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IN MCM-41 FOR APPLICATION AS CO 2 ADSORVENTS IN THE PRE-
SALES NATURAL GAS CURRENTS
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Received2018-10-15 The new oil fields discovered in the Pre-Salt Pmoei have large oil reserves, but the
Accepted2018-12-20 technological challenges for their economic expitién are enormous. One of the problems
Available online2019-04-25 with these reservoirs is that the associated gas ltigh concentrations of carbon dioxide,
palavras-chave which must be removed and disposed of properlthit way it is necessary to develop
Adsorcao technologies for the separation of €f@om natural gas streams, but there is a compiirat
Impregnagao for these new technologies; the fact that they nestble to treat currents with relatively high
MCM-41 concentrations of carbon dioxide. In the presemjget, the alkaline-earth cations Ca, Mg,
Ba and Sr in the molecular sieve MCM-41 will be iegmated for adsorption in natural gas
ws streams, as this modification will provide the fatian of acid sites favoring the adsorption
Impregnation reaction.
MCM-41
RESUMO

Os novos campos de petréleo descobertos na PraviiodPré-Sal possuem grandes reservas
de petrdleo, porém os desafios tecnoldgicos pasaaaexploragdo de forma econdmica séo
enormes. Um dos problemas com esses reservat@wgue 0 gas associado possui altas
concentragdes de diéxido de carbono, que deveesaovido e disposto apropriadamente.
Dessa forma € necessario se desenvolver tecnolpgiasa separagdo de G@e correntes
de gas natural, mas ha um complicador para estaastecnologias; o fato de que elas devem
ser capazes de tratar correntes com concentragflaivamente altas de diéxido de carbono.
No presente projeto sera feita a impregnacéo dd®iea alcalinos terrosos Ca, Mg, Ba e Sr
na peneira molecular MCM-41 para adsorcdo nas cotes de gas natural, pois esta
modificacao ira proporcionar a formacéao de sitiasdos favorecendo a reacao de adsorcao.
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1. INTRODUCTION 41, will provide the appearance of basic sites ffisngp the
adsorption reaction.

Excessive emissions of greenhouse gases in rec2nfMETHODOLOGY
decades have led to global warming, a problem thates

rising ocean levels, increased occurrence of stonmnsicanes, .

and other weather phenomena related to the waraiirthe 2.1 Synthesis of MCM-41
atmosphere. Gases such as carbon dioxide;)(Q@ethane For synthesis of MCM-41 a gel of the following
(CHg4), nitrous oxide (MNO) and water vapor (D) are composition was used CTMABT: 2.62 NaOH: 8.17 TEQ433
responsible for maintaining the earth's temperdtyreetaining H;O. The reaction mixture was prepared as followstilsn
radiation in the infrared length emitted by thetle'arsurface, hydroxide-NaOH (76% w / w, Merck) was dissolvedaihthe
cause the planet to overheat. water required for the synthesis, then cetyltringistimmonium

The need to mitigate the impacts caused to tft1Jéomide-CTMABr(98%, Sigma- Aldrich) was inserteda the

environment by the emission of carbon dioxide, thgewith solution where it was left under mechanical st'gr(BOO_ rpm)
the possibility of using it in the industrial andvger generation ata tempiratu_re of 80 C fqr 30 minutes. T_e”a@“;'m’?e'
sectors, has driven the search for new ways ofuciagt and TEOS (98%, Sigma-Aldrich) is added (dropwise) taaction

storing this gas. In this sense, in addition to ttalitional mixture remaining for a further 2 hours under tf@me

techniques for reducing GQevels in the atmosphere, such agondmons as above.

reducing energy consumption and increasing equipmen After this step the solid resulting from the syrsise
efficiency; the sequestration processes of carlppear as an process was recovered by vacuum filtration, washeétth
important alternative (Orr Jr, 2004). distilled water to neutral pH and dried in a muffleen at 70 °C
for two hours.

In the case of release into the atmosphere frorhanet
separation, the sequestered carbon dioxide iseaad into the 2.2 Calcination of Samples

geological formation from which the oil is beingcted. This . .
procedure has already been carried out in someswelthe The removal of the organic residues from the sasple

world and recently began to be implanted in Brazipre-salt MCM-41 was done by calcination (MCM-41-C) (Bastp@04).

fields in a definitive way, no longer experimentahile at the The calcination method employed in this study wees t
same time dealing with environmental impact is ab® following: in a muffle with time and temperatureogramming,
alternative that increases productivity of the weslerefore, the the samples obtained were heated under statictammslat 550
pressure of the injected GMelps increase the oil recoveryC for 5 hours under air, with a heating rate 6C2min.

factor of mature wells, thereby increasing the guesinside the
well. The development of technologies for the safian and
capture of C@ has been considered a priority in the field of The method used for the preparation of supported
carbon sequestration, mainly because the cost jpfuiE is catalysts was the impregnation based on the wouofitella

around 75% of the total cost of geological or od@®an2009. The salts used in the impregnation were l&sfs:

sequestration, and the other 25% are with trangmakinjection , i 0 _
(Strazisar et al., 2000). - Strontium chloride (99%, Merck);

The removal of C@in large-scale industrial processes, Barium chloride (99%, Merck);
such as exhaust stream in coal plants, is comnuetfipormed - Calcium chloride (99%, Merck):;
in amine-based absorption columns although the lenub i
associated with corrosion and the high process especially - Magnesium sulphate (99%, Merck).
in regeneration, are exhaustively as discussetiarliterature The amount of salt added to the solution was ab6%
(Wang et al., 2011; Zhao et al., 2012). by mass of the amount of MCM-41-C. The salt coritajrthe

Adsorption is considered a competitive method acgamnetal ion was dissolved in 100 ml of distilled wat€hen the
amine washing technology (Amine Scrubbing). In tiisa, the solution containing Fhe salt was_added.to a vessstaining
advances were significant mainly with the developntd new MCM-41-C synthesized, where it remained for 1 haoder
adsorbent materials and new strategies in the abpar mechanical stirring until complete homogenizatiofihe

2.3 Incorporation of Metals

processes (Sayari et al., 2011; Samanta et al2)201 solution was then dried at 120 °C in a muffle oven.
The mesoporous silicas such as MCM-41, MCM-48 arfd4 Characterization of Samples
SBA-15 are in evidence due to their possible apfibos as X-ray _diffraction (XRD): The samples were

adsorbents or catalytic supports for gas adsorptiimse characterized by X-ray diffraction (XRD) using aifhdzu

separation, catalysis, preparation of nanostrudtunaterials gjffractometer, model XRD-6000, with Cu(\ = 0.1542 nm),

among others (Coasne et al., 2006). Ni filter, 40 kV and current of 30 mA. The data aisition was
The induction of a specific catalytic activity byperformed in the range ofdetween 1 and 10°, with scan speed

increasing the number of basic sites can be actiidwe ©f 2°/minand step of 0,02°.

incorporating a variety of metals into the mesasgtite by Programmed Temperature Desorption (PTD): The
direct synthesis, by impregnation or by ion exclangneasurement procedure takes place in several dtepally
(Eswaramoorthi et al., 2004). 300 mg of MCM-41 is placed in a reactor and sulejgdb a

The incorporation of the alkaline earth metals K, degassing treatment in order to eliminate the suloss

Ba and Sr, through impregnation in the moleculavesiMCM- adsorbed physically to the basic centers. The daugasccurs
at a flow rate of 30 ml / min of helium and a hegtrate of 10
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°C until reaching the temperature of 500 °C, renimgjrat that by subjecting the sample to a heating rate (10Mi®)/under
temperature for 1 hour. After degasification, ttemple is helium flow (30 ml/min) from ambient temperature&00 °C,
cooled to room temperature where it is subjectec t6Q remaining at that temperature for 30 minutes.

stream (30ml /' min) for 30 minutes. Then the catalis The CQ that is desorbed at different temperatures is

subjected to a helium flow (30ml / min) for 30 mies in order . i
to eliminate the C®adsorbed on the surface so that only t raév_ré:t()lyéﬁtrevr;el|um stream and recorded theretginibg the

CO, adsorbed chemically remains in the basic cenfdviGM-

41. Finally, the programmed thermal desorptionagied out
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Figure 1 — X-ray diffraction of calcined MCM-41 and MCM-41 samples.

3. RESULTS MCM-41 samples were prepared with incorporationhef Ca,
Mg, Ba and Sr salts. The X-ray diffractograms af gamples
are shown in Figure 2.

3.1 Characterization of Samples by X-ray Diffractin
. . When it comes to MCM-41 type materials, the concept
From the procedures des_crl_bed n the_ methodology t(r)]f crystallinity can not be used, as in zeolites;duse their walls
samples of pure MCM-41 and W'th impregnation of Mg, Ba are amorphous silica. The absence of peaks at haytges
gggmzrti;?lésn I\\/Avecrl\ejl_ﬂepared. Figure 1 shows thectedie indicates that the material is not crystalline, bwer, it is
) known that there is an orderly hexagonal networkens one
After the calcination, it was observed a decreasthé pore is surrounded by other six, generating theadheristic
intensity of the peaks characteristic of MCM-41isTtlecrease reflections of MCM-41.

'(;}ttr;% 'gtregf,'-tg cr)rfz;trt]:rperaezséﬁ pr:g‘zib%éelit?edsr?e;g%al MCM-41 samples impregnated with Ca, Mg, Ba and Sr
1996) gani P NSl P " showed typical X-ray diffraction patterns of MCM-41
' mesoporous materials.

From the procedures described in the methodology th
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Figure 2 — X-ray diffraction of CaMCM-41, MgMCM-41, BaMCM-41 and SrMCM-41 samples.
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3.2 Measurements of C@Adsorption Capacity desorption from different basic surface sites ofryia

. . L intensities. When analyzing the results of the TRZan be

_T_he techmqug was performed with the_ objective c\)/?erified that all the impregnated samples show ge&m peaks
quantﬁymg th? basicity of the best synthes!zednpslgs. between 50 °C- 200 °C from G®ound to weakly basic sites.

Previous studies have shown that ;C€an be irreversibly The desorption peaks found between 450 °C - 65aréGrom

adsorbed onto Otroups (basic sites) in the pores of X-MCM- ; L i
41 producing C& and HO molecules (Cheng, 1998).the exit of CQ bound to strong basic sites. The BaMCM-41

. ) . sample has a higher peak indicating greater daéearpt CQ.
However, mesoporous silica / alumina molecular eseare . ! o ;
o . L .~ These desorption profiles coincide with those fobgdseveral
more known by their acidic properties and theirl@ggions in

: : . . researchers using the same alkaline cations, vtheyeverified
acid-catalyzed reactions (Chaudhari, 2002; Ko, 2001 that the strength of the basic sites increasekdrotder BaO>

The effect of the addition of Ca, Mg, Ba and Sméite SrO> CaO> MgO (Cadigan et al, 2012).
earth cations on the basic properties of MCM-41 was
investigated using the TPD-GQechnique. The TPD profile
seen in Figure 3 shows several peaks that correlidteCO;,
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Figure 3 — TPD-CQ of impregnated MCM-41 samples, where: (a) BaMCM-41(b) STMCM-41, (c) MgMCM-41, and (d)

CaMCM-41.

4. CONCLUSIONS CHAUDHARI, K., BAL, R., CHANDWADKAR, A. J,
SIVASANKER, S. Beckmann rearrange-ment of
cyclohexanone oxime over mesoporous Si-MCM-41 and
Al-MCM-41 molecular sievesJournal of Molecular
Catalysis A: Chemical Maharashtra, India, v. 177, p.
247-253, 2002.

From the obtained results it is seen that through t
characterization techniques, it is possible to wtdad the
organization and the form of the material and talyae the
samples, in order to conclude that the impregnatibrthe
alkaline earth metals Ca, Mg, Ba and Sr was sufidgss
performed, the BaMCM-41 sample had a highep @i3orption
capacity compared to the other impregnated samples.
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