International Research Journal = Ne 12 (150) = December

HAHOTEXHOJIOTYA 1 HAHOMATEPUWAJIBI / NANOTECHNOLOGIES AND NANOMATERIALS

DOI: https://doi.org/10.60797/IRJ.2024.150.4

NEW CARBON BASE NANO ABSORBENTS FROM MYANMAR MACADAMIA NUTSHELLS, APPLIED FOR
THE ADSORPTION OF N-BUTANOL FROM VAPOR-GAS MIXTURE

Research article

Saw W.M." *, Zaw Y.N.%, Naing L.S.?, Klushin D.V., Klushin V.N.?
'ORCID : 0000-0003-2531-3575;
2ORCID : 0000-0001-6676-9929;
3ORCID : 0009-0001-7464-3493;
*ORCID : 0000-0001-9011-6039;
12345D 1. Mendeleev Russian University of Chemical Technology, Moscow, Russian Federation

* Corresponding author (sawwinmyint86[at]gmail.com)

Abstract

The plant waste from Myanmar's numerous industries is generally used with low efficiency. Along with this, the data of
scientific and technical information indicate that on the basis of waste similar in nature, it is possible to obtain high-value
products of sufficiently high quality, in particular, carbon adsorbents, focused mainly on solving the problems of cleaning
industrial effluents and emissions. Activated carbons offer a large spectrum of pore structures and surface chemistry for
adsorption of gases, which are being used to design practical pressure swing and thermal swing adsorption processes for
separation and purification of gas mixtures. The activated carbons are often preferred over the zeolitic adsorbents in a gas
separation process because of their relatively moderate strengths of adsorption for gases, which facilitate the desorption
process. Three commercial applications of activated carbons,

a) trace impurity removal from a contaminated gas;

b) production of hydrogen from a steam-methane reformer off gas;

¢) production of nitrogen from air, are reviewed.

Four novel applications of activated carbons for gas separation and purification are also described. They include,

a) separation of hydrogen-hydrocarbon mixtures by selective surface flow of larger hydrocarbon molecules through a
nanoporous carbon membrane produced by carbonization of a polymer matrix;

b) gas drying by pressure swing adsorption using a water selective microporous carbon adsorbent produced by surface
oxidation of a hydrophobic carbon;

¢) removal by selective adsorption and in-situ oxidation of trace volatile organic compounds from air by using a carbon
adsorbent-catalyst composite;

d) storage of compressed natural gas on high surface area carbons.

The paper describes the preparation procedure, characterizes the yield and structural and adsorption properties of steam
activated carbon based on macadamia nut shells, compared with those based on coconut shells and plum seeds. The kinetics
and equilibrium of their absorption of n-butanol vapors from their mixtures with air are estimated, and the dependencies are
modeled according to known equations. The conclusion is made about the prospects of the studied way of processing waste
macadamia nuts.

Keywords: waste, coconut shells, macadamia nuts shells and plum pits, carbon adsorbents, volatile organic solvent vapor
capture.

HOBBIE YITIEPOJHBIE HAHO-AZJCOPBEHTEI 13 CKOPIYIIbI OPEXOB MAKAJAMMWU B MbSIHME,
WCIIOJIb3YEMBIE /1 YIAJTEHUS H-BY TAHOJTIA U3 TIAPOBO3YIIIHOW CMECHU

Hayunas crarbs

Co B.M." %, 30 E.H.2, Hauur JI.C.3, Knymun /I.B.*, Knynmu B.H.?
'ORCID : 0000-0003-2531-3575;
2ORCID : 0000-0001-6676-9929;
3ORCID : 0009-0001-7464-3493,;
>ORCID : 0000-0001-9011-6039;
12345 PoccuiiCKU XMMUKO-TEXHOI0TMYeCKUi yHuBepcuteT nmenu .M. Mengeneesa, Mocksa, Poccuiickas ®egeparus

* KoppecnoHaupytoiuii aBTop (sawwinmyint86[at]gmail.com)

AHHOTa M

PactuTenbHble OTXO[BI MHOTOUMC/IEHHBIX TPOU3BOACTB MBSHMBI B I[€JIOM HCTIO/B3YIOT C HU3KOM 3(h(hEeKTUBHOCTHIO.
Hapsiiy ¢ 9TMM [JaHHbIe HayYHO-TEXHUYECKOW WH(OpPMAL[MM CBHETE/LCTBYIOT, UTO Ha 6a3e CXOAHBIX IO MPUPOJE OTXO[0B
MO)KHO TI0/Iy4aTh MPOAYKThl TOBBLIILIEHHOM CTOMMOCTH [OCTaTOUHO BBLICOKOTO KayeCTBa, B UAaCTHOCTH, YIVIepOJHbLIE
azicopbeHThl, OPUEHTUPOBAaHHbIE B OCHOBHOM Ha pellleHre 3a/lau OUMCTKU TIPOM3BO/ICTBEHHBIX CTOKOB U BHIOPOCOB. AKTHUBHBIE
YIJIM TIpe[ylaratoT MIMPOKWHM CIEKTP TMOPHUCTBIX CTPYKTYp W €ro TIOBepXHOCTHOM XWUMUHU [Jisl afcopOLyy ra3oB, KOTOpbIe
WCIOJIB3YIOTCS /1J1s1 pa3pabOoTKU MPAKTHUeCKUX TIPOLIECCOB aficopOiuu ¢ KosiebaHueM JJaB/ieHus U TEMITepATyp [Jisl pa3/ie/ieHust
Y OUMCTKH Ta30BbIX CMeCeil. AKTUBHbIE YIJIM UacTO MPEJIIOUUTAIOT 1[e0/IUTHBIM aZicopbeHTam B TIPOLiecCe pa3/ie/ieHust ra3oB
M3-3a UX OTHOCHUTEIhHO yMEpPeHHOW Cu/bl ajcopbiuy ra3oB, uto obserdaer mporecc gecopbiuu. PaccMoTpeHbl Tpu
KOMMepYeCKUX TIPUMeHeHUs] aKTUBHBIX YTJIeH:
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a) yZ#aneHue cJjiejoB MpUMecel 13 3arpsi3HEHHOTO rasa;

6) MPOM3BOACTBO BOJOPO/jA M3 OTXO/SILIEr0 Ta3a MapoBoro pudopMepa MeTaHa;

B) MPOM3BO/ICTBO a30Ta U3 BO3AyXa.

Tak>Ke OMUCAHBI YETHIPE HOBBIX PUMEHEHUsI aKTUBHBIX YIJIEeH [Jis pa3/iesieHus: M OUMCTKY ra30B. OHU BKJIIOUAKOT B Ce0s:

a) pasjesieHMe CMecel BOJOpOJa U YIVIEBOJOPOJOB MYyTEM CEJIEKTUBHOTO TMOBEPXHOCTHOTO TIOTOKAa Oosiee KpYIHBIX
MOJIEKY/T YIJIEBOAOPOJOB uepe3 HAHO-TIOPUCTYIO YITIEPOAHYIO MeMOpaHy, MOTyuYeHHYH0 MyTéM KapOOHW3aLWH TOJIMMepHON
MaTpUIIbI;

0) ocymKy rasa MyTéM afcopOLMHM TpU IepPeMeHHOM [laB/leHWHd C WCIOMIb30BaHUEM CeJIeKTUBHOTO JIsi  BOJbBI
MUKPOTIOPUCTOTO YIJIEPOJHOTO aIcOpPOeHTa, MOyYeHHOTO MyTEM MOBEPXHOCTHOTO OKUC/TeHUs THAPOGOOHOTOo yIieposa;

B) yJajieHue TMYTEM CeNeKTHBHOM afcopOLuM U OKUCJEeHUs Ha MeCTe CJie/JOB JIETYYUX OPraHUYeCKUX COeJMHEeHWH U3
BO3/[yXa C WUCI0/Ib30BaHWEM KOMITO3UTa YIJIEPOJHOr0 a/icopOeHTa-KaTanan3aTropa;

T') XpaHeHHe C)KaTOro TIPUPOIHOTO ra3a Ha YI/ax ¢ OOJIbIION TUIOIaibi0 TOBEPXHOCTH.

B pabore omucaHa mpoiiefiypa MpPUTOTOBJIEHHUS], 0XapaKTePHU30BaHbl TOKA3aTe/d BbIXO/IA U CTPYKTYPHO-a[ICOPOLIMOHHBIX
CBOWCTB aKTUBHOT'O YIS TAPOBOM aKTHUBALIMK Ha 6a3e CKOP/YIbI OPEXOB MaKaZlaMHUH, COMOCTaB/IeHHbIe C TAKOBBIMH Ha OCHOBE
CKOPJIyTibl OPEXOB KOKOCOBOUW MajibMbl U KOCTOUEK C/uBbl. OlleHeHbl KUHETUKA W PAaBHOBECHE TMOIVIOIIeHWs WM MapoB H-
OyTaHo/a U3 UX CMeCel C BO3yXOM, TIPOBEJIEHO MOZETUPOBaHHE 3aBUCUMOCTeE! 10 U3BeCTHBIM ypaBHeHUs M. Clie/iaH BBIBOJ, O
MEepCIeKTUBHOCTH U3yUeHHOTO MyTH TiepepaboTKU 0TXOJJ0B OPEXOB MaKa/JaMHH.

KiroueBble €JI0Ba: OTXO/bI, CKOPJyINla KOKOCOB, CKOpJIyNa Maka/|JaMHUHM, KOCTOUKU CJIMBBI, YIJIEDOJHbIE afCcOpOeHTHI,
y/1aBIMBaHYE T1apoB JIeTYYUX OPraHUYeCcKUX PacTBOPUTEeH.

Introduction

More and more attention is being paid to the issues of engineering protection of the environment and, in particular, the
development of processes for the disposal of industrial waste and the protection of the hydrosphere. The above areas
correspond to the goals of UN SDG 6 "Clean Water and Sanitation" and UN SDG 12 "Ensuring sustainable consumption and
production patterns” and are included in the concept of a circular economy, which undoubtedly confirms their relevance [1].

Recently, a significant number of scientific groups have been inclined towards the rejection of traditional inorganic
reagents, in favor of materials obtained from plant raw materials (sorbents, ion-exchange materials, etc.). A lot of work has
been devoted to the development of technologies for processing industrial [2] and agricultural [3] waste with the production of
reagents for water purification processes of waste, as well as a pronounced economic effect due to cost reduction.

It is known that the quality of carbon adsorbents largely depends on the raw materials used [5]. For example, materials
obtained from coconut bark, seeds of various plants and other agricultural wastes have proven to be good sorbents [6], [7].

Macadamia fruits are hard and very strong spherical drupes, usually 1.5-2 cm in diameter with 1-2 kernels (seeds) inside,
because of the original taste of their kernels, are ubiquitous, despite the rather high cost, Increasingly growing interest [8]. In
2019, the global production of macadamia nut kernels amounted to 59 thousand tons, or less than 8% of the pulp of other nuts,
such as almonds, walnuts, cashews, pistachios, etc. However, between 2009 and 2019, the production of macadamia nuts grew
by 57%, faster than any other tree nut [9]. In Myanmar, macadamia has been cultivated for more than a decade, and the main
product is not the kernel, but the nut in the shell (OSM). By 2019, Myanmar is estimated to have produced 300-500 tonnes per
year, or less than one percent of global production [10], [11], [12]. The production of marketable products (nuts, pulp,
concentrates) is accompanied by the formation of a huge amount of waste in the form of shells.

The main purpose of this work is to assess the possibility of using Makadam nutshells as a precursor for the production of
carbon adsorbents, as well as to assess the sorption efficiency of the obtained materials.

Experimental part

A representative sample of macadamia nutshells (MNS) selected at a macadamia nut farm in the village of Pwe Gauk in
the village of Pyin-Oo-Lwin in Mandalay District of the Republic of the Union of Myanmar was used in the work. For this
purpose, the shell was subjected to rough cleaning with tap water in order to separate the sand, and then several successive
washes with distilled water to remove dirt and thin fragments of nuts (dust, dispersed fines). After that, the purified raw
materials were dried in the sun for 7 days to remove external and, partially, adsorbed moisture, and then in an oven at 110 °C
for 5 hours, providing a constant mass precursor, the appearance of which is characterized by photo (a) of Figure 1. The
resulting precursor was mechanically crushed and a fraction of particles with a size of 2-5 mm was separated from the grinding
product using a sieve, which is most suitable for good heat distribution and pore formation in the processes of pyrolysis and
activation, placing it for storage in sealed containers photo (b) of Figure 1.
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Figure 1 - Ensemble of fragments of prepared raw materials:
a - raw materials; b - sealed containers
DOI: https://doi.org/10.60797/IRJ.2024.150.4.1

The study of the rational conditions for pyrolysis of the prepared raw material was carried out based on the results of
preliminary experiments at a heating intensity of 10 °C/min, a final temperature of 700 ° C and a 60-minute duration of
isothermal holding of the processed material. Activation of the target pyrolysis product was carried out at a temperature rise at
a rate of 15 °C/min to 900 °C without thermal exposure, the specific consumption of water vapor was 5 g per 1 g of the
resulting activated carbon. The yield and structural-adsorption indices of the obtained carbonisate and activated carbon based
on Macadamia nutshells and the above-mentioned carbon adsorbents are compared in Table 1 [13], [14].

Table 1 - Some Evaluated Characteristics of Carbonates (K) and Activated Carbons (AC) Obtained under Rational Conditions
for Processing Dense Plant Waste in Myanmar

DOI: https://doi.org/10.60797/IRJ.2024.150.4.2

Raw Vs (cm?/g) by vapour:
Material
Adsorbent . I, mg/ MB, mg/ Vs, cm®/
Yield, % g8 g8 | Vg oy cCl, H,0
mass.
CS (K) 25.3 403 53 0.32 0.16 0.03 0.15
CS (AC) 15.2 620 281 0.8 0.37 0.24 0.36
PS (K) 31.0 108 40 0.56 0.07 0.11 0.07
PS (AC) 25.3 868 152 0.92 0.37 0.34 0.19
MNS (K) 55.3 864 230 0.56 0.02 0.03 0.19
MNS
(AC) 25.5 1183 269 1.23 0.46 0.37 0.47

Note: CS — coconut shell; PS — plum seed; MNS — macadamia net shell

The obtained samples of adsorbents were tested in the processes of capturing vapors of volatile organic solvents (VOS)
from their vapor-air mixtures (using the example of n-butanol vapors) [15]. Activated carbons obtained from coconut shells
(CS) and plum seeds (PS) were used as a comparison sample [16]. In order to compare the expediency of using activated
carbon obtained from MNS to extract vapors of volatile organic solvents from their VOS under almost identical conditions, the
kinetics and equilibrium of these processes were studied using the examples of the use of n-butanol vapors and the
characterized laboratory-made active carbons.

Experimental results and discussion

As emphasized in the paper [17], even with similar values of the composition, technical characteristics and conditions of
processing raw materials in the form of similar wastes of geographically different places of formation, the yield and individual
properties of carbon adsorbents obtained from them do not always correspond to their best samples. This circumstance is also
confirmed by the experimental data described below. Nevertheless, with various, and in some cases with high efficiency, their
use can solve a wide range of problems of purification from organic impurities of industrial emissions and discharges. The
kinetic adsorption curves of n-butanol vapors from its PVS by the active carbon obtained in the work from MNS (a) are
compared in Fig. 2 with similar for laboratory-made activated coals CS (b), PS (c).
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Figure 2 - Kinetics of adsorption at 20 “C of n-butanol vapors from their AVM by samples of used activated carbons (specific
consumption of AVM is 2.5 1/(cm?* min), the size of adsorbent grains is 3.0-5.0 mm, the numbers of the curves are the values of
p/ps:
a-MNS; b-CS; c-PS
DOI: https://doi.org/10.60797/IRJ.2024.150.4.3

A formal description of the kinetic curves of Fig. 2 is possible using an equation of the form a = A(1-e-B ), the values of
the coefficients A and B of which are given in Table 2 (a is the value of absorption, mg/g; T is time, min).

Table 2 - Values of the coefficients A and B of the equation a = A(1-e®7)
DOI: https://doi.org/10.60797/IRJ.2024.150.4.4

. Values of the coefficients A (numerator) and B (denominator) at P/Ps
Activated carbon
0.2 0,5 0,8 1,0
CS 80/0.05 167/0.04 197/0.05 208/0.05
MNS 35/0.10 85/0.10 140/0.14 185/0.20
PS 79/0.05 123/0.05 158/0.05 175/0.05

The characterized information allows us to state the difference in the shape of the presented kinetic curves. In the region of
low P/Ps values, MNS activated carbon demonstrates a lower absorption capacity than PS and CS, which is due to the weak
mutual attraction of the molecules of adsorbate and adsorbent MNS. Although the adsorption rate constant B is maximum for
activated carbon MNS, at P/Ps = 1, this adsorbent absorbs more n-butanol in its pores than the adsorbent PS, but is inferior to
active carbon CS.

According to the ultimate saturation values shown by the kinetic curves in Fig. 2, the corresponding adsorption isotherms
are constructed (Fig. 3).
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Figure 3 - Adsorption equilibrium of n-butanol on the compared active carbons:
I-CS; II - MNS; III - Ps
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A formal description of isotherms in Fig. 3 is possible with the help of an equation of the form a = K(P/Ps)'", the values of
the coefficients K and n of which are summarized in Table 3.

Table 3 - Values of equation coefficients a = K(P/Ps)""
DOI: https://doi.org/10.60797/IRJ.2024.150.4.6

. Coefficient
Activated carbon
K n
CS 222 0.61
PS 182 0.50
MNS 185 1.00

The highest value of K, which expresses the absorption capacity of the adsorbent, is observed for activated carbon among
the active carbons of plant waste from Myanmar from a large volume of micropores. The parameter n, which characterizes the
energy of interaction of coals with butanol, is the smallest for active carbon PS. This corresponds to the most convex
adsorption isotherm (Fig. 3), which is favorable for capturing low concentrations of butanol vapors. In terms of value n, the
resulting new macadamia nutshell activated carbon is comparable to other types of macadamia nutshell activated carbons.

Conclusion

Thus, the studies allow us to state quite satisfactory absorption properties of the obtained new activated carbon from
macadamia nutshells, in the studied process of extracting n-butanol vapors from their mixtures with air, which indicates the
probable competitiveness of this adsorbent in solving the problems of purification of organic substances from vapors of
emissions of high concentrations, provided that its production is organized in the conditions of Myanmar.
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