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Abstract

This publication presents the results of research concerning an improvement of low-temperature prop-

erties of HVO paraffinic biocomponents by utilizing zeoformed waste natural oils. The process was performed

using a special zeolite catalyst based on the hydrogen form of the ZSM-5 zeolites. This method is generally

recognized as a new approach for obtaining low-temperature performance improvements of the HVO bio-

components.
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Introduction

Low-temperature properties of paraffins obtained
from natural oils and fats with linear carbon chains gener-
ally do not meet diesel fuel standards [1]. Therefore, their
properties should be improved. Detailed information con-
cerning practically applied, different solutions can be
found in the literature [2-8]. Some of those solutions con-
sist of isomerization of n-paraffins obtained by hydrocon-
version in the second reactor (the second stage of the
process). The most widely known are: NExBTL (devel-
oped by Neste Oil) [7] and Ecofining (developed by
Honeywell UOP) [8]. Other processes belonging to the
same group are: Vegan, Bio Verno, or Biosynfining. The
dewaxing process used for improving the low temperature
properties of paraffinic fractions obtained from natural
triglycerides is mentioned in [9] and in other works [5].
The dewaxing process also was considered for use in co-
processing, that is, for hydroconversion of mixtures of
fatty oils and hydrocarbon fractions; e.g. straight-run fuel

*e-mail: jeczmionek@inig.pl

oil fraction [5, 10]. However, a part of n-paraffins
obtained by hydroconversion is lost during the process, an
initial boiling point of the product is lowered, and the
lighter parts of the conversion (kerosene, gasoline frac-
tion, and gases) must be separated, therefore reducing the
efficiency of this solution [10]. Besides, it should also be
remembered that the application of dewaxing or hydroi-
somerization of the biocomponents obtained by co-pro-
cessing causes conversion of the whole mixture, not only
of the bio-derived paraffins.

In my previous articles [11, 12], a method of improving
the low-temperature properties of the paraffinic biocompo-
nents (called: HVO — hydrotreated vegetable oil) obtained
from the zeoformed fresh rapeseed oil was presented.

In this publication the results concerning an improve-
ment of the low-temperature properties of the HVO paraf-
finic biocomponents utilizing zeoformed waste natural oils
are presented. The processing was performed over a special
zeolite catalyst, based on the hydrogen form of zeolite from
the ZSM-5 family [13-17].
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Experimental Procedure

Numerous research results [5, 11-16] indicate that the
fatty acid chains in contact with the ZSM-5 catalyst (simi-
lar to n-paraftins) undergo dehydrogenation, then isomer-
ization or even cyclization. Other processes based upon
decomposition of waste natural oils also are commonly
known [17].

It has been found that the decomposition of triglyc-
erides over the ZSM-5 catalyst to partially isomerized ones,
free acids or hydrocarbons, can occur [5, 11, 12]. Natural
fatty oils modified by mild processing may then be
processed to fuel HVO biocomponents by hydroconversion
(and also by co-processing) [5, 11, 12].

Being distinct from our previous works [5, 11, 12], this
experiment is focused on determining the effect waste oil
modified by mild processing has on the properties of the
biocomponent (obtained by its following hydroconversion).

Research and Measurement Methods

The methods used in this research for determination of
physical and chemical properties of feedstock and its con-
version products (hydroraffinates) are listed in Table 1.

Feedstock and Catalysts Used

The research was performed using waste (used in gas-
tronomy for frying) natural oils. The properties of the petro-
leum fraction (kerosene) obtained from atmospheric tower
were the following: boiling range 433-518 K (160-245°C),
cloud point below 233 K (-40°C), sulphur content 0.18%, n-
paraffins total content about 20%, shown in Table 2. That
fraction did not contain paraffins higher than C,; (Table 2).

Initial processing of triglycerides was performed over a
catalyst containing the hydrogen form of the ZSM-5 with
the silicon module (Si0,/Al,0; molar ratio) 90-94 and bulk
density 690 kg/m’ [5, 11].

A NiMo type catalyst on the Al,O; carrier was used for
the hydroconversion of the petroleum fraction and waste
natural oil (initially zeoformed or not zeoformed). The cat-
alyst was developed for deep hydrotreating of middle petro-
leum distillates, especially for deep hydrodesulphurization
[5, 11, 12, 14].

Experiment

The waste natural oil processing was realized in a labo-
ratory reactor set OL-150, consisting of two reactors (each
of 100 ml capacity) placed in series. The apparatus was
equipped with a feedstock pump, a separator, and a receiv-
er with a cooling system for collection of liquid fraction
(product). The feedstock delivery rate and the amount of
exhaust gases were determined using an appropriate mea-
suring system.

The process was performed within the range of 523-573
K (250-300°C). After each temperature stabilization period
(usually 14,400 s) it ran for 72,000 s (20 hours). Samples of

Table 1. Research methods.

Determined parameter Research method

Density PN-EN ISO 12185

PN-EN ISO 3405
PN-EN ISO 20884

Fractional composition

Sulphur content

Cloud point PN-EN ISO 3015
N-paraffins content by chromatography | PN EN 14105
Bromine number PN-85/C-04520/03
Acid number PN-EN 14104
Rapeseed oil content (triglycerides) PN-EN 14105

PN-EN ISO 5509
PN-EN ISO 5508

Fatty acids in rapeseed oil triglycerides
(determined by esterification)

Table 2. N-paraftin content in petroleum fraction (kerosene).

N-paraffins N-parafﬁnsﬁzgggeit Vlvnt E}Z/drocarbon
G 0.17
Cy 0.43
C 1.02
Cio 4.26
Ci 5.15
Ciz 434
Cis 3.10
Cia 133
Cis 0.04

Total 19.84

the liquid product had been taken continuously during the
72,000 s time period.

The exhaust gases were analyzed using chromatogra-
phy. The processed waste natural oil (zeoformed) under dif-
ferent circumstances was analyzed to determine changes to
the fatty acid structures in triglycerides. To find the compo-
sition of fatty acids (according to PN-EN ISO 5508) some
chosen samples were subjected to esterification (a method
described in PN-EN ISO 5509 standard).

To investigate the expected triglyceride structures
decomposition during processing, a sample of modified (at
573 K) waste natural oil was analyzed (after esterification).
The analytical column used for gas chromatography con-
tained a non-polar stationary phase (methyl silicone type).

In the next stage of the experiment, modified (zeo-
formed by processing at two different temperatures: 523 and
573 K) waste natural oil products were mixed with straight-
run petroleum fraction and subjected to hydroconversion.
The mixtures contained 20 vol. % of the modified (zeo-
formed) waste natural oils and were used as a feedstock.
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Parameters of the process were the following: LHSV =
1.0 h', the hydrogen feed rate related to the feedstock
(Hy/feedstock) 300 Nm*/m’, 3.0 MPa pressure, and the tem-
perature of the hydroconversion 593 K.

The petroleum fraction containing 20 vol. % of non-
zeoformed waste natural oil, with the same content of bio-
logically derived component like in other varieties of feed-
stock, was used as a reference feedstock.

The obtained hydroraffinates were treated with hydro-
gen for 1 hour to remove dissolved gases. The complete
conversion of triglycerides into hydroraffinates was con-
firmed by chromatography.

To confirm possible reactions connected with cracking
of fatty acid chains occurring during processing, distillation
curves were determined. The bromine numbers of the
obtained hydroraffinates were determined to confirm full
hydrogenation of the feedstock.

Discussion of Results

The waste natural oil products obtained by zeoforming
were clear, transparent, and homogeneous liquids with a
viscosity index similar to the feedstock. Only their color
was different. Processing of natural oil changed their color,
which became darker with the higher zeoforming temper-
ature (from yellow — starting temperature oil, to dark yel-
low — oil modified at 523 K, and to dark yellow — brownish
for oil modified at 573 K).

The acid numbers were determined to be in the range 5-
10 mg KOH/g. These relatively high acid values of the zeo-
formed also indicate that such decomposition of triglyc-
erides into free fatty acids indeed occurs.

Significant differences between the amount of yielded
liquid fraction and the amount of utilized feedstock were
not observed (mass measurement revealed loss below 1%).
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Table 3. Gaseous hydrocarbon content in exhaust gases from
zeoforming reactor at 573 K, LHSV 1 h''.

Hydrocarbon Content, wt. %
Ethane 32
Propane 4.7
Isobutane 10.1
N-butane 573
Isopentane 10.4
N-pentane 143

When the process was performed at 573 K the amount of
emitted light gases reached 1.4 cm?/s.

The chromatographic analysis of these gases revealed
the presence of carbon oxide, light hydrocarbons (mainly n-
butane, isobutane and pentanes — Table 3) and water vapor.
The chemical compounds containing oxygen may indicate
triglyceride structure decomposition (decarboxylation,
decarbonylation), whereas the light hydrocarbon presence
confirms the cracking processes.

The zeoformed waste natural oil products and also
unprocessed waste oils were used as feedstock hydrocon-
version into the HVO biocomponents. After passing
through the second stage all the hydroraffinates (obtained
from the feedstock containing 20% wt. of modified or not
modified waste natural oil) were clear, homogenous, color-
less liquids. The bromine numbers determined for all
hydroraffinates were below 0.10 gBr,/100g, confirming
complete hydrogenation of fatty acids. The chromatograph-
ic analysis of the liquid phase showed that the hydroraffi-
nates obtained from modified waste natural oil differ from
the hydroraffinates obtained from the reference feed — they
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Fig. 1. The chromatogram of a hydroraffinate obtained from the feedstock containing waste natural oils modified by zeoforming.
Process parameters: temperature 573 K, LHSV 1 h'. The highest peaks, C;, and C,;, are characteristic for n-heksadecane (C,,) and n-

octadecane (Cg).
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Table 4. N-paraffin content in hydroraffinates (total*).
Hydroconversion parameters: temperature 593 K, pressure 3.0
MPa, H,/feedstock = 300 Nm*/m?’, LHSV = 1.0 h'.

Hydroraffinate of the feedstock containing
20 vol. % of :

Unmodified Waste natural oil modified by

waste natural zeoforming at 573 K

oil (reference

feedstock) LHSV 1 h! LHSV 3 h'

G 0.14 0.13 0.14
G 0.37 0.36 0.34
Cy 0.91 0.97 0.92
Cio 3.22 3.20 2.95
Cy 4.50 4.29 3.80
Ci 3.74 3.48 331
Ci 2.73 2.40 2.30
(O 1.09 1.05 1.04
Cis 0.70 0.63 0.68
Cis 1.02 1.14 1.18
Cyy 7.98 4.03 485
Cig 7.53 747 8.44
Ci 0.29 0.14 0.17
Cyo 0.11 0.19 0.20
Cy 0.24 0.11 0.12
Cp 0.07 0.16 0.17
Cy 0.03 0.04 0.05
Cy 0.02 0.05 0.05
Cas 0.01 0.01 0.02
Cys 0.01 0.01 0.01
I:;le;ﬁns 3471 29.86 30.74
Ci7-Cis 15.51 11.50 13.29

*total — sum of paraffins from kerosene (unchanged) and the
new ones

contained not only n-paraffins but also non-linear hydro-
carbons (most probably iso-paraffins).

Fig. 1 depicts a chromatogram of the hydroraffinate
sample obtained from the feed containing waste natural oil
modified by processing (zeoforming) at 573 K. There are
visible numerous relatively small peaks located between
very high peaks characteristic for n-paraffins: hexadecane
and octadecane (between corresponding peaks characteris-
tic for n-C,; and n-C,;, and also n-C,; and n-C,,). Most
probably they were derived from branched paraffins
formed as a result of the two-stage process. The first stage:
processing (zeoforming) of triglycerides, and the second
stage: hydrogenation and hydroconversion of processed

triglycerides (possibly partly decomposed triglycerides) in
a mixture with petroleum fraction. It should be emphasized
that these peaks are not present in the chromatogram of the
hydroraffinate obtained from the feedstock containing non-
modified waste natural oil. The peaks characteristic for
paraffins (n- and -iso) introduced with the petroleum frac-
tion (Fig. 1 and Table 4) were observed within retention
times below 25 minutes.

The total content of n-paraffins in the range of C4-C; is
similar for both raffinates (with zeoformed and non-zeo-
formed waste natural oil) (Table 5). An increase of the n-
paraffins Cy-C,5 content is not noted. Such an increase
could confirm crucial cracking reactions of long fatty acid
chains. In the hydroraffinate obtained from the feedstock
containing rapeseed oil modified by zeoforming, the con-
tent of C;; and C,; n-paraffins was lower (by about 5%)
than in the hydroraffinate obtained from non-modified
waste natural oil (Table 4).

The acid numbers of the products obtained by process-
ing waste natural oil over the ZSM-5 catalyst are relatively
high (above 10 mg KOH/g) and indicate that during the ini-
tial processing triglycerides are subjected to partial decom-
position into fatty acids.

Table 5 shows cloud points of hydroraffinates obtained
from the feedstock containing modified and non-modified
waste natural oil (reference hydroraffinate).

The cloud points of the hydroraffinates obtained from
the feedstock containing modified waste natural oil are
lower than for non-modified ones. Best improvement of
low temperature properties of the hydroraffinate was
observed for the feedstock containing the waste natural oil
modified at the highest processing temperature (573 K). It
may be stated that the improvement of the hydroraffinate
low temperature properties is connected with the depth of
modification of natural oil contained in the feedstock. The
phenomenon is caused by the formation of paraffins as the
result of fatty acids chain isomerization (Fig. 1).

Analysis of the fractional composition of the obtained
hydroraffinates showed that the initial boiling point of the

Table 5. Examples of cloud points of hydroraffinates obtained
as the result of hydroconversion of mixtures containing
kerosene and 20 vol. % of natural oil modified by initial pro-
cessing in various temperatures or unmodified (hydroraffinate
obtained from reference feedstock) waste natural oil.
Hydroconversion parameters: temperature 593 K, LHSV 1 h',
pressure 3 MPa, H,/feedstock ratio 300 Nm?*/m”’.

LHSV [h']

Zeoforming 1.0 3.0

temperature Cloud points of hydroraffinates, K
523K 265.1 264.9
573 K 262.8 262.2

Cloud point of
reference feedstock 267.2
(not zeo-formed)
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hydroraffinate derived from the feedstock containing modi-
fied waste natural oil is not lower than the initial boiling
point (IBP) of the hydroraffinate from the reference feed-
stock without such a modification. Distillation characteris-
tics of both types of hydroraffinates are practically identical.

In comparison to the previous results concerning an ini-
tial zeoforming of rapeseed fresh natural oil [5, 11, 12], it
can be concluded that the use of waste natural oil as a
potential feedstock leads to similar effects on the final
hydroraffinates. Cloud points of all investigated hydroraffi-
nates containing fresh or waste natural, initially zeoformed,
oils were about 4-5 K lower in comparison to the hydroraf-
finates obtained from the feedstock of non-zeoformed nat-
ural oils (Table 5). Moreover, other properties, like density
and distillation characteristics, practically do not differ. In
the case of both investigated varieties of feedstock
(kerosene with zeoformed fresh rapeseed oil or waste nat-
ural oil), the amounts of paraffins transformed from n- form
to iso-paraffins were comparable. Analyzing the n-paraffin
contents (Table 4), it shows that over 10% of the n-paraffins
were transformed into the iso- form [6].

Finally, it is worth mentioning the typical problem con-
nected with the zeoforming process: deactivation of the
HZSM-5 catalyst by coking. Solving this problem was not
the main priority in the laboratory tests; nevertheless, some
significant observations had been made. In laboratory tests
(the process described in the article) a significant loss of the
HZSM-5 catalyst activity was not observed during a period
of 120 hours. It should be noted, however, that in the case
of classical zeoforming of the paraffinic fractions a loss of
the HZSM-5 catalyst activity within the same period is
observed [14]. It may be caused by the temperature differ-
ences — zeoforming of paraffins usually occurs at 633-733
K, whereas triglyceride zeoforming was tested within the
range of 473-573 K.

Conclusions

The obtained results suggest that the zeoforming of the
natural oils (the waste natural oils as well as fresh ones)
may be an interesting alternative solution to improve low
temperature properties of the paraffinic biocomponents.
Nevertheless, the catalyst deactivation by coking must be
taken into consideration.

The process runs without hydrogen feed and under rela-
tively mild technological parameters (pressure about 1.7
MPa). Processing of natural oils understood as triglyceride
decomposition and relatively small modification of their
structure may occur within a low temperature range (523-
573 K) but with relatively high feedstock rate (LHSV 3 h).
The product loss is relatively low (below 1 wt %). The
hydroraffinates obtained from waste natural oils modified
by processing and then used as co-processing feedstock
have better low temperature properties (cloud points) than
the hydroraffinates derived from non-modified waste natur-
al oils.

The chromatographic analysis of the hydroraffinates
reveals that isomerization of fatty acid chains occurs

(branched chains are formed) and this reaction affects the
hydroraffinate properties. Their cloud points diminish with
increasing temperature of the waste natural oil processing,
therefore deeper modification of the fatty acid triglyceride
structure gives better results.

Relatively high acid numbers of processed oil also indi-
cate that such decomposition of triglycerides into free fatty
acids occurs.

The results obtained until today allow making the claim
that the described process may be an interesting alternative
for the low temperature properties improvement of the
HVO biocomponents obtained as the result of fatty oils
hydroconversion.
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