds after cracking and
distillation experiments. The spectra were recorded in
CDCls solution (the peak at 7.02 ppm) on a Varian
Gemini-2000 (400 MHz) spectrometer using tetrame-
thyl silane as an internal standard.

Results and Discussion

The catalyst ratios (0.15 g AICIs/g of tar or 0.1 g/g
of tar) had a very significant influence on the number
of volatile fractions and boiling temperature in the acid
tar cracking process. At the catalyst ratio of 0.15 g/g of
tar at the temperature range of 170-220 °C, we ob-
served the beginning of intensive production of white-
yellow vapors, which condensed in the Liebig conden-
ser. During massive condensation, the temperature de-
creased from 210-220 °C to 180-190 °C. The process
duration was 2 hours. In this case, the content of vola-
tile fractions was 14 %. In the experiment with a cata-
lyst ratio of 0.1 g/g of tar, the content of volatile frac-
tions was 5.5 % and the boiling temperature was about
120-140 °C. According to the findings of *H NMR
research, the main components of volatile fractions in
the case of catalytic cracking were alkanes CHs-
(CH2)n-CHgs (peaks at 0.91 and 1.30 ppm). The compo-
sitions of the volatile fractions were similar to the
compositions of gasoline and diesel fuel. Table 1
demonstrates information about the interpretation of
'H NMR spectra.

Table 1. The interpretation of *H NMR
spectra of volatile fractions

Peak, ppm Characteristic group
0.91 CHz at the tertiary atom
1.30 CHz in the aliphatic chain
2.23 CHj3S in the aliphatic chain
2.29 CHjs in aromatic compounds
2.52 CHsS in the aliphatic chain
2.70 CHy in aliphatic heterocycles
7.02 CDCls
10.60 COOH

A series of distillation experiments (distillation
of previously deacidified and centrifuged tar, acid tar
without deacidification and centrifugation, and previ-
ously deacidified tar without centrifugation) gave dif-
ferent results for each type of material (Table 2). In the
first case, we observed signals at 0.91, 1.31, 2.23, 2.29,
2.52, 2.70, 7.02, and 10.60 ppm, which were assigned
to CHjs at the tertiary atom, CH in the aliphatic chain,
CHs; in aromatic compounds, CHsS in the aliphatic
chain, CH; in aliphatic heterocycles, CDCls;, and
COOH. In the second experiment the *H NMR spec-
trum had peaks at 0.92, 1.30, 2.23, 2.29, 2.54, 2.70,
and 7.02 ppm, which were the signals of CHjs at the
tertiary atom, CH. in the aliphatic chain, CHs in aro-
matic compounds, CHsS in the aliphatic chain, CH> in
aliphatic heterocycles, and CDCls. In the third H
NMR spectrum, we also observed peaks at 0.92, 1.30,
2.23, 2.29, 2,54, 2.70, and 7.02 ppm. But the intensi-
ties of these peaks were different for various samples.

Table 2. The compositions of volatile fractions

Sample Component Content, wt. %
Distilled organic phase obtained at the Aliphatic (saturated) hydrocarbons (gasoline fractions) ~80
temperature of 120 °C from deacidified | Aliphatic sulfur-containing compounds of CHs-S- and ~10
and centrifuged tar CH,-S-types

Saturated heterocycles ~3

Aromatic compounds ~4

Acid compounds (aliphatic carboxylic acids) ~3

Distilled organic phase from acid tar at Aliphatic hydrocarbons ~ 60

the temperature of 170 °C (without Aliphatic S-organic compounds ~30

deacidification and centrifugation) Saturated heterocycles ~4

Aromatic compounds ~6

Distilled organic phase obtained at the Aliphatic hydrocarbons with a predominance of long- ~90
temperature of 150 °C from deacidified chained hydrocarbons

tar (without centrifugation) with add- Aliphatic S-organic compounds ~8

ing of 50 mL of distilled H,O Aromatic compounds ~2

Thus, in distillation experiments (distillation of Conclusions

previously deacidified and centrifuged tar, acid tar
without deacidification and centrifugation and previ-
ously deacidified tar without centrifugation) aliphatic
hydrocarbons were the main component of volatile
fractions (~ 80, ~ 60 and ~ 90 %, respectively) and
aliphatic S-organic compounds were also present (~
10, ~ 30 and ~ 8 %).
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Acid tars are hazardous, non-utilizable solid
wastes with resinous and viscous characteristics and
varying flowability. This type of waste is produced in
the processing of coal, petroleum, and petrochemicals
(oil re-refining, benzene refining, and petroleum frac-
tions refining).
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Catalytic cracking and distillation were effective
utilization methods for acid tar due to the significant
amounts of volatile fractions obtained from the tar.
AICI; (anhydrous) was used as a catalyst during the
cracking of petroleum residues to obtain volatile gaso-
line fractions due to its catalytic activity in many or-
ganic reactions. The catalyst ratios (0.15 g/g of tar or
0.1 g/g of tar) had a very significant influence on the
amount of volatile fractions and boiling temperature in
the acid tar cracking process. According to the findings
of 'H NMR research, the main components of volatile
fractions in the case of catalytic cracking were alkanes
CHs-(CH2)s-CHs. The compositions of these fractions
were similar to the compositions of gasoline and diesel
fuel.

A series of distillation experiments (distillation of
previously deacidified and centrifuged tar, acid tar
without deacidification and centrifugation and previ-
ously deacidified tar without centrifugation) gave dif-
ferent results for each type of material. The first sam-
ple of the distilled organic phase contained 80 % ali-
phatic (saturated) hydrocarbons (gasoline fractions), 10
% aliphatic sulfur-containing compounds of the CH3-S
and CH2-S types, 3 % saturated heterocycles, 4 %
aromatic compounds, and 3 % acid compounds (ali-
phatic carboxylic acids). The distilled organic phase of
the second sample contained aliphatic hydrocarbons
(60 %), aliphatic S-organic compounds (30 %), satu-
rated heterocycles (4 %), and aromatic compounds
(6 %). And the third sample contained aliphatic hydro-
carbons with a predominance of long-chained hydro-
carbons (~ 90 %), aliphatic S-organic compounds
(~ 8 %) and aromatic compounds (~ 2 %).

Thus, both for catalytic cracking and for tar distil-
lation aliphatic hydrocarbons were the main compo-
nent of volatile fractions. According to *H NMR spec-
tra of distilled organic phases, deacidification of tar
increased the yield of aliphatic hydrocarbons during tar
distillation and decreased production of S-organic
compounds due to its reactions with calcium car-
bonate. It is very relevant in the context of fuel produc-
tion.
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KarajiTuuna nepepodka KucJIUX ryApoHiB
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Kucni ryaponn — e Bigxonu nepepoOky ByTiList, HadhTH Ta HAPTOXIMIYHUX MPOAYKTIB. [0 CKIIagy KUCIUX Ty-
JPOHIB BXOJSATH CMOJIUCTI PEUOBHHH, PI3HOMAaHITHI OpraHiyHi PEYOBHHM Ta MPOLYKTH MoJiMepHu3alii HeHaCHYCHUX
BYTJICBOJIHIB, a IPUCYTHICTD BiIBHOI CyNb(aTHOI KMCIOTH y KUCIHX IyApoHax yacto gocsrae 70 % 3a macoro. Maibke
BCI JIOMIIIIKH CITOJIYK METAIliB, AKi MICTAThCS Y HA(Ti, KOHIIEHTPYIOTHCS y Ty/IPOHAX, a BMICT BaHAIIO 1 HIKEIIIO MOXE
nocsaratu BiamosigHO 0,046 1 0,014 %. barato xpain 30epiraroTe KMCIi TYAPOHU ]l BIAKPUTHM HEOOM y BiIIpaIiso-
BaHUX Kap €pax, CTABKax-CXOBHUILAX a00 moOau3y cMiTTe3Banuil. Lle cTBOproe pusnku abo HaBiTh MMOTEHIIHHY 3arpo-
3y JUIS HaceJeHHS Ta OTOYYIOYOTO CEPEeIOBHINA BHACIINOK 3a0pyTHEHHS IPYHTY, BOIM Ta MOBITpA. Takum 4nmHOM,
YTHITI3a1ig KACIHX TYIPOHIB € Ay)Ke BAXKIIMBUM €KOJIOTIYHHM 1 MMPOMHUCIIOBUM 3aBIaHHSAM. Y IIiil CTaTTi AOCIHIHKEHO
KaTaTITHYHUIN KPEKIHT Ta TUCTHIALIIO K METOJM yTHIIi3alliil kucioro ryapony. bespomuuii AlCl; Oyno BUKOpUCTaHO
y SIKOCTI KaTaji3aTopy KpeKiHTy IyApPOHIB 3 METOIO OJiepKaHHs JIeTKix OeH3uHoBux (pakiiit. AlCl; 6yno odpaHno 3a-
BJIIKA MOTO KaTaJiTHYHIN aKTUBHOCTI y 0araThoXx OpraHivHUX peakiisx. CHiBBiTHOIIEHHS MacH KaTalli3aTopy J0 Ma-
cu ryapony (0,15 r/r rynpony abo 0,1 r/r rympoHy) Maio TyKe 3HAYHWN BIUIMB Ha KUTBKICTh JIETKUX (paKmii i
TeMIeparypy KUIiHHs CyMillli B Ipolieci Kpekinry. 3a pe3yiapratamu IMP BcTaHOBIIEHO, IO Y BHNAAKY KaTaTiTHIHO-
r0 KPEKiHTry OCHOBHHMH KOMITOHEHTamMu JeTKux ¢pakiiid Oymu ankanu CHsz-(CH2)n-CHs. Ckian mux dpakiiii cxo-
KU Ha CKIlaau OCH3WHY Ta AM3enbHOro manmBa. Cepis MOCIHIIIB IO PO3TOHIN (ITOMEPEIHBO PO3KUCICHOTO Ta Bil-
HEHTPU(PYTroBaHOTO TYAPOHY, HE PO3KHUCICHOTO Ta HE BiJ IEHTPU(YTrOBaHOTO KHCIOTrO IYAPOHY Ta MONEPEAHBO PO3-
KHCJICHOTO, aJIe He Bijl HEHTPU(YTrOBaHOTO TyIPOHY) Jlajia Pi3Hi pe3yabTaTH AJsl KOXKHOTO THITy MaTepiany. Amidaru-
YHi BYTJIEBOAHI OYJIM OCHOBHMM KOMIIOHEHTOM JIeTKuX (pakuiii (~ 80, ~ 60 1 ~ 90 % BinnmoigHo), a BMICT anidaTny-
HUX S-OpTraHiYHUX CIIONYK TakoX OyB J0BoJi BUCOKHM (~ 10, ~ 30 ta ~ 8 %). Takum uyuHOM, SIK JUIS KaTaliTHYHOTO
KPEKIiHTY, TaK i /Uil pO3TOHKH TYAPOHY ami(aTudHi ByriieBoIHI OyJIi OCHOBHUM KOMITOHEHTOM JIETKUX (pakiiid. Po3-
KHCIIEHHS TYIpOHY IIiJBUIIYBAIO BUXIM ami(aTHyHUX BYIJIEBOAHIB TPH PO3TOHINI Ta 3MEHIIYBAJIO YTBOPEHHS
S-OpraHiyHHX CIONYK 332 PaXyHOK iX peakmiid 3 KanbIlieM KapOoHaToM. Lle poOuTh MeTox MOBOJI MEPCTIEKTHBHUM B
KOHTEKCTI BUPOOHHIITBA MMAJINBA.
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