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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue birarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4uTas 3TO HallPaBJICHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxas3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa30oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBYS
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OnHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOAMMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OM3HECY IMIKOJbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iis moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHI HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepke M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAIWU IIE€AaroroB,
COBEpIIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIbBKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHUKAMH 3HAHUHM OyIyIIMX MOKOJeHHH KazaxcTaHueB. [Ipu mognepxkke donna
«XanplK» B IOKHOH cTONMie ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKONW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTall pealn3yeMblii MPOEKT 1O OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MpEeIIPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

Heob6xonumyro nmomois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!
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OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
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mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
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I'naBHbII perakTop:
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TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. The presence of heavy metals in the environment, as a result of human
activities, has resulted in water sources contaminated with these elements. This problem
has attracted the attention of researchers to find solutions to treat contaminated water and
wastewater, such as adsorption. Pumpkin is one of the most common foods in the world.
Pumpkin is consumed without seeds which are discarded as unwanted product. In this
work, pumpkin seed shells were used as a carbon precursor to produce pyrogal and then
used as an adsorbent to treat wastewater containing nickel (Ni) ions. The first sample of
pumpkin seed shells was obtained by washing pumpkin seed shells with distilled water.
The second sample was obtained by carbonisation in a GSL-1400X tube furnace in a
nitrogen atmosphere at 400 °C for 9 h. Derivatograms and thermogravimetric readings
of the adsorbents were obtained on a derivatograph of MOM company from Budapest,
as well as the results of structural analysis systems SEM and HKL-Basic were obtained.
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According to the experimental results, the optimum uptake of nickel ions occurs at pH
6.8, after 360 min, at a concentration of 50mg/L, by the adsorbent AC (activated carbon)
from PSS (pumpkin seeds shells), which is associated with an increase in the available
surface area, which in turn increases the availability of interchangeable sites on carbon
for Ni(II) adsorption. The results were obtained using Agilent 4200 AES.

Keywords: Activated carbons, thermal analysis, heavy metals, adsorption, nickel,
AES, SEM
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AHHOTanusl. AlaM 9peKeTi HOTIKECIHJEe KOpLIaraH OpTaia ayblp MeTaldapAblH
Ooiybl Cy KO3AEpiHIH OCBhl JJIEMEHTTepPMEH JacTaHyblHa okenai. byn wmacene
3epTTEeyIIIepAiH Ha3apblH JacTaHFAaH Cy MEH aAcoOpOLMs CHUSKTHI AFBIHABI CyJaapbl
TazapTy IIENIMJIEPiH i37eyre ayaapabl. Ackabak-ojemJIeri €H Kol TapajFaH
TaraMaapAbslH  Oipi. Ackabak KaKeTCi3 ©HIM pEeTiHIe TacTalaThlH TYKBIMCBI3
xerai. byn skymbicTa ackabak TYKBIMBIHBIH KaOBIFBI MUPOTTHI Ay YIIiH KeMipTeri
MPEeKypCcopbl PeTiHAe MNaijanaHbUIIBl, COAAaH KeHiH KypaMblHIa HHUKEIb HOHIAPHI
(Ni) Gap aFbIHIBI CyTapAbl Ta3apTy YIUiH aJCcOpPOCHT peTiHle KONAaHbUIABL. AcKabak
KaOBIFBIHBIH aJIFAIIKBl YArici ackaOak KaOBIFBIH Ta3apThUIFAH CyMEH A0 apKbUIBI
anbiaapl. Exiam ynri GSL-1400X kyOsipner nemte 400 °C temnepatypana 9 carar
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imiHAe a3oT arMocdepachblHa KOMIPTEKTEHY apKbUIbl albIHIBI. AJICOPOSHTTEpAiH
JiepUBaTOrpaMMaiapbl MEH TEpMOIpaBUMETPHSIIBIK KopceTKimTepi bynanemrreriMOM
KOMIaHUSICBIHBIH AepuBaTOrpadbIHan aibHbl, conbiMeH Katap SEM xone HKL-Basic
XKYHenepiH KYpbUIBIMIIBIK, Taldady HOTHKENepi albIHIbl. DKCIIEPUMEHT HOTHXKEIEpiHe
CcoiiKec, HUKEb MOHIAPBIHBIH OHTalbI ciHnyi PH 6,8-1e, 360 MunyTTaH keitin, 50 Mr/a
KOHIEHTpaLUsAa, acKabaK TYKBIMBIHBIH KaOBIFBIHAH allbIHFaH OCJICEHIIpIIreH KeMmip
azicopOeHTIMEH Kypeai, OyJ1 Ko >KeTiMIi OeTiHIH YIFarobIMEH OaiaHbICThl, OY1 €3
ke3eringe Ni(Il) ancopOuusichl yimiH KeMip/ie aybICTBIPBIIATBIH yYacKeIepIiH 00MybIH
aptTeipaasl. Hotmwxkenep Agilent 4200 ADC kemeriMeH anbIHAbL.

Tyiiinai ce3mep: OenceHIipiAreH KeMip, TEPMUSUIBIK Taujay, ayblp MeTajjaap,
a71copOIusi, HUKEIb
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AHHoTanus. [IprcyTcTBHE TSKENBIX METAJUIOB B OKPY>KaIOLEH cpeie B pe3ysbTare
JIESTEIbHOCTH YEJIOBEKAa MPUBEIO K TOMY, YTO MCTOYHUKH BOABI 3arpsi3HEHB! 3THMU
aNeMeHTaMH. JTa npobiemMa NpUBIEKIa BHUMaHUE UCCIe0BaTeNel K MOUCKY PelIeHUH
JUISL OUUCTKHU 3arpsiI3HEHHON BOJIBI M CTOYHBIX BOJI, TAKUX Kak ajgcopoOuus. TeikBa — oquH
U3 CaMbIX PAacIpOCTPaHEHHBIX MPOAYKTOB MUTAaHUSI B MHUpE. ThIKBa ymorpeOnseTcs B
Uiy 0e3 ceMsiH, KOTOpble BHIOpAchIBAIOTCS Kak OTX0oAbl. B manHO# paboTe ckopiyna
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THIKBEHHBIX CEMEUEK HCII0JIb30BaIach B KAUECTBE IIPEKYpcopa yIriepoaa sl MoTydeHus
Uporana, a 3aTeM NPUMEHSUIach B KauecTBe aacopOeHTa Uil OYUCTKH CTOYHBIX BOJ,
cozpeprkamux nonbsl HuKemst (Ni). [lepBblit 00pazer THIKBEHHOH CKOPITyTIBI ObLT ITOTYYeH
ITyTeM MPOMBIBaHHUS THIKBEHHOH CKOPITYTIbI AUCTHIUIMPOBaHHOW Bo#oi. BTopoii o6pasen
ObLI MoNTy4YeH myTeM KapooHuzauuu B Tpyouatoit neun GSL-1400X B atmocdepe azora
nipu Temneparype 400 °C B Tedenue 9 4. JlepuBarorpaMMsl ¥ TEpMOIPaBUMETPUUYECKHE
MOKa3aHusl afcopOEHTOB OBbUIM TOJNyueHBl Ha JepuBatorpade xommanuun MOM u3
Bynanemra, a Takke ObUIM MOMYYEHBI PE3yAbTaThl CTPYKTYPHOTO aHAIHM3a CHCTEM
SEM n HKL-Basic. CornacHo pe3yabraraM SKCIIEpUMEHTa, ONTHMAIbHOE TTOTJIOICHNE
MOHOB HuKensa mpoucxogut npu pH 6,8, uepes 360 muH, mpu koHueHTpauuu 50
MI/J1, aACOpPOEHTOM aKTUBHPOBAHHOTO YIVISl M3 OOONOUYKH CEMSH TBIKBBI, YTO CBS3aHO
C YBEJIMYEHHEM [JOCTYIHOM IUIOMAAN MOBEPXHOCTH, KOTOpas B CBOIO OYEpPEidb
YBEIMUMBAET HAJMUUE B3aMMO3aMEHSEMbIX y4acTKOB Ha yrie i agcopounu Ni(Il).
Pesynbrars! Ob1TH MONy4eHsI ¢ ucnoib3oBanueM Agilent 4200 ADC.

KuaroueBble cjioBa: akTHUBUPOBAHHBIE YIIM, TEPMHUUECKUH aHaIU3, TSDKEJIbIE
MeTaJlIbl, aAcopOLusl, HUKEIb

Introduction

Heavy metals are a group of chemical elements with metal properties and a density
equal to or greater than the density of iron (8 g/cm?). Typical heavy metals include
chromium, iron, vanadium, cobalt, copper, zinc, nickel, cadmium, tin, and molybdenum,
among others. The primary sources of metal-containing wastewater are industries with
chemical and electrochemical treatment of metals (including electroplating), mechanical
engineering, non-ferrous and ferrous metallurgy, instrumentation, automotive,
metalworking, machine tools, aviation, electronic, leather, and mining industries,
among others. On the one hand, small doses of metals are vital to the body because
they participate in various forms of metabolism, such as the transfer and synthesis of
substances. On the other hand, excessive amounts of metals have a harmful effect on
the human body. They can accumulate in tissues and organs, causing several diseases
and mutations, including inherited ones. Insufficiently treated wastewater entering
reservoirs accumulates heavy metals in sediments and water becoming a secondary
pollution source and negatively affecting the health of people, animals, and plants.
This has become one of the most severe environmental problems at present. Removing
heavy metals from the environment is of particular concern because of their persistence.
Currently, several methods are known for removing heavy metals from wastewater,
such as chemical and electrochemical deposition, membrane separation, ion exchange,
and adsorption (Jose L. Diaz De Tuesta et.al., 2022).

The basis of wastewater treatment technology for heavy metals removal is usually
the conversion of metals from soluble to insoluble forms, followed by water separation
from metal-containing suspensions. Most often, the transfer of metals from soluble
to insoluble forms is carried out by chemical methods, less often by electrochemical
deposition. The suspensions are separated from water by settling using coagulant and
flocculant to accelerate the separation process. Filtration through sorbents, ion exchange
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resins, or reverse osmotic membranes is also used. These methods make it possible to
reduce the residual concentrations of heavy metals to very low values but to supply
water to the resin or membrane; it must first be cleaned of those types of contaminants to
which these methods are very sensitive. The choice of wastewater treatment technology
is not an easy process because the composition of wastewater discharge and water quality
requirements at each enterprise is different, and these methods are often financially
and technically expensive. Adsorption using carbon materials, i.e., adsorption using
activated carbons (AC), seems to be an alternative for the removal of heavy metals
from wastewater, being characterized as an effective and economically feasible method.
Carbon is classified as the fourth most abundant element in the universe (Olivares-Marin
et.al., 2012). Due to its excellent characteristics, carbon is used in various fields, such
as mining and chemical industries, for water and gas purification (Okoye et.al., 2010).

Adsorption is a spontaneous process of increasing the concentration of a dissolved
substance at the interface of two phases (solid—Iliquid). The adsorption method is
usually used for deep purification of wastewater from dissolved organic substances if the
concentration of these substances in the water is low, does not biodegrade, or is highly
toxic. The adsorbents method is also used for wastewater treatment from heavy metals,
where activated carbon is usually used as adsorbents (Sobgayda, Makarova, 2011).
The advantage of the method is its high efficiency and the possibility of wastewater
treatment containing several substances.

The most effective adsorbents are activated carbons of various brands. The
significant disadvantages of activated carbon are its high cost and the need for periodic
replacement of the load in the filter since activated carbon regeneration is carried out
at high temperatures in special furnaces. The porosity of the coals is 60-75 %, and the
specific surface area is 400900 m?/g.

There is an increasing need for cheaper sorbents with improved physical, chemical,
and operational characteristics. Sorbents used in industry are developed based on
activated carbons. Sorbents made from recycled materials are also of interest. Such
materials can solve, in addition to the problem of water purification, another task,
namely, waste disposal (Nikiforova, 2010).

Creating sufficiently effective and environmentally safe sorbents and technologies
is feasible due to forming new functional groups on polysaccharide polymers that
firmly bind heavy metal ions. Similarly, so-called polymer sorbents are obtained.
It is worth noting that an important direction in creating biopolymer sorbents is the
modification of the structure of natural cellulose-containing raw materials, which
causes the immobilization of new sorption-active centers on the cellulose matrix, which
are fragments of complexions. Increasing their selectivity and sorption capacity and
reducing sorption time (Nikiforova, 2010).

A complete set of various materials of plant origin represents the raw materials used
for the sorption of heavy metals. To produce carbon, organic waste such as rice husks
and rice straws (Cazetta, et.al., 2011), orange peels (Rosas et.al., 2010), pumpkin seed
shells (Ilknur Demiral et.al., 2016), date stones (Ahmed et.al., 2012), walnut (Hayashi
et.al., 2002), apricot kernel shells (entorun-Shalaby et.al., 2006), palm shell (Lim
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et.al., 2010), coconut shell (Cazetta et.al., 2011), tea leaves (Gurten et.al., 2012) can be
used as promising raw materials. The use of waste solves fundamental environmental
problems since it turns waste into valuable products (Timur et.al., 2010). At the same
time, some cellulose-containing sorbents have a relatively low capacity concerning TM,
while others in their properties may be comparable or even superior to ion exchange
resins used in industry.

Among heavy metals, Nickel (Ni) is one of the most commonly used in industrial
processes, such as the production of alloys, stainless steel, and car batteries, as well as in
electroplating, which leads to high concentrations in the wastewater of these industries
(Jiamin et.al., 2019).

The novelty of our work lies in the utilization of pumpkin seed husks as a natural
adsorbent for purifying nickel ions from wastewater. By developing activated carbon
from these husks through a unique carbonation process, we were able to achieve
higher adsorption efficiency compared to traditional methods. Our study also revealed
interesting findings regarding the effects of pH, contact time on the overall adsorption
process. This innovative approach showcases the potential of utilizing agricultural waste
materials for sustainable and effective water purification methods. Our work aimed to
obtain husks from the shells of pumpkin seeds and an adsorbent from them and use them
to purify nickel ions from wastewater. Activated carbons were prepared by carbonation
in nitrogen at 400 °C for 9 hours.

It has been established that the adsorption efficiency of the natural shell of pumpkin
seeds and carbon obtained by carbonation in nitrogen during the purification of water
containing nickel ions is higher than the husk of pumpkin seeds. It was also found
that cleaning nickel ions at a concentration of 50 mg/l with activated carbon showed a
high removal percentage but decreased as the concentration of nickel ions increased.
Periodic adsorption experiments were carried out to study the effect of pH, contact time
on the adsorption of nickel ions from an aqueous solution by two samples of adsorbent
- the husk of pumpkin shells and activated carbon from it.

Materials and methods

Preparation and preparation of adsorbents

Shell of the pumpkin seeds (PSS) used for adsorption was grown in the Otyrar
district of the Turkestan region of Kazakhstan. The shells of pumpkin seeds are easily
converted into carbon since they contain a small number of inorganic components.
As a raw material for two samples, the shell of pumpkin seeds was taken to prepare
adsorbing materials. The collected shell of pumpkin seeds was washed several times,
first with boiled water, then with deionized water to remove the stuck dirt. Drying was
carried out in a drying cabinet at 60 °C for 24 hours to a constant weight. The dried
sample was crushed, sieved through a sieve to a particle size of 0.3—1 mm, and stored
in a plastic bottle for further use. The sample was obtained by processing the shell of
pumpkin seeds with distilled water. Also, the shells of pumpkin seeds were obtained by
carbonation in a GSL-1400 X tubular furnace in a nitrogen atmosphere at 400 °C for 9
hours.

The mass of 5 g of crushed dried pumpkin seed shell was weighed on analytical scales
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and placed in a horizontal tubular furnace with quartz coating for pyrolysis. Carbonation
occurred at a continuous flow rate of N, 100 nm*/min. The furnace was programmed to
heat at a rate of 10 °C min-1 and maintain isothermal phases for 60 minutes at 120 °C,
for 90 minutes at 240 °C and 240 minutes at 400 °C, then an isothermal phase lasting
140 minutes at 400 °C was carried out, as a result of carbonization, a activated carbon
(from pumpkin seed shell) was obtained.

Characteristics of materials

Scanning electron microscope (SEM) JISM-6490LV with INCA Energy microanalysis
and HKL-Basic structural analysis systems. FT-IR analysis was used to determine the
physico-chemical characteristics of pumpkin seed shells. IR spectra of pumpkin seed
shells were obtained on an IR Fourier device (Infraspec, model FSM 2202, Russia,
St. Petersburg) with a resolution of 1 cm-1 and a scanning range of 5000-500 cm-1
using a sample. The multi-purpose scanning electron microscope (useful magnification
of 300,000) combines the possibilities of working in both standard and low-vacuum
modes. It allows you to examine samples without spraying with a conductive layer.

Additionally, it is equipped with an INCA Energy 350 energy dispersive microanalysis
system and a prefix for studying the texture and structure of polycrystalline HKL Basic
samples. Thermogravimetric analysis of derivatives was carried out on a derivatograph
of the company "MOM" - Budapest (Hungary). The method used is based on the
recording by the device of changes in the thermochemical and physical parameters
of a substance that can be caused when it is heated. The thermochemical state of the
sample is described by the curves: T (temperature), DTA (differential thermoanalytical),
TG (thermogravimetric), and DTG (differential thermogravimetric), the latter curve is
a derivative of the function TG. DTA- DTG- TG-. The concentration of Ni (II) was
determined by the NPP method. All measurements were carried out using Agilent 4200
MP-AES equipped with an Agilent 4107 nitrogen generator.

Reagents and materials

The sample entry system consisted of a double-pass cyclone spray chamber, a
OneNeb sprayer, a Solvaflex pump tube (orange/green), and an Easy-fit burner for
sample introduction. Multi-element calibration standards containing Ni(Il) with a
concentration of 50 mg/l were used. The standard was prepared in an environment of
5 % HNO,/0.2% HF (vol./vol.) (US production). The pH was determined using a pH
meter of the brand pH-009(1)A.

Preparation of the model solution, the effect of contact time and pH values

By dissolving a sample of nickel sulfate crystallohydrate (NiSO4+6H20) 0.2390g,
1 liter of the solution was prepared, with a concentration of 50 mg/L. The pH of the
solutions was adjusted using 0.01 M HCI solutions and 0.01 M NaOH solutions.

In six erlenmeyer flasks with a volume of 250 ml, 100 ml of a solution containing 50
mg /1 of Ni (II) solution was taken, 0.25 g of pumpkin husks and activated carbon were
added to each, and the pH was adjusted to 3, 6.8, 9 using 0.01 M solutions of HCI and
NaOH, the mixture was shaken on a laboratory shaker at various intervals of 15, 30, 60,
120, 240 and 360 minutes. The NPP method determined the residual concentration of
Ni (II) in each sample's filtrate.
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Results and Discussion

Elemental Composition

The results of the elemental composition of the pumpkin seed shell and the activated
carbon of the AC rom PSS at 400 °C were obtained using a scanning electron microscope
JSM-6490LV with INCA Energy Energy microanalysis and HKL-Basic structural
analysis systems are presented in Figure 1.

Figure 1 Results of SEM and HKL-Basic structural analysis systems
(a)pumpkin seed shell (b) activated carbon from PSS
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Table 1 shows the content of elements in the shell of pumpkin seeds and the
carbon shell of pumpkin seeds calcined at 400 °C. According to the results of
elemental analysis, the shell of pumpkin seeds contains carbon (60.97 %), oxygen
(38.61 %), there are elements such as potassium (0.25 %) and sulfu r (0.17 %),
and in carbon, the carbon content has increased (72.52 %), oxygen (22.76 %)
and potassium (2.98 %) decreased. However, elements such as magnesium (0.31
%), phosphorus (0.42 %), and calcium (0.79 %) appeared.

Table 1
Elemental composition
Materials Weight of the element (%)
C (0] S K [Mg]| Ca | P
Pumpkin Seed Shell 60,97 38,61, | 0,17 [ 0,25 | - - -
Carbon shell of pumpkin seeds calcined at 400 °C | 72,52 22,776 | 0,22 12,98 (0,310,79 | 0,42

According to the results of elemental analysis, the shell of pumpkin seeds contains,
in addition to carbon (60.97 %), oxygen (38.61 %), there are elements such as potassium
(0.25 %) and sulfur (0.17 %), and in carbon, the carbon content has increased (72.52 %),
oxygen (22.76 %) and potassium (2.98 %) decreased. However, elements such as mag
nesium (0.31 %), phosphorus (0.42 %) and calcium (0.79 %) appeared. This is due to
the release of volatile substances during carbonation, which led to the removal of non-
carbon parts and carbon enrichment. It can be said that chemical activation accelerated
the removal of part O, which, as expected, led to an increased content of C.

FT- IR spectroscopic analysis

Fourier transform infrared (FT-IR) analysis was applied to pumpkin seed shells to
determine surface functional groups using an FTIR spectroscope, where spectra were
recorded from 4000 to 400 cm™.

e |

a)
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Figure 2 FT-IR spectroscopy (a) pumpkin seed shell, (b) activated carbon from PSS

The FTIR spectrum of the pumpkin seed shell (Figure a) shows distinct peaks at
1510,3-1462,1 cm™! (stretching C=0); The strong bands located around 1361,8-1261,5
cm can be attributed to the stretching vibration of hydrogen-bonded P=0 groups from
phosphates or polyphosphates, the O—C stretching vibration in the P-O—C (aromatic)
linkage, and P=OOH (Puziy et.al., 2005). Stretch marks in cyclic ethers attached to
double bonds or asymmetric, the area of 1261,5-1159,3cm™ can be attributed to the
mode of oscillations of O—O ester, ether, phenolic or carboxyl groups, but in this area, it
is not easy to attribute peaks due to the overlap of absorption bands from many oxygen-
containing substances. Functional groups are fundamental characteristics of activated
carbon, as they determine coal's surface properties and quality. The results of the IR-
Fourier analysis of the shell of pumpkin seeds and activated carbon (IR = 3:1, 400 °C)
are shown in the figure. 2(b). the absorption bands in the region 464.86-455.22cm’!
indicate the presence of alkynes and alkyl halides (Mahapatra et.al., 2012).

Thermal analysis (DTA and TGA)

The analyses were performed on a derivatograph of the company "MOM" - Budapest
(Hungary). The method used is based on the recording by the device of changes in
the thermochemical and physical parameters of a substance that can be caused when
it is heated. The thermochemical state of the sample is described by the curves: T
(temperature), DTA (differential thermoanalytical), TG (thermogravimetric), and DTG
(differential thermogravimetric); the latter curve is a derivative of the TG function.
DTA- DTG- TG analysis was carried out in an air environment, in the temperature
range from 20 to 1000 °C.

The heating mode of the furnace is linear (dT/dt = 10), and the reference substance is
calcined A1203. For clarity, the shooting conditions of the sample were strictly 50 mg,
with the sensitivity of the scales — 50 mg. The analysis was taken within the following
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limits of the measuring systems of the device: DTA =250 pnV, DTG =500 pV, TG= 500
pV, T=500 pV.

The sample and the reference substance for analysis were placed in ceramic crucibles.
As a result of the dynamic heating of these samples, the curves DTA, DTG, and TP
noted the manifestations caused by the occurrence of various types of reactions in the
system. Among them are processes associated with the release into the atmosphere of
H20, hydroxyls during the decomposition of carbo, and reactions n materials, with CO,
emissions due to the combustion of organic matter (biomass). When the shell of pumpkin
seeds is dynamically heated, the DTA, TG, and DTG curves show the manifestation
caused by dehydration of the biological mass of the sample and then its combustion.
These processes took place in the range of 20-530 °C. The exit from the molecular
water system ensured the formation of an endothermic peak on the DTA curve at 90 °C.

The thermogravimetric (TG) line in the range of 40—125 °C formed the stage of
water removal from the system, corresponding to a weight loss of 9.5 %. The differential
thermogravimetric (DTG) curve in this temperature range described a peak, the
trajectory of which, at each moment, indicated a change in the emission rates from the
H20 sample. Further heating of the sample when the temperature rises from 125 to 310
°C leads to the complete combustion of the test sample. This process leaves a powerful
exothermic protrusion on the DTA curve with two vertices at 365 and 440 °C.
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Figure 3 Derivatogram of the shell of pumpkin seeds

Table 2
Thermogravimetric readings of pumpkin seed shells in the range of 20-1000 °C

Weight Loss Sequence | Weight Loss,% Volatile components of the Stages of decomposition,
heated sample °C
Am, 9,5 HO 20-125
Am, 50,25 H,0+OH 125-310
Am, 40,25 CO, 310-530
YAm o 100 H,O, OH, CO, 20-1000
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The formation of two smoothed peaks on the curve in the marked temperature
regions indicates two stages of oxidation of organic matter(s). This is evidenced by the
formation of two peaks on the DTG curve at 125-310 and 310-530 °C, respectively.
The formation of such peaks on this line results from emissions into the atmosphere
within the specified temperature limits of two portions of carbon monoxide equal to
weight loss — Am, and Am,, Figure 4, Table 3. The carbon of pumpkin shells calcined
at 400 °C behaves similarly to the shells of pumpkin seeds when fired. He also showed
the effects associated with the powder sample's dehydration and its oxidation in the air.
The intensities of these processes occurring in the compared samples are approximately
the same.

Indeed, against the background of one general failure of a section of the line of
the specified curve in the interval 180—660 °C, the development of any adjacent (in
temperature) reactions is not explicitly traced. The process of preparation causes such
kinetics of thermal destruction of S carbonates.

As for the presence of adsorbed water (Am) in the test sample in an amount of
11.75 %, this is atmospheric water, which was introduced after carbonation of the initial
sample (i.e., after preliminary heat treatment of the initial substance, carbon rehydration
occurred).
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Ame=1.0%(H20+OH}
Ams=§1,25,09(COz)

540°
435°

800

500 l

400 —
DAm =94%

90 |-
9 [~

P=350 mg
200 TG=50 mg

DTA-250 v
20 DTG-500 pv

Temperatuse °C

Figure 4 Derivatogram of the carbon shell of pumpkin seeds calcined at 400 °C
Table 3
Thermogravimetric indications calcined pumpkin shell carbon at 400 °C in the range of 20-1000 °C

Weight Loss Sequence | Weight Loss,% Volatile components of the Stages of decomposition,
heated sample °C
Am, 11,75 H,0 20-180
Am, 1,0 H,0+OH 180-240
Am, 81,25 Co, 240-660
2AM, o 94 H,0, OH, CO, 20-1000
Adsorption

The effect of different pH values of the model solution prepared for adsorption
process on the adsorbent is shown in Figure 5. According to the results obtained, the pH
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value was tested within the range of 3.0; 6; 9.0 and respectively, the adsorption reached
from 38.19 % to 54.77 %.At pH - 3.0 the adsorption of Ni (II) metal ions was high. And
at high pH value, the adsorption of Ni (II) is not high. In the purification of Ni (II) heavy
metal ions through adsorption process for PSS adsorbents pH=3.0, contact time 360
minutes, Ni (II) concentration = 50 mg/l showed the maximum result.

Table 4 below summarises the results of the analysis obtained from the AES
instrument of adsorbents. Based on the results obtained, the PSS adsorbent showed a
yield of 54.77 % in 1 g/L mass.

Table 4
Effect of contact time and pH on the adsorption of Ni(Il) on the adsorbent (PSS)
Results of the analysis of the effect Time of | Volume |[cat./ pH | [Ni [Ni (ID] [ %
of the reaction time on the adsorption reaction |m/ ads.] (ID] mg/L-25
process AAES Experience g/L mg/L
PSS (pumkin seed shell) 0 25 1 3 11,99 49,75 100
15 min 1,72 43 13,56
30 min 1,53 38,25 23,12
60 min 1,36 34 31,66
120 min 1,24 31 37,69
240 min 1,11 27,75 144,22
360 min 0,9 22,5 54,77
PSS (pumkin seed shell) 0 25 1 6,8 1,99 49,75 100
15 min 1,14 28,5 42.71
30 min 1,13 28,25 |43.21
60 min 1,11 27,75 |44.22
120 min 1,09 27,25 |45.22
240 min 1,01 2525 |49.24
360 min 0,97 24,25 51,26
PSS (pumkin seed shell) 0 25 1 9 11,99 49,75 100
15 min 1,81 4525 19,04
30 min 1,73 43,25 13,06
60 min 1,69 42,25 15,07
120 min 1,6 40 19,6
240 min 1,4 35 29,65
360 min 1,23 30,75 |38.19
o
o
7]
h Iﬁis
—a— =t
M ST SO ma e A A A N
Temperamrs O

Figure 5 The effect of contact time and pH on removing Ni (II) by adsorption of pumpkin seed shells.
Conditions: Ni(Il) concentration = 50 mg/1, 2.5 g/l adsorbent, pH = 3; pH = 6.8; pH =9.
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The effect of different pH values of the model solution prepared for adsorption
process on the activated angle obtained from RYY is shown in Figure 6. Based on the
results obtained, the pH value was tested at 3.0; 6.8; 9.0 and respectively adsorption
was achieved from 43.21 % to 76.88 %. At pH=6.8, the adsorption of Ni (II) metal ions
was high. And at high and low pH value, the adsorption of Ni (II) is not high. In the
purification of heavy metal ions Ni (II) through adsorption process for adsorbents AC
fom PSS pH=3.0, contact time 360 minutes, Ni (II) concentration = 50 mg/L, adsorbent
mass = 1 g showed the maximum result.

Table 5 below shows the results of the analyses obtained from the AES instrument of
the adsorbents. Based on the results obtained, AC from PSS adsorbent showed a yield
of 76,88% in 1 g/L. mass, with a value of pH=6.8.

Table 5
Effect of contact time and pH on the adsorption of Ni(II) on the adsorbent (AC from PSS)
Results of the analysis of the effect of the Time of | Volume |[cat./ [pH |[Ni |[Ni ()] |%
reaction time on the adsorption process AAES | reaction |m/ ads.] (D] |mg/L-25
Experience o/L mg/L
Activated carbon from PSS 0 25 1 3 (1,99 (49,75 100
15 min 1,83 45,75 8,04
30 min 1,79 |44.75 10,05
60 min 1,76 |44 11,56
120 min 1,46 |36,5 26,63
240 min 1,24 |31 37,69
360 min 1,10 27,5 44,82
Activated carbon from PSS 0 25 1 6,8[1,99 49,75 100
15 min 1,4 |35 29,64
30 min 1,2 |30 40
60 min 0,95 123,75 52,26
120 min 0,85 [21,25 57,28
240 min 0,83 [20,75 58,29
360 min 0,46 | 11,5 76,88
Activated carbon from PSS 0 25 1 9 (1,99 49,75 100
15 min 1,92 148 3,51
30 min 1,81 45,25 9.04
60 min 1,64 |41 17.59
120 min 1,38 34,5 30.65
240 min 1,29 (32,25 35,18
360 min 1,13 28,25 4321
3 =
2 g3
0] el iy

Ve e ot "

Figure 6 The effect of contact time and pH on removing Ni(II) by adsorption of AC from PSS.
Conditions: Ni (II) concentration = 50 mg/l, 2.5 g/l adsorbent, pH = 3; pH = 6.8; pH =9.
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Adsorption was carried out for 6 hours with an interval of 15 to 120 minutes. The
results obtained are shown in Figure 5,6. It was found that the optimal absorption of
nickel ions takes place at pH 6.8 for 1 hour, which is associated with an increase in the
available surface area and, in turn, increases the availability of interchangeable sites on
carbon for Ni(Il) adsorption. The optimal uptake of nickel ions at pH 6.8 within 1 hour
can be explained by several factors. First, pH 6.8 is close to the optimum pH for nickel
ion uptake by carbon materials. At this pH, the surface charge of the carbon material is
likely neutral or slightly positive, which favors the adsorption of nickel ions. Second,
at pH 6.8, the surface of the carbon material is likely to have interchangeable regions
on the surface of the carbon material, which maximizes adsorption capacity. Third, at
pH 6.8, it is possible to remove impurities or contaminants that may interfere with the
adsorption process. It is observed that the adsorption of Ni(Il), at pH 3, increases with
the shell of pumpkin seeds from 13.56 to 54.77 %, and the AC from PSS from 10.05 to
44.82 %. (Figure 6). At a pH of 6.8 with a pumpkin seed shell from 8.04 to 51.26 %, and
AC from PSS from 29.64 to 76.88 %. However, with an increase in pH to 9, the degree
of nickel (II) adsorption decreases for pumpkin seed shells from 9.04 to 38.19 %, and
for AC from PSS from 3.51 to 43.21 %.

Conclusion

Using natural waste materials as adsorbents to absorb heavy metals from aqueous
solutions shows encouraging results.

The chemical and physical properties of the obtained adsorbent are determined. It
was found that several parameters, such as pH and contact time, influence the adsorption
process. Regression dependences of Ni extraction from aqueous solutions have been
found, which make it possible to establish optimal sorption parameters: pH = 6.8, T =
25 °C, and the time for establishing sorption equilibrium is 360 minutes.

The carbon content in the activated carbon samples obtained for various activation
conditions was increased compared to the shell of pumpkin seeds due to an increase in
the larger surface of the adsorbent and at a dose of 0.250 g/L of the adsorbent obtained
from the shell of pumpkin seeds and the initial concentration of nickel ions in a solution
of 50 mg/L the results of the study convincingly proved the effectiveness of the AC from
PSS as adsorbents for the removal of Ni(II) from wastewater.
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