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Abstract

The influence of the Co/Mg molar ratio on the physicochemical and catalytic prop-
erties of Co-Mg-Al-O mixed oxides obtained by thermal treatment of layered dou-
ble hydroxides (LDH) was investigated. Characterization of the mixed oxides by
ICP, XRD, and TPR revealed that the catalysts form solid solutions with well-dis-
persed cobalt particles, where increasing cobalt content weakens the interaction
between Co and spinel, promoting the formation of larger Cos0, crystallites and
decreasing the cobalt reduction temperature. With increasing Co/Mg ratio, the
conversion of stearic acid and the yield of C;5-C;g hydrocarbons increased. The
conversion of stearic acid to hydrocarbons proceeds through the formation of in-
termediate products-1-octadecanol and stearyl stearate-whose proportion in-
creases with higher catalyst calcination temperature, indicating the key role of
the hydrogenation metal in the conversion pathway. Complete conversion of stea-
ric acid with heptadecane as the main product is achieved using a catalyst with a
Co/Mg molar ratio of 3 at 270 °C and 4 MPa hydrogen pressure. The possibility of
oxidative regeneration of this catalyst and its multi-cycle reuse was demon-
strated.

Key findings

e Increasing cobalt content reduces the thermal stability of hydrotalcites and facilitates co-
balt reduction from the corresponding Co-Mg-Al-O oxides under hydrogen.

e As the Co/Mg ratio increases, the stearic acid conversion and the yield of Cis—Cis hydro-
carbons increase.

e The main product of stearic acid conversion is heptadecane, formed through decarbonyl-
ation/decarboxylation reactions.

e High basicity of catalysts promotes side reactions leading to the formation of stearic acid
esters.
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1. Introduction

The growing energy demand, fossil fuel depletion, and en-
vironmental issues linked to climate changes necessitate
the search for new promising raw materials for energy pro-
duction [1-3]. Biomass is considered one of such resources,
the main advantages of which are rapid renewability, envi-
ronmental friendliness and a "neutral" carbon footprint
[4]. There are technologies making it possible to obtain bio-
fuels from triglycerides of fatty acids (TAGs), sugar, starch
or cellulose [5]. TAGs in vegetable oils and fats are particu-
larly attractive feedstocks for motor fuel components due
to their fatty acid residues with varying hydrocarbon chain
lengths and low oxygen content [6]. Catalytic hydrodeoxy-
genation (HDO) of fat and oil sources makes it possible to

obtain hydrocarbon components of diesel fuels that meet
the highest modern environmental and operational require-
ments. This is primarily due to the absence of oxygen-, ni-
trogen-, and sulfur-containing compounds, unsaturated and
polycyclic aromatic hydrocarbons, as well as high cetane
number [7,8]. Several industrial HDO processes are known,
where oil- and fat-based feedstocks undergo hydropro-
cessing individually or in mixtures with petroleum frac-
tions [9,10]. Another proposed method involves hydrolysis
of TAGs to produce free fatty acids and glycerol, followed
by deoxygenation of the fatty acids [11].

Palmitic, oleic, and stearic acids, the main components
of TAGs, are commonly used as feedstocks for HDO [12-14].
Catalysts for HDO include metals, their oxides, or sulfides
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supported on porous carriers. Three primary reaction path-
ways occur during HDO: hydrogenation of carboxylic acids
with water elimination, yielding hydrocarbons with the
same carbon count as the acid (HD), decarboxylation
(deCO-) and decarbonylation (deCO), producing hydrocar-
bons with one fewer carbon atom than the original acid.

Traditional hydrotreating catalysts are limited in HDO
applications due to the need for sulfur-containing com-
pounds in the feedstock to ensure process stability [15,16].
Non-sulfide catalysts based on transition metals (e.g., Ni,
Co, Mo, W) are most promising for HDO of fats, oils and
their derivatives due to their low cost compared to noble
metals, along high activity and stability [17,18]. Nickel and
cobalt catalysts are widely employed in hydrodeoxygena-
tion (HDO) processes for «green diesel» production, where
fatty alcohols serve as key intermediates. At equal metal
loading, deoxygenation activity followed the order
Co>Pd>Pt>Ni, with TOF values increasing as particle size
increased. Ni, Pd, and Pt catalysts favored decarbonylation
(DCO), whereas Co catalysts primarily exhibited decarbox-
ylation (DCO;) and hydrodeoxygenation (HDO) pathways
[19]. Combining HDO-active components (Co or Ni) with H-
ZSM-22, ZSM-5 acidity allowed direct conversion of pal-
mitic acid to isoalkanes with 73.4% selectivity through hy-
droisomerization [17,20]. Zhou et al. achieved an 85.7%
yield of fatty alcohol using Co/ZrO, by reducing reaction
temperature and increasing H, pressure to minimize over-
hydrogenation [21]. Additionally, Co/Al,O3 catalysts have
been utilized for catalytic upgrading of natural oils and de-
rivatives to alkanes via fatty alcohol intermediates [22]. In
Co/MgO system, MgO-CoO solid solution and MgCo,0, spi-
nel formation enabled high Co dispersion at low calcination
temperatures and high Co loadings. During methyl heptano-
ate hydrogenolysis, Co/MgO's basic sites cleaved acyl C-O
bonds to yield heptanal and methanol, followed by hydro-
genation to 1-heptanol (55% yield). Acidic Co/SiO, and
Co/Hp cleaved ester C—O bonds to heptanoic acid and CH,,
which underwent decarbonylation/HDO to C4/C, alkanes
(89% total yield). These results demonstrate the critical
role of metal-acid/base synergy in controlling product se-
lectivity for vegetable oil upgrading [23].

The acid-base properties of supports significantly influ-
ence HDO of free fatty acids and TAGs. Supports with basic
surface character are generally most favorable for stable
HDO catalyst performance. Layered double hydroxides
(LDHs), or hydrotalcite-like compounds, with the general
formula [Mi_ M} (OH),]**[A}};,] - nH,0 , where M" and M™
represent divalent (e.g., Mg?*, Co?*,
(e.g., Al3*, Cr3*) cations, respectively, and the MM ratio

Ni?*) and trivalent

ranges from 1 to 5 [24], are of significant interest for cata-
lytic applications. Upon calcination, these materials form
mixed metal oxides and spinel-like structures exhibiting
high surface area, excellent thermal stability, and composi-
tion-dependent basic properties. Furthermore, reduction of
calcined samples containing reducible metal ions yields
well-dispersed and thermally stable metal nanoparticles.
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Studies [25,26] demonstrate the feasibility of LDH-based
catalysts for biofuel production from oil- and fat-based
feedstocks, achieving over 80 wt.% yield of Cs-Cis hydro-
carbons. Researchers [27] investigated oleic acid transfor-
mations on mixed MAIOx oxides (M = Ni, Mg, Zn, Fe) de-
rived from LDH precursors. Mixed metal oxide phases sig-
nificantly influence catalyst basicity and acidity, leading
to increased hydrocarbon selectivity and yield in the order
Fe<Zn<Mg<Ni. Co-based layered double hydroxides
(LDHs) serve as effective precursors for high-performance
catalysts, where the Co/Co®* ratio is determined by reduc-
tion temperature. The integration of Co within the layered
structure enhances redox and acid-base properties,
thereby improving hydrodeoxygenation activity. In con-
trast to supported catalysts, whose activity declines at Co
contents above 20-25 wt.% due to active site loss and sur-
face area reduction from Co agglomeration and pore
blocking, Co-containing LDHs maintain high hydrogena-
tion component concentrations and superior Co dispersion
post-reduction. Nguyen et al. [28] investigated Jatropha
oil conversion using a Co-Mg-Al-O catalyst system with
Mg/Al molar ratios of 0.1-1 and Co/Mg of 0.2. The result-
ing amorphous material exhibited a highly ordered meso-
porous structure and thermal stability, achieving a diesel
fraction yield of 54.3-59.4 wt.% with hydrocarbon con-
tent exceeding 70% during decarboxylation. They high-
lighted the positive effect of catalyst basicity and the crit-
ical role of cobalt in hydrogenation properties, supported
by [29-31].

This study aims to systematically investigate the influ-
ence of Co/Mg molar ratios and pre-treatment conditions
(calcination and reduction temperatures) on the structural
and catalytic properties of Co-Mg-Al layered double hydrox-
ides (LDHs) for the hydrodeoxygenation (HDO) of stearic
acid. The research focuses on establishing structure-activity
relationships to optimize catalyst performance, including
conversion efficiency, hydrocarbon selectivity and stability.

2. Text components

2.1. Catalyst Preparation

LDHs with general formula CoxMgs-xAl. (x = 0, 1.5, 3, 4.5
and 6) were synthesized via co-precipitation from aqueous
solutions of Co(NOs3)2-6H-0 (Omskreaktiv, LLC, 99%),
Mg(NO3)2-6H20 (Omskreaktiv, LLC, 99%) and
Al(NO3)3-9H>0 (Omskreaktiv, LLC, 99%), which were
added at a temperature of 60 °C and with intensive stirring
to a 2 M aqueous solution of Na.COs. The precipitation pH
was maintained at 10 by periodically introducing 1 M NaOH
solution into the mother liquor. The nominal molar ratio
(Co+Mg)/Al was fixed at 3 for all samples. The precipitate
was filtered, washed with distilled water until neutral pH
value, dried at 80 °C for 16 h, and calcined at 500-850 °C
for 4 h. The resulting Co-Mg-Al-O mixed oxides were fur-
ther treated in a hydrogen atmosphere at 500-850 °C for
2 h.
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2.2. Characterizations

The chemical composition of the catalysts was determined
using inductively coupled plasma atomic emission spec-
trometry (ICP-AES 710-ES Varian).

Thermal analysis of LDH samples was performed on a
DTG-60 device (Shimadzu, Kyoto, Japan) in the tempera-
ture range of 20-850 °C under a flowing (35 ml/min) mix-
ture of Ar and O: (22+1 vo0l.%) at a heating rate of
10 °C/min.

Phase composition was analyzed via powder X-ray dif-
fraction (XRD) on a Bruker D8 Advance diffractometer us-
ing monochromatic Cu Ka radiation (A = 1.5406 A) with a
Lynxeye position-sensitive detector. The samples were
scanned at room temperature over 20 angles of 5-80° with
a step size of 0.05° and a counting time of 2 sec per step
(40 kV, 40 mA). The diffraction patterns were indexed us-
ing the ICDD PDF-2 powder diffraction database.

Temperature-programmable reduction (TPR) was con-
ducted on an AutoChem II 2920 (“Micromeritics”) chemi-
sorption analyzer equipped with a thermal conductivity de-
tector (TCD). The sample were heated from 35-850 °C at
10 °C min in a 10 vol.% Hz/Ar mixture.

2.3. Catalytic tests

HDO of stearic acid was carried out using a stainless steel
autoclave Limbo Li (Biichi Glass Uster) with a volume of
200 mL. The reactor was loaded with a catalyst (0.1 g),
feedstock (2.5 g) and decane (50.0 g) as a solvent. Prior to
testing, the reactor was purged with argon, followed by
pressurization to 4.0 MPa with hydrogen. The reaction mix-
ture was stirred using a mechanical stirrer at 1000 rpm.
The test temperature was varied in the range of 210-270 °C
with a step of 20 °C. The test duration was 5 h. Liquid prod-
ucts were identified using a GC-1000 gas chromatograph
(Chromos) equipped with a capillary column (Restek Rtx-5,
30 m length, 0.32 mm inner diameter, 0.25 pm phase thick-
ness) and a flame ionization detector (FID). Mass fractions
of individual compounds and product groups were deter-
mined by the internal normalization method. The composi-
tion of gaseous products was analyzed using a packed col-
umn (3 m length, 4 mm diameter) filled with Porapak R
sorbent in combination with a thermal conductivity detec-
tor (TCD). Qualitative composition of the products was
evaluated by GC-MS (Agilent 6890N) using a capillary col-
umn (HP-5MS, 30 m length, 0.32 mm inner diameter,
0.25 pm phase thickness) and a mass spectrometer (Agilent
5973). The conversion of stearic acid (X, %) and yield (V;,
%) of the products were calculated using equations (1) and
(2), respectively:

(Wo — W)
= —-———m—s 0
X - 100%, (1)
Y, = —-100% (2)
A ”
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where W,, W,, and W; are the initial content of stearic acid
(wt.%), its content in the reaction medium at time t (¢, h),
and the content of the i component in the products, re-
spectively.

3. Results and Discussion

3.1. Phase transformations in the Co-Mg-Al-O
system

On the DTG curves (Figure 1a), three endothermic peaks (I,
II, and III) are observed, corresponding to four stages of
LDH structure degradation: (1) removal of physically ad-
sorbed water (up to 150 °C), (2) elimination of interlayer
water (195-210 °C), (3) dehydroxylation of brucite-like lay-
ers and (4) loss of interlayer carbonate anions (240-
400 °C). Calcination at temperatures above 500 °C leads to
the complete destruction of the layered structure and for-
mation of oxide phases. The subsequent mass loss
(Am = 1.8-3.0%) (Figure 1b) is attributed to the formation
of a spinel phase [32]. The substitution of Mg?* with Co**
reduces the temperature of stages (3) and (4), likely due to
weaker affinity of cobalt cations for carbonate anions [33-
35]. Thus, the thermal stability of LDH decreases with in-
creasing Co content.
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Figure 1 DTG (a) and TG (b) curves obtained during the calcination

of Co,Mgs-xAl,-LDH.
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Figure 2a displays XRD patterns of the LDH samples dif-
fering in the Co/Mg molar ratio. Reflections at 11.5°, 23.3°,
and 34.5° indicate the preservation of the LDH structure
upon cobalt incorporation [36,37]. The intensity of these
reflections increases with a decrease in the Co content, sug-
gesting enhanced crystallinity of the hydrotalcite phase,
which is attributed to improved thermal stability of the
samples [38,39].

The lattice parameters of hydrotalcites (HT) dried at
80°C are shown in Table 1. They indicate the presence of
the hydrotalcite phase in all the dried solids. In addition, a
weak diffraction peak at 26 = 33.45°, ascribed to cobalt hy-
droxide phase Co(OH)2, was seen only for samples contain-
ing high Co content (CosAl> and Co4.5sMgisAl:). The lattice
parameter a decreases linearly from 3.0796 A (CosAl) to
3.0601 A (MgeAlz) with a decrease in the Co content. This is
likely due to the larger ionic radius of Co?* (r = 0.74 A) com-
pared to Mg?* (r = 0.65 A) [39], resulting in stronger elec-
trostatic attraction between negatively and positively
charged ions. Notably, the parameter c decreases when the
Co?*/(Al3*+Me?*) ratio increases, likely due to the for-
mation of another an alternative Co-containing phase.

According to the XRD patterns of the CoxMgs-xAl> sam-
ples calcined at 500 °C (Figure 2b), reflections correspond-
ing to hydrotalcites are absent. This aligns with the results
of thermal analysis, where complete destruction of the hy-
drotalcite structure was observed at this temperature. Dif-
fraction peaks corresponding to the periclase MgO phase
were detected for samples with high magnesium content.
For the CosMg3Alz, Cos5Mgi5Al: and CosAl. samples the ob-
served peaks are attributed to a spinel-type structure. How-
ever, the exact nature of these oxides could not be deter-
mined definitively, as diffraction peaks corresponding to
C0304, CoAlx04 and Co02Al0, exhibit very similar 26 values
and intensity. The formation of Co304 is driven by the oxi-
dation of Co?* ions and the thermodynamic stability of
C0304 compared to CoO under ambient conditions [45]. No
diffraction peaks related to alumina phases were detected,
as these phases remain in an amorphous state at the given
calcination temperature.

In the XRD patterns of calcined and reduced samples at
500 °C, reflections corresponding to MgO are present (Fig-
ure 2c¢). Increasing Co content in reduced samples leads to
a decrease in the crystallite size and an increase in the
amorphous phase fraction, manifested as broadening of dif-
fraction peaks.

Table 1 Values of the unit cell parameters for CoyMgexAl,-HT
solids.

Sample a () c Q) d(110) (A)
MgeAl,- HT 3.0601 23.5793 1.5301
Co, ;Mg, sAl,- HT 3.0651 23.3645 1.5325
Co;Mg;AL- HT 3.0689 23.2724 1.5344
Co,.sMg, sAL- HT 3.0772 23.2775 1.5386
CogAl,- HT 3.0796 23.0286 1.5398
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This is attributed to partial reduction of Co?* to the me-
tallic state. After reduction in a hydrogen stream without
prior calcination, CoMgAl-HT retains part of its layered
structure (Figure 2d) as skipping the oxidation in air pre-
vents destruction of the original matrix. At high calcination
temperatures, part of Co304 transforms into Co2AlO04 and
CoAlL:Oy4, from which cobalt is reduced at higher tempera-
tures.

For the Co4sMgisAl. sample, the effect of calcination
temperature on the LDH structure was studied. As shown in
Figure 2e, characteristic hydrotalcite diffraction peaks dis-
appear, and new reflections at 36.8°, 44.8° and 65.2°
emerge, with intensity increasing with temperature. How-
ever, it is challenging to assign these reflections to specific
cobalt-based spinel phases [40]. Meanwhile, diffraction
peaks of Al.O3; and MgO were not detected during calcina-
tion, suggesting these oxides remain amorphous or Al
and/or Mg are incorporated into the Co304 lattice, forming
a cobalt-based spinel structure during high-temperature
treatment [41]. Given the Co/Mg ratio of 3/1, the Co304
phase is likely dominant. Additionally, a distinct CoO dif-
fraction peak becomes evident at 850 °C, confirming the
preferential formation of Co304 in calcined samples, which
partially decomposes at elevated temperatures. The crystal-
lite size calculated using the Scherrer equation for the (311)
plane is approximately 73 nm, significantly larger than the
6.8 nm observed for Co4.5sMg1.5Al>-LDO-500.

3.2. Study of the processes occurring during the
formation of the active form of the
Co-Mg-Al-O catalyst

Figure 3 presents the TPR profiles of CoxMge-xAl. catalysts

calcined at 500 °C. For the MgsAl. sample, no reduction of

magnesium and aluminum oxides is observed within the
studied temperature The TPR profiles of

CoxMge-xAl: catalysts include two hydrogen uptake peaks: a

low-temperature peak at 300-320 °C (Peak I) and high-

temperature peak at 690-850 °C (Peak II). According to the

XRD analysis, the calcined samples exhibit reflections cor-

responding to Co304, as well as C02A104 and/or CoAlz0. As

reported in [42], the reducibility decreases in the following
order: Co304>C02A104>C0Al>04. Based on [35], Peak I can
be attributed to the reduction of Co304 to CoO, followed by
further reduction to metallic cobalt Co°. Peak II corre-
sponds to the reduction of cobalt aluminates [43,44]. The
broad, unresolved shape of this peak with shoulders suggests

range.

simultaneous reduction from multiple cobalt-containing com-
pounds. The shift of Peak II maximum to lower temperatures
with increasing cobalt content indicates easier reducibility,
driven by kinetic factors, as a higher density of reactive sites
accelerates the reduction rate [45].

As seen from Table 2, the experimental hydrogen con-
sumption for CossMgi15Al2 and CosAl: catalysts is lower than
the theoretical value required for reducing cobalt oxides to
metallic Co, indicating incomplete reduction of cobalt.

DOI: 10.15826/chimtech.9146


https://doi.org/10.15826/chimtech.9146

Chimica Techno Acta 2025, vol. 12(4), No. 9146 ARTICLE

(003) Z = MgO
(a) I « ColOM), (b) \ + 0,0,
| ‘ ,
g (006)
i s . Mg AL-LDO-500
; A (H1oy113) - ~—
3 f 2 MEALHT
ﬂ’ i : = .
= f = : *  Co Mg, AlL-LDO-500
Z : Co, Mg, ALHT 5 e RO L S ..o
4 N — - S — - =
2 i : 3
= i i i 8 . . . .+ CoMgAL-LDOS00
A\ v i Co, Mg AL-HT o AN AT RN
-
| : A .
i : z f\ . T Co Mg, AL-LDO-S
'_.__,:\‘ R _;"__f !A LSy / 5.____ -S‘ouh'g' ’A. -HT W.\*Jiw"w “m S
’. : . “ H
!!-, A . : Co, AL-HT A / A ey Co,AL-LDO-500
e r— T T B T 1
10 20 30 40 50 60 70 80 20 30 40 50 60 70 80
20,° " °

« MgALO,

- . S
(©) i | o
« MgO Co, Mg, AL-850/850 . ‘3 7, H 4
. | CouMg AL 00850 e
=. z. &-I-JA‘A—~/_-““V~ﬁ'va’f‘"\N—\“ ——r \Nﬂ_‘\k: e E\‘»
] = § :
z e i MRALS0 2| Co Mg AlL6OOBS
o’ P / = e AR>S R, USSR [ S i -
= b
g Co, Mg, AL-S00 2= P P 5
= i S Ko rvtav ooy = | Co, Mg, AlL-500850 P :
A CoMgAL-500 e AN W . S CI N T
: OTTBIIPOET NSOy s | SRR A Q0. i P P T 5
; i Co, M |-soo : :
PN P NN P '-~"CI"-~...~' Nomriwrabnatin v:x.\...;” o o“ g ‘A : ("oqi"“l c’u -S00/500 “ ’{ - 2 - 0
£ Co AL-500 R Rl s s e
T PP P f.\a.w\wwwmww‘ N g
“. M, AL 80500 -
T T T T T 1 T T T T 1
20 a0 40 50 60 70 80 l0 20 30 40 50 60 70 80
20,° 20,°
e .
( ) * CoAlLLO, MgALO,
* CoO
|
. .
g . i =] Co, Mg, Al-LDO-850
.f_.:" U W ....J'\.L..J‘.. FRRTISERII () (| RESORSLTe
b
=
2 \ j ] Co, Mg, Al-LDO-700
5 CouMg, AL-LDO-600
..-.J\.-u—m..«o/\u-.’ \---/ W\-—: | NS
A Co Mg, Al-LDO-500

20 30 40 50 60 70 80
20,°
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Figure 3 TPR profiles obtained for the CoxMges.xAl, supports cal-
cined at 500 °C.

Table 2 Experimental and theoretical hydrogen consumption of
Co,Mgs_xAl, solids calcined at 500 °C.

H, consumption Theoretical H,

Co [mmol H,-g™* consumption
Sample content, cat] [mmol H,-g™*
0,
e ! 1 (Co3(§jtl Co)
MgeAlL - - - -

Co, Mg, AL 21.1 1.41 3.65 4.78
Co;Mg,Al 37.6 2.53 6.36 8.52
Co, sMg, sAlL, 54.5 3.09 8.19 12.33
CogAl, 60.8 2.95 10.13 13.75

3.3. Investigation of the catalytic properties of
Co-Mg-Al-O systems

According to the literature data [46-48], stearic acid deox-

ygenation proceeds via multiple pathways:

C,,H35COOH + 2H, — C,,H35CH,0H + H,0,
C,7H35CH,0H & Cy,H35sCHO + Hy,

C;7H35CHO — Cy,H36 + CO,

ARTICLE

C1,H35CH,0H + H, - CigHgg + H,0,
C;,H35CO0H — Cy,Hgg + CO,,

C,7H35COOH + C;,H35CH,0H © Cy,H35C00C,gH3, + H,0,
C,,H35C00C;gHs, + H, — Cy,Hs5CH,O0H + C,,Hs5CHO,
2C,,H35CO0H - (C,,Hss),CO + CO, + H,0,

CO + H,0 & CO, + H,,

CO, + H, - CH, + H,0,

The GC-MS method identified pentadecane, hexadecane,
heptadecane, octadecane, 1-octadecanol and stearyl stea-
rate in the reaction products (Figure S1). The carbon bal-
ance of the process was calculated based on the liquid prod-
ucts of stearic acid conversion. When compiling the bal-
ance, the ratio between the amount of carbon in the initial
feedstock and the amount of carbon in the resulting prod-
ucts (containing 15, 16, 17 and 18 carbon atoms) was taken
into account, assuming that cracking or condensation reac-
tion products are practically absent from the liquid or gas
phases. The carbon balance for all experiments was in the
range of 100+3%. The catalytic test results are summarized
in Table 3. In the first stage, stearic acid is hydrogenated to
1-octadecanol at metallic catalyst sites [49]. Subsequent
transformations of 1-octadecanol include hydrodeoxygena-
tion (HD), removing oxygen as water, and dehydrogenation
to octadecanal with decarbonylation, where oxygen is ex-
pelled as CO at metallic sites (Co) or esterification with un-
reacted stearic acid, catalyzed by bases [30]. The presence
of Ci5 and Ci6 alkanes in the products arises from trace pal-
mitic acid impurities (0.9 wt.%) in feedstock and potential
hydrocracking of intermediates products at high reaction
temperatures [49,50].

HDO of stearic acid at 270 °C for 5 h revealed no reac-
tion without a catalyst. Compared to MgesAl.-LDH, the con-
version of stearic acid over Co4sMgisAl.-LDH increased
from 33.1 to 71.9%, while the yield of Ci5-Cis hydrocarbons
increased from 16.3 to 20.5 wt.%.

Table 3 Evaluation of various catalysts for the catalytic hydrodeoxygenation of stearic acid °.

Yield C,,—Cis

Entry Catalyst Conversion (%) (%) Yield alcohol (%) C,,/Cis
1° Nothing <1 - - -
MgsAlL,-LDH 33.1 16.3 0.5 11.4
Co, sMg, sAl,- LDH 71.9 20.5 40.2 2.1
Mg;Al,;- LDO-500 27.7 15.7 1.0 13.5
5 Co,.sMg, sAlL,- LDO-500 60.8 10.7 33.6 6.2
6° Co,.sMg, sAl,- LDH-80/500 99.9 98.5 0.1 16.4
7 Co, sMg, sAl,- LDO-500/500 100.0 98.5 0.0 13.3
Co;Mg;Al,- LDO-500/500 100.0 94.4 1.2 19.6
Co, Mg, sAlL,- LDO-500/500 50.3 4.1 22.4 2.5
10 CogAl,- LDO-500/500 100.0 85.8 11.0 11.1
@ Reaction conditions: 0.1 g catalyst, 10 mmol SA, 270 °C, 5 h;
° No catalyst was added;
¢ Catalyst was reduced without prior calcination.
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The main product Co4sMgisAl-LDH is 1-octadecanol
(40.2 wt.%), formed on Co sites acting as Lewis acid to ac-
tivate the C=0 bond [51]. Mixed oxides derived from cal-
cined LDHs exhibit lower activity due to metal particle ag-
gregation and/or non-uniform distribution, reducing acces-
sible active sites. Magnesium in alumina-magnesia spinel
participates in deoxygenation via CO: elimination to form
MgCOs3, which decomposes into MgO and CO- at high tem-
peratures [59,60], producing Ci; hydrocarbon. This ex-
plains the elevated Ci;/Cis ratio in liquid products and CO-
detected in gases for MgsAl. LDO-500 (no data are pro-
vided). The absence of calcination for Co4.s5Mgi.5Al.-LDH-
80/500 preserves structural and chemical advantages of
LDHs, enhancing decarbonylation activity (Ci;/Cis ratio:
16.4).

The highest Ci5-Cis hydrocarbons yield (98.5%) with
full stearic
Co4.5Mg1.5A1,-LDO-500/500. However, increasing magne-

acid conversion was achieved using
sium content reduced conversion to 50.3% and hydrocar-
bon yield to 4.1 wt.%, with 1-octadecanol and side products
detected. The reaction data indicate that stearyl stearate
content in the products decreases significantly with in-
creasing Co/Mg ratio. Since stearyl stearate conversion is
directly related to catalyst hydrogenation activity, higher
Co/Mg ratios enhance both hydrogenation activity and al-
kane yield. Selectivity for Co3Al.-LDO-500/500 decreased
significantly, indicating that excess Co blocks pores and ag-
gregates active particles, disrupting adsorption-desorption
balance [52,53].

Catalyst calcination and reduction temperatures affect
activity and selectivity. At full conversion, selectivity for
Ci5-Cis hydrocarbons dropped from 98.5 to 41.5 wt.% as
calcination temperature increased from 500 to 850 °C (Fig-
ure 4a). High-temperature calcination causes sintering and
agglomeration of active Co particles, reducing surface area,
pore volume, and acid-base site concentration involved in
oxygen removal [54]. This lowers decarbonylation activity,
increasing 1-octadecanol yield (20.5% — 41.7%) and ester
formation.

An impact of reaction temperature on conversion and
yield of main products is shown in Figure 4b. Co4.5sMg1.5Al-
LDO-500/500 achieved full conversion at 210-270 °C.
Higher temperatures increases C15-Cis yields and Ci7/Cis ra-
tio via deCO and HD. Increased 1-octadecanol at lower tem-
peratures indicates rapid hydrogenation of stearic acid to
fatty alcohol, even at low temperatures, while slower HDO
steps become prominent only at elevated temperatures
[49]. At high temperatures Ci5-C:s alkanes undergo crack-
ing to Cs-Ci4 hydrocarbons and gaseous products.

3.4. Reusability and regeneration

Reusability tests on Co4.5sMg1sAl: (Figure 5) showed declin-
ing activity after four cycles without regeneration: conver-
sion dropped from 100.0% to 91.3%, and hydrocarbon yield
fell from 98.5% to 80.6%.
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Figure 4 Influence of the calcination temperature of the catalyst (a)
and the reaction temperature (b) on the conversion of stearic acid,
yield and ratio of the main products in the hydrodeoxygenation pro-
cess on a Co, Mg, sAl, catalyst. (a) Reaction conditions: 0.1 g catalyst,
10 mmol SA, 270 °C, 5 h. The reduction temperature of the catalyst
is 850 °C. (b) Reaction conditions: 0.1 g catalyst, 10 mmol SA, 5 h,
reduction temperature of the catalyst is 500 °C.

Regeneration involved filtration, ethanol washing, dry-
ing at 120 °C, and calcination/reduction at 500 °C. No sig-
nificant differences were observed between fresh and re-
generated catalysts (Figure 5), demonstrating the feasibil-
ity of reusing CoMgAl mixed oxide catalysts in fatty acid
hydrodeoxygenation.

In comparison with the other known catalysts that were
studied in hydrodeoxygenation using a batch reactor and
Cis or Cis fatty acids as feedstock (Table Si), the
Co4.5Mg15AL catalyst showed similar conversion and selec-
tivity at a higher feed/catalyst ratio. On the other hand, it
has good recyclability and good stability.

4. Limitations

This work has several limitations. Stearic acid does not ac-
count for the complex mixture of fatty acids, triglycerides,
and impurities present in real biomass feedstocks. The
model system lacks competitive reactions that would occur
with real feedstocks. Batch experiments typically focus on
short reaction times (5 h or less), which does not provide
meaningful information about catalyst stability under pro-
longed operation.
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Reaction conditions: 0.1 g catalyst, 10 mmol stearic acid, 270 °C, 4
MPa H., 5 h, 1000 rpm.

The results obtained under these experimental conditions
face significant challenges in industrial application. These
limitations highlight the need for complementary studies
using continuous flow reactors and in-situ characterization
techniques to develop a comprehensive understanding of

. . 2.
CoMgAl catalyst performance in hydrodeoxygenation pro-
cesses.
3.
5. Conclusions
Increasing the Co/Mg ratio in CoMgAl LDHs lowers decom-
position and reduction temperatures of cobalt oxides, indi- 4.
cating reduced thermal stability. Higher calcination tem-
peratures cause Co particle sintering/agglomeration, hin- 5
dering subsequent reduction. Hydrodeoxygenation studies
on CoMgAl catalysts revealed that higher Co/Mg ratios en-
hance stearic acid conversion and Ci5-Cis yields via decar- 6
bonylation/decarboxylation on Co metal particles and MgO- '
associated basic sites. At low Co content, hydrogenation to
fatty alcohols and ester formation dominate.
7.
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