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Artigco 1

Catalytic wet peroxide oxidation of formic acid in
wastewater with naturally-occurring iron ore
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IDepar‘tment of Chemistry, University of the Free State, Bloemfontein, 9200,
Republic of South Africa
Ipepartment of Geology, University of the Free State, Bloemfontein, 3300,
Republic of South Africa

Different experimental conditions of the wet oxraI:IL::of formic acld and thelr observed rate constants
no Amount of catalyst [HO0] [formic acid] k. x10*min?’ TOF s
Al 50 mg 4M 126 M 5.11(2) 7.12x 10°
A2 50 mg 6M 126 M 6.24(2) 7.12x 10%
A3 50 mg 8M 126 M 6.59 (2) 7.12x 10%
A4 50 mg 10M 126 M 8.78(1) 7.12x 10%
A5 50 mg 12M 1.26 M 8.92(0.2) 7.12x 10%
A6 50 mg 15M 1.26 M 12,00 (3) 7.12x 10%
B1 50 mg 4M 252M 7.35(6) 2.24x 107
cl 50 mg 4M 63M 9.87 (2) 5.60x 107
D1 50 mg M 126 M 17.3(3) L12x 104
A7 100 mg 4M 126 M 10.00 (1) 336x10°
A8 150 mg 4M 126 M 1431 (2) 2.30x 10%
A9 200 mg 4M 126 M 21.75 (3) 1.73x 10*

Hydrogen peroxide decomposition and formic acid oxidation test with Fe;03 catalyst

Moles formic acid converted
Moles of F 20,

Time(s)

TOF =

Reaction mixtures (10 mL} were preparad according to Table 3, while stirring at 35°C. After the pH was adjusted to
2 with the addition Hy5Q4, the required amounts of formic acid and Fep03 catalyst (iron ore) were added. Samples
were taken at regular intervals and analysed by ATR FTIR.

Turnover frequencies (TOF) were determined by the following equation:

In addition, pseudo first-order rate constants, kgoghs, Were calculated by fitting kinetic data to the first-order

equation

(Espenson, 1995
= 0.

[Alt = [A]p elkobs

with [Alt and [A]g the absorbance of the indicated species at time £ and at ¢t

Comentario: no artigo foi
realizado o estudo cinético

da decomposicao do

peroxido de hidrogénio e do
acido formico com
diferentes quantidades de
catalisador. Valores de kobs
foram bem explorados e o

TOF calculado segundo a

equacao mostrada ao lado.

Entretanto, a falta de
informacao do tempo de
atividade do catalisador

impede o calculo do TON.

H,O0, decomposition with iron ore powder

[HO,] pH k. x 10°min’* TOFs!
2M 2 1.09(0.3) 1.97 x 10°
4 M 2 1.08 (0.4) 3.93x10°
6M 2 1.06 (0.4) 5.89x 107
SM 2 1.03(0.5) 8.85x 10”




Artigo 2

Determining Number of Active Sites and TOF for the High-
Temperature Water Gas Shift Reaction by Iron Oxide-Based Catalysts
Minghui Zhu and Israel E. Wachs™*

Operando Molecular Spectroscopy & Catalysis Laboratory, Department of Chemical and Biomolecular Engineering, Lehigh
University, Bethlehem, Pennsylvania 18015, United States

Table 1. WGS Activity, Number of Sites [n('*0)], and Turnover Frequencies {TOFs)

catalyst WGS activity-H,O conversion (3 107° mol/sg) Mz n(**0) (% 107" mol/g) density of N3 ("0 atoms/nm®) TOF (% 107" 57)
Fe, 03, 12 + Q1 0.9 4+ 0.1 19 + 2 1.3+ 02
Cr,0;—Fe, 0y 20 + 0.1 1.7+ 02 16 + 2 1.2 + 02
Cu-Cry0y—Fe, 0y 57 03 16+ 02 16 + 2 35+ 04

“10% CO/Ar (10 mL/min), He (30 mL/min}, and water vapor (H,0/CO ~ 1); T = 330°C.

Normalized Mass Intensity

Time (min)

Figure 3. Transient rupons; of He, “’0 CHO™ O CH#0,,

normalized to = e nd minimum intensity for b\tt;l'
comparison of their transient bthanor The CO isotope signals are
corrected for contribution of CO, cracking in the MS because cracking
of the dominant CO, isotopes in the mass spectrometer significantly
contribute to the CO MS signals.

Comentario: o TOF foi calculado
pela divisao da conversao de
agua em T = 330°C, que é o
momento do inicio da conversao,
pelo numero de sitios ativos. Se
considerarmos a parte linear do
grafico da agua como o tempo
ativo do catalisador, pode-se
calcular o TON multiplicando-se
o TOF dado por esse intervalo de
tempo.
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Table 4: Catalytic performance of unpromoted Fe-catalysts after 4 h TOS/h TOS/h

TOST,

From: Metal organic framework-mediated synthesis of highly active and stable Fischer-Tropsch catalysts

Sample
25-Fe@C
27-Fe@C
31-Fe@C
38-Fe@C
1-Fe/CNF#
5-Fe/CNF
20-Fe/CNF
20-Fe/O-CNT

Supplementary Figure 10 FTS performance of Fe@C obtained from the pyrolysis of Basolite F-
300 at 773 and 873 K. Carbon conversion (A) and selectivity to methane (B) as a function of time

on stream (70S).

d (nm) GHSV* em? gL mint X (%) FTY (10 molg . s71) TOF,pparent (57%) a References
3.3 1,000 59 4.9 0.11 0.43 This work
2.6 1,000 60 4.4 0.07 0.44 This work
2.8 1,000 T0 4.4 0.07 0.42 This work
3.6 1,000 72 3.8 0.08 0.40 This work
21 100 10 14 0.08 0.30 B FTY = Xen F[n(‘ﬂil"sﬁ'ﬂz] TOF = FTY . Mga
32 100 11 0.2 0.02 0.34 i WEe DE
6.9 100 10 0.06 0.01 0.44 i

3 833 27 1.4 ND 0.45 3

ND, Not determined; Carbon conversion (X, %), activity per gram of Fe (FTY}, apparent turnover frequency (TOF, per mol Fe present) and chain growth probability {a). For comparison, the

catalytic performance of some reference catalysts, as reported in open literature, is also included: Fe supported on carbon nano-fibres, prepared by incipient wetness impregnation (X-Fe/CNF,

X: wit%h of Fe), and Fe supported on oxidized carbon nano-tubes (20-Fe/0-CNT, where Fe loading is 20 wtd%). [FTS experiments were carried out at 613 K, 20 bar, and Hy/CO=1

“GHSV is expressed as cm® g* min~? to directly compare our experimental conditions with the ones described in 26, since the catalyst bed density is unknown.

Comentario: o TOF foi calculado segundo a féormula apresentada, na qual o Fe
time yield (FTY) se da pelo nCO convertido por grama de Fe por segundo. Assim
o TOF aparente foi calculado considerando os dados de dispersao do ferro no
catalisador. Foi considerada a conversao no t = 10h, ou seja, no inicio da reacao
(como devido).



Artigo 4

Pore size effects in high-temperature Fischer-Tropsch synthesis over @CWM
supported iron catalysts

Kang Cheng *", Mirella Virginie®, Vitaly V. Ordomsky “, Catherine Cordier “, Petr A. Chernavskii®,
Mikhail 1. Ivantsov “, Sébastien Paul®, Ye Wang ", Andrei Y. Khodakov **

Table &

Catalyric performance of iron catalysts supported on silicas with different pore sizes (flowrence high-throughput unit, Hy /00 = 2.1, GHSY = 16,200 ml g~ " k", 300 =C, 20 bar, time
on strearm, &0 h).

Cartalysts Hen () lron time yield (107757 L0, selectivity [%C mol) CH selectivity (%C mol) Olefin| paraffin C.-Cy
CH, -3 Cy-Cy paraffins [

10Fe5LEE o o - - = - . -

10Fe5152 194 b5 7.8 16.9 121 19.2 41.b 063

10Fe51T22 232 By B3 165 11.8 19.0 41.7 02

10Fes1T 237 9B 93 17.1 11.7 16.7 423 0649

10Fe51922 154 52 B4 19.6 128 17.3 408 o574

10Fe5I17.5S 285 9B 10.6 136 152 11.0 471 1.38

10Fe5150 338 11.4 122 13.6 13.7 11.5 a7 2 1.19

 Comentario: o TOF foi calculado pela razao
do xco convertido por mol de sitios de ferro
na superficie por segundo. Foi considerada
a conversao apos 60 horas de reacao e que,
segundo os autores, € o tempo que leva
para que o catalisador atinja uma
performance catalitica estavel.



Artigo 5

8 .&5
Isolated Metal Active Site Concentration and Stability Control = e aroren,)
Catalytic CO, Reduction Selectivity 5
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Strong correlations were observed between the catalytic reverse water gas shift turn over frequency (TOF) and the fraction of

Rh,,, sites and between catalytic methanation TOF and the fraction of Rhy sites.
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Figure 3. Rh, site fraction and r-WGS TOF plotted as a function of wt % Rh at (a) 1CO,:4H,, (b) 3CO,:H,, and (c) 10CO,:H, feed ratios. The
left axes are Rhy, site fractions, which are displayed in the plots as a black line connecting the measured values for graphical clarity. The green, blue,
and red data points correspond to measured r-WGS TOF and are quantified in the right axis of each plot.
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Figure 56. a) Rhyp site fraction and methanation TOF plotted as a function of Wt % Rh at a)
1CO2:4H2 b) 3C0O2:Hz, ¢) 10 CO2:H: feed ratios. The left axes are Rhnp site fractions, which are
displayed in the plots as a black lines connecting the measured values for graphical clarity. The
green, blue, and red data points correspond to measured methanation TOF and are quantified in
the right axis of each plot.

Figure S8. TOF for both reaction pathways plotted as a function of time-on-stream for the 6%
RWTiO: catalyst at 200 °C and a feed ratio of 10CO2:Hz. Also displayed is how the rate of TOF
changes (d(TOF)/dt) shown in Figure 5 were calculated.

Comentdrio: para o objetivo do artigo
foram calculados diferentes TOF's usando a
conversao de CO por sitios totais, por sitios
de Rh single-atom e por sitios de
nanoparticulas de Rh em diferentes
momentos  da reacao, pois ha
desintegracao das NP’s em single-atoms.
Dessa forma pode-se criar os dados de TOF
para cada reacao competitiva (metanacao
e RWGS) em cada tipo de sitio (NP e SA),
podendo-se gerar também o grafico de
dTOF/dT para cada reacdo. O estudo foi
bem completo em relacao aos TOFs,
justamente por ser fundamental para o
objetivo do artigo.



