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Abstract

We conducted a multivariable logistic regression analysis to identify factors that
predicted iron supplementation for 90 days or longer among pregnant women in
Zambia. The analysis included 7,356 weighted observations. The results showed that
the model was statistically significant (Wald X2 =149.27, p < 0.001). This means that the
predictors played a crucial role in forecasting adherence to iron supplementation.
Education was the most critical factorin whether people followed theiriron supplement
regimen. Pregnant women with higher education levels were twice as likely (AOR =
2.04, 95% Cl: 1.456-2.88, p < 0.001) to comply with iron supplementation for 90 days or
more compared to those without education. Pregnant women living in urban areas
also predicted adherence to iron supplementation (AOR =125, p = 0.021). There were
significant regional differences. Pregnant women in the Eastern and Southern regions
were more likely to adhere to iron supplementation compared to those in Lusaka.
However, age did not emerge as a significant predictor of iron supplementation when
we considered other factors. The model explained nearly 11% of the variation in iron
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supplementation (Pseudo R2 = 0.1).

Introduction

In recent years, there has been a significant increase in
research and development of supercritical technology and its
practical application in various fields of chemistry and other
areas (Figure 1). Research in the field of petroleum chemistry
is particularly valuable, including work in the areas of
petrochemicals, natural gas chemistry, oil refining processes,
and the production of pure chemical products.

Now we are moving on to the main application of
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Figure 1: Areas where supercritical technologies are used.
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supercritical technologies, which is catalysis. This process
promises us many interesting developments. Firstly, it
allows for the synthesis of pure and highly efficient organic
compounds, including the production of high-molecular-
weight polymers. Secondly, catalysis offers the opportunity to
synthesize various metal-containing systems, either organic or
inorganic, which act as catalysts in various organic reactions.

Experimental methods

We are currently presenting a review [1] that discusses
the synthesis of heterogeneous catalysts using supercritical
carbon dioxide technology (Figure 2). The method for
impregnating metal compounds on a carrier is as follows.
The metal compound is placed in a chamber and treated with
supercritical carbon dioxide at a temperature of 31 °C and a
pressure of 73,8 MPa. After impregnation of OM in the pores of
carriers the metal compound is then reduced using hydrogen
gas or another reducing agent, and it can be heated to form
metal compounds. The pressure and temperature are then
reduced, and the metal is deposited on the carrier. Finally,
after the depressurization process, the mixture is poured into
a separate chamber for final use.
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Figure 2: The method for impregnation of OM (metal containing

compounds).

The proposed method is highly efficient, and it also has
a significant impact on human health and the environment.
Unlike strong and hazardous solvents commonly used in the
synthesis of many catalytic systems, carbon dioxide is a low-
risk option. Carbon dioxide is non-toxic, non-flammable, and
non-explosive.

In many ways, this method works well when the solubility
of metal complexes in supercritical carbon dioxide is high
enough. These data have been published in several reviews
[2-4]. Some data are shown in Figure 3.

Compoundssuchaspalladiumtriacetates dissolve very well
in supercritical carbon dioxide, and fluorine-containing metal
complexes dissolve very well. 2,2,6,6-tetramethylhaptodione
for metal complexes are good ligands. Inorganic or polymeric
carriers are also very important for the creation of deposited
metal-organic catalysts. For example, oxide are good carriers
for its: A1203, Sio,, Tio,, Fe,0,, Zi0,, mesoporous carriers, such
as: MCM-41 or SBA-15. Mesoporous carriers (MCM-41, SBA-
15) they are also use. In addition to them, polymer carriers are
also used: poly-a-olefins, polypropylene imine dendrimers,
super crosslinked styrene and others.

In the table (Figure 4), we demonstrate you a list of
some reactions that were carried out by a number of foreign
researchers on the synthesis of catalysts using supercritical
carbon dioxide. It can be seen that by using various platinum
group metals and their ligands as catalysts, as well as various
carriers, the resulting contacts had a size of the order of
nanometers. The reactions used were the hydrogenation
of various compounds, their hydrogenolysis, and oxidation
reactions.

We are now presenting a diagram of a metal reactor for the
introduction of supercritical carbon dioxide, which contains a
glass volume (100 ml) for the solution of a metal component
that will interact with the carrier and form a supported metal-
organic compoud on the carrier (Figure 5).
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SOLUBILITY OF METALCONTAINING COMPOUNDS
IN SUPERRITICAL CARBON DIOXIDE

(CH,CO0),Pd  (CF,CO0),Pd Palladium Acetate, Palladium Trifluoroacetate

Palladium Acetate, Palladium Trifluoroacetate

Dicyclopentadienyl Ruthenium,
Platinum dichloro-1,5-cyclooctadienyl

2,2,6,6-Tetramethylheptadionate (ligand)

CATALYSIS with SUPPORTED METALLS,

SYNTHESIZED in SC-CO,
Metl | Lignd | Carrier | TSI Reaction Jourmal | Year
Pd DMG 7-AlL O, 2 Sudeuki-Miyura J. of S.F. 2017
Nitrobenzene
Pd FoAcAc SBA-15 15-20 hydrogenation J. of 5.F. 2011
Rh -OAc FSM-16 - Butine CatLett | 2002
hyidrogenolysis
Ru-Rh {AcAc)y SBA-15 5 Hydrogenetion Green.Chem. | 2017
Pt (Achc), | N I 510 CH,-0H LPhys.Chem | 2005
b Limoncne
N 7 -15 . of 5.F. 017
Pr,Ru,Ni FoAcAc Graphen 2-1 hydrogenation J. of §.F. 20
Pt (COD);Me, Aerogel 1-3 JLPhys.Chem | 2004
Polv(CH)2- Hydrogenation of Adv. Mater,
h 5 3
RN O[Sy allylic alcohol Reweh ||

Figure 4: A series of works completed in recent years.

Scheme of the reaction vessel for carrier impregnation
with metal compounds

1- metal reactor;

2-carbon dioxide injection tap;
3-glass liner;

4-polymer carrier;

5-Schott filter;

6-metal compound

Figure 5: The scheme of the reactor for impragnation of metal to the
carrier.

The conditions under which the impregnation of metals on
the carrier and the reduction of metall were carried out are
listed below. The impragnation was the next: the ratio of MC/
PC = 5-40/50-100 mg/mg, where MC = metall conttaining/
compounds, PC = impgnation of polymer carriers. P(CO,) = 15
MPa, T,°= 40-50, duration 0,5-24 h. Reduction P(H,) = 5,0-6,5
MPa, T,°C = 50-120, duration =4 -10 h.

Results and discussion

As previously shown (Figure 6), the amount of palladium
strongly depends on the nature of the palladium complex,
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Infl e both of poly and precursor nature on the
palladium content on the carrier

MPF PPI SCp

Pd(CH,C00), - 0,072 0,60

N[CF,CDOh 0,19 0,29 1,77
Pd[(t-C,H,)CO0],| 0,02 0,047 =

Pd(F.AcAc), 0,27 0,26 0,69

Figure 6: Dependence of the palladium content (in wt. %) on the initial
compound.

5,

Size distribution of rhodium particles in matrix of polymer
supports obtained by TEM method: PPI (a), MPF (b)

)

Relative content, %
Relative content, %
4

as well as on the polymer carrier, which used a phenol-
formaldehyde polymer (MPF), polypropylene imine, and
cross-linked polystyrene. (MPF), polypropylene imine (PPI)
and cross-linked polystyrene (SCP).

As can be seen from the figure, the content of palladium
strongly depends on the nature of its starting compound. The
presence of fluorine atoms increases the content of palladium,
and the nature of the polymer carrier also helps to increase
its content.

The following figure (Figure 7) shows the distribution of
rhodium particles on two polymers, MPF and PPI (the initial
compound Rh(Ac-Ac),), determined by TEM [5]. The data
obtained show that the sizes of rhodium particles are very
small, for one of the polymers, PPI, they have 1.10+0.15 nm,
for the second - 1.82 + 0.14 nm, while there is practically a
unimodal distribution in size.

All the obtained catalytic systems were used for the
hydrogenation of various organic substrates (olefins,
conjugated dienes, and acetylenes) at a temperature of 80 °C
and a hydrogen pressure of 1 MPa for 1 hour (Figure 8). It can
be seen that the conversion for rhodium is quite high, and the
activity of the catalysts is expressed as the ratio of the moles
of the reacted substrate to the number of metal g-atoms per
unit time. For palladium catalysts, hydrogenation was carried
out in the case of conjugated dienes and acetylenes, where
hydrogenation occurs only when a single double bond in the
substrate molecule is hydrogenated, resulting in the formation
of olefins. The interest in this reaction stems from the need to
purify monomer molecules (monoenes and their derivatives)
from traces of dienes and alkynes, which act as catalytic
poisons for their polymerization. The obtained data (GLC)
allow us to conclude that palladium catalysts have increased
activity and selectivity for olefin yield, which is about 97-99%
of olefins with more than 94%conversion.

Further, during the hydrogenation of diphenylacetylene
in the presence of a palladium catalyst, the deposition
of palladium complexes on cross-linked polystyrene of
various natures was studied (Figure 9) [6]. It turned out
that when using the SCP MN-100 carrier, where the number
of substituents includes tertiary amino groups, form more

https://doi.org/10.29328/journal.aac.1001062

Figure 7: Size of Rh particles in matrixes of polymer support PPI (a), MPF (b).

Hydrogenation of unsaturated hydrocarbons
catalyzed by Pd- and Rh-systems
(conditions: T = 80°C, 1 MPa H,, 1 hrs)

Metal precursor Polymer carrier Substrate Conversion, % TNF, 5!
Rh{AcAc), PPl n-Octen 51 443
“ou MPF Styrene 29 94.5
e PAMAM “_w ] 122,3
PA(CH,CO0), PPI Phenylacetylene 14,5 27,1
2,5-Dimethyl-2,4-
l, 9 9
Pd(CF,CO0), PAMAM TR 1 44,
“_u MPF Hou 97 529

Figure 8: Hydrogenation of unsaturated hydrocarbons by Rd- and Pd-

catalysts.

Hydrogenation of diphenylacetylene (DFA) in the presence of
Pd-catalysts based on various precursor and carrier type

Precursor Type of SCP TNF,, min' | TNF,, min " :: - e 2 ‘]
Pd(AcAc);, | SCPMN-100 246 141 ' At
PA(CF,CO0), L 179 a1 - /
Pd(F,AcAc), | SCPMN-100 249 13,9 u
n_= SCP MN-202 15,1 139 ; e o R~
SR ScERaN (I a8 16| e mohi ahanol (i -y 0 ot

toluene (3); T = 250C, P = 1 MPa Hz

Figure 9: Hydrogenation of diphenylacetylene in the presence of Pd-

catalysts ba sed on various cross-linked polystyrene and carrier type.

stable palladium catalysts. Hydrogenation was also tested in a
number of different solvents, among which the most suitable
was chosen toluene, in which the ratio of TNF, to TNF, was
more preferable (3.75 in compared to 1.47).

We have developed another model, where the palladium
atoms were obtained by laser focusing on a sheet of palladium,
whose atoms immediately broke away from the plate and
immediately landed on the nearby powder of aluminum oxide
[7]- It should be noted right away that the whole process took
place in an atmosphere of supercritical carbon dioxide. The
source of radiation was a laser of the Lotis LS-2138TF brand
(Belarus) with a wavelength of 1064 nm, a frequency of 50 Hz,
a pulse duration of 15 ns and an energy of pulses of 160 m].
The carrier was a powdered y-aluminum oxide (fraction 0.25-
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0.50 mm). The temperature of the CO, flow was 50 °C, and the
pressure was 180 atm (Figure 10).

In the following figure (Figure 11), we can see that the
traces of palladium atoms are just beginning to detach from
the plate (a), then they move to the solid carrier (b), and
finally they land on the carrier (c).

Next, the distribution of palladium particles on the surface
of aluminum oxide was determined, and this was done for
both the 0.25-0.5 mm and the 0.1-0.25 mm fractions of AL O,
particles (Figure 12).

Then, the obtained catalysts were tested in the
hydrogenation reaction of an acetylene derivative. Figure 13

The scheme of laser ablation process of palladium target in the
presence of alumina at the medium of SC-COz

High pressure reactor
Laser irradiation source
Focusing lens

Palladium target
Suspended Al203 particles
Magnetic stirrer

Observing window
High-pressure ports for gas
and sensor inputs

r; |
Figure 10: The scheme of the laser ablation of palladium atoms.

Photos of a palladium target in the process
of laser ablation in SC-CO:

B R A

. lagar baam
e

a - the beginning of the ablation pr i
b - after ~5 minutes of ablation in the first stage (stirrer is not included);
¢ - at the second stage after turning on the stirrer.

The white dotted line shows the target surface

Figure 11: Photos of a palladium target in the process of laser ablation in SC-CO,.

Determination of the size characteristics of Pd particles
in the Alz0s matrix

TEM images of Pd size
distribution for various
fraction of Al 203 :
a=-0,25-0,5mm;
b-0,1-0,25 mm

<d>=4,1 nm
@=24 nm

Figure 12: Determination of the size distribution for various fraction of Al,O..
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CATALYSIS EXPERIMENTAL TESTS

M

curves of hydrog P

2 during hydrogenation of DPA on Pd/ALO,
1 with the fractions of Al,0,: 0,25-0,5 (1)

and 0,1-0,25 (2).

Parameters: P (H;) = 1 MPa., T= 28 °C,

[c=] = 0.16 mol/l, m_,, =5 mg

TNF(1)=2,15! TNF(2)=1,2s"

H, absorption, gram-atom

a

Figure 13: Kinetic curves of hydrogenation of diphenylacetylene on Pd/
ALO,

shows the kinetics of the hydrogenation of this hydrocarbon,
which indicates that the reaction proceeds very quickly, with
a zero-order reaction in the first stage, suggesting a selective
hydrogenation pathway for the acetylene compound (selective
hydrogenation) [7,8].

Conclusion

In summary, this study considered two fundamental
methods for the synthesis of highly active nanocatalysts using
supercritical media. The specific conditions and features
of these synthetic procedures were detailed, highlighting
how they provide effective immobilization of metals within
the carrier matrix. Furthermore, various examples of
heterogeneous catalysts were presented, alongside their
dimensional characteristics and catalytic performance
in reactions such as the hydrogenation of unsaturated
compounds. Ultimately, the results obtained thus far
demonstrate the significant prospects for developing new,
highly efficient, and environmentally safe technologies for
the production of heterogeneous catalysts across a range of
petrochemical and organic synthesis processes.
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