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1. Hexadecyl Trimethyl Ammonium Bromide



M-AY amio AF+Y 50 5 53T ATY o ko ;&_"/}}
k4

)L«—Aﬂu_:yus)_wwl_wé»_w@?:_woli»_wo
Woled oo s D-4179  Slea o sl 5la s

ol oo ool

4o Ladiged (o Sipeh glie 9 LSl g5
5 (XRD) oSGl anal ol I S
l_;JLu‘ )9_~..5 cslw GNR oK_wo 4L_~¢94.:

)‘ oolax | l_) ol N L)_" el o\.k_ni C—wddn

(30kV, 30 mA ,2=1.5405 A) Cu Ka i a—ie
IRURT JURCII ) JY JPLIIPR < DI L 423 I G
eSol anal il Lol s LacSy ol
plul JICPDS ' Sledbol oKL wlwl s Ladiges

RGP P

2 0ad S sladigel (60,5 anlie jolate 4y
Ok Fg b assed p o3IV g lade (iaghy o
Cll s gladgl j5ST) o 5ol 58, S
5 03909 3 Ol e 5 Wlonss S B
S8 g VY °C los jo «(HYCO=Y) ouSlgige S
Sy plosl jstate 4y )9 ST, (59,5 S el

el 0o ), 85 CO ygumlify youn

o155 amly el o gy Sleod p51 (i
J395=1

=T 9 s wi=zly 5 iz slas g
CA-550¢ CA- sladiges o by o &l pa> xyigs
o sols Loz ¥ IS5, CA-900 4 700

( X o9y pla> 9 g3y
HTAB +usulleit i o1+ Jpiygjy | ———>
A OC glos 3 30, ¥

ol 9 o8 Sk
#+°C glos o YPh ey
V40 °C slod o Y Ome

FENTIpUER

I 391 595 LS pailss 5 late 4y
cails g, 53951 oS g asalle B Joi s 93,
Ladiges yidw 0520 Suilods .l 000 ,5 oolaz il
o=y ladiges .l oai ooy Lzs VSl o
LS 3551 S 59y 09 ekl CULS (39,51
asallo i Jstas 93, (AT 59,51 595 = 09 piils
dodle o= Jgia 93, Joloee a0l Ll o LS
Co-CA-C 4 CAc Co-CA-Ac Co-CA-B 35 4y
Kloai (5,156l

03wl 390 (bl sl g,

T G- Sl ou s cax gloDly oo
y9—iS el Spectro Arcos (ICP-OES) (s ,5— ,—id
s ol o ILS (5, Sojlusl jetaie 4y L]l
S8y sl ool J59, 5T ) (655
Micromeritics (g ,—is 35 Cdzly 5 iz olSiws
BET b5, bawsi Lddiges 05ys zlaus AASAP 2010
Ladiges Lo i oo g Laoyio ;a8 o, Sk
el 00530 5 a_wlxo BIH g, Loy

ch— i 9 Ll in l—
oSl oeSy See ) Ladiges
(MIRA3 (TESCAN)

9,
FESEM ] N VO A1
Ol o Ladiged JLSlws) (o) jo—aie 4 g
A azgi Ly ol oo eolin_ul CM120 (TEM
(=stdes slaoild > Ladiges Siolw,d Conl

3 Ladigel Sl cnglin (5, ojlul Cgx

Wemin S 40,58 )3 gandiin S
Yoo °C LsLd).)

== o=

LS &l 2 gl LS ol 2 gl

A+ °C 3 Yth e 05 St + OC o el YF St 4 09,5 S5
Co-CAB Voo °C 9 1Y emin Se & ualSS g 55,0 Gl Yoo OC jo 0 VYoMl Soe &y S

_ 89l 2 s3lays
LS &l st HTAB+asulle it e O Jyims 5,

_
A+ 0C sles 59, ¥

ST | 4o 9 e s ogeliinS | cnllt
_’[ ¥oioC ol 5 Womtinaus [+ CoCAC

J3921 25 b 59y » LS Jlab <5 il ogo 3l o lge b ¥ S

1. Joint Committee on Powder Diffraction Standards
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Introduction

Carbon aerogels (CA) are sponge-like carbon materials
obtained by carbonizing organic aerogels. The term
acrogel refers to the replacement of air instead of
liquid within a solid nanostructure without structural
shrinkage [1]. Depending on the type of precursor,
drying methods and carbonization conditions of the
aerogel, the volume of micro and meso pores of carbon
aerogels can be controlled [2].

In order to remove the gelation solvent, there are
several methods, which can be referred to as solvent
replacement, supercritical drying, and freeze drying.
In recent years, due to the high costs of the mentioned
methods, drying in environmental conditions is used
to improve the chances for large-scale application [3].
Carbonization is usually carried out in tube furnaces
under inert gas in the temperature range of 550-2100
°C, and the optimal carbonization temperature is
selected depending on the intended application [4].

In the present study, carbon aerogel was synthesized
at pyrolysis temperatures of 550, 700 and 900 °C and
the effect of pyrolysis temperature on the structure
of carbon aerogel have been investigated., Cobalt
was then doped on the CA support using various
methods, and physicochemical properties have been
investigated.

Materials and Methods
Carbon aerogel synthesis

Carbon aerogel was synthesized in ambient condition

Accepted: September/07/2023

by resorcinol and formaldehyde precursors with
polycondensation (sol-gel chemistry) and then
carbonized under nitrogen flow at temperatures of 550,
700 and 900 °C for 120 min. CA samples carbonized at
the above temperatures will be referred to as CA-550,
CA-700, and CA-900, respectively.

Cobalt-doped Carbon Aerogel Synthesis
Cobalt-doped CA was synthesized by the following
three main strategies: (i) cobalt impregnation on the
carbon aerogel, (ii) cobalt impregnation on the organic
resorcinol-formaldehyde aerogel, and (iii) addition
of cobalt to the initial resorcinol-formaldehyde
mixture before precursors polymerization. In all these
methods, the precursor Co(NO3)2.6H20 is used, and
cobalt is deposited on the carbon aerogel with a weight
percentage of 15%. Cobalt precursor impregnated on
carbon aerogel, cobalt-doped resorcinol-formaldehyde
aerogel and cobalt added to resorcinol-formaldehyde
solution will be referred to as Co-CA-A, Co-CA-B,
and Co-CA-C, respectively.

Results and Discussion
Effect of Pyrolysis Temperature

The pore size distribution (PSD) of CA-550, CA-700,
and CA-900 samples evaluated using the BJH model,
and the NLDFT method showed that increasing the
pyrolysis temperature of the organic aerogel reduces
the pore volumes and increases the pore size.



The larger size of the pores in CA-550 and CA-900
samples compared to the CA-700 sample has caused
the larger pores to act as the stress concentration center
and reduce the mechanical strength of these samples.
Surface morphology and particle size of the CA-550,
CA-700, and CA-900 samples are presented in Fig.
1. It is seen that in all samples, the carbon materials
are formed by almost spherical particles with different
degrees of neck interconnection. The presence of
necks increased the mechanical resistance of the
catalyst due to the connection of the particles to each
other [5]. Unlike the interconnected structure of the
CA-550 sample, in the CA-700 and CA-900 samples,
the interconnectedness of the particles has decreased,
which is due to the large weight loss of the aerogel
during the carbonization process at high temperatures
compared to 550 °C.

Fig. 1 FESEM microphotographs of CA-550, CA-700 and
CA-900 samples.

Among the synthesized samples, the pyrolysis
temperature of 550 °C shows the presence of pores
above 10 nm, which is due to the incomplete pyrolysis
process at this temperature. Pyrolyzed support at 900
°C shows the presence of macropores (destruction
of micropores) and the decrease in particles
interconnection. Pyrolysis at 700°C creates pores in the
range of 2 to 10 nm, which has an acceptable specific
surface area as a support. In the following, CA-700
sample was chosen as the support and the method of
cobalt doping was investigated.

Effect of Cobalt Doping Method

The specific surface area, total pore volume, mean
pore diameter and mechanical strength of the CA and
prepared samples are presented in Table 1.

The specific surface area of the samples decreased
with cobalt loading on CA. The Co-CA-C shows the
lowest specific surface area, average pore diameter,
and total pore volume, which concluded that the
cobalt precursor could affect the synthesis mechanism
of carbon aerogel and catalyze the polymerization
process. More cobalt precursor solution penetrates
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into the sample with larger volume and pore size
and increases the dispersion of cobalt particles after
pyrolysis [6].

Adding cobalt to the CA reduced the mechanical
strength of the samples. The Co-CA-C sample has
the highest mechanical strength among the synthetic
samples, which can be due to the small volume and
pore size. Larger pores in Co-CA-A and Co-CA-B
samples are more sensitive to deformation and fracture
under tensile forces applied during the compression
test.

Table 1 Surface area, pore volume, pore diameter and me-
chanical strength of CA support and Co-CA-A, Co-CA-B
and Co-CA-C samples.

BET ~1p hanical
surface ore Mean pore Mechanica
Samples volume . strength (kg/
area 3. | diameter (nm) 1
gty | emg) pellet)
CA 483.8 0.354 34 9.90
Co-CA-A | 406.4 0.892 8.8 8/71
Co-CA-B | 4325 0.721 4.8 8/66
Co-CA-C | 311.3 0.174 22 9/74

Fig. 2 shows XRD patterns of the CA and Co-
CA-A, Co-CA-B and Co-CA-C samples. Amorphous
structure can be concluded from the wide peaks of the
CA. Two diffraction peaks centered at 230 and 430
are attributed to the (0 0 2) and (1 0 1) surfaces of
graphite carbon, respectively. For Co-CA-A, and Co-
CA-C samples, the peak at 44.30, 51.90 and 760 can
be assigned to the face-centered cubic (FCC) Co0.
The diffraction peak at 36.90 in the XRD pattern of
Co-CA-B sample can be ascribed to Co,O, particles.
The broadening and narrowing of the peaks in the
Co-CA-B sample compared to the Co-CA-C sample
indicates the uniform distribution of cobalt particles on
the CA in this sample [7].

intensity (a.u.)

CA

15 25 65 75

35 45 55
2 theta (degree)

Fig. 2 XRD patterns of CA support and Co-CA-A, Co-CA-B
and Co-CA-C samples.
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Conclusions

1- Increasing the pyrolysis temperature of organic
aerogel reduces the pore volumes and surface area.

2- The pyrolysis process at 700 °C resulted in creation
of mesoporous carbon aerogel with a specific surface
area of 483.8 m?/g.

3- FESEM micrographs show that carbon particles
are formed by almost spherical particles with different
degrees of neck interconnecting.

4- The high dispersion of cobalt and the ability to
control the size of particles have been seen in the
impregnation method, while in the third method, the
cobalt precursor catalyzes the polymerization process
and leads to the formation of microparticles.

5-The selectivity of CH, increased by reducing the size
of cobalt particles and the small mean pore diameter
did not allow the growth of hydrocarbon chains during
the CO hydrogenation process.
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