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ABSTRACT

Carbon capture and sequestration contains a group of technologies keeping the
differentiation of CO, from large industrial and energy related sources, transport to
a storage location and long-term isolation from the atmosphere. Previous studies of
CO, adsorption on low-cost iron metal oxide surfaces strongly encourage the possible
use of metal oxide as sorbents, but the tendency of magnetite particles to agglomerate
causes a lowering of CO, sorption capacity. This work investigates the adsorption
behavior of CO, on composite materials prepared coating a low-cost carbonized
rice husk (cRH), commercial carbon black (CB) with magnetite fine particles. The
CO; capture capacity of composites and based on rice husk materials was evaluated
the basis of the breakthrough times measured at atmospheric pressure and room
temperature in a lab-scale fixed bed micro-reactor. To this aim the reactor has been
firstly operated for CO, adsorption data with obtained samples.

Keywords: Rice husk, Carbon black, Solid sorbent, CO, capture, Magnetite, Carbon-
based composite, Fixed bed.

Introduction

After discovery high surface area, good porosity
and mainly low-cost of carbonized biomasses, they
become good candidates for supporting CO, capture and
sequestration technology (CCS). CCS embodies a group
of technologies containing the separation of CO, from
huge industrial and point energy sources, transport to
a storage location and long-term segregation from the
ambient air. There are main three methods available
for CCS technologies: post-combustion capture, pre-
combustion capture and oxy-fuel combustion. Post-
combustion is the most advantageous near-term CO,
capture strategy, because it does not imply substantial
modifications to the combustion process technologies
currently used [1-6]. Using of solid sorbents offers
a remarkable advantage over the other separation
approaches because it offers selectivity, great capacity,
reduced energy for regeneration. M. Zhu, G. Diao
reported that performances of the solid sorbents toward
CO, absorption are often studied at high pressures [7].
It was found that materials with a large capacity for CO,
uptake at high pressure often do not perform well at low
pressure and in particular it was established processes
at low pressure (post-combustion conditions 1 bar and
€O, 10-15% vol.)

The CO, uptake capacity is influenced primarily
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by functionality effects rather than pore metrics. New
materials with uncommon surface chemistry could
find large applications in adsorption processes. Recent
studies of CO, adsorption on low-cost hydroxylated
metal oxide surfaces strongly encourage the possible
use of metal oxide as sorbents [8-12]. Rice husk
(RH) is a green material that has a great potential for
technological applications since it can be converted to
different types of fuels and chemical feedstocks through
a variety of thermochemical conversion processes. Rice
husks - is the outer shell of rice kernels that protects the
internal components from external attacks of insects
and bacteria, but also RH need to let in air and moisture
for the growth of corn. Due this function, rice in the
process of natural evolution has created in its husk
unique nanoporous layers [13].

The adsorption properties of carbonized rice
husk is interesting research subject in industrial and
environmental context. Annually produced about
200 million tons of rice husk in the all rice producing
countries. Kazakhstan - one of rice produced country,
in our country grows more than 470 thousand tons of
unmanufactured rice per year. Twenty percent of this
value is residue - rice husk. The production of adsorbent
materials on the base of the rice husk can solve two
environmental problems: utilization of agricultural
wastes and use it for CO, capture [14]. There are many
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studies of carbonized rice husk used for waste water
remediation, also have a lot of adsorbent for oil products
and blood. In this work we investigate adsorption
behavior of composite materials based on rice husk and
magnetite for CO, capture, compare that result with
following the same approach presented in previous
works on the CO, capture performances of FM loaded
on a carbon-based reference material (carbon black)
[15], also we investigate rice husk without magnetite in
different condition for CO, capture.

Experimental part
2.1 Used materials

Carbonization process of raw RH was going on in
auger furnace shown below with 500-800° temperature
for 3 h [16]. Finished material-carbonized rice husk
(cRH)- was taken from Innovative Enterprises “Zhalyn”
in Almaty, Kazakhstan.

Installation Capacity:

- For the final product: more than 50 kg/day

- On the feedstock (humidity less than 100%) 150-
160 kg/day

- Degree of processing of the carbonaceous raw
material 80-85%

- Degree of purification of exhaust gas is not less than
98%

- Consumption of blow water (running or reverse)
51/h

- Flow activator (air) 0,005 m3/kg

- The installed capacity of not more than 90 kW

- Power ~ 50 Hz, 380V

CB N110 type (furnace CB) was obtained by Phillips
Petroleum Co. Its density at 25 °C is 1.8 g mL™, and the
surface area (SA) is 143 m? g'. CB is a monodispersion of
chain-like aggregates of spherical primary particles with
average diameters of 15-20 nm [17]. All agents were

used from Sigma-Aldrich, were analytical reagent grade
and used as received.

2.2 Preparation of the samples

Five different cRH-magnetite composites and five
CB-magnetite composites were produced by varying the
amount of cRH/CB (0.10 g for cRH/CB-FM-1, 0.35 g for
cRH/CBFM-2, 0.60 g for cRH/CB-FM-3, 0.90 g for cRH/
CB-FM-4 and 1.2 g for cRH/CBFM-5). These composites
were produced adapting the co-precipitation strategy
reported by Luo [18]. Briefly, material (cRH or CB)
was suspended into 200 mL of de-ionized water by
sonication for 20 min and then 50 mL aqueous solution of
FeCl;*6H,0 (1.4 g) and FeS0O,*7H,0 (0.70 g) was added.
The mixture was kept at 30 °C for 30 min under stirring.
After that, 10 mL 28% ammonia solution was added in
order to adjust the pH at 10. The mixture was kept for 1
h at 90 °C under stirring. The workup of the cRH-NH,0H
and cRH-NaOH samples preparation produced without
adding FM.

2.3 CO, adsorption tests

For test CO, adsorption used fixed bed (shown below
in Fig. 2) with CO,/N; gas mixture (15 Nl/h) ata fixed CO,
concentration (3% vol), operating under atmospheric
pressure. The CO, concentration in the inlet and outlet
gas streams has been measured by online continuous
ABB infrared gas analyzer.

Process of preparing 5 different composite material
based on cRH or CB and magnetite was described in
previous work previous work, cRH was used instead
reference material carbon black (CB) [15]. A set of
RH/FM composites were produced by varying the
amount of carbonized RH from 20 to 80 wt.% in order
to optimize the sorbent properties for CO, adsorption
applications[15].

Fig. 1. View of auger furnace for carbonization raw rice husk [16].
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Fig. 2. Experimental apparatus: 1) N, cylinder; 2) CO; cylinder;
3) N; flow meter; 4) CO, flow meter; 5) multichannel control
instrument; 6) 10 mm ID fixed bed reactor; 7) CO, analyzer;
8) stack

Table 1

Content of cRH and magnetite in samples
Sample cRH,wt.% FM, wt.%
cRH/FM-1 14,3 52,6
cRH/FM-2 36,8 39,9
cRH/FM-3 50 28,3
cRH/FM-4 60 23,3
cRH/FM-5 66,7 18,8
cRH-NH,OH 100 0
cRH-NaOH 100 0

Also like this technology we prepare 2 sample with
only cRH in presence at first NH,OH, at second NaOH.
We obtain 7 samples (Table 1): cRH/FM-1, cRH/FM-2,
cRH/FM-3, cRH/FM-4, cRH/FM-5, cRH-NH,0H, cRH-
NaOH.

Results and discussion

cRH features presented at the Fig. 2 show good
porosity and developed surface area (SEM) and contain
about 66.09% of carbon (EDAX) (was investigated in
Nanolaboratory, al-Farabi Kazakh National University,
Almaty, Kazakhstan), cRH have amorphous structure
with crystalline includes (XRD) (was investigated in
Institute of Research Combustion, Napoli, Italy). Due
to contain of silica (13.36%) rice husk can be saved
for long time, without decay and that reason make cRH
unique carbon material.

Magnetite (Fe;0, FM) and CO, interaction proceeds
through acid-base interactions involving unsaturated
metal and O sites exposed on FM surface [15]. The FM
sorption capacity islowered by the tendency of magnetite
particles to agglomerate that lowers the exposed surface

area. The dispersion of magnetic particles on carbon-
based solid matrices has been proposed to face this
limitation [19].

Preliminary results (Table 2) performed amount
of absorbed CO, and time need for saturation of the
samples. As we can see composite material RH/FM don’t
show best result like it be with reference materials CB
(CB/FM-3 mads = 16.5) (Table 3). The highest result
we get from samples only with rice husk (without
magnetite) after treatments NaOH and NH,OH. Also
with samples cRH-NH40H and cRH-NaOH increased
saturation time of sorbent, 21 s and 13 s accordantly.
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Fig. 3. Physicochemical properties of carbonized rice husk
(XRD, SEM and EDAX)



12 A. Zhumagaliyeva / TOPEHUE U TJIA3SMOXUMHUA 17 (2019) 9-13

Table 2
CO, adsorption tests results
Sample m,qs (MmgCO0,/g) t (s)
FM 10.87 4
cRH 11.26 8
cRH/FM-1 8.39 4
cRH/FM-2 12.00 7
cRH/FM-3 8.87 4
cRH/FM-4 7.43 4
cRH/FM-5 7.38 3
cRH-NH,0H 29.23 21
cRH-NaOH 21.88 13
Table 3
CO; adsorption tests results with carbon black [4]
Sample m.q; (MgCO,/g) t (s)
FM 10.6 3
CB 6.5 13
CB/FM-1 11.1 15
CB/FM-2 16.1 25
CB/FM-3 16.5 24
CB/FM-4 14.9 27
CB/FM-5 7.2 3

The increase of sorption capacity in samples with
cRH is primarily due to the fact that the silica is washed
out, as well as possible, so that the elemental carbon
content increases more than 80% after the leaching
process (Table 4).

Conclusion

Carbon dioxide capture testing results with
adsorbent obtained from RH get a good possibility to
be investigate as a new interesting material in this area.
Sorption capacity showed approximately more than 10
mgCO0,/g performance. Also that efficiency opens up
the possibility to widely use and study derived biomass
as a low cost materials for CO, capture. Unlike of CB,
composite materials based on cRH and FM showed
decreased sorption capacity than pure cRH. But samples
treated by NH,OH and NaOH performed excellent
characteristic of CO, adsorption, enhanced more than
77% and 32% respectively.
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Table 4

Elemental analysis of cRH-NH,OH and cRH-NaOH CO, sorbents
Element (wt.%) C 0 Si Ca Mg Fe Cu Other
Sorbent
cRH-NH,OH 81.48 13.19 4.49 0.28 0.25 0.13 0.12 0.05
cRH-NaOH 87.44 8.29 2.05 0.44 0.35 0.27 0.34 0.82
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HaHOKOMIIO3UTHBIN MaTepuas Ha OCHOBe yrjepoja
JAJIS TEXHOJIOruM yJiaBauBaHus CO,

A. Kywmaranuesal, B. lapruysio?, ®@. ParanaTu?,
E. lockanos?!, M. Anbde?

'KasHY umenu Anb-®apabu, npocnekT anb-Papadu 71,
Asmatsl, KazaxcTan
MuctutyT Uccnenosanus lopenus, Heanosb, UTanus

AHHOTALUA

YnaBavBaHUe U CEKBECTpAllUs YIJepoa COAEPKUT
TPynmny TeXHOJOTUH, obecneyuBawiiux auddepen-
puranuio CO, U3 KPYNMHBIX NPOMBIIIJIEHHBIX U 3Hepre-
THUYECKUX HMCTOYHHUKOB U TPAHCIOPTHUPOBKY K MECTY
XpaHEeHHUs B JJOJITOCPOYHYIO U30JISILUI0 OT aTMOCHEPBI.
[Ipenpiayuive uccienoBanus ancopo6muu CO, Ha He-
JIOPOTUX TOBEPXHOCTAX W3 OKCUJA MeTaslla »KeJse3a
HaCTOSITeJIbHO PEKOMEeH/0Ba/ld BO3MOXXHOE€ HCIOJIb-
30BaHUE OKCH/Ia MeTaJlJla B KayeCTBe COPOEHTOB, HO
CKJIOHHOCTb YacCTHUI, MarHeTUTa K arJioMepaluu BbI3bl-
BaeT CHUXKeHUe crocobHOoCTH K copbuuu CO,. B fanHoM
paboTe uccneayetcs ajcopbuuoHHoe noBeaeHue CO,
Ha KOMIIO3WIIMOHHBIX MaTepHasaxX, NPUTrOTOBJEHHbIX
C IOKPBITUEM U3 JiellIeBON KapbOHU3UPOBAHHOU pHCO-
Bo# menyxu (cRH), Texunyeckoit caxu (CB) ¢ Mmenku-
MU 4YacTHULAMHU MarHeTuTa. COCOGHOCTh yJIaBJIUBATh
CO, KOMNO3UTHBIMU MaTepHaJiaMy Ha OCHOBE PUCOBOU
IIeJyXd OLleHMBAJM C MOMOLIbI0 BpeMEHU NPOPHIBA,
M3MepeHHOTO NpY aTMocpepHOM /IaBJIeHUH U KOMHAT-
HOW TeMIepaType B JJabOpPaTOPHOM MHKpPOpEaKTope
C HEeMoJBWXHbIM CTaTU4YeCKUM cjo0eM. C 3TOH Liesbio
JlaHHbII peakTOp BIIEpBble 3KCIJyaTUPOBAJICA JJis
omnpejiesieHUs1 COPOLUOHHON COCOOHOCTH MO JUOKCU-
[ly yrJepoza C MoJIiydeHHbIMU 06pa3iaMH.
Katouesble cnoea: prucoBas Liesiyxa; TeEXHUYECKasl Ccaxa;
TBepAbINA copbeHT; yyuaBauBaHue CO,; MarHeTUT; KOM-
MO3UT HAa OCHOBE yIJIepO/ia; CTAaTUYECKUU CJIOM.

CO,-Hi ayJjiay TeXHOJIOTUSICbIHA apHaJ/IFAaH KeMipTeK
Heri3iHAeri HAHOKOMIIO3UTTi MaTepuaJl

A. XKywmaranuesal, B. lapruyso?, @. Paranatu?,
E. lockaHoB?, M. Asibde?

lon-Papabu atbiHAarel Kaszak Y/ATThIK YHUBEPCUTETI,
asn-dapabu ganf. 71, Aamatsl, KasakcTaH
“KaHy bl 3epTTey MHCTUTYThI, Heanosb, UTanus

AHJATIIA

CO;-Hi ipi eHpAipicTik KoHe 3HepreTUKAaJIbIK KO3-
JepiHeH nuddepeHIUsICbIH KAMTaMachl3 eTil, aTMOC-
depasiaH y3aK yakbIT U30JIALUSIAHYbIH KaMTaMachl3
eTeTiH caKTay OpPHbIHA TPaHCHOPTTAy TEXHOJIOTHUSCHI
Jamyza. bypeiH kapusianran CO,-HiH KbpIMOAT eMec
TeMip OKCHAi 6eTiHe afcOpOUUACH XKOHIH/IeTi 3epTTey-
Jiep MeTaJlJl OKCH/iHiH COPOEHT peTiH/ie KOJIAaHbLIYbIH
YChIHbI. Bipak MarHeTUT GeJillleKTepiHiH arsomepa-
nusra 6edimpairi CO, copbiusicblHa KabiseTiH TeMeH-
feteni. Bepinren xxymbicta CO,-HiH, ap3aH Kapb6oHU3a-
LUsJIaHFaH Kypill KaybI3blHAH, TEXHUKAJbIK, KyHe/eH,
MarHeTUTTIH ycak, GeJlleKTepiMeH ajiblHFaH KOMIIO-
3ULUSJIBIK MaTepuasapFa aJcoOpOIUOHABIK KabineTi
3epTTesreH. Kypim KaybI3bl HeriziHjeri KOMMNo3uLu-
AJIbIK, MaTepuaagapmen CO, aysay KabijneTiH aTmoc-
depanblK KpICbIM/IA XK9He GeJiMe TeMIepaTypachlH/a
J1abopaTOPHUSA/IBIK MUKPOPEAKTOP/ia 6JILIEHTeH YaKbIT
allplpMallbIBIFBIMEH  3epTTesiHAl. Ocbl  MakcaTTa
OepisireH peakTop KeMipTeK AWUOKCH/IiH, aJbIHFAH YJI-
riJlepMeH COpUMSAIbIK KACUETIH aHbIKTAY YUIiH 6ipiHImIi
peT KOJILaHbl/1/bL.
Kianmmik cesdep: Kypill KaybI3bl, TEXHUKAJBIK Kyle,
KaTTbl copbeHT, CO, ayJsay, MarHeTUT, KeMipTeK He-
riziHjieri KOMIO3UT, CTaTUKAJIbIK KabaT.



