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PE®EPAT!

OH? Cyyph CyJalraaHbl CIAIBT @XJaap HIMHIPH OOJOH XWWH OpYMHJ sBargax Oaiiraa
HUPIIJITUHH YeI YYC3X MaTepUalbIl TapraH aBd THArIpUNAH (QU3MK OOJIOH MEXaHUK IIHMHX
YaHAPBIT CyAJIaB. DHA COAIBT AXKJIBIH XYPAI3H HUPTUITUIH SBLAJ MJIEKTPO 133p XypPUMTIIArAaxK
YYCCOH Marepuan (KaToAblH JEMNO3MT), HUPLUITMHH OycddC rapd OpYMH JIyy OpCOH
OYTIIrPXYYHYYA OOJIOH HUPTIATWMH OyCcdA  sABarjax IaTaiaThlH — yjaMaac YYCCOH
OyTIarmxyyHYyauiH mmik daHapeir SEM, SEM EDS, Pentren mudpaxisia apra, uHdpa
yllaaH TyslaHbl CIEKTPOCKOIN, PamaHbl CHEKTp cyajall, CYBIPX3I YaHApbhIH CyJalraaHbl
Porosimeter ASAP 2020 V3.01 H 3spor Oaraxk TeXHHK alIWIJIiaH cyjaiaB. TeciuitH
XOPATKUIATHAH SBI] OOJIOH CyJaJraaHbl Yp AYHII3p 3H3 TaljgaHr Od3iTraB. DHA CylnairaaHbl
aXJIbIH TainaH (1) TecnuilH ABL, X3pIrKWIT, Yl axusuiaraa, (i1) Cyaanraanbl axJiblH TailllaH
I'3C3H YHACOH X0Ep Oynrasc Torrox 0ereej axJibiH yp OYHI TOAOPXOM, OMITOMMKTON O0JIrox
YYZH33C cyaairaaHbl aXIJIbIH pedepat, H3p TOMbEOHBI Tala0ap, AYTHIIT, alllUriIacal MaTepual

33PTHIAT TyCIax Oyiar X3103p33p 3HD TaiyiaHa OartaaH opyyJsas.

CynanraaHsl a:KJIbIH 30PHJITO

OH? cyypb CyJajiraaHbl CHIIBT a)Jiaap HaM TEMIIEPATypbIH IUIA3MBII Tepesl OypUiH OpUYUH
JOTOp  HHUPIYITMHH  MPOLECCOOp  YYCIMK HSHD  TMPOLECCHIH  yea  yyc»k  Oaifraa
OYTIArIXYYHYYAUUT cyanax 3opwiroroil. Tepem OypuiiH oOpuMH J0TOp $H3 OypuiiH
MaTepuanaap XMHCIH DJIEKTPOIYYIbIH XOOPOHJ HUPTAJIAT SIBYYJIaxad dHJ CyJ MOHYIOTIACOH
1a3M TesieB Omii 0010x Oa SH3 OypHitH AUCTIepCTIH MaTepuan yycadr. Tyxannoan, gysiepeH,
HAHOXOOJION, HAHO yTac MOJIEKYJISAp Kiactep, (aidsp 33pruiir yyHa xampyyipk 6omiHo. Uitm
3amaap Ouil OOJNTrOCOH Marepuan Hb Oaifranb A33p UIyyA OpPIIJOITYH 3CB3J TEXHUK,
TEXHOJIOTMMH XyBbJl ©HA6p au Xou0ornoi OyXui OHIrOM IIMHXK uYaHapTaidl Oaiiar yupaac
CyJUlaauJiblH COHMPXOJIBII MX33p TaTaxk Oainar cyaanraansl oObekT oM. Milm yupaac Tepe:n
OypuiiH OpuUMH JOTOp AH3 OYpPHIH MaTepualyyAaap XUICOH JIEKTPOJABIH XOOPOH] sSBarjgax
HUPTIJITUUT CyNaDK TOTTBOPTOM OaifuIbIT XaHraX, HUPTJITUIH sIBIIJ] YYCOH Omii 60k Oaiiraa
OYTIArIPXYYHUHIT rapral aBax OOJIOM)KHUT apra 3aMyyJIbIH TajaapxX cyJajraar SXHUW MIaTaH[
aByynHa. [lapaa Hb OuI eHIep napantTail xuitH (p~1laTM mapantTail araap) OOJIOH IIMHIIH
OpuMHJ s1H3 OYpUIH MaTepHalyyAblH XOOPOH]J HUPIAJIAT SABYYJDK HUPIAJITMHAH SIBIAJ YYCHK
Oailiraa MaTepHadyyAbll TapraH aB4 MIMHX YaHapT CyJajiraa XuHXd3C TagHa TyXaiH

MaTepHATYyAbIH YYCIX TOPUMBIT TOTTOOX Cyaajraar sByyJjHa.

' Dunp Tecnmiim Taiimamruitn  pedepatbir  “Monron  Yicei Crampgapt:  DPJIDM
HIWHKXWITDOHUN TAUJTAHIUIH PEDEPAT MNS 5371: 2004-b1H faryy 65:1Tras.



Cynanraansl 6aa3, cyiajJraasbl apra

OH3 Cyyph CyJalraaHbl aXJIbII XO3P3KYYJdX, TOCIUWH XYPIdHI CyajarjacaH
MaTepHaNIBIT TapraH aBax 33par axuryya YHACOHIP? MYUC-nitH “Ilnazm 6a mucmepciadriaciH
OpYHBI CyJlaJiraaHbl 1JabopaTopy” -T sBArcaH. XapuH raprad aBCaH MaTepHAaJIbIT Cy y1ax1aa Ous
9HY sabopatopuitH Oaraxyynaac ragHa BHXAY-eiH OMO30-61 BUC-nitn OyHKIMOHATH
MaTepuaIblH XUMU GU3MKUIH CyJalraaHbl TYJIXYYP J1abopaTOpUTail XaMTpaH aXXUJLIax THAHUN
cynairaansl Oaraxyyn 6ojon OTX-uitH 3apum Oarakyya A39p MaTepuaiblH (UMK IIHHK
YaHapblH 3apuUM CyJajiraar TYHISTIAC3H Oo0iMHO. DHA cyJainraar TYWLRTIIXIS TyxXaiH
JaalraBapT siMap 30PHITO JIBIIYYJICOHTIN YsUIIyyJaH Tope OYpHiiH apra amurias. [[33xuiir
rapral aBaxJ1aa roJ/4JIOH HyMaH HUPIJITMUT aliuriaB. TyXalH HAT TOJAOPXOM HIMHXK YaHApTan
MaTepuaiblr OUi OOJITOX 30XUCTON HOXUOIUNT TOITOOXJ00 MATEPUANBIT 3XJI33J HUPIIITUNH
TYIARI, XY4I3]1, JapaliT, TEMIIepaTyp 33par siH3 OYpHIiH mapaMeTpyyIuilH yTran/ raprax aBaaj
Japaa Hb THAIIBPUNH LIMHXK YaHapbIl CyAaDK XapbllyyjlaxX apruil amwuriaB. Matepuann
OyTuuitH OOJIOH 3JEMEHTHMH aHanu3 Xulxad3 Pentren nanparuitn audpakromerp, Mudpa
ylaaH TysaHbl criektpomerp, Paman cnekrpomerp, SEM EDS 33par Garaxyyasir amiurias.
Jp3:xuiin cyBapxar yaHapeir cyuiaxjgaa BET ananus, SEM 3ypar aBu 0o0J0BCpyyNanT XHHX
apra 33pruir amuriaas. TypIminT, XOMKWITHIH Yp TYHT TyXaiH cynanraany ToxupcoH Fullprof,
Essential FTIR mporpam xanram»aap OOJIOBCPYYJDK TrapracHaac ragHa rpaduk Oairyynax,
TOOLI00JI0N XUiix133 Mathematica mporpawm, 3ypartail axxnmiaxaaa Imagel (FIGI) Java domain

IIporpamMsIr amuriiajiaa.

Yp ayH, IIMHAJIT AaBYY TAJIYYA

OH3 cyJanraaHsl axJiaap Japaax yp IyHT raprat aBaB. Y YHJ:

1. HuprsaruiiH 31eKTpoAbIH Talapryy I33p XypUMTIArjiaH yycaxk Oaiiraa MmaTepuan Hb TOPOJ
OypuiiH Mopdosoru Oyxuit HAaHO XAIMIKIACT, MUPXITT OYTINTIH (HAHOXOOJIOH, HAHOPOI, HAHO
yTacHaac raJiHa HaHO 6a MUKPO 3pAIMOUIH XdMKIITIH KIDKUT X3CTryyl) OaliArMir TOrTooB.

2. YcaH 10TOpXY HyMaH HUPTIATUNH ryiamiia 75-100A uHTepBasil HAHO yTac, HAHOXOOJION
33pAT OHIIFOM YaHapTail OYTIATIIXYYHYY/I XaMTHIH UX39P YYCAAT OOJIOXBIT TOTTOOB.

3. Epnuiin araap noTtop siBarnax HyMaH HUPTAITIdp HYYPCTOPOTrdUilH HAHOXOOJIOM, HAHO yTac
YYCIaX OOJIOMXTOW TONUITyd naHraap Hb sUIraH aB4 OOJIOXBII TOTTOOXK TapraH aBCcaH
OYTI3rIPXYYHUHN IIMHXK YaHAPBIT CyAAJK TOITOOB.

4. HupraaruitH siBIiajy YyCC3H TOPTOT 0a YHC AMX 3ambapaaryii Oaripiacad rpadeHbl yeyasdc
TOrToX Kpuctamn (aszaac ragHa amopd a3 aryyngar. ToprtruitH amopd QaspiH XIMKII
HUPIIJTUIH TeMIlepaTypaac xaMmaapyd HIMITAIATUIT TorTooB. TOpTruitH H(pa yiaaaH TysiaHbl

CHEKTPT HYYPCT YCTOPOTYHITH paJiKalyy] JaBaMraiaar 6a Opranuk HITAIYYa, pyHKIIMOHAIb



oynryyauiin C-H x0:1000 axurnaragar 001 5H Hb YHCOHJ Oaracd, opraHuk Oyc HAITAIYYA Hb
HAMATIJATUIT TOTTOOB.

5. Hupranrac yycesn topror, YHCOHA BET MIMHXWITAT XUHK CYBIPXAT YaHAPBIT TOITOOXK
cynainraanel yp AYHT SEM mmmxuiarasrp Oaranraaxyynas. HupraaruiiH sBHaja yyccaH
3Ar33p OYTIAIPXYYHYYIUIH OyTdn, Haiipiaara, MOpQOJOrHiAH MIMHX YaHApBIT TyxaninOan
0eeMIpUIH X3MXK?3, CYBUHH XdOMXK33 Oa ragapryyH TanOail, CYBHMH XYyBHIH 33JI9XYYH,
THATIIPUNAH TYTDIT 33PAT MIUHK YaHAPBIT TOTTOOB.

6. Araap DOoTOp HYYpCTeperd aryyJjcaH 3JIEKTPOJbIH XOOPOHJ sIBarAax HUPIIJITUIH sBLAJ
yYCk Oaiiraa OyTIarmdxyyH ¢pakiaapaa suirapaH YYCASTHHT TOTTOOB. DHY Hb SIH3 OypuiiH
OYTI3rIPXYYHUUT 3aaBajl rapraH apaajJ Japaa Hb siarax Oyc xapuH Ouil Gonrox sBijgaa
SIITapyyJiaH Yycrax OOJOMKUUT Ouii 60nroxk Oairaa oM.

7. YcaH AoTOp MeTall 3MIEKTPOAYYAbIH XOOPOHJ HyMaH HHPIAJAT SBYYyJIax 3amaap sr
TOJOPXOH TepnuiiH Mopdornoru (O6embener Xd3m0d3pTdii) OYXUH HIT TOPIUHH MHKPOHBI
Sp3MOUIH JKIKUT XICTYYIUWr raprad asaB. WilM GemOenryyauiir siH3 OypuiiH Oaiinmaap
cylajiraa, Cyprajirasj X3paridx O0JIOMXKTOMH.

8. Hupranruiin sBuaj yycax Oaiiraa HaHO XOMXKIITIH x3cryyn (i) Hyypcreperd aryyicaH
MaTepuaiblH yyprmiaTaap, (ii) TOIOpXoW HeXIen OWEJICIH TOXHOJIOJ aTOMYIAriCaH XUu
TyXallH MYXKUJ O4YIK CyyH yprax 3amaap, (iil) HyypcTeperyuilH XaBTraliHyyna XyWiarjgax
3aMaap yycasr 0a 31r3sp Hb KaTOAbIH XypUMTIAN JAOTOP CYJ XY4ddp XOOPOHI00 XOJIOOTICOH
Gaiiar T3C3H yp AYHI TapraH aBas.

9. Hupranruitn O0ycaac rapy Oaiiraa AUCHEPCT XOCTYYIUNH HAT MIMPXTHIH IPHAT, HPHATTIN
XOCTYYIAUMH KOHIIEHTpAIbIl X3MXHUX apra, aprawiaj, CHCTEMUHT OOJOBCPYYJDK IIUHD
OYTI2/IMIH ATeHT aBCaH.

DH3 COAPBT @XKIIBIH XYPIIH XUNUTCOH cyAalraa Hb TOJIOPXOH IMIUHXK YaHapTail JUCTIEPCIIATACOH
MaTepHaj TapraH aBax YMIIIRJIIp XUUTrIRkK OalicaH cyJanraanyyaaac Xs7 X3/19H JaByy TaiaTai
0ereej TYYHHU IIMHAJIAT OOJOH JIRBIIMITTIA TaTyyAbIT Japaax Oaiiaap WIDPXUUIDK 000X
oM. YYH:

1. HaHOX 005101, HAHO yTac 33pAT OYTIIIIXYYHYYAUNT KaTaIM3aTOp alllUTiIaH XUMH (U3HKUHH
XOCOJIMOJI apraap raprat aBar 00J1 Ouj YYHUHT 1Iyya HyMaH HUPTAJITHNAT alllMIJIaH raprad aBy
Oaifraa Hb LIar Xyraiaa, MaTepuall X3MHAX JIaByy TalTal IOM.

2. DHP YU OMHO XUWUTJCOH HUXA3HX CyJaliraaHbl @KWIJ XUUH HUPCIJATHHAT HAIMOAIIT
XOPTOITUHH CUCTeM OYXUH BaKyyMbIH TOXOOPOMKHWUT HHEPTHIH XUUTIIP OYYPIIH SIBYYILK
Oaiican. TorBas HAXYY CyJaraan YHTUHH XUUITIN TOXOOPOMKUUT HIPMAI yC ICBIT TOPOI

OYpHilH yycMmain, XM epTerTdsd XUHI?3p AYYPrdH HUPIITHHUC sByyjnjgar. OH? Hb OUIHI



TYPLIMITBIH TOXOOPOMKHUUI XsAMJ 3apajaap yrcpax, MHEpTUWH XUWT OpPJIOX OJAOL CalTai,
XsIMAXaH O00AMC aluriax, Xyramaa XaMH3X 00JIOM>K OJITOCOH.

3. Hupranruiin sBIax HYYPCTOPOTYMMH OJOH TOPIUUH OYTAIUTIH OyTIIIIXYYHYYA YYCHOT.
DAr’np OYTIIAIXYYHUR UXIHX XICIT KATOABIH Fafapryy J133p YYCIAT 6a TYYHUN JOTOPX KUKUAT
X3CTYYa (ppakiaapaa srapan yyccaH Oaiimar. MeH 3apumM OYTIATI3XYYH IIUHTIHUNA MaHIAI
xeBOX Oywy €poosii TyHamar. DHD YaHap Hb OWIDHI 3apuUM TOPJIHMUH OYyTIITAIXYYHHUT

x;1n6apxaH sirax OOJIOMXKHIT OJITOHO.

Tyaxyyp yre

Hyman HUpransT, TOrT™oI TYHUTMAH HUPTAJIAT, YCaH AaXb HyMaH HUPIAJIAT, TpaduT, KaToIbIH
JIeTIO3UT OYI0y KaTOJBIH XypUMTIIAN, HYYPCTOPOTYHIH OYTI3TIPXYYHYY I, IIMPXTHIH XIMXKI),
kpucram $a3, amopd ¢a3, 2H rekcaronans epeint, 3R poM060311p epenT, peHTreH Hanparuiii
nudpak, [Luruita 3areap, caHaMcapryi IWDKAIT 0a OpOJITUHH CIB, MOP(OJIOTH, HYX CYBUIMH
X3MX33, HAHO XOOJIOM, HaHOyTac, HaHOCaBaa, XOOJOWH XeHAUH, KWKHUr OeeMuep,
HYYPCTOPOTIUMMH XOEP XOMXKIICT Y€, YEMUH XYWJIANT, HYYPCTOPOIrdYMIUH HUMIDH IIHUPXTYYA,

HAHOXOOJIOMH YPrajiT, XAM>K33I33p33 TYIIX TYTJIT.
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HAP TOMBbEO, TOBUNJICOH YTUHH TAWUJIBAP

Hbp Tombéo

AHIJIH HIP

Taiin0ap

0

1

2

KaTOJIbIH
XypHUMTIIaI

chatode
deposition

TorrmMon TYWIIMIMH HyMaH HUPIIJATHMHAH YE€A aHOJ YYpUIMH
OOTMHOCOK XapWH KaToJ Hb ypraH Tomopu Oaimar. Karon
JP3p ypraH ToMopd Oaifraa 3H XICTUUT KaTOJBIH JAETO3UT
OyI0y KaTOJIbIH XyPUMTIIAJ TIIT.

HYYPCTOPOTIYHiiH
OYTIIIIIXYYHYY A

carbon
products

Baliransg XaMruiiH epreH TapxcaH HYYpCTOPOTrYHilH aTOMYY 1
HUPIAJITHUHAH ~ SBIIAJ  XOOPOHAOO KOBAJEHT X0J000COOp
xonbornoxk  (ysuiepeH, rpadgeH  33par
TOTTBOPTOM, OHIIIOM YaHApTall OYTIYYIHUUT YYCT3JT Oeree

SATPUNAT HUWUTIA Hb HYYPCTOPOIrdiH OYTIdIRXYYHYYI

HaHOXO0OJIOM,

I'D10T.

rpaden

graphene

Jlan HyypcTeperdmiiH aTroMyyJx HOr
TeKCOrOHaJIb XAJIOdp YYCIdH OalpiiaXk XOOPOHI00 XYUTIH

XaBTramH Jaryy

KOBaJICHT X0J000C00p XOJOOTJCOHBI OYHJ Ouil 6010X X0€p
rpadex Oereen
HYYPCTOPOTUUMH HAT ayuioTpomn (OypaJa3K OpImX X35103p)
IOM.

XOMKIICT  OyTIUHT 3T SH? Hb

30JIb

aycai

[Ina3m 0a XUifH TeJIeBT OPILIUX CHCTEM JOTOp XOBX Oaiinar
XaTyy OOJIOH IIMHIYH TOJOBT OPLIMX LIIUPXITIIAT XICTYYAUNUT
30J1b THJI3T. DAr33PpUNT 006eMIPYY IIK 00J10X 0a rojl OHIYIOT
Hb CYYJTHIH Xyp/ Oararaii 6anzar.

HYYPCTOpPOTIYHiiH
ye

carbon sheet

I'padensr xaBTraitHyy naBxapiarfjaH Xd] X373H JIaBxXap ye
yycraaor. Y YHUNT HYYpCTOpOrdHiiH ye OyIoy YeT Xyyaac Ik
X3 OOJTHO.

HYYPCTOPOIYUiH
HUMIDH IIUPXTYYX

carbon flakes

Epanitn tpadur XxoopoHmoo 5Mx 3amOapaaryit OGaifpiax
HYYPCTOPOIYMiH YEYII3C TOTTAOr 0ereen XamaaiaTblH SBLAJ
SATIP Yeya Ome OMEeHIICId canK siH3 OYypHHH XOMKIITIH
HIMPX3IJIAT Oouii  Gomropor.

X3CTYYIUNAT Y yHuiir

HYYPCTOPOIYMIH HUMIDH IIUPXTYY TIIOT.

HYYPCTOPOTYHIH
HaHOXO0O0JIOHN

carbon
nanotube

I'padensr HAT XxaBTrail XyWiarmaH, Xyinapd Oyl XaBTraiH
xX0€p aTOMyyJlT XOOPOHI00 TpadeHbl JOTOPXH
aToOMyyITail afui XoI1000co0p X0I00TI0OH X000 XII0IpHitH
OYTAI] YYCTAXUUAT HAT XaHAT HAHOXOOJOM TJIdT. DHD XOOIOM

3aXbIH

HATHT YYCCOH OO AT alb aToMyyJ Hb CYYJII XOJIOOTACOHBIT
X3JPX OOJIOMXKTYH eepeep X3JI0AJ rarHarjcal IIyramryu
Oaitnar. ['padpersl maBxapiiacan ye XyaraBaia OJOH J1aBXap
XaHaT HAHOXOOJIOWUT YYCI3H).

HYYpCTOperyuiin
HaHO caBaa

carbon rod

YpreiH XyBpA 100HM XYPTAI1 XOMKIITIH, TalyyIbIH Xapblaa
Hb 3-5 yTratail Oaiix CyHaXX ypTaccaH HAT TOpPJIHIH
Mopdonord  OYXHil HAHOX3MXKIICT  OYTIIIIXYYHYYAUNUT
HYYPCTOPOIrYMiiH HAaHO caBaa I3/or.
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0

1

2

Hucnepcraii

OpYHH, CUCTEM

dispersed
medium,

system

bue naacan eep eep (u3MK TONOBT (XUH, IIMHIDH, XaTyy)
opImuX OOMUCYYABIT aryyJspk Oaiiraa oyioH ¢a3rail CUCTEMUUNT
JUCTIEPCTIN OpuuH IIH3. JKUIIP> Hb HUPIIITUNAH CYBrUHH
9PIr3H TOHPOH /1aXb OPYMH, yTaa, OyJIMHrapTai yc, MaHaH Oyrq
aucnepeTdit opunH oM. Hupranruitn Oyc opuMbIH OpuuH Hb
OYX2/1133 HOHWIOIJICOH XHUHH TOJeBT, XapuH JOTOPXH
JUCHEPCIATACIH X3CTYY[ Hb MXIBWIAH IIUHIBH TOJIOBT

OpILIOT.

Mouno ©6a monu

AUCTICPCT CUCTEM

Mono- and

poly dispersed

Cuctremuiir Oypayy/pk Oaiiraa 60OMIPYY MKUIT XIMKIITIN

OaiiBal WM CHCTEMHUWT MOHOJMCIIEPCTINM CHCTEM TIDJAT.

system JucnepcT opuHBIr OYpAyYIdrd 00OMIPHITH XIMKID Hb 06p
0aiiBaj yr CUCTEMHUIT OJIUIUCTIEPCT CUCTEM TH).
beemiep Particulate XuifH TejeBT Oaiiraa CHUCTEeMHUWH JOTOp Oommc, Ouer

MaTepHaJIbIH MUKPOHBI 3PIMOMIH XIMKIITIH KIDKUT XICTYY
aryyjargax Oaik Oommor. DIrssp IKIKUT XICTYYAUNT
OeeMIIep I'3K epOHXUIlNIOH HAPIAT. MilM cucteMuiin 10Top
Oaiiraa 0eeMIPUITH IIyraMaH X3MX33 Hb X3/IX3H HAHOMETP3IC
X3JPH 3YyH MHUKPOMETP XYPTIJIX HIIIDA OPreH MY KMWUTr

XamMapnaar.

ToB4YMJICOH YIMIiH Karcaajat

BCIIYCA-bonoBcpon, coén, MUHKINX yXaaH, CIOPTBIH saM

[IYTT - HInaxki1dX yXaaH TEXHOJIOTHIMH razap

[TYTC-Inaxk13X yXaaH TEXHOJOTHITH CaH

MVYUC-MoHron yJchblH UX Cypryyib

Y C-1lInnxknax yxaaHsl CypryyJib

XITYHUC-XaparinsHuil MUHXKIIX YXaaHbl CYpryyJib

OTX-Du3nk, TEXHOJIOTUIH XYPIIIIPH

SEM-Scanning electron microscope

EDS- Energy Dispersive X-ray spectroscopy

BET-Brunauer-Emmett-Teller
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I. TOCJIMIH ABII, X2PI3IKWIT, YHJI AXKHUILJIATAA

Tecauiir XaparXKyyJICOH I'3p33, MEHEKMEHT, TOCIHMWH CyJajlraaHbl a)KJIbIH SIBL, TailarHal,
KaJICHJApYHUIICAH TOJIOBIOTOOHHH XIPATKHUIT, TOCIUNH Yp AYHIHIUH daairaBpblH OUEIdITHIAT

SHJT aBY Y33X OOJTHO.

Cyypb cypajiraanbl TOCJAMAH yIUPAJIAra rapi3d, XaMThiH asKWJljiaraa

TecauiiH rap3d

“Hupraniruiie sSBUAJ YYC3X MaTepUajblH Cyaainraa’” CdA3BT Cyypb cynanraansl Teciauir 2018
OHJl JPBHIYYJDK xonbormox Oairyymiaryynmaap xomanyymdH BCIIYA-uer IIYTI -1
XYPryyJicaH 6erees TaHI X313uar13H BCHIY S-uei caiinpia 2019 onst 02 capbiH 25-HbI ©JIpHiiH
A/86 Toot Tymaanaap 2019 onooc 3x3H Tyc ssamasl HTY TT-p1H 3axuanraap X3pIrKux TOCIURH
xarcaanTa opxx 6arnaracad. Yimaap 2019 onst 03 capbiH 26-Hbl 6716p TOCIHNUT XAPATKYYITY
tas1 6oox MYUC-uiin DpasM MIMHKUITI?, UHHOBAIM 3PX3JICOH 131 3axXupai O0JI0OH TOCIUHH
yaupaard JK.BaHuMHXYY Hap TOCIUNT X0Ep )KUIUIH Xyranaan] Xaparkyyaxmp LY TT 6onon
LIYTC-tait Ne IyC-2019/18 Toot “Cyypb cymajiraaHbl TOCOT XIPATKYYIIX, CAHXYYKYYIIX
r3p33”°-r OaliryyiaaH CaHXYYKWIT XUUTIH XAPATKIK 9X3JICOH. DHD MPIFHIAC TafHA TOCIUNH
XOPAKWITUHH SBLAJ TOCIUNH yAUpJard Xd3parkKyyJard Oairyysuiaratail MEHEXEpUHH Yp

JTYHTUIH r3p33 0alTryyInK akKUJuIaB.

TecimniiH TaHIarHaJ

TecnuitH X3p3rKUATHIH SBIAJ 133D AypHAaricaH IIp39HHUM Jaryy TOCIMUAT XIp3rKyYiard oar
TOCIIMIH CyAAJITaaHbl SBIbIH TalJIaH, MOHUTOPUHTUIH TalJIaH, Cy1aJraaHbl aKIIbIH 3aBCPBIH YP
nyuruitH Taittanr HIYTC 6omon MYUC-uitH 3pa3M MIMHXKUIT? UHHOBALIBIH X3JITACT Xarac
00110H OYT3H KHUI33p TalllarHax Gaiican 00JIHO. DAr33p33¢ rajiHa TOCIUIT XIPIrKYYIIX SABLAM
CaHXYYXKWITUIH XOPOHTUUT XOPXOH 3apllyyJICaH Tajgaap MOHIOH YPAUMITraaHbl TAMIIAHT J93PX

Oaifryymaryyiaj xarac sKu1 Oypasp raprad erd axuiianaa.

XaMTBIH akuJliIaraa

On3 cyganraar  MYUC-uiin  [lnasm  0a  JUCHEPCIdTACOH  OPYHBI  CyAajiraaHbl
naboparopuiiH 0aa3aj] TYLIUIIAH SBYYyJaB. XapHH MaTepUaNbIl TapraH aBax, Cyjajaxjaa Oun
eopuitH JaboparopuilH Oaraxk TexHuk?C TagHa DBbHXAVY-siH OMO30-s1 BUC-niin
OyHKIMOHATh MaTEpUAIbIH XUMU (PU3UKHIH CyJaJiraaHbl TYJIXYYpP jJaboparopuTail xamMTpaH
AKWUIXK TIAHUHN cymanraansl Oaraxyys 6omoH OTX-uitH 3apuM Oaraxxyy A33p MaTepHabiH

(U3UK HIMHXK YaHAPBIH 3apUM CyAairaar F'yHpTracoH. Y YHIIC rajiHa 9H? TOCIUIT X3pArKyyIdX
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spuaj XIITYUC-uitH cyanaaunarail axuypbslH HAaHO OOJIOH MUKPO XAMIKIACT AUCIIEPCIATACIH

XICTYYAMWUI XMMUIMH apraap raprad aBax Tajaap XaMTpaH a)KUJLUIaB.

Tec/miiH ABL, HAT YeHIH JaBarfamryii Xy4uH 3y

O3 teciuiir aux 2019-2020 ona X0€p KUWIMKMH Xyralaan XparKyyJI9X39p M3pIdIIK ABYYyJICaH
00JI0BY JPIXUNT XamapcaH HaHaeMuiiH Hesneereep 2020 OHBI CaHXYYXKWIT TacajljaH 3apuM
cyJairaa XOMIIMJICOH. YYHT3H X0J000TOHIroop OyX TOCIMMH XIpAIKHMX XyTalaar CyHracaH
IIMHAIBIPUIH XYPI2H MaHail TOCIUNUH cyjainraa MeH xounuiorqox 2021 oHa cCaHXYYXUIT Hb

HOXOH XUHTJCIHIIP TOCIUNH CyAairaaHbl aXiyy1 OypIH XUUIAK, aMKUITTAl XIPITKUB.

TecauilH ABUAX XMUTICIH CyAajraar JaBTax TOXHOJIOJ aHXaapax 3YilJ, awyJryu
0aiiIJIbII XaHTrax TyXai

OH3 cyaairaar r'yMIRTIIX ABUAJ CyUIaadn]] UX TYWI3J, OHAep TeMIepaTypTail OpUMHTOM TYJIK
@XWUIAJAr y4ypaac TYJAIIIX23C COPrUMDK OHIep T'YWIDI, raJl TYHMPHUHH XyBbJ AlOYITIYH
Oaiian OypaH XaHTarJcaH OPYMHT IOYHBI O©MHO OYpAYYJIdX 3ailmryil maapaiaratail 6anaar.
Hupranruiin yen yycax XaiayyH yc, yyp XYUTd# TYJIIrada Ouit 600X Spcayuir 6aitHTa YYCrakK
Oaiiar. YYHUH 33parip> 5HY cydalraar maTtax JI37103p3X Marepuaiaac XoJj 3aiJl sByyiax
nraapanararaid. Slu3 OypuiiH MaTepuanblH XOOPOH HUPTAJIAT SIBYYJIaX V€A HUPTAJITUIH SBIAJ
YYCOX YYPIIMITBIH HPOLECCUIH TYHJ AJIEKTPOJbIH MaTe€pHalblH OYTLPAC IIANTraajlaH SH3
OypuilH XOpTOM XM, HATUIYYX suirapd Oosjgor. Slmanrysia 6anm 4yiyy MITUHH aryynaraax
MaTepuai Hb OYp3H TOAOPXOW 00J00TYH OalraluiiH MaTepHaITal aXXWLIaX Yea XOpT HATIAM,
XHMH Yycax Gom3omryil 6eree 3H» Hb CyAllaauuiitH 3pyy/a MIHIR HOLTON XOXHPOI YUpYyIIK
6osHO. UMitMPaC HUPrIATUiiH SIBIAJ YYCOX MaTEpHalIbIl rapraH aBaxaacaa ©MHO JJIEKTPOJl
00JroH aBu Oaifraa maTepuaniaa 3JIeMEHTHITH 00JIOH XUMUIH aHAJIU3 XUIK aryyJrsil TOFTOOXK
OO30IITYH APCIANIIAC CHPTUIIIX maapiaratail. Ep Hb 3HY cynanraar 3aaBaj TaTax IIyyrad,
X00JI01 Oyxuit atoyaryi Oaiian Hb OypIH XaHTaracaH OPYMH/I ABYYJIaX X3PATTIH IIITHUT dH]T

OHIIJIOH TOMIAIIJIIK OaliHa.

TecaunitH B, X3PIrKYYJIIT
TeciniiH ABUAA XHHCIH TYPIIWITBHIH 03JITI3JI a3
Tecnuiir X3p3rKyyidX sBLHAA XAMTHHAH SXOHI XUWCIPX [Iaapjjiaratail axiblH HOT Hb
HUPTAJITHIT YYCI3X, TOTTBOPTOM acaax, Tepes OYpUH OpUMH JOTOP SIBYYJK TOTTBOPKUIITHIT
XaHrax, TOJIOPXOH MaTepUalIbIH XOOPOH ] HUPTHJIAT SIBYYJIaX OalTyyIaMKuir 6uid 00Jrox 33par
TYPUIWUITBIH OJITIAIT @XM oM. DHY Oaiiryymamvokun oua 20-350A X0OpoHI €HAep TYHIdI
YYCT2XK 4Yajiax YYCTYYPHHT HUPTIITHIH TIKIIIHNH YYcryyp OoyiroH ammuriaB. Hupranruiin

QJICKTPOJ HHprSHFHﬁH sABOAJ XaJICaH YCaH YHaX TOXHOJIAJIO0C C3pFI/II7IJ13X 30pHIITOO0P SJICKTPOJ

14



OapuUrduiir mrypraH O3XJIryT3H XUiB. XapuH 3JCKTPOIBIT HUPIIATUHH TIHXJISTHHH JHaryy
MIWJDKYYII9X MEXaHM3MBIT OHMJ Tycrail Xemeirerd MEXaHHW3M alluIJIaH TYHIPTIIB. JHD
MEXAaHU3M KaTOJBIH XYPHUMTIAJIBII TOM XOMXKIITIUIIAIp rapraH aBaxaJ MOH Xd3PIIVIAIAIOT.
Hupranruiin OyTI3rpXYYHUHUT rapraH aBaX TOXeepeMKUHH epeHxuil Oaiieir 3ypar 1-g

JYPCJI3H Y3YYJI3B.

Torrmoa ryiinimin
TRKIVIHEH YYCIyyp

3IeKTPOABIT

03XJI3X Xe/1eJIrex rYHIIHiH

CHCTEM ] 3oHx
HIPMI
ye
— HHPTATHEH
- byc
KaTOObIH
XYPHMTJIAJ

3ypar 1. HupraJar siByyJax TeXe0peM:KHiH 0yT31 0a YYCCIH MaTepUAJIbIH

ragaajg 0ammaal

Hupranruiir myHrH OpYMHI ABYYJaxXblH TYJJ TyJIaaHJ TICBIPTIM IIMWIIPH CaBBIH E€POOJIBIT
[OOJDK AJIEKTpoA 03xidrd OaiipiyynaB. XapHH a30THII CaBHaacC Hb HApHUH XOOJIOHTOOp
JaMXKyyJlaH YypIIyyJK HUPTAJITUiH Oyc pyy opyyJcad OOIHO.

bun sH» martang aP3px TexeepeMkuMr ammriaH (1) PBIP HYYpCTOPOrdeeC TOITOX XOEP
rpaduT 37eKTpo, (2) 6ay dynyyH Xo€p 37eKTpo, (3) 1PBIP HYYpCTOPOrd0ec TOrToX rpadut
0a 6an uymnyy, (4) Temep aneKkTpoayy, (5) 39¢ 6a rpaduT, (6) XeHTreH Laraad >I1EeKTPOLYYIbIH
XOOpOHJ YC, YyCMal, a30T, aTMOC(hEepHilH araapblH OpYMH] SBAarax HUPTIAIAP SH3 OypHiiH
OYTI3rPXYYH TapraH aBax TypPLIMJITHIT T'YHLAITIAB. DHA CyJajiraar H3pMaJa yc, araap, a30ThlH
OpYMH]I SIByYJIaxaap TeJeBI6coH 0ereea HIpMAI yc¢, a30Thir MY U C-nitn nabopaTopuyaaac aB4u
ammriaB. A30ThIH OPYHMH] SIBYYJICAH HUPTAJIAT araapT sSBarjical HUPTAJIATTAH Oapar aaun yp AyH
erd OaiicaH ydpaac mMarepuan O3ITT3X33 a30ThIH OPOHJ JaH araap JOTOp HUPTAJIAT SBYYJaB.
Hopmanr ycHaac ragHa epauifH KpaHTHBI yC, yycMall AOTOp TpaduT 3IeKTPOABIH XOOPOH/

HUPTAJIAT SBYYJDK TYyPUIMIITBIT JaBTaH XUUXd[ rapy Oaifraa OyTI3rAdXYYH Hb HAPMAJ ycaH
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OPYMHJ YYCCOH OYTI3TIPXYYHIIC 36BXOH O0XUPIO0POO suiraarail 6aiican 0a COpOH30H YaHap
Oyxuii aryymamxkraii Oaiimar. MeH Temep JIIeKTponyyd, TpaduT Temep, Oanm dUylyyH
AJIEKTPOABIH XOOPOH/I SIBarjical HUPTAITHIH OyT33rI9XYYHYYA COpPOH30H uyaHapTail Oaiinar.
OAranp TepAuiH OyTIATA3XYYHYYIUIr OuaHuil ron cynanraansl apra 6onox SEM ammurian
cyax O0JIOMXKTYH ydpaac dSArdpuiiH OYTHHIH cynanraar opxuB. Ep Hb COpPOH30H yaHapTait

OYTIArIPXYYHUH CyJlanraa MaHail TOCIUIH CyJajiraaH]l aHxHaacaa Oaifraaryi 00Ho.

TeceJs ypraaidx Xyraaata XuiMracoH aniryy/a
Cyypb cypaiaraanbl TOCIMHI XdIPAIXKYYJdX SBLAJ XUHIJCOH axiyyZd, XYPCOH Yp AYH,
CaHXYYKYYJIX TIPI3H] TyCrarjacaH yp AYHTUHH JaalraBpyyAbIl TYHIPTIAX KaleHAapuUiICaH

TOJIOBIOTOOHUN OUEIIATHIT YH]T aBY Y3I190.

2019 oHja XUIiCOH XYY, FAPCAH YP AYH

OH? OHJI XUHTZICAH aXITyyA, THAr33PIdC rapcaH yp AYHI Aapaax Oailaap TOBUIOH WIDPXUHIDK

6omHO. YYHI:

1. Hupranruiin yen yycax OyTISrIpXYYHHUIT TapraH aBax TOXeePOMKUUT TeJeBIOH yrcapd
TYPILIUX aXJIBIT TYHIITIIB,

2. Hupronruiir H3pC3H yC, €pAMMH KpPaHTHBI YC, JABCHBI yyCMas, a30T, araapT sByyJax
TYPLIUIT XUUB,

3. VYcan notop sBarjax HHUPTUITHIH yen YYCK Oaifraa OYTIITIdXYYHHHT (HUPTAJITHIH
Oycaac surapy yc pyy OpcoH OOJIOH KaTo[| I93p ypracaH) rapraH aBd rajiaaj IIMHXK JaHap,
OYTLIMIAT CyaJIaH TOTTOOX aXHJI TYHIITIAIII,

4. HupraaruiiH yen KaTOJbIH XypUMTIAN X3J03p33p Yycak Oaiiraa marepuan Hb Tepei
OypuitH MOphosIOTH OYXHIA IUPXATT OYTAIUTIH OOJTOXBIT TOITOOXK OYPAYYJIAIrd X3CTYYAUNRH
MOP(OJIOTHITH MIMHXK YaHAPBIT TOTTOOX XKJIBIT TYHIITIIB,

5. HymaH HUprATHIH SBIAM YYCIX MaTepHANl dJIEMEHTUIHH OOJIOH OYTIIMAH aHaIu3 XUHK
3apuUM IIMHXX YaHApbIl TOTTOOX YP AYHT OJIOH YJCBIH 3pASM IUMHXWITIHHNA Xypasj
X3JIIILYYJDK UIATTAI OTYYJUIMHAT X3BITYYII3B,

6. Hupranraac snrapcan topror 6a yHeoHn Paman criektp, UK criekTp MMHXMITI? XUNHK
X0J00OCHIH TOPIUHT TOITOOX CyJairaar XuicH’dc raaHa OyrsrmxyyHa BET
MIAHKWITIAT XUHK CYBIPXAT YaHAPBIT TOTTOOB. DHY yp AYHT SEM MMHXKUITIII3p
Oaranraaxyynas,

7.  HupranruitH OyT33rA3XYYHHUM rapubll’ HUPIAJATUWH TOPUMTON YsUIAyyJaH CyAalK ycaH
notopxu HAPrITUHH 75-100A TYHUIHITH MHTEpBAl XaMTHMHH TOXHPOMMKTOW OOJIOXBIT

TOI'TOOCOH,
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10.

Hupranruiin 6ycasc sutrapas rajaaj OpdMH OPCOH OYTIATIRXYYHYYAUIH OyTa1, Halpiara,
MOP(}ONOrMiH IIMHK YaHapbIl (X3MXK?33, TalapryyH TainOail, CYBUMH X3MK33, XYBHIH
93JI9XYYH 33p3r) TOITOOX CyAaJraar sByyJjas,

XUMUIH apraap HaxuypblH HAHO XOMKIITIH 00eMIPYYIUIT raprad aBax, IIMHK YaHapbIT
CyJlJIaX aKJIBIT TYHULITIIB,

Sn3 OypuiiH MaTepuanyyIblH XOOPOHJ SIBarJax HUPIIradC YYCIX MaTepUallyyJblH

CyJlajiraar XJIyYJ/DK 3apUM aKJIbIT TYHIITIIB.

Oarap yp ayHr HArtrH OXVY-n 6oscon International Conference on Material Sciences:

Nanomaterials and Technology-VIII xypana 3 untran xamnyymk Solid state phenomen, IOP

Conference Series: Materials Sciences and Engineering caTryynyymda Tyc Oyp HIT eryyiai,

HUUT 2 OrYYJUIMAT UMIIAKT PaKTOPTA CITTYYIYYIIA XIBIYYIICIH.

2021 onjx XHIICIH axJIyyld, TapcaH Yp AYH

2020-2021 ona papaax axiayyasr TYWLIITIAB. Y YHII:

1.

Ycan opyMH JAOTOp MeETall B3JIEKTPOAYYAbIH XOOPOHJ SBarjax HUPIUITHIAH SBLAJ
YYPIIWITAap YYC?K OpYMH JIyy cajlaH opxk Oaifraa X3cryyAauiH MOPQOJOTMHH HIMHXK
YaHapbIT CyJalDK XOMXK33 Hb Oaracax Tycam X»103p Hb Oapar Terc 6eMOepuert oHpTAOruir
TOI'TOOB.

Epnuitn araap notop sBargaxk Oaifraa TOITMOJ TYHUIMHH HHUPIAATIAIC YYcak Oaifraa
KaTOJIbIH XypUMTJIAJI TOTOP aBapra X3M>K33T3H X3Cryya 6apar yycasITyi, XapuH HaHO yTac,
X00JIOM, HAHOPOJ I'OJUIOH YYCASTHIT TOTTOOB.

Araap JOTOp $Barjax HUPrJIrdC HAHOXOOJIOM, HAHOYTac 33pAr OYyTI3r/PXYYH HX
XAOMKIITIU YYCASTHIT TOITOOCOH 06ree/1 3Ir33pUiiH T0JI OHLIJIOT Hb XAMX33HUU XyBB] YPT,
TaJIyyJbIH Xapbllaa uX OalArUir TOrT00I100.

Mertann 0a rpaduT 31EKTPOJBIH XOOPOH sUTaHTysia 33¢ 6a rpadUTHIHH XOOPOHI HUPTIJIAT
ABYYJIaxaJ KaToJ A39p XypHUMTJIarjaH yycdxk Oaiiraa marepuaibiH eru Oaiiraa SEM nypc
WIYY TOJ, TOP3ATAU sirapai caiTail 00JIOr Hb METAJUIBIH YYPBIH yJIMaac HaXWiraa
JTaMXKyyJ1al Hb 3pC caiKupaartai Xoa000To O0JOXBIT JYTHAB,

Araapt sBarjax Oaifraa HUPIAJITMHH aHOA 133D MIPIX HAHO OYTIITIIXYYHYYA ©€ep
OYTI3rIPXYYHTIH XOJIOOTIONTYH 1PBIpP JaHraapaa YYCAST OHIUIOTTOMI TOITOOB. DHD Hb
Tyclax 3JEKTPOJBIH TyClIaM)KTaWraap JaH HAT TOPIUNH OYTIITIADXYYHHHMT sUIraH aBax
OOJIOMXKTOUT XapyyJK Oaiiraa oM. ToMm XdMXKIITIH rpad)eHBIT NaHraap Hb HUPTIJITHAH
apraap raprad aBax 0OJIOMXKTOUT TOrTooB. Ep Hb rpadeHsl mryraman XaMk33 X33H apBaH

MHUKPOMETP 00JI0XOJI TYYHHUT XYP3JILIX apraap cyuiax 00JOMKTOH IOM.
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6. DJEKTPOABIH XypUMTIIAd OOJIOH YYC»K Oaiiraa MaTepHalbiH JOTOPXH HAHO MaTEPHAIBIH
MIUPXTYYIUHH XOOPOH OOJIOH 3JICKTPOJBIH Tamapryytaii Ban mep Baanwsc TepiwitH cyn
XapWILaH YITWIdI3p X0JIOOTAI0T ICOH AYTHIITII XYPIB,

7. Hupranruiin sBuaja yyc»k Oaiiraa HAaHOXOOJOH, HAHOYTAacC 33p3T OYTIAAIXYYHYYI YYCIX
MEXaHU3MBIT CyJIaH rpadeHbl XyWnanT 0a yprajir I3c3H Xo€p YHICIH MeXaHu3Maap Ouit
OOJIIOT TICOH TYTHAJT rapras,

8. EpauiiH araap AOTOp HYYPCTOperd aryyJcaH 3J€KTPOJbIH XOOPOH] sIBarJax HUPIIJITMNAH
SBIIAJT YYCK Oaiiraa OyTIaradxyyH ¢pakiaapaa sjrapad YYCISTHNAT TOTTOOB.

IapasHn Tycraracan yp AYHTHAH JaanraBpyyd, TIArIpuUiiH Ouemdnrtuidr “TecauiiH yp

JAYHTHH JaajraBap, TYYHUii 0Me 3T TOCOH XYCHATTI Y3YYJIIB. DArI3PUIT HATTIH AYTHIK

TOCIUUT TYHUPTrAIrY Tan “Hupranaruiin sBuajm yycsx MaTepuasblH cyjairaa” CiIPBT CYypb

CyJajiraaHbl TOCIHUWUI X3PATXKYYJIdX, CAHXYYXKYYJIdX TIIPIIHI TyCcraracaH yp AYHTCUHH

JlaanraBpyyabll KaJeHAApUYMUIICAH TOJIOBIOIeeH] 3aarJcaHbl JIaryy OypdH OMEeNyYJCOH Tk

JTYTHYXK OOJTHO.
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TecauiiH Yp AYHTHIH JaajraBap, TYYHHH OMeJdJIT

o/

Tecneep Omii 60J10X YP
AYHI'MiiH 1aaJraBap

I'3pa3Ha 3aaracan amJbIH YP AYHTHIiH TOBY TAHWJIIYYJIra

Yp ayHruiin
0aTaJIraa;kyyJaanart

XappLUaHryl HAIT OPYHH
JNOTOp sIBarAax HUPrai-
TUMH YelI YYCIX, sarapax

OYTI3rIXYYHYYAMUT rap-

rai aBax TYPUIWJITBHIH
Cylairaasel  yp  AYH,
OYTIdrIdXYYHUH  rapii,

TOAOPXOM WIMHX 4YaHap-
Tan OYTI3r IXYYHUIT
TOJWIOH YYCT3X TOPUMBIT

TOTTOOX

1. HupranruiiH sBHaj yycdX OYTIATIPXYYHHMHI rapraH aBax

TOXOOPOMKUUT  yrcapd Od3TI H  aHXHBl  TYPLIMITYYJIBIT
ryipTrB. Ongep napantraii (p = 1 atm), marr (p = 103 kr/m>)
Haxwiraad yi JaMKyyjaard opuuH (H3pMaI yc) gpotop (1) maBap
Oaut aymyy, (1) 33¢, (i11) XeHTeH 1araas, (iv) Oalranuitd 6an 9ynyy
MaTepuaaap O3JITIICIH AIEKTPOABIH XO0OPOH TOITMOJ TYHATUIH
HYM acaax 3amaap KaToJ J[33p XypUMTJIarican OyTasrI33rAXYYH
OOJIOH HUPIAATUHAH SBLAJ YYPIIMH Tap4 OpPYMH JIyy OpPCOH
OYTIITIPXYYHUUT sITaH aB4 OYTUMWT CyajiaB. DHY cyjairaar
2021 onp epauiiH araap AOTOP MOH TYHIITIAB. DHY CyAalraaHbl
Yp AYHI epAuiiH araap TOTOp 4 Tepesl OypwiiH MaTepuanaap
O2JITI3COH  DIEKTPOABIH XOOPOH]I SBarjiax HUPIAJITHAH SBLAJ
OHIUIOT OYTI3IPXYYHYYH Ouii Gongor muHA yp IOYHT rapra
aBiaa. DHJl araap JOTOp SBarjax HUPIIIr3dp HYYpCTOperduitH
HAHOXO0O0JION, HAHO YTCHIT YYCI3X O0JIOMKTOUT TOTTOOJIOO0.

2. HymaH HUPraJITMMH TYHIIMHAT HMXACI3Xd1 OyTIITIXYYHHUH
YYCOX XypH X3MK33 HAMAIJAT OO0JI0OBY HUPIIIATUHMH SBLAJ

dglrapax ayjaaaH UXCIXK HHpFBHFI/IﬁH OPYHEBI TOJIOB, IIWHX YaHap

1. Vanchinkhuu, Jigmeddorj, Baasandorj Bat-
Erdene, Erdene Bayanjargal, and Orgilsaikhan
Gerelmaa. “Structural Features of Products
Formed during DC Arc Discharge in Water”
Solid State Phenomena 288 (March 2019): 71—
78.

https://doi.org/10.4028/www.scientific.net/ssp.2

88.71.

2. Tserenjav E., Jigmeddorj V., Lygdenov B. D.,
Magvan U., Shavrai P., Omoontsoo G. A Study
on physical properties of dispersed silica,
Proceedings of the VIII International Conference
«Nanomaterials and Technologies» (VIII Mex-
nyHapojaHasi koHpepeHms «HanoMmarepuansl u
TEXHOJIOTHMY), pp. 136-141, 2019.

3. E Tserenjav, V Jigmeddorj, B D Lygdenov, U
Bayraa and D Tsevelmaa, Study on physical

properties of dispersed silica, 2019 IOP Conf.
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https://doi.org/10.4028/www.scientific.net/ssp.288.71
https://doi.org/10.4028/www.scientific.net/ssp.288.71

O0ornHO xyramaaHpa eepuierguer. MitMa OyTasrIdxyyH yycax
TOI'TBOPTOM, YP alIUITail TOPUMBIT TOI'TOOX 3aMIIIITYH 1Iaapaiara
ypras rapjar. YYHHHAT TOTTOOXBIH Tyi1 0ua 25-160A ryianuiin
MHTEpBa OyTI3rIPXYYHUI rapusir cygamk 75-100A ryitanuitn
MHTEpBAJJ] XaMIUIHH XaMTUHH UX X3MXK33I33p YYCAITI OOJIOXbIT
TOT'TOOB.

3. TecnuiiH OpOAOTYU LAXUYPbIH HAHO 0©6M OYXUil IUCTIepCT
CUCTEMMIT XMMUITH apraap raprat aBu, IIMH>K YaHAPbIT CYJIaH YP
JYHT HOITIDH MaTepuan cyjuianbiH oyioH yicbiH VIII xypana
untrax eryysuuidr “IOP Conference Series: Materials Science and

Engineering”-1 X3BIyYJI3B.

Ser.. Mater. Sci. Eng. 684

(doi:10.1088/1757-899X/684/1/012011)

012011,

Hupranruitn SIBIAT

YYCIK, Oaiiraa

OYTIOTIRXYYHYYIDA XUM-

srap4

CO3H  OyTmuitH  6oJIoH
3JIEMEHTUIH aHAJIU3bIH YD
IYH, OYTI3TI3XYYHUH 3a-
puM (UMK, XMMH, Mexa-
HUK ©0a Mopdororuitn
IIMHX YaHAphIT CyJabK

TOI'TOOX

1. HupranruitH sBHAX YYCCOH OYTIAIIPXYYHYYIURH OyTaL,
Halipiara, MOp(QOJOTHilH IIWHX YaHapbhIl TOITOOX CyjAajraar
ABYYJDK (0eeMIpHUHH XdOMK?I?, TagapryyH Tanbail, CYBUIH
X3MIK33, 33J3XYYH, TYISJIT 33p3T) CyJanraaHsl Yp AYHT ODH3 Yp
ayHr SEM mmHXuiarnrdp 0atanraaxyysiaB. Yp JYHT HITTIDH
OXVY-n 6oncon ICMS-8 xypayi X3I2IIYYJDK WITTAA OTYYIUTHAT
X3BIIYYJICOH.

2. Hupraarssc sarapcaH TOPTOT, YHC 33p3r OYTISTIdXYYHHM
Pentren cnektp, Paman cnektp, nHdpa yiaaH TyslaHbl CIIEKTPT
MIUHXKWIT) XUk yp AYHT HArtmH OXY-g 6omcon ICMS-8

Xypasl X3I3JYYIDK WITIDI OrYYJUIMAT X3BIYYJICOH.

1. Vanchinkhuu J., Bayanjargal E., Erdenebat
Ts., Gerelmaa O. Results of morphological
analysis on products from combustion,
Proceedings of the VIII International Conference
«Nanomaterials and Technologies» pp. 142-147,
2019)

2. J.Vanchinkhuu, E.Bayanjargal, M.Tamara,
J.Dulguun, Results of analysis on soot and ash
from coal combustion, Proceedings of the VIII
International Conference «Nanomaterials and

Technologies», pp. 379-383, 2019.
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3. HymaH HHpraiaruiiH gBUAJ YYCOX MaTepHualj 3JIEMEHTHITH
00JI0H OYTUMHH aHAINU3 XUWK 3aPUM IIHUHXK YaHAPBIT TOTTOOX YP
AYHT OJIOH YIJICBIH 3pA5M ITHHKAITIHUN Xypajia HWITIaJI

XAJIIILYYJDK UITIA OrYYJUTHIT X3BITYYII3B.

3. Bayanjargal E., Vanchinkhuu J., Otgonbaatar
M. XRD quantitative analysis of carbon product
emerged by underwater dc arc-discharge method,
Proceedings of the VIII International Conference
(via

«Nanomaterials and Technologies»

Mexnaynaponnass koHpepenuus «Hanomare-

pHaJibl U TeXHOIOruw»), pp. 148-151, 2019.

Hupranruiin ABLAJ

YYCCOH O0O0JIOH suirapcad

OYTIIrIPXYYHUIT  sraH
aBax, IPBIPIIX
TEXHOJOTUIH Tayaap
CyIaIlK, aprauian
00JI0BCpYYyIax

1. bun (1) weBIp HyypCTOpPOr466c TOITOX XOEP MEKTPo, (2) O6an
qyJIyyH X0€p 3eKTpo/I, (3) 1PBIp HyypcToperd 0a 6an uyinyy, (4)
TOMOD EKTPOaYY, (5) 33¢, (6) XeHreH LaraaH, 3JIeKTPOAYYIbIH
XOOpOHJ] ycaH 0a araapblH OpYMHJ SBargax HHUPIIJIrdp SH3
OypuiiH OYTI3IIPXYYH TapraH aBy CyjJiaB. JHO Cyjajiraaraap
epIOVifH araap JOTOp HYYpCTeperd aryyycaH 3JCKTPOJbIH
XOOPOH/I sIBariax HUPIIJITHIH ABIA YYCK Oaiiraa OyTasrapxyyH
¢bpakmaapaa srapaH YyCIOT TOTTOOX Yp MAYHT Marepuant
CyJJTaJBIH OJIOH YJICHIH [X Xypan witras.

2. KaToaplH XypUMTIIAIbIH TOTOP HUPTITHIHH OYTIITIDXYYHYYA
X37103p33p3n sIrapaar Hb HUPr JATUiH Oyc A9X OpHBI H3IDH TOpel
OwuII YaHapTaid X01000TOH K Y3CIH 06ree 1 HATIH TOPIUNHH OUIIl
OpPOH JIOTOP AMDIICKTPODOPETHK XYUHUN YHITWIIIIP XOOPOHI00

Oapar KU XOMXKIITIU OyI0y MOHOAUCTIEPCTIN XACTY Y AIIKUINH

1. J.Vanchinkhuu, B.Duurenbuyan, B. Anand,
E.Bayanjargal, Research results of discharge
products, Mongolian Journal of Physics
supplement 2, pp 93 (2020) (“ICMS 2020 9th
International Conference on Materials Science,
2020.09.12)

2. Vanchinkhuu J,  Duurenbuyan B,
Erdenetogtokh J, Song Zhi Qiang, Bayanjargal E
“Research Results of Discharge Products”, Solid
State Phenomena, Vol. 323, pp 113-118, 2021.

(doi:10.4028/www.scientific.net/SSP.323.113)
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HAT XACOIT LyTiapaH suirapaar OaifHa. DHY cynairaaHsl yp JYHT

ICMS-9, MOH-uniiH XypaiiJ X3/13J10YYI3B.

[Tna3zm 0a OpYHBI

XapwilaH  YIIYIIANH

IYHI HaHO OOJIOH MHKPO

ApIMOuitH XOMKIITIU
JTUCTIEPCIATACOH  OyTaII
YYC3X, yprax
MEXaHU3MBbIH 3arBap
raprax

1.bugnuii XuicoH myBpasl TypHIIMATHIH YP AYHA (1) 3JIEKTPOAbIH
rajapryy I33p XypuMTJIarjiaH yycak Oaiiraa Matepuan Hb TOPOI
Oypuiin Mmopdosoru OyXui MHUPXITT OYTAIUTIN Oaiinar 6eree (ii)
HUPIAITUHAH  sABUAA  YYycd»k Oaifiraa »ar’’p Mmarepuanl Hb
AJIEKTPObIH raiapryyTail 60JI0H 66p XOOPOH00 XapbLaHryi Cy
X0J100TICOH Oaiiar Hb TOrTOOTAOB. Y PrajaThlH YUTIINIA XOHJIOH
YUIJIDJ93p aMapxaH Xarapd cajjar Hb MaT€pHalIbIH LIUPXTYYI,
TYYHWI3H rajapryy 6a MaTepuaiblH IUPXTYYAUHH X00poH Ban
nep Baanbc Tepauiin cyn xapwinaH yirdais 6aiAruir y3yyaaor.
XapuH yprajitblH YUIJIII] XOHIJIOHIe6ep Hb caJlraH aBCaH HUMIDH
YEYI JOTOP HAHO X3MKIICT IIyraMaH OyT33rI9XYYHYYA UX3BWISH
YeuiH XaBTraiH Jaryy Xd9BT3? OaiipiacaH Oaitmar Oa yyrasp
TYYHUH XOHJIUIOH YMIJI JPX XapblaHryi Oat 03X uvaHaprait
Oaiiiruiir Taibapaax 0OITHO.

2. Hupranruitd sBuajn (i) HUPr3AruiH TYHATUNRH Heseereep Ouit
6oncon XXoynuitH AynaaHel yp AYHZ 3JE€KTPOJ XalDK YypLIMH
HYypcTeperd artomMujargax Oa 5SJeKTpOJAbIH MaTephal JI93pX
aHxJard

29X OUYMXK

YYCB3p CyyH

HAaHOMATepHAyyJblH ypraiat sBarjnax, (i1) rpa@uTblH HUMIDH

I9p  aroMyyna

1.  Vanchinkhuu J,  Duurenbuyan B,
Erdenetogtokh J, Song Zhi Qiang, Bayanjargal E
“Research Results of Discharge Products”, Solid
State Phenomena, Vol. 323, pp 113-118, 2021.
(doi:10.4028/www.scientific.net/SSP.323.113)

2. J.Vanchinkhuu,  J.Erdenetogtokh, B.
Duurenbuyan, B.Anand, Dielectrophoretic force
application in separating powder materials,
Mongolian Journal of Physics supplement 2, pp
94 (2020) (“ICMS 2020” 9th International
Conference on Materials Science, 2020.09.10)

3. Erdene Bayanjargal, Jigmeddorj Vanchinkhuu,
Tserenjav Erdenebat, Myagmar Otgonbaatar,
“XRD Quantitative Analysis of Cathode
Deposition Formed by DC Arc Discharge in
Solid State Phenomena, Vol. 310
2020), pp 118-123, 2020.
(https://doi.org/10.4028/www.scientific.net/SSP.

310.118)

Water”,

(September
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https://doi.org/10.4028/www.scientific.net/SSP.310.118
https://doi.org/10.4028/www.scientific.net/SSP.310.118

YeyI 3X Marepuaiaac cajax gBlaa Xyiiapyd 3praH HAaHOXOOJIOU
00JI0H HaHO yTac OOJIOTMIAT TOTTOOB.
3.  Hwupranruiin Oaiiraa

sABOan HaHOX3MMX33CT

YYCK
OyTarmxyyHyyauitH SEM 3ypart mMMHXWUIATIS XUHUX 3aMaap
OYT33rIPXYYHYYA KaTOJ J33p XypUMTJIArjax IpoLecCuir cyaamk
IYTHIIT rapraB. Hupraiaruiin sBuaj 3JeKTPOJBbIH rajapryyraac
CaJK HUPTAITHHH OYCA OPCOH OYTISIIIXYYHYY IPHATIAIAIK,
TyImIpcanbl AYHI OpPHBI OOJOH JUAJNIEKTPOPOPETHK XYUHUUH
YIITWI3193p KaTox 193p LyTriaapaH XypUMTIarjax Hb XOOPOH00
Ban nep Baanbc Tepauiin cyn xon6oocoop xonboranor. YyHTIH
39PO3TIPH YYyPUIMITAaC YYCCOH aTOMYYZ JKMDKAT OOJIOH aBapra
X3CIT 193D CYYH yprax HAaHOPO1 OOJIOH KIDKHT 06a aBapra X3CcTyy/a
J1P3p yprax Oairaa 60rMHO XIMKIITIN HAHOXOOJIOUT YYCTI/IAT.

Onrasp yp aydr 2019, 2020, 2021 oHyyzaaa OJ0H YJCBIH Xypal

HIITT3K OJIOH YJICBIH CIOTTYYJL ©Tr'YYJI3JI X3BJIYYJIOB.

Cynanraansl  yp

¢bakTopTaii

JYHT
WMIIAKT

COTTYYJIO X3BJIYYJIOX

bua sH> cyaanraansl Yp AYHT OJI0OH YJICHIH UMIAKT (hakTop OyXuit
“Solide state phenomena” catryynn 3, “IOP Conference Series:
Materials Science and Engineering”-nx 1 eryyma OGodron

XIBIAYYIRB. OAr3dp COTIYYJIMHH paHr, HWMMIAcT (HaKTOpHIT

Xaprajizax caifTaac aB4 J10OpXH 3yparT y3YYJ/I3B.

Cypanraanbl aXJIbIH YP AYHA UMIAKT QakTopTait
COTIYYJI lapaax 4 eryyidi X3BIATI3B.

Vanchinkhuu, Jigmeddorj, Baasandorj Bat-
Erdene, Erdene Bayanjargal, and Orgilsaikhan
Gerelmaa. “Structural Features of Products
Formed during DC Arc Discharge in Water.”

Solid State Phenomena 288 (March 2019): 71—

23




@& https://www.resurchify.com/impact/details/21100305259
I Ynctep 1§ Atimemn

[E3Resurchify Searn Contreces,ounas, i @ Confererces | @lourmals

¥ IMPACT SCORE

iffraction of light,.. @ Speaking English Pr. @ English Conversatio... @ English Speaking: A

14 JOURNAL RANKING % CONFERENCE RANKING i SYMPOSIUMS ~ WNMEETINGS  E36LOGS
Important Metrics
Title Solid State Phenomena
Abbreviation Solid State Phenom.
Publication Type Book series

Subject Area, Categories, Scope  Materials Science (miscellaneous) (Q3): Atomic and Molecular Physics. and Optics (Q4)
Condensed Matter Physics (Q4)

heindex 39
Overall Rank/Ranking 18472
SClmago Journal Rank (SIR) 0.215
Impact Score 0,66
Publisher ~Scientificnet
Country Switzerland

ISSN 16629779, 10120394

Top Journals/Cc

Search Conferences, Journals, etc @ Conferences & Joun

.
Resurchify
¥ IMPACT SCORE % CONFERENCE RANKING il MEETINGS [EBLOG

| impact factor (IF) produced by Journal Citation Report. Please refer to the Web of Science data source to check the exact journal impact factor ™

(Thomson Reuters) metric

Ll JOURNAL RANKING = SYMPOSIUMS LaTeX

Important Metrics
Title |OP Conference Series: Materials Science and Engineering (discontinued)
Abbreviation |OP Conf. Ser.: Mater. Sci. Eng. (discontin.)
Publication Type Conference and proceedings
Subject Area, Categories, Scope Engineering (miscellaneous); Materials Science (miscellaneous)
h-index 44
Overall Rank/Ranking 32777
SCImago Journal Rank (SJR)
Impact Score 0.51
Publisher 0P Publishing Ltd.
Country United Kingdom

ISSN 17578981, 1757899X

78.
https://doi.org/10.4028/www.scientific.net/ssp.2
88.71.

E Tserenjav V Jigmeddorj, B D Lygdenov, U
Bayraa and D Tsevelmaa, Study on physical
properties of dispersed silica, 2019 IOP Conf.
Mater. Sci. Eng. 684 012011,
(doi:10.1088/1757-899X/684/1/012011)

Ser.:

Erdene Bayanjargal, Jigmeddorj Vanchinkhuu,
Tserenjav Erdenebat, Myagmar Otgonbaatar,
“XRD Quantitative Analysis of Cathode
Deposition Formed by DC Arc Discharge in
Solid State Phenomena, Vol. 310
2020), pp 118-123, 2020.
(https://doi.org/10.4028/www.scientific.net/SSP.

310.118)

Water”,

(September

Vanchinkhuu J, Duurenbuyan B, Erdenetogtokh
J, Song Zhi Qiang, Bayanjargal E “Research
Results of Discharge Products”, Solid State
Phenomena, Vol. 323, pp 113-118, 2021.
(doi:10.4028/www.scientific.net/SSP.323.113)

24



https://www.scientific.net/author-papers/tserenjav-erdenebat
https://www.scientific.net/author-papers/myagmar-otgonbaatar-1
https://doi.org/10.4028/www.scientific.net/SSP.310.118
https://doi.org/10.4028/www.scientific.net/SSP.310.118

TecnuiiH >1cUiH TaiylaH
OMUmK 3axMajard,
CaHXYYXKYYIr4ua

XYJI23JII'3H orox

Tecauiu sricuiil TaliaH

Tatinanr xyramaana Hb O03aTraK MYUC-mitH
Y C-uiin spamuiin 3eBnen 6onon LY A-uitn
bara  uyynrang = XypryyisH — XdJDIIy YK
UTIAOMKIDTICOH XaJrajlardul XYJPAJITIH erex

YUI'JIDJ aBaB.

25




CYJAJITAAHBI AXKJIBIH TAUJIAH

Yauprraia
Cyynuiin 20 opuuM >KUIMHH JOTOpP ©HAOP XOIKCeH OOJOH XOIXKIK Oaiiraa OpHyy[ LIUHD
MaTepuajg TapraH aBax, IIWHD MaTepHajblH TEXHOJOTH OOJOBCPYYJax 30pHIT00p 3HD
YUTJIJIMNH CcyAalraar 3puuMTii ABYyIDK Oaifraa Owida. bun sH»3 uur xanjiaratail ysuiayysiad
MaHai 00JIOMK HOXLIOJI]] TaapyyJlaH 3H3 Cyypbh CyJlaliraaHbl C3/I9BT a)Jlaap HaM TeMIIepaTyphbIH
IUIa3MBIT TOpeJ OYpPUHH OpYMH JTOTOP HUPIAITMUH MPOLECCOOP YYCTK HA MPOLECCHIH Yel
YYCK Oaifraa OyTI rIpXyyHYYAuHTr cyanaB. Tepenm OypuilH OpuuH HOTOp siH3 OypuitH
MaTepuaniaap XUiCaH 3JIEKTPOAbIH XOOPOH A HUPIHJIAT SIBYYJ1axa/l OJIOH sIH3bIH MaTepHall YYCIOT.
OH» Marepuan HUPTUITHHH X3703p33¢ Xamaapd 3JeKTPOJbIH MaTepuall J33p 3CB3J HUPIAIIAT
sBarjax Oaiiraa opuuH JOTOP srapaH rapy UpAdsr. HUpranruity yp AyHA 37E€KTPOA A33P YYCIK
Oy#i mMarepuan Hb MOJUIHUCIEPCT cucTeM Oaiinar Gereen Tepen OypuitH Mopdoioru Oyxuid
X3JIX3H HaHOMETPAISC X3JI9H apBaH MUKPOMETP XOMXKIITIM JKIKUT XICTYYIIAC OypanjpH Ouit
Oosicon Oaitar. Tyxaiin6ain, QysiepeH, HAaHOX00JIOM, HaHO yTac, rpadeH, MOJIEKYJISIp KiIacTep,
Gaitdsp 39pruiir yyH1 XxampyyJpk 00iaHO. YYH?3C rajHa HUPIIJAT sBarfjax Oaiiraa OpuHBIT
0OpUIOX 3aMaap IIB3P OPraHUK MaTepHal Taprad aBax 0ojomx 4 6ac 6aiigar. Mitm 3amaap Ouit
00JTrOCOH MaTepuan Hb Oalfraib J193p IIyyJa OPIIJOTTYH 3CB3J1 TEXHHUK, TEXHOJOTHIH XYBb]
OHJIep a4 X0J00r10J1 OyXUil OHIrOM MIMHXK YyaHapTail 6aiiiar yupaac cyuiaau/iblH COHUPXOJIbIT
UX33p TaTax Oaipar cynanraanel 00bekT oM. Uilm yupaac Tepes OYypHiiH Op4YMH JOTOp SH3
OypuiiH MaTepuanyygaap XUHCIH JIEKTPOIABIH XOOPOHI SIBAarjiax HUPTIJITUNH BIAJ YYCOH Ouid
0ok Oalfraa OYyTI3MPXYYHUN HIMHXK YaHap, THATIIPUNT TapraH aBaX TOPUMBIH Tajlaapx
CyJajiraar HUPI3ITUHH MapaMeTpyyA33C XaMmaapyyJaH SBYYyJax 30pWITBIT TOJUIOH aHxaapd
Jlapaax 30pWITYYIbIH XYPAI3H]I CyJairaar ryuusTraB. Y yHA:
1. Hupraaruiir TOrTBOpPTOM  sIByyJaX, OYTI3IdXYYHUHI TrapraH aBax, YYCCOH
OYTI3rIPXYYHUI MOHUTOPUHT, CyAajraa
2. Hupranruitn sBriag yycdk Oaiiraa OyTIdradXyyHYYIUHH OYTIMHH OOJOH DIIEMEHTHITH
aHamu3, TOAMIIPUNH I[IUHXK dYaHap, SArdp OyTIdrIpXyyHuil yycsx Ouit  Gosox
MEXaHU3MBIT 3arBaphIr raprax,
3. Tomopxoil MUHX YaHApTald OYTIOAIXYYHHHT TONWIOH YYCIX TOPUMBIH CyJnaniraa,
HUPIIJrINP YYCIX OYTIAIXYYHHUIT sirax, I3B3pIIdX Yp allurtail XyBUiaOaphIr 0J0X.
Cypanraanbsl yp AYHT UMIAKT (GakTop OyXuil rajaafblH CATTYYIYYZ X3BIYYJISX 30pUITOTOM
Oaiican 0a Cyypb CyAairaaHbl aXKJIbIT XIPIDKYYIDK 9XJIIIX33C 6MHO OuJ araapblH OOXHPIOI,

HIaTajaTTail XoJ000TON CynairaaHsl sIBIaJl HYYPCTOpOrd aryyjicaH 3apuM MaTepUasbIl IIMHK
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YaHaphIT TOITOOX CyJalraa siByyJDK 3apUM Yp JAYHI rapraH aBcaH Oaitnaa [1]. OHd yp ayHO
CYypWJIaH OMJ] TOCITUIT APBIITYYJICHHHUT TAOMAITIIAE.

Ve, Tepen OypuitH yycMal, IIMHTAH a30T 33pAT YJI IaTaxX MIWHIIH TOIUNUTYH 3apUM OpraHUK
aryylnaMXTail IIMHTOH OPYMH JOTOP 3apUMBIH XYBBJ HYMaH HUPTIJIAT sBYylIax OOJIOMXKTON
Gaiiar. YyH93C rajHa Tepes OypuitH XHifH OpUUH JOTOP TUTIMT HUPTHIIAT SBYYIK XUHH OpUUH
JIoTOp Oairaa qUCTIEPCIATACIH QPaKIyyAbIT SJITaH aB4 00JIHO. SIH3 OYpHitH OpUMH TO0TOp HyMaH
HUPTAJITHIT TOTTMOJ TYHIUIIIP SABYYJaxX YeA aHOJ S3BIPIXIAC rajHa Karod OOJIMOH aBcaH
9JIEKTPOJ] ypran Tomopy Oaiinar [1-5]. Karonsin XypumTian 10oTop yycak Oaiiraa sH3 OypuitH
OYTIArIXYYHUN MOPGOIOTHIAH IMHXK YaHAPKIT [6-7] axiyyaaa, XapuH OYTIUHH OHIIOTHIT
[8-9] axnyynan cynancan O6aitnar. DH? matana Ousl yc 60JI0H araap I10TOP HYYPCIH dJIEKTPOIBIH
XOOPOH/ SIBariax TOrTMOJI TYHATUITH HyMaH HUPTAIITHIH SBLAJ KaTO A39p XypUMTIIariax Oy

MaTcpHrall 00JIOH HUPIIJIT33C UIrapad rapCad MaTCpualyyabIl Cy1JIaB.

Matepuas 631Tr3X TOX60POMIK, TYPILIHIT

bun emuex Oynruitn 3ypar 1-1 HUPraAruiH OYTISTIPXYYHUMNI rapraH aBax TOXeepeMKHUNH
OyIyYBYMHT Y3YYJICOH. HUpranruitH OyTIsradXYYHHHUT raprax aBaxblH TYJIJ OHIODP TYWIIUNHH
HYMaH HUPIAJIAT SBYYJlaX ydpaac UX TYHJUIMIAH YYCryyp Laapanaratail 6ongor. bug torrmon
TYHATUIH TarHyyp XUMX YYCTYYPHHUT TKI3JIUIH yycryyp Oonron ammrias. Hupranruiin yexn
TYWIRJ, XYUIDIUNT XSHaK Oaix mmraapsmararaid. DH? Huproaruidr 20-30B xyumnn sByyimk
TYPIIMAT XUHCOH TYJ XYYADIMHUI X3MKHMX3J €pAMHH XYUIT XOMXKUX Oarakyys allurias.
XapuH T'YHIRJI MX yupaac COPOH30H 30HJ amurias. Hupranruiir ycan notop sByyJaxjaaa
JUyJIaaH]{ TCBIPTIM MINJIDH CaB X3pATIdB. HUPranruiiH sBOa 3JeKTPOAY YA MK XOOPOHI0X
3aif Hb eepwIerjiar yuypaac HUPIIJITUHAT TOTTBOPTOM acaaxblH TYJA 3JIEKTPOAYYIbIT
THHXJIOTMWH Jaryyl Hb OOJIOH XOHAJOH YWUIT MIWDKYYJI’X MEXaHW3M XUIDK allurias.
Cynanraanbl IIaapjajgara XaHracaH J93)K33 TOITOOX, rapraH aBaxaac emMHe Ouja 3ypar 1-a
Y3YYJICOH CXEeMMIH Jaryy HUPTJIAT SAByYJaX, JA99K FapraH aBaXx ToOXeepeMkee yrcapy rpadur,
Oan 4yiyy, 33C, XOHIOH I1araaH 33p3TI METaJUI AJIEKTPOIYYJbIH XOOPOH H3PMAII YC, €pANUiH
KpPaHTHBI yC, yCaH yycMajl, a30T, araap 33p3I OpYHMHJ TOTTMOJ T'YHUIMHH HyMaH HUPTAJIAT
ABYYJDK TYPIUMIT XWUHB. 3apUM TOPIMHH yCaH yycMal JOTOp sIBaricaH HHUPIAJIr3dp YYCCOH
OYTI3rIXYYHYYAMNUT HIPMAJ YCaHA YYCCOH OYTIIIIPXYYHYYATIH, XapuH a30ThIH YypaH.
SIBYYJICAH HUPTAIITIIC YYCCOH OYTIIIIXYYHUHUT aTMoc(epHifH araapT sSByyJCaH HUPIIITUHH
OYTIIIIIXYYHTIU XaphIlyyJK Y39X3]1 TIArIIPUNHH XOOPOH OPUYUHTON X0I000TOM OOXUPITI00C
WIYYTI! aHxaapal TaTax OHLIOW sulraa WIPA3TYW TyJ OJOH TOPJIMMH OPYMH[ CyJanraar Har
OYpwWISH HapUMBWIAH XUHXIIC 3aMICXUIDK yC Oa araapT rapras aBcaH A3XKYYIUIT TOJIJIOH aBy

y3133. Cyanax mpakuiir rapran asaxgaa 99.9% 1eBIpmmirmdai rpaduT 3IEKTPOAYYIbIH
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XOOPOH]T HAPMAJI YCaH OPUYMH/ TOTTMOJ TYWUJUIMIHH HyMaH HUPTAJIAT YYCI3B. DHY TypPIIUIATaH]
nabopaTopuiiH HOXIIOI HAPCOH YyC ammuriiacad 0oyHO. J[P3KUUT Tapran aBaxaja XdpAridcoH
rpaguT HH [aXWiraad JamviKyyJiadl —calTail, ceper J3CIPIrYYIUIMHH TeMIepaTyphbiH
KOX(PGUIIMEHTTIU, TeMrepaTyp HAIMOIIIXA 0ar 0ex YaHap Hb JIIAMIWIIAT, Oapar COPOH30H
YaHapry marepuain oM. [9X133 rpa@uTbiH JOTOPXU YEYIUHH 3BAPAITIH X0IO00TOHTOOD
TYYHJI COPOH30H YaHap Yyca»k 6omaor. MiiMm rpadutaap 31eKTpo1 XUk OHAep T'YHATUHH HyMaH
HUPIJAT SBYYJax Y€l KaTroJ Hb ypraxx TOMOPZAOT. YYHHUH 33p3TL33 HUPIIITUUH SBIl 1aXb
ANEKTPOABIH YYPIIUITTal X0I000TOUT00p HUPTIJIAT ABarAaxK Oaiiraa OpurH JOTOP, MOH IPIIH
TOWPOH MX XAMKIOHUHU >KWKHUT XICTYYA suirapcan Oaiimar. YyHssc ragHa Oan 4ymyy, 39¢,
XOHIOH  I[araal  39p3r  MaTepUalyyIblH  XOOPOHJ  sBarjaX  HUPrAJrIdCc  YYCdX
OYTIArIPXYYHYYIUNT MOH rapran aBaB. Hupranruitn karoa a33p ypracad OyTdoL, HUPTIITUNRH
SB[l OpPYUH JNOTOp OOJIOH OpYMH TOWPOH] SUIrapaH YJJICIH TyHaAac, TOPTOT, YHC 33par
OYTI3rIXYYHYYIRA CyJajiraa XUitg. ban 4yyyH 3J1eKTpOoAbIH XO0POH/ SIBYYJICAaH HUPTAJITI3C
YHC rapaxaac rajia 3JIeKTpoJi 6apurd J33p TOPTOT CYy>K YJIIA3r. YYHHUUr Tycraiiyian cyjuiaB.
XapuH ycan opuuH]I rpaduT, 6an uynyy 6a MeTau1 2JIeKTPOIbIH XOOPOH/I SIBYYJICAH HUPTAJITIAC
YYCOX OYTIITAXYYHUHM 3apUM Hb YCHBI TaAapryy A3 XOBXK (TOTUI0OH 0aj 4yIyyH dJIEKTPOITOM
HUPTAJITIC) 3apUM Hb EPOOJIJT )KUBCOH Oaiiar. Y CHBI raIapryy JI93p XeBxk Oaiiraa MaTepHalbir
yC Y HIBTPYYJIdX Tajapryy A33p CyyliraH sUlfak TacajraaHbl TEMIEpaTypT Xaraax 3amaap
rapras aBnaa. Epoon TyHacaH X3CTHifH TyHraaH XaTaax suiras asas. Katon 19op ypracan 6yTai
OOJIOH HUPTAITUIH SIBIQJl yCaH JOTOP sUIrapaH rapcaH OyTIATIIXYYHYYIUNH MEXaHUK OOJIOH
mMoponoruita oHIpToryyasr SEM 6omor SEM EDX (SIEMENS SU8010) x3parmdH cyuian

rapras.

Hupraaruiii sBuajx yycdx MaTepuajiyyIblH epOHXHI HIUHK YaHAD

Slarapcan OyT33r13XYYHH OHIJIOTYY /X

VYcana 10TOp HYYPCOH 3JIEKTPOABIH XOOPOH/ sIBarjaXx HyMaH HUPTIJITUNH SBLAJ KaTOA 193D
ypracaH MaTepuaiq OOJOH HHUPIIJITUHH SBLAX 3JIEKTPOAYYAaac callK OpPUYMH JIyy OpPCOH
XACTYYIUIH OYTAII, IMIUHX YaHAPBIT SHJ aBY y3/133. DIEKTPOI00C YYPIIHH YC pyy Opk Oaiiraa
XACTYYAUNUT MyMIIyyJDK aBcaH 139K Hb HYYPCTOPOIruMiH HUMIDH ye 0a XyyJAcyyJaac TOTTOX
MHUKPOHBI 3PIMOUHH XIMXKIITIU KMKHUT XOICTYYZ O0a HAHOMETPUUMH SPAIMOMIH X3IMKIIHUU
IUaMETPTIH IIyramMaH X3CIYyAunr aryynaar. Katon 13sp yprax TOMOpCOH MaTepHall Hb TypBaH
©6p TOPIHIAH KIDKUT XICTYYAIIC TOITOX 06ree 1 SArdpuitH T0TPOOC HAHOMETPHIH SPIMOHITH
XOMIKIITIN KIDKUT XACTYY OOJIOH HIyramiiar X3CTYYIUiTH HAIK 33JI9XYYH JOTOP OPIINX TOO Hb
XaMTUHH OJIOH Oaiimar. DHA 133K JOTOp aryyjarjax mryraMaH OyTHYYIWHH 3apuM X3CAT Hb

HAHOXOOJIOH, 3apUM Hb HaHO yTac Oaiix 06a 3ar’3p Hb XOEP XOMXKIICT HUMIIH Ye rpadutaac
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XyyJIpax YeIdd XyHiarnaH 3prax 3amaap 3CB3J TPaQUThIH TOTOPXH JKWXKHUT YPIIyYZd O0JIoH
aBapra XdMKI3TIH XICTYYAdIC yprax 3amaap Ouit 0oor.

Hupranruiin sBuan SiaeKToayydaac caDK HHUPTIJIAT sSBarjax Oaiiraa OpuyWH JIyy OpPCOH
OyTIrmxyyHYYA (3ypar 2) Hb X37109p, XOMKIIHUN XYBBJ XapWILAH aUITYH OJIOH KHXKUT
X3CTYYIP3C TOTTIOT. DAr3SPHMH HUXIHXUHUT MHUKPOHBI APIMOMHH XOMXKIITIH IUPXTYYI
Oypayymx Oereen 5-10 MKM-33C 13311 IIyramMaH XdMKIITIH TOMOOXOH XACTYYA Hb XOEp
YHACOH OyTauTHil Oaiina. Taaraspuitn Tompyyican Gaitansir 3ypar 3-T y3yYyad3B. DAranp TOM
XACTYYAUIT caiiTap aKUTIJIaH Xapaxaj 3ArIpHUIH 3apuM Hb XypIl TOTCTOIYYATIH Oaitxas 3apum

Hb MOXO00 Oaitaar.

3ypar 2. Huprajaruiia iBuaj 3JeKTpoAyyAaac cajK rapcan X3cryyauiin
€POHXUI TOpX
[IlyramMaH XdMX33HHH XyBbJ TOM, XypILl TOICTOJIYYATIH XICTYYIUHI TOMpyyJaxal HAJII3.
3y3aaH JaBxap XyyJCyyAaac TOITOX Oaiiraa Hb TOJOpXoi xaparnaar (3ypar 3a). DaraspuitH
3y3aaH Xd3J[PH apBaH HAHOMETPIIC HXTYH OaifHa. XapuH HOree Hb Mall HUMIDH JIaH
HYYPCTOPOT4I06C TOTTOX YEYIBIT (XOEP XAOMKIICT Ye) TaBXapiiaH TaBbCaH MAT OyTAITIi Oaiiaar
(Bypar 36). Taaraspr xuiicon SEM EDX ananu3zaac y33x3/1 JaH HyYpCTeperd 3JIeMeHT aryyJicaH
Oaiiraa Hp xapargaHa (XycHdrt 1). DArssp HUMIDH YeyAMHH 3y3aaHbIl Oapar XdMIKUX
O0JIOMXTYH OOJIOBY sMapy TIACOH XOIXOH HAHOMETPIdC HMXTYH Hb Xapargnar. Xapue
MHUKPOMETPUIH 3PIMOITIH OYI0y TYYHIIC KHKHUT XOIMMKIITIA XOICTYYA Hb HXIBUIIH DIrIIP
TOMOOXOH X3CTYYA33C CalCaH JKWXKHUI XyyAcyyJ Oailx 00J0BY THAr33pUNHH TOTOP Iy KMKUAT
X3Cryyn Oaifraa Hb 4 6ac axuryaraaar. JHAXYY calcaH X3CTYYIUH J0TOp TypAcaH Oy TIYYAdC

raJiHa JUaMETPUIH XyBBJ XJIXOH HAHOMETPUNUH XOIMKIIHHUU dIPIMOITIU, YPTHIH XYBbI X3I9H
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3yyH HAHOMETPUIH 3pIMO3THH Gapar myraMas XaMxKaId¢ OyXuil myramar Xacryya 6ac oyaior.

OHd 6yTa1 3ypar 3a 60sioH 3ypar 30-1 TOJOpXOH aKHIIariaHa.

i

0)
3ypar 3. HUprajaruiia siBiaj 3JIeKTPOAyyAaac CaJK rapcaH X3cryya A0Top
AJKUIJIArJaxX X0€p YHACIH OYTII: a) TOM XOMIKIITIM YeJI3H JaBXapiaacaH
XyyJaacHyyaaac, 6) 1aH HYYPCTOPOTrYMiiH HUMIIH XaBTraifHyyaaac TortTox
0yTa1, (3ypryyabiH 133p Xap HiyraMaap Xyp33J3rAc3H HIyramiar X3cryya Tox

xaparaax 0aiina)

Xycnzem 1. Cancan xaczyy030 xuiican EDX ananuzvin oyn

a [C Ka 766.69 100.0 1.0000 100.0 wt.% 1.033
6 C Ka 552.93 100.0 1.0000 100.0 wt.% 1.172

OH? IHPKUIH JOTOp JaHraapaa cabK rapcaH Xo€p XdMKIICT Ye OIT TaapalIarTYUr OHIJIOH
TAMJIPTIAX Hb 3YHTIH. DHA XACTYYA SMap HAT €6p XACTYYATIH XOIOOTIONTYHranp aaHraap
opHIMX Hb Oapar yryi, UX3BWIPH XyyJacHYyJ IOMYYy, XaBTraiTall aiab HAT Y3YYpPIdPaI3 3CBII
X0€p Y3YYpaIp3d X0a00racoH Oaiaar. YyH33¢ rajiHa 5Ar33p Hb 3aaBal MIyJIyyH Oaiix anbaryi,

Taxup, MypyH X3103pTaiirsp u Oac Taapanaaar.
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Karon 133p XypumTtaracan X3cruiiH 0yTan
Hupranruiin sBuan karox yiaam Oyp ypran Tomopu Oaiiiar. YpraH TOMOPCOH 3HD X3CAT Hb
AJICKTPOJTON XaphllaHTyi Oar 03X xomboracoH Oaiimar OOJIOBY YPraiThIH YUIT XOHIJIOH

YU XapblaHTyH Xsu10apxaH caJk HUMIDH XYYACYyl Yycraor (3ypar 4).

a o 8
3ypar 4. HUprajaruiid siBiaj 3JIeKTPo/J A33p ypracaH X3CruiiH ragaaj oannan:
a) X6H/JI6H OI'TJI0J, 0) ypracan MaTepHaJbIT Xa)Kyyraac Hb XxapcaH 6aiigasu, B)

HUMI3H XYyJacHBbI 10T00] Oaiigan

DAr»3p XyyACyy A XOHII6H YUTIIRIII3 HAIIR 6aT 0ex yaHapTail 6aiiaar. DH3 OYTI T IdXYYHUIT
TyCralJICaH suIrax, cajrax apra Xd3pIIJUITYWra»p IIyyJ MeEXaHHKaap cajral aB4d YHIDK
HyHTarjgaH OyTUMHT Hb cyJank OoiHO. By 5H? aXmin A33:K33C HUMIDH XyyJlac cajraH aBd
Cy/utaB. DH? MaTepHalIbIH 3aXbIH XACTHHI xapaxaj aib 0ojox Oara ragapryytail 0OJIOXBIT
APMAII3IH 06MO6JIeT XAJI0IPUIT TOTYIIOH OJIK aBcaH 0aix 0eree 1 HApUIBUIAH AXKUTIIaBaJl OJIOH
KIDKUT 6eMbepLer x3103pTait 6eemipyyassc TorrcoH Oaitnar (3ypar 5). OH3 Hb rpadur xanax
YeI TYYHHH Tajapryy OpUYMBIH XO3CTYYA JKMDKUT 30Jb X3JIO3PT IIMDKHH YYPIIMDK Oalaruiir

xapyyiok Oaiiraa rom.

3ypar 5. KaTtoablH XypuMTJaaJbin 3axbin ragapryy (I'pajguraac cajax sBijaa

XyilJpaH 3pra:k Oyil IypCYYAUiir yjiaaH TOMProop xyp33Jjina)
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OH? Hb rpaduT Xalnanryirnp cyonuManuiil 3amMaap yypuaartaii Xon00oToil. Saransp aycant
0eeMIPYYIMIH OTPOOC raaapryyraac Oapar caink OaiipiacaH HAT JKIDKUT 0©eeMIepHiTH
TOMpYyyJcaH Oaieir 3ypar 5-1 y3yYadB. Dara3p 60eeMupyya Hb MUKPOHBI 3paMOuiin (0.5-5
MKM) X3MXI3T3 0eree]] HApUIBUIAH XKUTIAXad TIArI9P Hb MOH J1 HUMIDH YEYI33C TOITIOT
Hb TOJIOPXO0i Xaparaana. TyyHWISH 9H? HUMI3H YeY XyyJapy cajax sBljaa Xyiiarjad X00I0i
X3JI03p JIYY MWDKAX OYTAI YYcradk Oaiiraar akuriaxk 0oJHO. DHY Iyp 3ypar A3IKUNH TYH]I
axurnargaaryi. Hr»k rpaduThiH ragapryy 133p 6eemuep yycsx, MeH 00eMIpPHIlH rajapryy
T3P XOEP X3MXKIICT XaBTrairaac rypBaH X3M>KI3CT OYT3I] YYCIX HPOILIECC 36BXOH ragapryy

T3P ABArIIAr TYICHNAT A3KUIH T'YH]T aBCaH 3ypryyATail XapeilyyiaH 0aTamk O00JHO.

o

3ypar 6. Huprajaruiin sBuajg yprax TOMOPCOH KAaTOABIH MATEPHAJIBbIH 10TOON
OyTau. JHI 3yparT KHKMI XICTYYd (Xap TArml eHNerT), WyramJar X3cryya
(y1aaH MIyraMmyyabIH Jaryy) 00J0H MUKPOMETPHUITH IpIMOUiiH XIMKIITIIE TOM

X3CTYYA (HOTOOH 3JIJIMIIC I0TOP) TO/ asKUTJIArjak oaiina

XapuH yeuiiH 10Tooa OyTiuir Tompyynban (3ypar 4B) 3HY Hb TONYIOH XOHAJIOH YUTT HMX
3aMm0Oapaaryil Oaifpiax ypT HapuiixaH yTacHyyAaac TOTTIOT Hb TOJOPXOH Xaparaax 0ereej
SHJPAC XOHJIOH YUTTIA O6aT 06X yaHapTail 0alix Hb TOJIOPXOi 60K Oalraa oM.

ToMmopu ypracan 3H? OYTIAIIXYYHHH OTOOJ OYTIMHT XapaXblH TYJJ JIKHAT HYyHTArJIax
raprad aBcan SEM aypcwuiir 3ypar 6-71 y3yymmB. O3 SEM mypcaac y39x3.1 283 139% (i) 50-100
HM-23¢C UXTYH IIyTaMaH XdMKIITIH, 6apar 6eMOepIer X31m03pTIH )KIDKUT X3CTYY, (11) XeHIToH
OTTJIOJIBIH ©PTOH Hb XOJIPH apBaH HAHOMETPIIC UXTYH, YPT Hb XOJPH apBaH HAHOMETPIIC

MHUKPOMETP XYp3X 3p3MO3T3H ypT miyrammar X3cryyA, (iil) XeHUIeH OrTJOJbIH IyraMaH
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XOMKID Hb XJJIPH 3yYH HAHOMETPIIC MHUKPOMETPHIH 3p3MOITIH Oaiix aBapra XdMKIITIH
TOMOOXOH OYX3J1 X3CTYY/I TICOH I'ypBaH YHJICOH XOCTHIT aryyJik Oairaa Hb aKHUIJIarjar.
VYpracan xacruitH gotop Oairaa >Ar’dp KWKUT Xdcryyma xuiicoH SEM EDX ananussia
JYHID2C Y33X3] OJIOHXH Hb JIaH TaHIl HYYPCTOPOrd 3JIEMEHTIIC TOITOHO. DHJI TJ10611e]1 O0IToH
3ypar 7-11 Y3YYJICOH Taxup IIyramiiar X3CruiiH rypean eep uart xuiicon SEM EDX ananuzbin
TYHT Y3YYJu13 (XyYCHOIT 2).

W ‘=

3ypar 7. HUpraaruiia siBaj ypraxk TOMOPCOH KaTOAbIH MATEPHAJIbIH

goTopxu HIr myramiar oyruniin EDX-uiir aBcan mryyn

OH» WIyramMaH X3CTMHH YPTBIH Jaryyx siH3 OypHIH LOIT XMHCAH aHAJIM3bIH JIYH 3H? OyTaI
OYX271/193 J1aH HYYpCTeperueec TOITOX Oaifraar xapyynzaar. YYHHH 33pari33 Oycaa Xi3cryya
T33P XUICIH aHAIM3BIH JIYH 9 T33P Hb JJaH HYYPCTOPOryeec TOITOX Oairaar xapyyJjiar.

Xycnaem 2. Illlyzaman 3nemenm’o xuiican EDX ananus

Elt. Line Intensity, (c/s) Atomic, %
a C Ka 639.44 100.000
§ C Ka 692.22 100.000
B C Ka 598.34 100.000

XapuH 3H3 TYTHAITAAC TAKUX HAT TOXUOJUIBIT 3ypar 8-1 y3YY/I3B. DH) Hb aBapra XaM:Kd33Tou
OeeMIIep 1P3p aKUTIaragar. JHA XY4WITOperdyuitH aToOM]T Xaprai3ax CIeKTp axuriargax 6a yr
0oOMIIPUIH AOTOPXH XYUMITOPOTYUUH aTOMBIH 331X XyBb 1.5%-aac x3Topadrryil. DHD Hb
OHJIOp TEMIEpaTyphlH YWIWINIIAIP sBarAax YCHbl MOJIEKYJBIH JIMCCOCHALlaap YYCCOH
XYUHUITOPOTUNIH aTOMYY/IBIH MOP TOJIUN 3YWUIT OaifX OOJIOMKTOM FOM.

Opnoo katon A33p ypraca OYTHMWH AOTOp aryyjaraax YHACOH XACTYYIOUHr Tyc OypA Hb
HapUIBWIAH aBY Y3b€.

1) Witm KXwKWUr XOCTYYIUHH OHIVPIOr HB Oycax Oypayysdrd XdCTYYATIH Xapbllyyiaxaj

JlaHTaapaa OPIIMH 0aiX Hb 3J10T 6ereem xaMxk33HUHN XyBb 50-100 HM-33¢ UXTYH ITyraMaH
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XIMKIITIN, O6MOOpIerT oip XI03pTHH Oaiiaar.

T T
3 10 15 kW]

Windowy 0HKE - S0 958= 6673 ot

3ypar 8. Ypracan MaTepHaJibIH 10TOP a;KMIVIarAax aBpapra X3CruiiH

TIMJIPIJIICIH LIBT AP AKMIJIaraax XY‘[HJITOpOF‘[HﬁH ATOMBIH CIIEKTP

Jp3kuiiH 10TOp Taapanaax XaMIUHH KWKHUT 3JIEMEHTUHWH miyramad x3mxk33 10 HM, XapuH
JlaHraap OpILUMX XaMIMHH TOMBIHX Hb Hiyrama x3Mxk33 90-100 HM Xypaar. Darasp Hb Makpo
X3CTYYl 133p OJIOHTAaa Taapayijax 00JOBY TYYHHH MAaKpO X3CATTIH XOJIO0O0TOM, 3CBAIT TYYHIIC
ypracas 3COXHUT 3H? CyIaraaHbl XYPIIH] TOJOPXOMIOX OOIOMKIYH OaitHa.

2) Hlyramiar X3cryya Hb X3MKI3TI3P33 XapWiIlaH aliiryi 00JI0BY XAJIO3PUIH XyBb]] TOH3TOH
Oyroy cyHacaH, Oapar mryramad OyTa1 Oaiiiar. YYHUl 35paruas 3Ar33p OyTaI HAT Y3YYpadpad
9CBAIT XOEP Y3YYPIIPID 3aaBall ©6p HOT AIEMEHTTIH X0100rAcoH Oaigar. DArasp 3JeMeHTYY]
OJIOHXHM TOXMOJIJOJI MaKpo OOJIOH KIDKUT XOICTYYAdIC ypraH rapcaH Oaiflx 6a Xd5MXK33 Hb
ypTaccaH yeIdd Heree Y3Yypadpad 3CBAII AYHIyypaa eep XICATTdu xonboracon Oaraar (3ypar
9a,B). MeH OOTrMHO XAMKIITIU MIIM XACTYYJ XapblIaHTyH epreH nuaMeTpTdi 0ereeln y3yyp
X3COT PYYI?d Yprajpk Hapwiiccan Oaitmar (3ypar 90). DArap Hb HOT KHKHUT XICTIAC OJOH
cajlaaJDK ypracaH 0aifx Hp 4 Ouil. M1 9HD XOCTYYIUIH YYCOX HAT MEXaHU3M Hb YPTajiT Tk
JTYTHK O0JTHO. DIr33p X3CIYYA AMAMETPHUITH XyBbJT 20 HM-33C X3TIPASITYH, XapuH aXuriaarjaax
xamMruiiH Oara auametrp 10 HM-39c Oara OaifHa. YPTBIH XyBbJ X3JPH apBaH HM-33C 3XJIID]
MHUKpPOMETpP XYPT3JI ypTTail U Taapajjjaar. DAr3dp LIyraMaH X3CI'YYAUNHT HapuiBUJIaH Xapaxan
3apuM Hb XOHJIUH, 3apUM Hb Oapar 1y Oaiinar. MitM yupaac sarnp Hb HAHOXOOJIOH, HAHO yTac
oM. Y YHHIT 3Ar39pUiH XOHJIOH OTTIIONBIT Cy/IjIaX 3aMaap HapuiBwWIaH manrax 6oaHo. Hano
XOOJIOWH XaHaHbl 3y3aaH siH3 Oyp Oereex SEM 3ypruiir yHASCISH OMpOIII00roop TYYHUH
JMaMETPUIH IypaBHBI X0EPOOC apaBHBI HAITUIHH XOOPOH yTraTaii 0aiiraa racaH TyTHAIT raprax
00J1HO.

3) ABapra xaMk33T31 OyI0y XOH/IJIOH OI'TJIOJNIBIH HIyraMaH XdMXK33 Hb X3]19H 3yyH HAHOMETPI3C

MUKPOMETPHITH 3p3MO3TIi Oaiix TOMOOXOH OYX3J XACTYY/I Hb TyXaiH 3379XYYHUN JOTOP 1O6H
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TOOTOM Taapanaax OOJIOBY A3IBXYYHUH XOMXKID MXTIU yupaac JIKUNH 337IXYYHHUH Oararyit

XACTHUAT 333JTHY. DAr33P33C 3apUM TOXUOJAOII IIIyraMaH 3JIEMEHTYY/l ypraH rapcaH Oaiar.

3ypar 9. a) HIIr KUKHT X3CII3¢ ypracaH mryraMaH X3¢3r, 0) ypracaH X3Cruii

AOTOPXH OOrMHO, XapbUAHIYHl 6PreH AHAMeTPTIH KUKHUI XICTYYIHIH Y3YYP
JIYYr33 Hapuiiccan 6aigan (JH? 3ypruiiH A10TOp Yprad ypracy 0aiiraa sKuskur
X3CTYY OJIHBIT Xap:k 00J1HO), B) aBapra ToM X3¢3r I33p ypracad uryramjiar

X3Car

Daranp OYTHYYIUIH 33713X XyBb XOMKI), aryyJIaMKHIH Xapblaar TOA0PXOUI0X acyyJIbl aBy
y3be. X3paB OHJ 9HD JIIIKUUT HATOH TOPOJ T'IK Y3BAI XIBTID XaBTTaH Jaryy aXHIJIaraax
Oaifraa sH» Iyp 3ypar r'yHH Aaryyn 4 Oac akuriarjgax €ctoil. Axkuriargax Oairaa qypcuitn
TOJIOPXOH TaynbaiiTail X3CTUII COHrOH aB4 3H3 Tajuball OTOp @Xuriargax OyTHHMHT TOONBE.
CoHTroH aBcaH Taj0alr JypcuiiH (OKYCHIH TYHI3P YPIKYYJIdH 3Ar33p OyTIYYI OopiivH Oaiiraa

MY>KUIH 331X YYHUIT 0s1HO. SEM nypcuiin pokychiH ryH Oyroy xapaaHsl TanbaiiH ryHuiir d =

4-10%W

T (W-mpax O0a NUH3MKAH XOOPOHJOX aXJIBIH 3ai, A-ameparypblH aumamerp M-ecreir)

TOMBEOTOOP WIPPXUMIDK OONHO. DHY A3IXYYH JOTOpP OPIIMX TyXalH HAr OYTUMIH TOOT
I3IXYYHI XapbllyyJaH yr OYTIHIH TOOH HATT ACBYJ aryyJaMyKUWT raprax O0sHO. Y YHHMT
OyTa11 OypuitH XyBbJ] TOJOPXOIMIAK XOOPOH]] Hb XapbIlyyJIaH TyC OYpHHH 33719X XyBb X3MXKI3T
TOTTOOK OOJIHO. DH? TOOILOOT J3KUIH ©6p XICIIT JaBTaH I'YHLITIK I3KUUH JOTOP TyXaiH
OYTIIMIH 33719X XYBUUT AyHIAXaap TOJAOPXOMIHO. DHA apraap OWa A32KUNH JOTOPXU TyXalH
OYTHMITH aryyJaMXUHT TOTTOOXJI00 HAT TOPJIMMH OJIOH SH3BIH JAXKUUH 00p XICOIT aBarjcaH
X3]1 X3J[3H 3ypruir amwuriaB. DH3 apraap TOAOPXOWIOXOA AKHUIH TOTOp aBapra OyTHHIH
313X XyBb 60%, mryrammar OyTHMHAH 33713X XyBb 34%, HAHOMETPHUIH 3PIMOUIH XIMKIITIH
KIDKUT XOCTHHMH 93713X XyBb 6% Oaiina. [[32xuifH notop Gaiiraa sneMeHT OYpHIiH TOOH HATTHIH
xapbiaa 1:6:11 Gaitna. buj 9H TOOIIOOT XUITX33 ©6PHITH OPTOHOOC OHPOIIIOOTO0P X0EP OOJIOH
TYYH?3C OJIOH JIaXMH UX YPTTail X3CTYYAUNUT IIyramiar X3carT XaMpyyJcaH O0JHO.

OH? /193K JOTOp aryyjaraax Oaiiraa aBapra XaCryya Hb XypUMTJIad 3JEKTPOIbIH rajapryyrai
CyJ XOJIOOTZIOX, TYYHWISH HUMIBH Yeyl OOJOH canmaruiiH manrtraan 6omnnmor. Karom masp

XYPUMTIIATIaX XOCTHHH yprajaThlH XOHJUIOH YUTIA JPX Xarapasir SEM msp ToMpyyrmk
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XapaxaJ ?H? Xarapajl aBapra XdCTyya Oaifraa T3p XICruir naiipcaH Oaiiraa Hb Xaparijar.

5|

) 5.0kV 5.2mm x7.

Y ynwuiir 3ypar 10-1 y3yyi3B.

Sum

50um

oo oS E T gl

500nm

3ypar 10. KaToapin XypuMT/IaJbIH XarapJjsir 1apaajiaH TOMPYYJLK

xapyyJcaH 6aiinan (XarapjsiH 1aryy naraas myram 33pi3riuyyJjidH TaTaB)

KaronpiH XypuMTian amapxaH Xyyjapu cajijar MepTiee XeHUIeH YUTIIAIIIR XapblaHryi 0at
09X MEXaHUK YaHapTail OalAruir eMHe AypJcaH. XarapiblH J93pX AYp 3ypar OOJIOH TYYHHI
MEXaHUK YaHapbIl YHAACI?H KaTOJbIH XyPUMTIAIBIT OYypAYYJIATd JKMKWT, HIyraMaH Oa TOM
aBapra X3cryyJ xooposaoo Ban nep Baanbc Tepnuiin cyn x01000c00p X0a00TJ0H TYYHHUHT Ouii
60JIrOI0T TK Y39K 00J0X00C rajiHa TOM aBapra X3Cryy/l 3Ar33pHiH XO0POHI0X 3aiT HXICTIK
9H? XOJIOOOCHIT yJaM CyJPYYJDK Oailar TPCOH AYHOIIT Taprax O0iaHO. YYHHU 33pI3ripd

XypUMTIIAIBIH 0aT 66X YaHapT IIyraMaH X3CTYYAUMH Oalpian dyxain HeJeeTdu OaitHa.

Yp ayH, AyrazJar

VYcan norop siBargaxk Oaiiraa HymMaH HMPIJITHHH yel yycak Oaifraa matepuanyyabsiH SEM
AQHAJM3BIH JIYHT YHAICIIOH 3r1PpUiH Tanaap Ouj qapaax X4 X3/9H JYTHAITHIT Taprax O0IHO.
FOyHBI 6MHO 311I99p X3CTYYA 1aH HYYpCTOPOruyeec TOIToxX OyTLyYA oM. YcaH JOTOp sSBarjax
Oaiiraa HUPIAITUIH Yea KaToJ 193p ypraH Ouit 0oy Gaifraa OueT X3Cruir OypAYYIdard KIKUT
X3CTYYZ Hb MEXaHUKMWH XYBbJ XapWilaH aJWiryd IIMHX YaHapTail, 1aH HyypcTeperdeec

TOTTOX YHICOH TypBaH XdJIOAPTIH OaiftHa. DAradpwifH AOTPOOC HAHO XIMIKIITIU IIIyraMaH
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X3CTYY allb HAT XACTI3PI3 3aaBal ©6p HAT XICITTIN X0JIOOTICOH Oaljar Hb KaTO/bIH rajlapryy
T3P yprax Oaiiraa OyTIHIAH JOTOp aXXHTiarjax Iryramiiar OyTiyya (HaHO X00JIOH, HaHO yTac)
UX3BUWIAH yprax 3amaap YYCHAT TICIH AYTHIATII XYprax Oaiiraa oM. Heree tamaac 6oruno
XIMIKIITIA UUM XACTYYI Y3YYP X2COT PYYIId YPIaJiK HapuiiccaH Oaiaar Hbp YYHUIT 6aTiaax HAT
OHIIIOT FOM. DHJIPAC ypracaH XAICTUHH NOTOp Oaiiraa HAHOMETPHITH 3PIMOMIH X3IMKIITIU
KVDKHUT X3CTYY O0JIOH aBapra X3cryyj Hb HAaHO 3pIMOUITH XOMKIIHUN TUAMETPTIH 1ryramiar
XACTYYIUIH yprax cyypb Hb OOJIOT TSCOH AYTHAITUHT MOH raprax O0onHo. bujHuil rapran
aBCaH JIPKUIH 10TOP LIyramiiar X3CTuiH 3313X XyBb 30% opuum OaitHa. MeH ypracaH X3CruiiH
rajapryy I93pX YeincsH Oytaursii OemOeryya Hb rpaduThiH 3MX 3amOapaaryil Oaifpmacan
HYYPCTOPOIUUiH XOEP XOMMKIICT YEYAIIC TOITOX 0erees XajlalaThlH SBLAJA 3Ar3p Hb TYYHUN
rajiapryyraac cajik Jycail X3a09pT IIWDKUH YypLIAaruir 6atamx Oaifraa oM.

XapuH HHUPIIATUNMH SIBLAJ JJIEKTPOJAAcC calK OyH XOCTYYA Hb WXABUIDH HHUMIDH YEJICOH
OYTAITIIA, 5CBAT XOEP XIMIKIICT HYYPCTOPOTUUIH YEYAIIC TOTTOX Oapar MUKPOHBI OOJIOH X/19H
apBaH MHKpPOHBI 3p3MOAIT3H TOM 3CB3J Oyp aBapra TOM XAMXKIITIM JKMKHUT X3CTyYH OOJI0H
IIyraMaH X3MK33CTIU sH3 OYpUHH ypTTaid XACTYYAUMT aryyJsican Oaiinar. MUKpOHBI 3pIMOUH
XOMKIITIHM OOJIOH aBapra XdMXKIITAH O00OMIpPYYAHMMH Tagapryy I93p Xyyjiapd Oyl Xo€p
X3MIKIICT YEYI TOAOPXOHM akuryiarajnar. XapuH JaHraapaa xyyjapd cajicaH HUMIBH Y€ OIT
TaapajyAaarryi. OArnp Hb XyyJpaxJaa UX3BUIdH HAT Y3YYp Hb XyilIpaH 3BXArnXx Oaiinnmaap
xyynapaar. TYyHUI2H 51r33p KUKHUT X3CTYYAUNH raapryy I193p Xyyaapd Oy Xo€p XaMxKIICT
YEYZ TOAOPXOHM aKMIJIarajar. JH3 Hb HYYPCTOPOIYMHH XOEP XAMXKIIC YEYH XyyJpax sBIiiaa
XyHnarjaad HaHO XOOJIOWM, HAHO yTac YYCIAAAT MICOH AYTHAIT XUUXD 60PUIH IPXTYH XYPIrakK
Oaifraa rom. MiiM 3aMaap yyccaH mIyramjar X3CIYYAMWH OHIUIOT Hb XapbLAHTYH YpT, KUTI
OpreHTIM Oairaa Hb xaparjgaar. Tyxainban, 3ypar 3-1 axuriaraax Oairaa myramad X3Cryy.l
xapranzan 902.5 am, 554.65 um ypTraii 6aitHa. Mitma xo€p XxaMk33¢T rpad)eHbl XaBTraiT Xyiiax

3aMaap WIyY ypT LIyramjar OyTIYYIUIr YycraX O0JIOMKTON IOM.

Hupraaruitn 0yT3sridxXyyHyyauiiH 10Too OYyTHHITH cyaajaraa

YcaH qaxp HUPraJrac YYCCIH OyTIdradxyynuid PenTren Oyrumiin cygasiaraa

bun sHI HOPMAIT ycaH IOTOp IYPATACOH IPBIP HYYPCTOPOTUYIIC TOTTOX XOEp TpaduT
JIEKTPOIBIH XOOPOH/I acaX Oaiiraa TOrTMoJI I'yHAIMIH HyMaH HUPTAJITHIMH SABLAJ YYCIX A3KUT
Pentren nu¢pakublH aHanu3 XUIK PEHTreH CIEKTp LIyram ery Oaifraa kpuctaua OyTUUIH
XOMIKIIT TOAOPXOMIICHOOC TaJlHA AT HAIMAJIT IIIyraM siMap XaBTrallHyyaaac Yycax Oairaar
TOTTOOB. PEHTreH manparuiii CIieKTpT aHaJIu3 XMUX YHJCOH mporpam xaHramk 6osox Fullprof
suite mporpamMma x3parmeraaer Le Bail toxupyynreir (Jle baitneia ¢dutusr Oyroy Toxupyynira

XHMIX apra) apraap 3H3 JI39KUAH PEHTreH AudpaxTorpaMma HapUUBUYWICAH aHAIM3 XUUXUHH
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TyJA 61U Galt uyyyHbI reKcaroHaib 0a poM003ap Oy TUMIT aHXHBI OYTLUITH 3arBap OOJITOH aBY
Y3793, DAr33pUNAT COHTOH aBCaH IanTraad Hb cekTpT 44.20°, 76.60° eHIreep yycax Oaiiraa
HOMDJIT IIyramMyy Hb poMO03Ip OYTAITIH Oall uyIyy aryyJscaH A33:kK33¢ YYCAIT TN X0JIO00TOMH.
Jle baiineia apraap GpuTHHT XUHCHUHN Aapaax aHAI3bIH XyBbJl R (pakTopbiH yTra HE 9H? PeHTren
TUQpaKUbIH aHAJIM3bIH HAapUMBWIAA XaHTranTTai OalcHBIr Xapyy/nk Oaiina. Llleppepuiin
TOMBEOT aIlIUTIaH OMJ TeKcaroHaylb 6a poM0O031p OYTIR XaMaapax XypIl MUKYYIbIH 6preHeep
Pentren namnparuiiH CieKTpUHT ord Oaiiraa TaJCTBIH JYyHIaXK XOMXKIIT TOJAOPXOUIICOH 0erees
9H? Hb oupodooroop 48.97 HM OOJOXBIT TOrTOOCOH. YYH?3¢ raaHa Illuruiin 3arBap I3p
cyypuicad CARBON XS nporpawm amurias KaToJ 133p XypUMTJIarjcaH MaTepuablH JOTOPXHU

KpHUCTaIT (a3blH XIMXKIAT TOOIOOJDK T'apras.

YaupTrran

TeXHOMOTUIHH XOrKJIMHH XdIPI3ripd, Iaapjajiara, OBOP XAMXK?ID Oaratail OyTIATIdXYYHUUI
SPINTTIN ysIlaH HAHOXOOJIOU, yTac 33p3r HYYPCTOPOIrdyuilH aromMaac TOTTOX 3PAMOJIAIAICIH
OyTIuitH cypanraa yinam Oyp HapuicaH XerKiK, IIWHY IUHD Yp AYHTYYH Ouii 60k Oaiina [11-
12]. Ycan motop JaH HYYpPCTOPOTrde6C TOTTOX TpaduT 3IEKTPOAYYIBIH XOOPOHJ sBarjiax
TOTTMOJI TYHAJIMIAH HyMaH HUPIAJIAT Hb HAHO XAOMJKIICT HYYPCTOPOIYUHMH OYTISTAIXYYHUUIT
CHUHTE3 XUIX OJIOH apryybiH [1, 13] Har Gereea sH? HUPTAITHHH YeI YHICOHIID XOEP TOPIUNH
OYT3rIPXYYH YYycax Oomomsktoi [1]. Darasp OyTarmpxyyH OyXaiads HyypcTeperdeec
torraor. 3ypar 11-1 y3yy/icaH cXeMuiiH J1aryy TOXeepeMKUNI yrcpaH O3JTI?XK alluriacHaap

011 ycaH I10TOp HyMaH HUPIAJIAT acaax, 3]r33p HYYPCTOperd aryyJicaH J33KUNT rapraH aBcaH.

WX TYWIITHIH
YyCIrary

Xe1erd 3JeKTPo/I
(aHom)

Y1 XO[16X 3JEKTPOJ
(katom)

X0JIOOTY yTac

3ypar 11. /[33:xuiin rapran apcaH TypuuiarsiH 6yayyB4

bun su1 HapMan ye, 99.9%-uitH 1HBIp 6an uyiyy 21eKTpos amurias. HyMbIH HUPranruiiH yenq
3ypart y3YYJCIH 31 3JEKTPo ] (aHOM) yypImiTaac 00K OOTHHOCY, JOOJ AJISKTPO.T (KaTo.)
ypTCaH TOMOPIOT. DHJ KaToJ OONTOH aBCaH SJIEKTPOJBIH Oailpian aHOABIH 93P ACB3J 100D
Oaiiraa 3cdX Hb KATOABIH XYPHUMTJIAN YYCIXDJ OHIIl a4 XOJOOTIOJTYH OOJOXBIT OWJ TYpPIIHX

3aMaap TOIrTOOCOH 6omHO. Allb 4 TOXHOJIAOJL YYCIK Oaiiraa XYPUMTIIAJIBIH X5MIK33 aIUJIXaH
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Oaiimar. HymaH HMPrairuiiH TacpanTryil acax HOXLOJUHI XaHTaxblH TYJJ X6JeJreeHT
JJEKTPOABIT AlUITIaB. DHAXYY ypracaH Xd3CTUHH OYTUMHI 3HD IIaTaHA ToJwIoH PeHTreH
nudpakiblH aHATM3BIH apraap 0osoH SEM mmH)uiarsrdp cynaincad. Pentren nudpakisia
aHaJM3bIH apra Hb HYYPCTOPOIruuilH OyTI3II3XYYHUHUT OYTHHMIH OHIJIOTHMMI TOITOOX YHJIC3H

apryyIslH HAT oM [14].

Typmwmir, 133 03JTrIX

bun m2xuiir rapran aBaxbIH TYJIJ HIPMOAII ycaH AOTOP IYPATICIH IPBIP HYYpPCTOPOrdy3dC
TOTTOX XOEp TpauT 3JIEKTPOJABIH XOOPOHA TOITMOJI TYHJUIMHH HyMaH HHUPI3JAT SBYYJIaB.
JI32:KUiiT Taprad aBax TYPIIWITHIH TOXOOPOMKHIH OyayyBunir 3ypar 11-1 1ypcisH y3yyIdB.
OH>P HUPIIATUHH Yp AYHJ yyplICaH MaTepuall KaToJ OOJIOH aBCaH 3JIEKTPOJ JI33p Lyrjapy
xypumtian yyeramar (3ypar 11-udiH 100 X3CATT HUPTAITHWH YeI YYCCOH XYPHUMTIAIBIT
Y3YY/19B). MaHaii HUpr3AruitH TOXeepeMxKUI 133]1 3JIeKTpoa Hb ycana 10 cMm-33¢ Gararyit ryny
ayparaaar. TortMout TYHUIHIiH HyMaH HUPraJdr acaaxaaa oun ux ryimmiia (DC 280 A, 24 B)
TK3971 axurias. Karox (6 mm auamerp) 6a anoxn (6 MM AMaMeTp) XOOPOHABIH 3ail 1.5 MM

OaiicaH.

a

3ypar 12 a) CynaJjcan 133:kuiiH ragaan 6aigai, b) /[33:x33¢ XyyJzk aBcaH X3Cryya

Hupranruiiy siBIa KaToIbIH Tafapryy I193p MHIHHAP XAJI03PTIH HYYPCTOPOTYUIHH XyPUMTIIAT
yycHd (3ypar 12a). DH? XypuUMTIIal JIEKTPOATON XapbllaHTyil 6at xonaboracon Oaigar 6010BY
YPTaJIThIH YHIIRIAY HHUMIDH Xyydac Xday0dpadp amapxad cammar (3ypar 1206). yupaac
SArIIPUNAT epAUMH MEXaHHMK apraap 3JIEKTPOJI00C calrax, 96% cnupTT i OpurH/ HyHTarjaax

aQHAJTM3]] X3PATIIATIIX JIIKUUT O3ITIIB.

Pentren 6a SEM mimHxuI?3

Bontracon HyHTar mpakuitH PeHTren nanparuiin cniektpuiir rapran aBaxjgaa CoKal mampar
6010H x0€paory naupar rpagur monoxpomararoprail MAXima X XRD-7000 audpakrometp
ammrias. Xomxuintudr bperruiin enuruitn 20 = 10° - 90° myxun 0.02° anxamraitaap 5
CeK/ajixaM TOOJIOX Xyralaaraiiraap CKaHHEpIdK T'YHIPTrIB. DHXYYy 260 myxwuidr Jle baiuiba
(GuTHHT OyI0y TOXUpPYYJITra XMHX apraj alurias. PEHTreH CekTpT aHaIn3 XUMX)1 aluriarajgar

yHAC3H miporpam xaHramk 6onox Fullprof suite mporpammpa xaparmaraaar Jle baiinbin dutunr
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Oyroy Toxupyyira xuix apraap [15] sHd mPkuifH peHTreH AudpakrorpaMmmi HapUHBUMICAH
aHaJM3 XUUXUIH Ty O Oan 4y TyyHbI TeKCaroHainb 6a poM003ap Oy THHNAT OYTIHITH aHXaard
3arBap 0onron aBcan 0osiHO (3ypar 13). D> mroxuiin Jle balnsia GutuHr Oyr0y TOXUpYyyra
XUIX apraap HapuiiBUJaH CAKPYyyJDK rapraH aBcaH peHTreH AudpakTorpaMmMbir 3ypar 14-1
Y3YYJ2B. DH? TOOILIOOJUIOOC IXHHM XYpIl MUK Hb TeKCaroHalb OyTIpA Oyt xamaapax (0 0 2)
XaBTrairaac, XxapuH Xoép 1axp Hb poM003ap Oyt ( 0 1 2) xaBrraidraac yyccaH 000X Hb

xaparjar.

[0001]
c-direction

v

T
e

- N
g

=
ik
-

JV

e

g0

3ypar 13. Xoép X3M:KIICT Ye YYCIIH OaiipjiacaH HYYPCTOPOTYMiiH ATOMYYABIH

a) rekcaroHajb o0y, 6) pom06o3ap oy [16]

40000 T —T— — T T T T — T — —
: ¥ szamnple-75a.PRF: :
30000 . 1. Yobs i)
iy —_— 2. Yocale _
. — 3. Yobs-Ycalc |
g : 4. Bragg_position :
2 20000 -
= = ]
£ i .
= B :
& 10000 -
g - J %
- I Mo A s
| Rhombohedral structure =>» | N ” || 2l
|- Hexagonal structure => I " ” " —
[ Rp=20.1, Rwp = 26.9, Rexp = 3.99, Chi2 =45.5 7]

10 20 30 40 50 60 70 80
26 ()

3ypar 14. Jle baiiabia puTHHT 0yI0y TOXHpYYJIra XMiiX apraap HapuiB4JIaH

rapracal HyypcTepery aryyJjcaH I33:KMiiH peHTreH JuppaKkTorpaMmm
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Hleppepuitn ToMbEOor ammrian Oux 3ypraa eHIIT 0a pom003ap OYTLRA Xamaapax Xypil
NUKYYIuiiH epreHeep XRD crnieKTpuiir erex KpuCTalNIUTBIH AYHIaX X3MKIAT YHIIIB. DHD Hb
oitpoiooroop 48.97 HM 'K TOOLOOJIOTIIOT.

23k 133px SEM MIMHKUITRHUNA Yp AYHID3C 93K Hb JKWKUT XACTYYJH, LIyraMaH X3Cryyi,
aBapra X3CTYYJ T3COH TypBaH eep OYPAIAXYYH XICIITIH OalxbIr eMHe rapracad. bug s1rasp
XACTYYAMMH XOMXKIIT TOAOPXOUIICOH. DATIIPIIC KUKHUT XICTYYAUNH XIMKIIIIPID TYIIX
Tyr3aTuir 3ypar 15a-1 y3yyiass.

285

20 4

Frequency
o

O T T T T

20 40 60 a0
Effective diameter of small parts, nm

3ypar 15. a) XypuMTJIajJabIH JOTOPXH KIKUT XICTYYAMITH XOMKIIHUHA TYTIJIT

0) XypuMTi1aJI J0TOPXH IIyraMaH 0a :KUKHT X3CTYYA

JKvxur XacruitH XyBbT XaMK9I9 Hb 16-97.5HM xs3raapt OaitHa. TraHuil nyHAaK 6a XaMruidH UX
maraananrtail tuamerp Hb 49.16 HM OaiiHa. OH3 yp ayHr Jle bainuiin apreir xaparmsH XRD
HIMHKAJITIATIAP TOTOPXOUIICOH TAJICTRIH XAMXKIITIU Xapeilyynban XRD cnekrpuiir SEM nypce
JI3PX KUKUT XICTYYIIIP TOTUIOH OTCOH MK TYTHMK 00iHO (3ypar 156). DHY XICTHITH 333K
Oy¥i TooHBI Ppakil Hb 59% -Taii ToHIYY OaitHa. DHA Hb 133p AypacaH XRD muHXuIrasHuit yp
TYHTIH HUHMIXK OaiiHa.

HTuruits apreir [15,16] XoparisH 139U XUHCIH aHAIU3BIH IYHIDIC XapaxaJl KpUcTaul (a3biH
3379X XYBb IPBIP rpadut notop 77.69% OaiicHaa HUPTIIAT ABYYJDK rapraHa aBCcaH KaTOJbIH
xypumtian gorop 48.98% Gomx Oyypnar. Xapun amopd a3z 6yroy 3pamMOIITraaryit oyTuuiir
TOJIeeJIJIer I'3K Y39K 00JI0X caHamcapryd HIWDKUAT 6a epedaTuiiH cIBTHH [17] XacruitH 3319x
XYBUIH kHH 11PB3p rpadur norop 22.31% OaiicHaa katoabH XypumTian 1otop 51.02% Gomx
eczier. DHY Hb TOOLIOOJDK TapracaH HaHOXAMXIICT OyTuuir aryynrarait Toxupaor. Men Illu
3arBapblH XYPAIdHJ CHEKTp IIyraMbiH eprecenteec [leGait-IlleppepbiH TOMBEOT ammuriaH
TOAOPXOUJICOH TAJCTBIH X3MJK33 6MHO rapraca yp AYHTIH HUUIIAT. DH3 eprecent 10HM-33¢

Oara XxaMX33T3H TancTyyaaac yyemor [18].
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Yp ayH, AyrH2Jar

Tonopxolmk rapracaH KpUCTaUI TacThlH XAMXk33r SEM  MIMHXWITSHUNA Yyp JIYHTIHU
xapbiryysicHaap 0ug XRD crektp 3eBxeH SEM 3ypar masp 0Oaiiraa >KMDKUT X3CTYYIIIC YYCIK
Oaifraa rak IyrH»K 0omHO. SEM MIMHXHUITISHUN TYHTIIC HUNUT AIIKHUIH 33IIXYYHUN JOTOP
9HY XICTUHH 337X XyBb X3MX33 Hb 59% -tail ToHIYYy OaifHa. DHd HBb 139p aypacan XRD
HIMHKWITIHUM yp OYHTAH cailH Toxupu Oaiiraa x3par oM. aamneia cyaanraann 6ung XRD
3arBapT ererCeH KMKHUI X3CTYYIUIMH XOMXKIATI JOTOOA CTaHAAapT 000 PuTBenbauiin (azbiH
TOOH IIMHXXWITIAI33P TOOLO0IO0X 00JOMXKTOH. MeH 3H? cyaanraaHaac y33X3J XypUMTIAIbID
Oypayy/k Oaifraa nryramas OOJIOH aBapra X3CTYY Hb 199X 13X aMop( aryyniraja xamaapjar Hb
To10pXx0i 0010B. SEM MIMHXUIT3HUN Yp AYHT TAJICT X3MXKIACTAM Xapblyysk y3Ba1 XRD
3arBaphbll 30BXOH KWKHT XICTYY/I]1 OTCOH 'K JYTHIK O0JIHO. DXHUM XypI| TUK Hb F'€KCaroHalb
oyt xamaapax (0 0 2) xaBrraifraac, XxapuH xo€p Aaxb IUK pom06031p Oyraumii (0 2 1)
XaBTrairaac yyccdH 0osiox Hb xapargax OaitHa. CyymuitH muk (0 2 1) xaBrraifraac yycusr

6osoxpIT [15] myraaprait axxui eryyJiciH Oaiaar.

Hupraiaruiin ssBuajx silirapcal TOPTOr, YHCIHA XMHCIH CIIEKTPUIH
aHaJIu3

CyYauiiH XKUITYYA3 HYYPCTOperd aryyjicaH MaTepHaIyya UX X3IMKIAI33p cyiiarjacad 0eree
YYHT?H X0JI000TOHTOOp MaTepuai CyAjallblH XaBcapra yXaaHbl canOapT MIMHD YUTIAI OOJIOH
xorxok33. CyynuitH 20 rapyil )KUJIUHH TypIIU IXH3IP rapd UPCIH HYYPCTOPOTrYUIH aryyJicaH
HaHOMAaTepHaNyyJ TEXHUK, TEXHUK XYBbJl AIIUIVIaK OOJOX OJOH TallblH JaByy TaJs, OHIIJIOT
HIMHK 4YaHapTail y4ypaac eHee[ep Y OpreH XYpa3dsHJ CyJairaa MIWHXKWIIID TYH3THHPYYIIRH
xuirak Oavtaa [11, 12, 19, 20]. ban gynyy, rpaduThIr HUPTJIAT allUTIaH MaTaaxaj rapcaH
TOPTOT, YHCHUH XyBbJl THAr3puitH IR cnekTpuir MUHXWIDK, HITITYYIURH XO0JIOOOCHIH
Tepauir ToAopxoitioB. TopTruiiH IR criekTpT HyypCycToOperyuiin pagukatyy/l 1aBaMramsiar.
Xee TopTor 6a yHCHHH IR criekTpuifH XapbIlyyjanTraac xapaxaJ TOPTOI'T OPraHUK HATIYY/I,
¢yukunonans OynryyauiiH C-H xonboo axurmaramar Oon yHCoHA Oaracu, opraHuk Oyc
HATUTYY X HOMArAor. TopTor 6a yHEaH T XulicoH XRD MMHXUATI9HUN TYHIAC Y39X3 TIATIIP
Hb TajCcT OonoH amopd (azraiiraap opmaor 00JIOBY TOPTOT Naxbh TAICT (a3 Hb MATAITHIH
TEMIIEpaTypbIH ©CONTOOC MIANTraajlaH HAMATIIAT. PaMaH CHEKTpOCKONMUUH CyaanraaHsl Yp
JYHI33C XapaxaJ TOpTor OOJIOH YHC Hb MX 3ambapaaryii Gaiipiacan Xo€p XaMK3I3CT rpadeHbl

YEYA23C TOTTCOH OYTAUTAH 000X Hb Xaparajar.

PeHTren nauparuiiH CneKTpPHH CyaJraanbl IYH
Ha3xkup aryynargax Oaifraa MuHepanyyAbiH [21-22] Tyxalt epreH M3IPAIUIHIT erjer yupaac

TOPTOT 62 YHCOH 19X MHHEPAJIBIH aryyJaM>KUUT TOITo0X/100 PeHTreH nanparuitn nugpaxibia
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apreIr epreH ammriagar [23-26]. Witm Tepauiin cyanraansl yp AyHT OWJ] OJIOH 39X CypBajpKaac
Y32k 60sHO [21-27]. bug 3arasp 53X CypBalKUJ ©IYYJICOH apra 3arBapbil allluriad TopTor 0a
YHCOH]T XUIUCAH PeHTreH manparvitn cygairaa XxuiiB [27, 28]. DH3 yp QYyHID3C Y33X3] TOPTOT
naxpe amop® da3biH XaMx33 50%, xapuH yHCIHA 89% Xypasr OaiiHa. DH3 yp AYHT raprad aBcaH
TopTOor 6a YHCHMI peHTreH audpaxtorpambir 3ypar 16—1 y3yymdB. XapuH amb 9 AI9KUT

aryyJiarjax MUHEpaiyy1 Oapar aawi Oanjar.
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3ypar 16. TopTor 6a YHCHUIi peHTreH cNeKTP

HNuppa ynaan TysaHbl CHIEKTPUITH CYAAJITaaHbl AYH

bun sua OyXx criekTpuir TainbapiaxbIr 30pHOTYil 0ereesi 30BXeH OHIUIOT IIYTraMyyIbil aBY
y3m33. Tapran aBcan cnextpuiir 3ypar 17-1 y3yyiacsH Gereen sy Hb 2200cm™ 6a 1000cm!
yITyyJaap rypBaH Oyca XyBaarjaH rapy upJar 6a 0yc Oyp eep eep macmitadTaii 60J0XbIT IHI

CyJaJiraaHZl aHxaapax X3p31"T3171 .
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3ypar 17. Topror 6a yncauii FTIR cnextp.

Jookun  axurinargax Oairaa ITMHTIIATHNRH 3ypBacyyll €pOHXUNI0© XapbllaHTylh Oara
naBramkTail Oaiimar Tyn 1600-400 cm! mykuitH crexTpyyauiiH Xo€payraap 3pIMOuiiH
yJIaMKianaap JaBXUax Oyi 3ypBachl Taimbapnaxk Ooimor. DHOY cCyjaanraaHbl yp HOYHT
6omoBcpyyrnaxan x3panmcdoH KnowltAll(R) Informatics System mporpamaap cnexTpuiin
yIaMKIIANyyJbpIl LIYyA TapraH aBax OosjomMxkTol Oaiimar. Xee TOPTOr, YHCHHM I33KUHJ
xoéynana Hb 2345 6a 2360 cm! 13p cys1 opuMMTII X0Ep MUK aXUIIargaxk 6aifHa. DArsp Hb
TOpPTOTr 0a YHCOHJ HYYPCTOPOTYMH JaBXap MCIMAH (YHKIMOHANH OYyJiar Oaifraar xapyyink
Oaiiraa oM. Oar39p 3ypBacyya CO2-HYYpCTOpOTYHiiH JaBXap UCIHUH OYJITYYIUNHH SPrIITHRH
TOII X3MTOH Oyc cyHanTana xapransaar. Xapud 1155 em™! 1popx spuum uxTol IIMHIIITHIH
3ypBac Hb JAYHJ 33PTUHH CyHANTTall XYXpUHH HOTIUIYYATIH X01000TON oM. [[93Kua xuiicoH
PEHTreH HAlparuiH IMUHXWITHUA Yp AYHA 4 0ac XyXdp aryyjcaH HAITUIYYZ HIDPIAT.
Toprruitn FT-IR crekTpr axuriargiar eep HIT OHIUIOI Hb YHCHUH Id%KuH] Oaifraa
xapOoHmImitH Oymort xapramsax 1720 cm'moxmo Toprort Gapar GypsH anra Gommor. Cyn
spunmii, 3030 -3350 cM™! Myxua axuriargax 3ypBac Hb YHOPT Larupar 0oiaoH amudaTuk
oyTou 15X OH OynruiiH xoa000CkIH CyHax armux X31031331131 xoa600Toi oM., Crextp 3200
cm! oop maBTamdkaa XOEp JAXWH HOMOTAYYJIDH CYJI SPUMMTINUIIID JaXMH Tapd MpIdT AyHI
39pruiiH spuumMmi 1616 cm! 3ypac He ammm gaxe NH2 xomGoocuiiH medopmarraii
ysangaaraiiraap yycaor. Crekrpr Oaiiraa 1000-1300 cm™! MmyxuiiH 3ypBacyya Hb XY4UITOPOrd
aryyJscaH siH3 OypHuitH OynryyauiiH Xoa000CkIH X371031331T31 X01m600T0i Oaiinar. Ep up nundpa
ynaan Tysaasl 1000-1300 cm! myx mp ymopr C-C 6a C-H xomGoocuitH medopmarraii
x051000TOHTO0D YYCIX criekTp dhupuitd C—O—C CyHaNThIH OYJIATT TOXUPOX JOXHUOTON TaBXITaXK
00JII0T XOT yJlaaH TysaHbl CIIEKTPUITH HApUIH TOBOIT M Xacor Oaiinar. Topror naxp 418.6 cm™!

OpYMM YYC3X CYJI LIMHIIIAT Hb S-S X0J000CHIH CyHANTaac YYIRITIH 0ereeja sH? Hb YHCHHM
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uH(}pa yJIaaH TysaHbl CIEKTPT 4 6ac axuriarjaas. YHCIH kBap1] Oaiiraa up 1600 6a 1100 cm-1
OPYMMJI YYCOX IHKYYIR3C Xaparpaar. 677 cm™! mpspx Xypi UK Hb HYYPCTOPOIdHMiH JaBXap

HCOIITON X0I000TOMH 0aix 000X FOM.

PamaH cniekTpuiiH cyaajiraa

bun yHe, X6 TopTruiir Paman crieKTpOCKONHM aluriaf cyuiaB. Xee TopTor 6a yHCHUI PamaHbl
criekTpuir 3ypar 18-1 y3yyidB. 33KuiiH CIIeKTpIdC Xapaxa X0o&p MIPKUITH UXIHX 3yPBaCyy/l
YOKAJI TOCT3H OO0JIOBY THAr33P Hb XOOPOHI00 JAABXAIIAITYH X3/ X3/9H OHIUIOr 3ypBacTai
Gaiimar. YyH93C ragHa XOEp JP2KUA 33p3T akuriarjax Oaifraa 3ypBacyyJIblH X3703p Oac
suraataid - Oaiimar. Xo€p JIPIKUI AAMIXaH axurjaarjax Oaliraa 3ypBacyyl aJWiIXaH

TyHIpanTail MoJIeKyIyyAaac TOrTOX HATTYYIUIT aryyipk Oairaar y3yysuor.
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3ypar 18. Topror 6a yucHuii Paman cnekrp

Cuekrpr axkurnaraax 6aiiraa D (ou5 3ypsac 1330-1350 cM ™ '-1 axkurnaraaar) 3ypBacyy1 Hb SMX
3aMbapaaryii 6aiipiacan rpadensl OyTa1Tai x01000TOM Oaitaar. I'9X 133 3H] 9H? Hb rpadeH I3X
XOOPOHA00 XO0JIOOOTOW HYYpPCTOperdunilH Xo€p aTtoM Tyc Oyp ycTeperdyumiiH Xo€p aToMmrai
XOJIOOTICOH HATIIAC YYIRITIH Oaiik 0osox oM. I'paduThiH KpUCTaIIbIH cIeKTpT G 3ypBac
3aaBaj aXUIJaragar yupaac sHJ Oaifraa HyypcteperuuitH G 3ypBac Kpuctaml (a3 OpIIHK
Oaifraar xapyymnnaa. OH3 Hb C-C X01000ChIH CyHanTaac yycadsr. 11 G 3ypBachiH 33parmda 2500-
2700 cM ™! MyKuT HX SPUMMTIN HKYYT &XKUTIaraax 6aiiraa Hb X0Ep I93KUJI X911 XO9H JIaBXap

rpadeHbl XaBTraifHaac TOrTox rpaguThIH X3CIYyA Oaliraar UITIA/IOT.

Mopddosoru, CyBIpXar 4YaHAPbIH CyAajIraa
Topror 6a yHC Hb JUCIIEPCT CUCTEM 0Oree]l THAr33pUNHH AOTOPXU OeeMIpUNH OYTA1I, MIHUHXK
YaHApBIT TOJNOPXOMIICOH OJIOH CynanraaHbl yp AyH Oadmar. TopTruilH OeeMUpHIiH MIMHXK

YaHApBIT TOITOOCOH cyaanraaHsl yp AYHT [28-30]-33c, xapun yHCHuHiXuir [31-33]-33¢ y333k
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6omHo0. Toprruiin GeemMIpyyA Hb YHIHAI? OypaH Oyc MIaTaiThiH Yp AaraBap, XapuH YHC Hb
AMapy TYJIIIHUN IIATaNTBIH 3ailuryid yp ngaraBap Oereej IMIAaTairyd YiACOH MHHepal
XACTYYAMHUT aryyipk Oaipar. TopTor, YHCHHT X3pAIUIddHJ alluriiax 30pWITOTON ysuiiaH
CYYJIMHH X3JI3H apBaH XWIMHH Xyramnaasa TYYHUHr OypayyJsiard X3CTYYAMNT OJIOH Tanaac Hb
OpreH XypadH[ cyaamk OaiiHa [25, 34, 35]. Topror 6a YHC Hb HaHO OOJIOH MHUKPO 3pIMOUIH
XOMIKIITIN JUCTIEPCIIATACIH KIDKUT XICTYYI93C TOITIOT 66ree 3r33p Hb CyBIPXAT OYTILTIH
Oaitnar. CyBIpXar MaTepuabIl XOOCOH 3ai, camaHru ¢a3 OyXuid TOJOPXOM HATIAI 'K OUIITOXK
601HO. CyB3pX3I' MaTEpUAJIBIT TOAOPXOMWIJIOT T'OJl IIUHK YaHap Hb TYYHUH XOOCOH 3ail Oyioy
CYBIPXAr 4yaHap 0ereejl H? Hb XOOCOH 3alHBI 33JPXYYH 0a HUUT 33JI9XYYHUH XOOPOHIOX
xXapbllaaraap TOJOPXOIIOTIOT. YYHHH 33parip3 Marepuand 0a XOOCOH OpOH 3aiH XHUJUIIX
rajapryy Oyioy 4eseeT ragapryyr CyBIpXAT YaHAphIT WIDPXUHIIX XIMKUTIIXYYH OOITOH aBd
60H0. CyB3pXdI' YaHap Hb MarepuanblH (U3MK XMMUNHH LIMHXK YaHApT XYUYTIH HEJIeelnK
Oaiinar. bunx HUpraruiie ABLIAL rapcad TOpTor 6a yHCHUM cyBapxar yaHapseir SEM, SEM EDS,
OOJIOH CYBIPXAI 4YaHaphIH cyaainraaHbel Oaraxk TexHuk (Porosimeter ASAP 2020 V3.01 H)
amurian raprad aBaB. SEM 3ypart ananus xuixads [36, 37]-1 eryyscaH apra npoieaypbir
amurnaB. beeMupuiiH X3Mx33 0a CYBHIH ragapryyruiiH TanOailH XOOpPOHJIBIH XaMaapJbIl
raprax 3ypar 19-1 y3yyimB. DH? yp AYHIDIC KUKUT 00OMIPYYA Hb WIIYY UX CYBIPXAT YaHAPTAM
Oaifraa Hp xapargnar. MeH OeeMuep [PX CYBHHMH 33J9XYYH 0a JHaMeTpUH XOOPOHIO0X
xamaapiaac (3ypar 20) xapaxaJ CYBUITH XYBHIH 33JI9XYYH Hb IHaMETP33CId XamaapaH Oyypu

Oaifraa 6eree 1 YH Hb 0OOMIIOP IPIPX CYBYY/ I'YH OHII OaWATHIAT Y3YYJIIAT.
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3ypar 19. BJH Adsorption Cumulative Pore 3ypar 20. BJH Adsorption Cumulative Pore

Area for ash and soot Area for ash and soot

DHA XOMXKWITHIH Yp AYHT O0J0BCPYyIaxaaa HUMTHIH X3PATIIIIHUM 3ypar 00JI0Bpyyiax Imagej
(FIGI) 6omon Mathematica mporpaM XaHTaMKUWT alllMIIIaB. DHY CyAalraaHbl Yp AYHI TOPTOT
6a yHCHIT OypayyJ1ary 0eeMIpUitH X3MXK33T TOTTOOK TYIATHHT rapras (3ypar 21). Oarasp Hb

HOPMaJIb TYTITTAH OMPOIII00 TYTAATTIH Oaiaar.
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3ypar 21. BeeMupuiin X3M:K33133p33 TYIIX TYTMJITHIH Marajjaj a) YHc, 0) TopTor
beeMipyyauiiH HYX CYBUUT JuaMeTpiIdC XaMaapyyJiaH CyJaK CYBUMH TYTJITHUIH MaraiajbIr
JIMaMEeTPIdC Hb XaMaapyyJjaH J00pxu 3ypar 22-T y3YYJdB. DHAIIC Y39X3/l YHCOH JPX CYBUMH
TUaMeTp HAaHOMETPUHH H3pAIMOATAH OaiixaJ] XeeHHH CYBHMH X3MK33 MHUKPOHBI 3p3MOAITHi

Oailimar.
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3ypar 22. /133K 13X CYBHMIiH X3M:K33I33P33 TYIIX TYIVJITHIIH MaraJJjaJj a) yue, 6) Topror

MeH GeeMIpYYAUH XAII03PT aHanu3 XuiiB. beeMipuiin X3105pT aHATN3 XUHX1PD 00OMIPHITH
XYpa3sHUH Topor yanap (circularity) 6osion myryipai (roundness)-bIr YHICOH apameTp OOJITOH
aBaB. DHA CyJajraaHsl JAyp AYHII3C TOPTTHUHH OeeMILpHIiH XypI3HHUI Tolipor yaHap Hb Oapar
HAIPH TOpes, XaphuH YHCHUH 0eeMIepT 3HD 4YaHap AyTMar Oailiruiir TOrTooB. YHCHHM
0eeMIIPYY XypIl Y3YYp TOTCresl XT3 yupaac X3i103p Hb Ayryipan myyrtail Oaiigar. Xapux

TOPTIUIH OeeMIpHIiH qyTyiipan enaep Oaiiaar.

Araap 10TOp fiBarjgax HUPrJruiiH 0yT33radXyyHuil cyjgajraa
TorT™on ryiayInitH HyMaH HUPTAJITHIT araap I0TOp sIBYYJIK KaTO I93p XYPUMTIIAraax XdCTUUT
TycraiijiaH aBy J33pX IIMHKWITIAT 1aBTaH XUHB. DHA A99KUNH rajgaan 6aiinan, 1otooq OyTuuir
3ypar 23-1 y3yy/ieB. Araap AOTOp sBarjax TOTTMOJ TYWIJIUWH HUPTAJITAAH KaTod 33D
XYPHMTJIAT/IaH YYCIX OYTISIIIXYYH YCaH OPUMH/I SIBaTICaH HUPTIJITIAC YYCIX OYTIOIIXYYHIIC

sUIrargax XdJ X309H OHIUIOITON Oanaar.
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3ypar 23. Araap siBarjicaH HUPIr3Jriic yycdx xypumriaaia. a) ['agaan Oaiigau, b) bara
OCTOJITTIIIIIP aBcaH O0TO00J OYTUMIIr Yy3YYJIX 3ypar, ¢) A0To0J OYTUUHH OHAep

ocreaTTiiirnp ascan 3ypar d) Hlyraman xacryyauiin 6aiipaax xanaaara

Araapt YYCCOH OYTI3TIDXYYH 36BX6H IIyraMaH 0a »KIKHUT XOMKIITIHN XICTYYAUUT aryyijar 6a
aBapra XdOMXIITIH XO3CAr (MM X3CAr ycaH JOTOP YYCCOH OYTIATIIXYYH AOTOp 3I03T
TaapajJiar) Maml XOBOp aXHIJIaraax 0ereeji ep Hb OaWgarryi rax X3k OoyoxyHIl Oaiimar.
HitmMa3¢ XHifH JOTOP HUPTIITIIP TOM XIMKIITIN MIUPXTYYIIIC Hb IPBIPIIX 00I0M*K Onit 00K
Oaifraa oM. MeH HaHO 3PAIMOMIH XAIMXKIITIN JKIKUT XICTYYI AIIK AOTOP sIrapd YyCCoH
Oaiinar (3ypar 24). XapuH 3H? Hb HUPTJITHHH KaTOABIH XYPUMTIIAT JOTOPXHU JKUKUT XICTUNAT
HaHOXO0O0JIOW OOJIOH yTacHaac sUrapyyiaH YYcraX OOJIOMMKTOWT XapyysDk Oaiiraa Oereej wiim
HUPIAITIIC OIyraMaH XACTyyA Oyloy HaHOXOOJIOW, HaHO YTCHIT JaHTaap Hb SUITAaH aBax

OOJIOMIKTOU FOM.

3ypar 24. KaToablH XypHMTJIAJ J0TOP AJITap4 YYCCIH *KUKHT X3CIYYA.

DHY HHUPIAITUHH AJIEKTPOJ A33p OOJIOH HUPTINTUMH OyCIdC CalK TapcaH XACTYYA JOTOp
HAHOX00J10M 00JIOH rpad)eHbl MUPXTYY Tapy UpAdT. Daraspuiir 3ypar 25a, 6-11 y3yY/i9B. DHJQ

xaparjax Oaifraa HAHOX0OJIOI Hb OJIOH JaBXap XaHaTail 6eree[ Oycax MaTepHanTail X0I000TYH
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JMaHraapaa OpHIMK Oaliraa Hb TYYHUH TOJ OHIUIOT OM. [IpakTHKT HAHOXOOJOUT (Yycrax
TEXHOJIOTH) KaTaJIH30TOP XIPITIIPH OJIOHOOP Hb 39P3T YYCTXK Japaa Hb siH3 OypuiH apraap
LPBIPJIK JNaHraap Hb rapraH apaar [38]. Xapun 5H? apraap TOIOpXOH YaHApTail JaH HAT

XOOJIOUT YYCIaK siirax 00JIOMKTOM Hb Xaparfax OaifHa.

Uit R o ¢ k : g i
Smm 110k SEC 500nm e 921:08 2.00um

3ypar 25. a) bue naan nanraapaa suirapcad HaHo yrac b) rpapuTbin HUMIOH

IIMPXIT 139PX MUKPOH XIM:KIITIIi rpadeHbl yeyya

XapuH HUPTJITHIT araapt sSBYyJICHaap rpadeHbIr JaHraap Hb MUKPOHBI SPIMOUNHH HAII9 TOM
XOMKIITIUrIIp Tapran aBax Ooyiomxk Oaiiraa Hp xapargaar. OpuuH yeuitH HYYYpCTOpOryuiiH
HaHO OyTUMHH cynanraanj rpadeHsr Oycan Oue, MaTepuanyya A33p Cyylrax, Haax 3aMaap
raprat aB4 cynangar. Mitm apraap XuiracoH rpaeHbIT CyAaK TOJAOPXOMIOTICOH IITMHK YaHap
Hb CYyph MaTEpHAJIbIH IIMHX YaHapTaid XOJIOOOTOHTOOp TOMOPXOMIOTAOX Hb OWITOMMKTOM.
Heree Tanaac TeXHUKHUITH XyBbJ] MUKPOMETPUIH 3p3MO3TIH XOIMKIITIHM KIDKUT X3CAIT 1YY
XYP3JILH cyaiaax 00J0MKTOH Oaiigar. DH3 aXu CyJaJicaH HYYPCTOPOrYnitH Oy T3 I9XYYHUI
JOTOP STH3 OYPUITH XAJIO3PTIH rpadeH uxX XIMKIIrIIP YycIk Oakiraa Hb xaparpaar (3ypar 250).
XapuH OWIHMNA HHD apraap JaH TpadeHbIr rapraH aBy JaHraapaa opmwux rpadeHbl MIUHK

YaHapbIT CyJJAJK TOITOOX OOJIOMK rapd up>k Oaiiraaa rom.

XypHUMTJIaJ J0TOPXH AUCTIEPCIITACIH OYTII YYCIX, YPrax, XoJ100r10x MexaHu3M

Hywman HupranruiiH katon 133p Ouil O0JICOH XypUMTIIAN Hb HUPTAITHHH TYWUIMHH YHATIII
yprajgar 0ereej yprajiTblH YMIIJ HEPHEHAUKYJApP XaBTraHyyAaJ HUMIDH yeyld OOJoH
xsunbapxaH xyBaaraiar. MTHrax XyBaaxaj rapcaH HUMIOH YEY XOH/UI6H YUIIIAJI93 XapblaHTy i
6ar O0ex vaHaprail 00JIOBY HAXUUNTHIH JNedopMall MyyTail 6aliar ydpaac TOIOpXOH Xs3raapT
Xypu xyrapaar. Hapmoan yc 6a araapt siByyJicaH HHUPIAITIIC YYCIX KaTOJBIH XYPUMTIATIBIH
notoo OyTumir 3ypar 26a,0-1 Y3YY/I3B. DHD 3ypryyl YPrajaThlH YUTIIAI XOH/JIOH XaBTTaliH
J133P33C aBCaH 3ypar oM. DAr3pUNT YHIICIIH TYYHUH 06X YaHapT YaHapbIH Taiibap XUk

00JIHO.
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2,00Um

3ypar 26. a) YcaH OpuYMHJ fIBArJCaH HYMaH HHUPIrIJIruiiH KaTOIBIH
XYPHMTIAJIBIH 10T00/ 6yTa1: ecrear X 104, 6) x 5+ 10%, B) Araapr sBaracan
HyMaH HHPIJITHIAH KaTOALIH XyPHMTIAJBIH J0T00R 6yTII: ocrear X 2 - 104,

r) x 10°

Darasp 3ypraac xapaxaJ XypUMTJIAJIbIH JOTOpP aBapra X3M>)K33T3H X3CTyy[ araapT sBarjacaH
HUPTAJITHIH T0TOp Oapar Oaifnarryid Hb Xaparjax OaitHa. YYHMI 33pATIR? IIyraMaH X3CTYYI
YpraiaTblH YMIVIN TNEPHEeHAUKYJSp XaBTrailH naryy Oaifpiax Xasjuaratail Hb TOJOpPXOH
xaparjax Oaiina. lllyraman xacryyanitH uiiM G6aiipialiblH yiMaac KaToJIbIH XypUMTJIal HUMIOH
yeyn 00JIoH amapxaH caijaar OaitHa. MeH cajcal yey JOTOp IIyraMaH XACTYY XIBTI? Oaiipiax

ydpaac 3Ar9p Hb HAXUIIT MyyTaid aMapxaH Xyrapjar 0aifx Hb OHJITOMKTOM.

JucnepcixedH HaxuypbiH GU3NK HIMHK YAaHAPBIH cyaajraa

DHP COIPBT @XKIBIH XYPIdHI OWUI 3apuM TYPIIWITHIT XHAXHA Xyralaa HMX Iaapagartai
XO0JI000TOHTOOp XsuT0apuiaaH HAHO XAMXKDID OeeMIPYYIAUNT XUMHIH apraap Taprad aBax
O0JIOMXKHMIT Oac aBY y3593. DHA cynanraar aAok. L[.OpmsHbaTeiH yaupaiara 10p TYWIDTIINI.
DHp cyaanraaHbl XYpIdsH7 OWJ IIYITUHH METaUIbIH HATANYYAUNT HAMAX 3amMaap LHaXHypblH
X0€p4 OKCHJI aryyJicaH IaxuypeiH Oeemipeec sH3 OypuitH pH yTraraii, KOIona maxuypbiH

30y OyXWid IHCIIEpCT CHCTeM Oyloy CyCleH3WiH (yCaH) YyCMajbIl YYCISH O3JTIIK,
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THArIIPUNAH (PU3MK XMMUHH MIMHX YaHApyyIbII MOJIMHAH XapbllaaHaac XaMaapyyJaH CyIJIaB.
Yyuna:

e VYycmanbiH opuHbl pH,

e KHMHEMATHK 3yypamTray yaHap,

® YYCMAaJbIH HAIT,

®  XOT siraaH r3PJMKUH ONTHUK IUHTAITHIH UV-vis. criektp,

® MOH HaHOXWKUT X3CIYY Oyroy 6eeMyYyIuilH XaMxK33,

® TapXalNTblH OPreH 33pIHMHWI AMHAMHUK TIIpJIUNAH capHUI Oyroy (GOTOHBI XOH]UIOH

KoppessibiH criekrpockonsiH (PCS) apraap tyc Tyc cynaicad 00JHo.

Yyua: yycmansiH pH, Kommousa CyCHeH3WMH yycCMallblH HATT Oa yyCMajiblH KMHEMaTHK
3yypaMmTraii yaHap, Xt siraat Tysansl AT (XATI)-uiin 6070H yT KOOI CyCIICH3UITH
yycMall Jjaxb HAaHOXKIDKHUT X3Cor Oyroy 00eMUUH XdIMKIIT TapXainTbiH epreH (Qx, %) 6osoH
30JIMHH TapXaJIThIH HATT ((x)-bIH YTra 33pradc XaMmaapyyjaH, Xapbllyy/DK LAXUyp IIYJITHIH
MOJIMMH TOXMPOMXKTON Xapbllaa Mx2 yexn OaifranuiiH XajaH naraaH OOJIOH HATPUIH LIYYrIdc
yyclar METacWiIMKaT Oyloy LIMHIAH IIMIHUN 30JIMHAT Tyc TyC O3ATrIX OOJIOMIKTOMI TOI'TOOB.
MeH yr nupoxuMHiH Oyl0y WIYJITHHH apraap O3JTIACAH KOJUIOMJ CHIJIMKATBIH JKHKUT
X3CTYYIUIH TalncT OyTdl amMopd TeneBT WIMDKMXK OyHI HYHTIMHH PEHTIeH Iu(paKibiH
cyJaljiraaraap TOrTOOCOH 00JIHO. MX2 TepiuiiH yycamxail naxuypbid cycnensuitn XA TLH-uitn
cneKkTpooTOMETpHiH cyanraaraap 1=3611aM yen XoproToii OyCHITH IIMHT3T XaMTUiH OpToH
yTranjaa opimx Oyir TorroocoH 60JIHO.
TYY4YHII3H YT CUIIMKATBIH CYCIIEH3 yyCcMall JJaxXb *KHKUT X3CTHUHH X3MKI3T TapXaidThiH epreH (Qx,
%) 0GOJIOH 30JIMIH TapXaNTHIH HATT (qx) —aac XamaapyyJiaH cyAajcaH TyHr33¢ Mxz yen OeeMuiin
AyHAQK XMk 17.06 HM 6a GeeMuiin XyBUiH Tagapryyruiin tanbai 349.96 m?/cm® Gaiiraa Hpb
JPAPX IPACYYIRIC Kowtoua SiO2-MilH JKIDKUT XACTYY O3TIIX MPaKTUK ad XOJOOTI0JITONT

cyaaljiraaraap TOrrooB.
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JIYTHDJT

TecnuiiH XypasHI XUICIH CylaiaraaHbl aXIJIyyAbH Yp IYHT 3 yJaa OJOH YJICHIH Xypann, | ynaa
YICBIH X3MXKIOHHMHA Xypain, 2 yhaaa OalryyiiarblH SpAMHKAH 36BJIOJI OOJIOH WX CEMHUHAPT
XOJNIYYJIPB. MeH xarac xwi Oyp CaHXYYXKYYJdrd OOJOH TyHLAITrArd Oairyysuiarbig
yaupuiaraTail XMHCOH CaHXYYXKYYJIdX, XIPIDKYYJIIX IIp33 06a MEHEKEepuiH yp AYyHTUIH
I3p33HUI Aaryy sBUBIH OOJIOH MOHMTOPWMHTUNH TaijlaH erd, XapuH >kuia 1 ynaa 3axuanard
Oaifryysuiara 133p SIBIbIH TailJIaHT X331nyyicaH. Cyaanraansl yp AYHTYYAMUT H3MTISH OJIOH
YIICBIH XypaJIJl 3pJAM MIUHKUAITIIHAN WITTA, oYY 6, ragaagan 4, HUUAT 10 WiITrai eryyss,
1 mMoHorpagbiH OyJIAT X3BIYYJICHIIC TafgHa 1 maTeHT aBiaa. DHA CyJaliraaHbl aKJbIH sBLAJ
rapracad yp AYHTYYIMHT 5H? TaillaHruiiH OyJar, ¢3a3B OypT Hb Oartaan opyyJicaH. Talnann
Tycrarical 3Ar33p yp AYHTYYX OOJIOH JaraijaH rapax IYyTHAITYYAMHT napaax Oaifmiaap
TOBWIOH HAI'TTK OOJIHO.

1. Hupraaruiin siBuaj 3J€KTPOJABIH rajapryy I33p XypUMTIarijaH YycaK Oaiiraa marepuain
Oy10y KaToJbIH XypUMTJal Hb JaH HYYPCTOperdeec Torrox 0ereeja tepei OypuitH mopdonoru
Oyxuii, XapwilaH aJAWiryd LIMHX YaHapTail, HAHO XAMXIICT IIUPXAIT OyToUTIH Oaiinar.
KaroapiH xypumTiansir Oypayy/pk Oaiiraa 3Ar’np X3CTYYIUNT YHACOHA Hb JKUXKUT, IIyTaMaH,
aBapra XaMX33T31 I'9K rypaB aHIHIDK 00JI0X 0eree/1 )KMKUT X3CTYYAUIH IIyraMaH XaMxa33 10-
100EM My>xHJI, TadyyAblH Xapbliaa 3-5-aac X3TpAXTIYH, IIyramaH xacryyauiH ypt 50-1600am
MY>KHJ, TalyynablH Xappuaa 5-100, aBapra XaMK33T3 X3CTYYAMMH mryraman Xamx33 100-
500HM MyXuJa, XapuH TalyyAblH Xapbllaa 1-7 olipxoH Oaiinar. Araap IOTOpXH HyMaH
HUPIIITUHH SBLAA YYCIX XYPUMTIIal JOTOP aBapra X3MKI3T3H X3Cryyl Oapar yyCAdITYH,
UXIBWIBH KWKHUI 0a HIyramiar X3Cryyl YYCAST. YcaH JOTOp SIBYYJICAaH HHMPIIII3C YYCIX
XYPUMTJIATBIH JOTOPXH aBapra XdMKIITIU XICTYYAHIH 3319X XyBb 60%, 1mryramiiar OyTIHIH
3319X XyBb 34%, HAHOMETPHIH APIMOUITH XIMKIITIN KIIKUT XICTUMH 339X XyBb 6% OaiiHa.
JpakuitH moTop Oaiiraa 3ar33p X3¢ar OYpUH TOOH HATTHIH Xaphliaa 1:6:11 Oaiina.

2. VYcan 60JI0H araapblH OpYUHJ TpadUT IEKTPOAYYIBIH XOOPOH] siBarfgax Oaiiraa TOrTMo
TYWUIMIH HyMaH HUPT3JITUMH SBLAJ YYCIX KaTO/bIH XypUMTIIai JOTOPXH LIyraMaH X3CTyY/ Hb
JOTPOO HYYPCTOPOIUMiiH HAHOXOOJIOM, HAHO YTac, HAHOPOJ TACIH TypBaH X3103p33p 39ParipH
YYCak Oaiiar. DArasp HaHO X3MXK3ICT OHLION XACTYY/A XOOPOH/100 XOJIMIJOH OPLIMXO00C I'ajHa
HOI Hb HOI®OTMIHHXe6 YYCIX Cyypb Hb 0ok Oadmar. EpnuitH araap norop siBargjax HyMaH
HUPTAJIr3p HYYPCTOPOTYUIH HAHOXO00JIOM, HAHO yTac yycraX OOJOMIKTOW TOIMUIYH AaHraap
Hb SUITaH aB4 00JI0X 06ree ] H]1 YYCIK Oaiiraa HAHOX00JI0M, HAHO YTACHYY X33H MUKPOMETP

XYPT27 ypTTait 6aiik 60J10T.
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3. Hupranruiin sBuan yyc»k Oaifraa sarasp X3CTyyd AaH HYYPCTOPOrdeec TOTTOX OyTIYY.I
I0M. YcaH JoTop siBargak Oaiiraa HUPTITHIH YeI KaToa J33p ypraH ouii 6ok Oaiiraa Ouer
X3CTHHUI OYpAYYJdrd KWKUT XO3CTYYZ Hb MEXaHMKMMH XyBbJA XapWiILaH aJuiaryd IIMHXK
yaHapTal, 1JaH HYYPCTeperieec TOrTOX YH/ACIH T'ypBaH Xu103pTii GaifHa. DArnpuiin 1otpooc
HAHO XAMXKIITAH IIyraMaH X3CTYYI allb HAT XICTIPId 3aaBaj ©ep HAT XICAITIH X0IOOTICOH
Oaiflar Hb KaTOJBIH Tajapryy J93p yprax Oaiiraa OyTHHMIH AOTOp a)Kurjarjgax Lryramuiar
OyTIYYZ (HAaHO XOOJIOH, HAHO yTac) MUX3BWIAH yprax 3amaap YYCAII I'3COH JIYTHAITA] XYPIIaxK
Oaiiraa oM. Heree Tamaac OOTMHO X3MXKI3T3M MHM X3CTYYA Y3YYP X3C3I PYYIdd YPIIJK
HapuiiccaH Oaiiar Hb YYHUHT OaTJiax HAT OHIUIOT FOM. DHJIPAC ypracaH X3CTUiH J0Top Oaiiraa
HAHOMETPHIH APIMOUITH X3MKIITIN JKUKUT XICTYYA OO0JIOH aBapra X3CryyJ Hb HAaHO 3p3MOUNH
X3MKIIHUHN JUaMeTpTHH HIyramiar X3cryyAuiH yprax cyypb Hb O0J10T I3C3H JIYTHAITHUT MOH
raprax OOJIHO.

4. HupranruiiH sBHOAn YycK Oaiiraa OyTIITIXYYHYYAHMMH XyBbI (1) Karoa I33p Mmyriapd
YYCCOH OYTI3IIRXYYHYYA XsmOapxaH 3BIpY cayiax OOJIOMKTOH, (i) OpYMH JOTOp suirapd
YYCC3H OYT33TI3XYYHYYL HyYpcTeperuuiiH 2D ye 60JI0H 0JIOH AaBXap XaBTraiiHyy1aac TOI'TJOr
I'3C3H YHJICAH OHLUIOITOM Gaiiaar. DAra3p33¢ HaHO XAMXKIITIN X3Cryya (1) Hyypeperd aryyicaH
MaTepuaiblH yyprminTaap, (ii) TogopXol HeXIes OWEeNICIH TOXHOJIOJN] aTOMWIATACAH XUH
TyXallH MYXKUJ O4YIK CyyH yprax 3amaap, (iil) HyypcTeperyuilH XaBTraliHyyna XyWiarjgax
3aMaap YYCJAdT I'3C3H OYTHIIT rapjar.

5. DHp cypanraaHaac y39XdA HYYPCTOPOrduiiH XOE€p XdOMXKIICT ye Oyroy rpadeH 3eBXeH
KaTO/IbIH XypUMTJIAJIBIH TaJapryy IOMYY 3CB3J1 HUPIIJITUNH SBUAJA OPYMH JIyy YYPIIMK OPCOH
OYTIITIIXYYHHUIA Taapryy P3P OpHior. DHAY Hb TpadeH JaHTaapaa HUPTIITUMH Oycda Oue
JlaacaH X3J103p33p OpIIJOITYHr Xapyysaar. XapuH HUPIIIATUNT araapt siByyJICHaap rpadeHsIr
JlaHraap Hb MUKPOHBI 3p3MOUITH HAJIR]T TOM X3MXKIITIUrI3p raprad aBax 00soMx Oaiiraa Hb
xaparjgaar. I'padensir Oycan Oue, marepuanyyl I33p Cyylrax, Haax 3amaap raprad aBy
cynanzar 6a 5H? yea TOJOPXOWJIOTACOH IIMHXX YaHap Hb CYypb MaTEpUaJblH IIMHX YaHapTal
X0JI000TONTO0p TOAOPXOIIIOTI0X Hb OMITOMKTOW. XapuH OMJIHUI 3HA apraap JaH rpadeHbr
rapral aB4 JiaHraapaa opimx rpageHsl HIMHX YaHapbIl CyJalK TOTTOOX OOJOMXK rapy Upx
Oaiiraa om.

6. YcaH n0TOpXU HUPIIATUNH ryiuniie 75-100A uHTEpBaia HAHO yTac, HaHOXOOJOW 33p3ar
OHIITOM dYaHapTalk OYTIATIPXYYHYYZ XaMTUHH HMX33p YYCIdT OOJIOXBIT TOTTOOB. OHD
OYTIATIPXYYH araap AOTOp HUPrIATHMH rydpmiiH 20-40A ytrana yycax sxiox Oereen 60A

TYUIIIMIH yTraHJ XaMTHWH UX YYCIOT.
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7. Hupraaruiin siBIjaa yYyccdH TopTor 0a yHC 3Mx 3ambapaaryit Oaiipinacad rpadeHsl yeyaac
TOTTOX Y4YUp KpucTaul 6a amopd XdamOapT opmmx O6a TOPTTHIH amopd (a3biH XIMXKID
HUPTOJTHIH TeMriepatypaac (TYWIUIMHH yTraac IIyyJ) Xamaapd HAMOTJIITHHAT TOTTOOB.
TopTruiin uH}pa ynaaH TysiaHbl CIEKTPT HYYPCT YCTOPOTUHIH paguKanyy] JaBamrainaar 6a
OpPTaHHK HATANYYA, GyHKIMoHams Oynaryyauiin C-H xom6oo axurnargaar 601 3H> Hb YHCOHT
Oaracu, opraHuk 0ycC HATUTYYA Hb HIMATI3TUNAT TOTTOOB.

8. Hupranraasc yyccean toptor, yHCOHI BET MIMHXUIIAT XHIK CYBIPXAT YaHAPBIT TOTTOOXK
cynaiaraanel yp AYHT SEM muHXHITIr3p OaranraaxyynaB. HupranruiiH siBHaa yyccoH
3Ar33p OYTIIPXYYHYYIUIH OyTdn, Haiipiaara, MOpQOJOrMAH MIMHX YaHApBIT TyxaninOan
0eeMIpUIH X3MXK?3, CYBUIH XdMXK33 0Oa ragapryyH TtanOail, CYBHMH XYyBHIH 33JI9XYYH,
TAArIIPUNH TYTINT, 00OMIPUIH X103, XYPIIHUN TOUPOT, ragapryyruidH ayrydpal 33pruir
CyJulaH TOPTIHIH Oeemuep YHCHUIl Oeemipeec miyy 6embepuer X3103pT oWpXoH OGallaruir
TOTTOOB. MOH XypUMTIIAJBIH raAapryy/] XHICOH aHAIN3aac Y39X)/1 TaJapryy Hb rpa(uThIH 9MX
3ambapaaryil OaiipiiacaH HYYPCTOPOTUHMUH XOEP XAIMIKIICT YeYIIIC OYTCIH 0oMOepIryymaddc
TOrTOX 0a H® Hb XalaJThIH fBLAJ TpaduUTHIH Yeyl AaBXpaapaa rajapryyraac cajk aycal
X3J03pT MIWDKUH YypIIJaruir 6aramk Oaiiraa om.

9. Hyypcreperu aryyiicaH 3J€KTPOJIbIH XOOPOH/ sIBariax HUPIIJITUHH SBHAA YYC»K Oaiiraa
OYTIIrIIXYYH (Ppakmaapaa surapad YYCAITUNUT TOTTOOB. DHA Hb SH3 OYpHITH OYTIATI9XYYHUUT
3aaBall TapraH aBaaj Japaa Hb suirax Oyc xapuH Ouii OONrox sBIJIaa suIrapyyJsiaH YycraX
OonomMKuiT Ouit Oonrox Oaifraa oM.

10. Ycan OOTOpXM XOHI'eH LiaraaH, 33C 33p3r METall AJIEKTPOAYYIbIH XOOPOH[ SIBYYJICAaH
CyJallraaHbl JIYHT3C yCaH JOTOP HYMaH HUPTAIAT sABYYJaxX 3aMaap sr TOIOPXOH TOpIUilH
Mopdosoru (Gembesner X3m03pTdi) OYXuH HAT TOPIUHH MHUKPOHBI 3PAIMOMNH HKMDKHT
XICTYYAMHUT rapraH aB4y OosHo. MiiM OemOenryyauidr sH3 OypuiiH Oaiinaap cynaniraa,
CyprajTanj X3parisx 00JIOMXKTOI.

11. Hupranruiin 6yciac rapu Oaifraa AUCHEPCT XACTYYIUIH HAT HIMPXTHIH IPHAT, LPHATTIN
XOCTYYIMIUH KOHIIEHTPAIBIT XAMXKHX apra, aprawjall, CHCTEMHHUT OOJIOBCPYYJDK IIHHD

OYTI2/IMIH ATeHT aBCaH.
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Abstract. Products formed in the discharge region of the DC arc between graphite electrodes in
water were studied. Whereas one of them was grown on a cathode and kept whole, the other is
arose by erosion of electrodes in powder form and sank or floated in the surrounding water. The
structure of the products was studied by SEM and SEM EDX analysis. The whole parts grown on
the cathode were made up three different components: (i) almost spherical tiny particulates; (ii)
long and narrow linear parts; and (ii1) macro particulates of gigantic size. We have identified the
size distributions and the number densities for these component parts in the sample as well their
mechanical features. The powder samples included bulk particulates of carbon sheets and linear
structures, like a thread. The study shows that the long linear structures in the powder sample are
formed by the scrolling of carbon layers whereas the ones deposited are formed by a growth
mechanism.

Introduction

There are many plasma based methods for processing nanomaterials [1]. One of them is the DC
water arc between carbon electrodes; and during this discharging process, many interesting products
emerge. The methods to produce and synthesize the products formed during arc discharge in
various environments have been studied by many authors [2-4]. The studies of the properties and
characteristics of products have mainly concentrated on physical, electrical and chemical behaviors
of products, as well their morphology and structures [5-8]. These products are created in two
distinct ways, one of which is formed by erosion of electrode material in the result of heat action.
Products formed in this way directly enter into the water environment in powder form and sink
down or float. The other production channel is deposition on a cathode. In a sustainable DC arc we
used spectrally pure graphite electrodes designated for atomic emission spectroscopy. The purity of
this type of electrodes reaches 99.99%. Graphite has high thermal conductivity and is very resistant
to heat and chemical impact; also it has almost no magnetic property. Its magnetic property can be
observed in the case of dislocation of layers in graphite. The strength of graphite increases with
temperature. This article addresses to some mechanical properties of products formed in the water
arc.

Experiment and Sample Preparation

A schematic view of the arrangement used in producing samples is shown in Fig. 1. This includes a
high current generator of 30-280A, movable and fixed holders for graphite electrodes and
thermostable glass. We used a welding power supply as the high current generator. After fixing the
electrodes (6 mm in diameter) on holders and filling the glass (up to 2/3 of its volume) with water,
the DC power supply was switched on. Immediately, an arc in water is maintained, but it cannot be

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
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sustained because of the quick erosion of electrodes. So, we provided a sustainable DC arc, bringing
electrodes close to each other by using the movable holder. The initial distance of electrodes was
1.5-2 mm. The applied voltage was approximately ~28 V. Although the cathode deposition quickly
formed and increased at a current higher than 100A, the water evaporated in a short time. So we
maintained it in the range of 75-95A. The cathode deposit during the arc discharge is disaggregated
easily by breaking it off the electrode mechanically. Also the deposition peels off in thin sheets
(Fig. 2a, b). The powder sample is formed in water by erosion of electrodes due to thermal action.
We separated them from water by drying after spreading out the water solution on thin transparent.

high current
enerator

Movable
electrode

water

n
glass
Fixed electrode connecting
(cathode)
cables

Fig. 1. The schematic view of the arrangement used in producing samples.

A magnified view of this powder sample is shown in Fig. 2c. We conducted SEM and SEM EDX
(SIEMENS SU8010) analysis on the samples mentioned. In measurements for size of the
component parts and shape analysis, we used the open software ImagelJ for image processing.

General Features of Grown Products

The deposition on the cathode is relatively firmly joined to the electrode; however, it is easily
separated into many thin layers when it breaks up. There is no need for any especial technique to
separate these layers from the cathode. We pulled off a sheet from bulk material in a mechanical
way. These separated layers were studied with scanning electron microscope.

N

a)

Fig. 2. External views of samples: a) External cross sectional view of the grown part on the

cathode, b) External transverse view of the grown part on the cathode, c) Magnified view of
the powder sample.

The strength of the separated layers along their cross sectional plane is higher than that along the
growth axis. The edge of the deposit on cathode is shown in Fig. 3. The edge of the sample tends to
have the least surface area and obtains spherical form. A more accurate look into the edges in a
highly magnified image shows that the edge part consists of many spherical particulates (Fig. 3).
The particulates on the edge measure a few microns in size. This confirms that graphite is not
melted down, but sublimates. One can see peelings and scrolling of layers on the surface of these
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spherical particulates in the peripheral region (Fig. 4). This may lead to formation of long linear
parts. The direct measurement of the layers in Fig. 4 confirms that the thickness of layers ranges in
~1 nm.

o

Fig. 3. Edge view of the deposition on a Fig. 4. Scroliing layers during peeling off
cathode. from the surface are shown in white circles

(One is like a nanohorn).

A cross sectional view of the sample at various magnifications is shown in Fig. 5. From these
images, one can say that it includes many long linear elements along the cross sectional plane. This
explains the horizontal strength of the sample. The transverse view of this sample implies that this
sample separates in thin sheets (Fig. 6). We can clearly see this splitting of sheets in these images.

Fig. 5. Internal cross sectional views of the deposition on the cathode: a) Magnification 10k,
b) Magnification 50k.

500nm

' ) 2 S U)11/ 9 5U8010 5.0kV 5@fm X25 Ok SE 11712017 22 2.00u 8 Okv.5 2 x100% “
Fig. 6. Transverse views of sheets and lines of breaking: a) Two main splits; b) Clear breaking
line between splits; ¢) Two new breaking lines; and d) Small and gigantic components along
the breaking line.

The internal structure of the deposit on the cathode is shown in Fig. 7. From this image, it is seen
that the sample is composed of three main parts; (i) almost spherical tiny particulates of 50-100 nm
linear size; (i1) long narrow linear parts, the length of which reaches several hundred nanometers
and the width measuring less than a dozen nanometers; (iii) gigantic parts, the size of which ranges
from several hundred nanometers to micrometers.
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Fig. 7. The internal structure of the deposifiz)n material on the cathode (The tiny particulates
are in brown rectangles, linear parts are along the red lines, and the gigantic parts are in green
ellipses).

We analyzed these components by performing EDX analysis. The result of our analysis shows that
they consist of pure carbon atoms. As representations of the EDX analysis on component parts, we
present the spectra from a tiny particulate, linear part and gigantic part in Fig. 8. The corresponding
numerical values are given in Table 1. It should be noticed that trace elements formed in result of
water dissociation during discharge can be observed in EDX patterns from gigantic parts. We
consider the component parts of the deposit on the cathode separately.

Cnts |1 Cnts—

C L

4004

400+ 400+

. C ~C

200 200+ 200

1o 15keV,

-

3 10 15ke 10 15 kev, 5
a) b) 9)
Fig. 8. The EDX spectra for component parts and the corresponding points selected for
spectrum analysis: a) Tiny particulate, b) Linear part, c) Gigantic part.

Table 1. Results of EDX analysis on component parts.

Elt. Line Intensity, [c/s] Atomic, [%]
a C Ka 639.49 100.000

C Ka 620.65 100.000
c C Ka 650.83 98.577

1) Tiny Particulates. The main feature of tiny particulates in the sample is that they can exist in an
independent form from the other parts. Their size ranges from few to hundred nanometers and for
shape they are almost spherical. Morphological analysis shows that their aspect ratio is less than 2.
The size distribution of these particulates is given in Fig. 9. The smallest diameter of an individual
one is 12-15 nm, and the maximum diameter reaches 100 nm for an individual particulate. Their
average diameter is 49.16 nm. Most of measured particulates had diameter of approximately 47 nm.
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Fig. 9. Size distribution of tiny Fig. 10. Individual nanorod located on
particulates. nanowire.

These particulates were found to be located on the gigantic parts; but seem independent of them.
However, within the frame of this study it is impossible to identify whether they are associated with
gigantic ones or not. Moreover these particulates are commonly associated with the linear parts;
some of them become the precursor for the growth of linear parts. One can see several linear parts
growing from one small particulate (Fig. 10, 11). It is interesting that the size of these small
particulates lay in range of nanorod size but their aspect ratio is less than that for nanorods. Also,
individual nanorods are rarely encountered in the sample. All particulates with the aspect ratio, less
than 3, are related to the tiny ones.

2) Linear Parts. Although these parts are very diverse for size, they are always in elongated form
for shapes. One of apparent visual features is that they are connected to other component parts in
one or two ends (Fig. 11a). Relatively short linear parts have wide diameter in any section of body
and always have narrowed ends (Fig. 11b). They also grow and branch from one building part (Fig.
10, 11c). The diameter of linear parts in our sample doesn’t exceed 51 nm. The diameter
distribution of linear parts is shown in Fig. 12. This says that most of linear parts have 16.1 nm in
diameter. The distribution in length for linear parts is given in Fig. 13. These linear parts have
295 nm of length in average. The maximum of the distribution corresponds to 125 nm. The length
of linear part can reach to 1.6 um.

8,

i' 500nm i

- 1 I 1
SUB01085.0KVEIBm T X90.0k SE(U) 11772017 16:56 ' . B

a)
Fig. 11. a) Linear parts grown from one small particulate, b) Narrow ended short linear parts,
¢) Linear parts grown on gigantic parts.

The long linear parts have two essential types; one of them has a hollow internal space, the other
does not definitely have a core. Some linear parts have an apparent hollow inner core however, the
core is not clear for the thin one. The average value of the diameter of the hollow core is 4.0 nm.
Thus, we can conclude that the hollow linear parts are nanotubes. For wall thickness, they are very
diverse as well; the thickness of a nanotube varies along its axis. The wall thickness for hollow
tubes ranges from 5-8 nm. Tubes tend to have a thin wall in middle section, but it increases towards
the ends. With the average value of the wall thickness and the thickness of the two-dimensional
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carbon layers, one can determine the number of walls in a nanotube. Using the values determined in
this paper, the number of walls in nanotubes obtained is 8-11. Also, ends of nanotubes can be closed
or open. In addition to nanotubes, one can find linear parts without hollow core in sample. These are
supposed to be nanowires. In addition, we can see short elongated parts (Fig. 10, 11) in the sample.
They appear to be nanorods because their aspect ratio ranges from 3-5.
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Fig. 12. Diameter distribution of linear Fig. 13. Length distribution of linear
parts. parts.

3) Gigantic Parts. In considering the volume of the sample, there are macro particulates, the linear
size of which ranges from hundreds of nanometers to micrometers. These components are rarely
encountered in a given volume, but they occupy a significant volume in a sample because of their
gigantic size. They exist in different shapes. For this reason one can conclude that they don’t grow
on the cathode, but they settle down on the cathode coming from the surrounding environment. In
some cases, the linear parts grow from these gigantic parts (Fig. 11c).

We consider the way to determine the fractions of these component parts in a sample. If we assume
the samples are isotropic, the horizontal structure in a sample should be maintained in other
directions. Directly counting, one can find out the number of component parts N, observed in the
4102w

AM

(where W-working distance between lens and specimen, A-radius of aperture, M-magnification) for
a microscope. Then the volume V occupied by these parts is determined multiplying, V = sd. The
number density of a given component part is referred to as the ratio of the number of component
parts and the corresponding volume: N/V. In determining this value we used several images taken
from various sections of one sample. Since it is difficult to distinguish short linear parts and
elongated tiny particulates, the tiny particulates, which have a length 3 times or much longer than
the width, are supposed to be a linear one. With the help of this procedure, we have defined the
number densities for tiny particulates, linear and gigantic parts as, 1.74-102%; 1.07 - 102%; and
1.51 - 102° m™3, respectively. The ratio of numbers for these parts in unit volume is 1:6:11. Thus,
the percentage of the numbers in unit volume is 5% for gigantic parts, 36% for linear parts and 59%
for small parts. The volumetric calculation for these parts is somewhat hard since the parts are
overlaid with each other.

chosen area s on the SEM image. The depth of field or the depth of focus is given as d =

Structural Features of the Separated Part

The part separated from the electrode during the arc discharge is a powder material composed of
many small particulates unequally distributed by size and shapes (Fig. 14). Most of these
particulates are micron sized, but the size of the larger ones reaches 5-10 um. They have two main
structures. One of them has sharp edges and contains gigantic sheets (Fig. 14a). The other has
smooth edges and is made up of thin carbon layers (Fig. 14b). The SEM EDX analysis confirms
that these are only carbon materials. All of them have a layered structure. By using sophisticated
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software on the SEM image of a sample, we determined that the thickness of these layers is less
than approximately 1 nm. This result is roughly consistent with the value determined as 0.34 nm by
other authors [9].

i

“_ g ;.:‘n 5 2um

Fig. 14. a) General profile of the separated parts, b) Carbon layers creating particulates in the
separated part, ¢) Linear structure connected to layers.

En

We notice that single individual layers are not encountered in the sample. Accounting for thickness
of layers and separation distance between layers in the calculation, we can conclude that layers are
peeled off in a sheet of few layers. The most interesting formations in this sample are long and thin
structures (Fig. 14c). Although they are rarely encountered, their aspect ratio is in the range of 100,
and is always associated with other component parts.

Summary

The deposit on the cathode is composed of pure carbon materials and this means carbon atoms in
graphite associate to form three types of structures at high temperature: namely (i) tiny particulates;
(i1) nanotubes and nanorods; and, (ii1) gigantic bulk parts. We conclude that formation of these
structures is caused by the main character of graphite. The strength of the part grown on the cathode
can be explained by the location of these constituents. They break up by the positions which contain
small and gigantic constituents. This means small and gigantic constituents included in the sample
weakens its strength. However, the linear constituents enhance strength because they are located
along the cross sectional area. This also leads to the conclusion that sheets have distinct layered
structures containing linear parts and tiny particulates.

This study shows that two dimensional carbon layers cannot exist in individual form in the
discharge region. The peeling off of layers from bulk material continues with the scrolling of layers.
This leads to formation of carbon nanotubes. Thus, one way of forming nanotubes in water
discharge is the scrolling of two dimensional layers. Nanotubes formed in this way are relatively
long and thin; the aspect ratio is high. They can also be formed when single layer sheet scrolls a few
times, or when a few layered carbon sheets scroll. The scrolling processes lead to formation of
multiwall nanotubes. These processes clearly take place on the cathode and the nanotubes formed
on the surface deposit escape from the region. The reason for escaping is thought to be the result of
heat and temperature distribution, as well as charge distribution on the structures formed. Linear
structures formed in this way tend to have many walls.

Since the linear parts in a sample of deposition on cathode are necessarily associated with other
constituents, one can say that the formation mechanism of linear parts is growth from a precursor.
There are three growth types with a linear structure in the sample: rods; nanotubes; and nanowires.
Either nanotubes or nanowires, seen from the images, can be formed by this growth mechanism.
But, the formation mechanism of rods existing in individual form is unclear from this study. At the
end, we noticed that nanowires observed in the sample might be tubes with a very narrow core and
thick wall.
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RESULTS OF MORPHOLOGICAL ANALYSIS ON PRODUCTS FROM COAL COMBUSTION
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Products from combustion in arc discharge region such as soot and ash have been analyzed by
using various techniques and analyzing methods. The some physical properties of particulates of soot
and ash from coal combustion are determined. (i) The elemental analysis on particulate surface was
done for soot and ash and elements in them were determined. Noncombustible elements are dominated
in spectrum of ash, however they encounter rarely in soot. (ii) The results from the morphological
analysis on particulates of soot by using SEM and BET show that they tend to have large free surface
and pore volume. The size of pore in soot and ash particulates decreases with their diameter. The ash
particulates are inferred as poor porous material from result of study. The circularity and roundness of
soot is higher than ash particulates.

Keywords: soot, ash, shape of particulates, size distribution, porous material, morphological
characterization, particulate analysis.

Introduction
There are many research results determined the structural features and properties of particulates in soot [1, 2]
and ash [2, 3]. Since soot and ash are products from combustion and they become the main factor for local
and global air pollution, they have been studied in many sides and vast information on their properties have
been taken in last decades [1-5]. The soot particulates are unwanted result from incomplete combustion,
whereas the ash is inevitable consequence of combustion of fuel source. The structure of soot and ash
particulates has been studied past few decades since their potential usage in application [6-8]. These products
are in powder form of dispersed particulates, size of which ranges in nano- and micro level. Nanosized
materials with dispersed structures are expected to find various novel applications. The unique and special
property of nanostructured materials will provide new opportunities for the development of new
technologies. Particulates constituting soot and ash are apparently porous. Porous material can be understood
as a particular composite with discrete phase represented by voids. The main characteristics determining a
porous material are its porosity, which is a ratio between the volume of voids and the total volume, and pore-
size distribution giving frequencies of various sized voids. Porosity can have an influence on the physical
chemical properties of the material. For identifying characteristics, particle size and pore size distribution
measurements are required. This article deals with particle size of ash and soot, bulk residual particulates,
and pore size distributions of soot and ash measurements using image analysis. The objective of this study
is to determine the porosity and morphological features of soot and ash produced from the combustion
in discharging region by using modern analytical techniques such as scanning electron microscope
(SEM) and Porosimeter.
Sampling

Soot is collected on the surface located on the way of smoke from combustion in discharging region in
result of inertial and condensation settlement. The amount of soot settled on collecting surface depends on
distance from burning region. When the collecting surface is close to discharging region, soot on surface is
burned out completely. The soot settled on surface of each section was removed and collected for
investigation. During the combustion, ash falls down and these were collected for analysis.
Instrumentation and technique

The measurements for porosity and surface analysis of samples were carried out using the apparatus
Porosimeter ASAP 2020 V3.01 H (adsorptive porosimetry) at temperature 77K. The surface area was
determined by Brunauer- Emmett-Teller (BET) adsorption isotherm calculation. For plotting the graphs we
were used Mathematica functional software. The interpretation of the isotherm reveals details about average
pore size and shape. Barrett, Joyner, and Halenda (BJH) method was employed for calculating the pore size
distribution.

Scanning electron microscopy with energy-dispersive X-ray analysis (SEM/EDS) is a valuable tool for
analyzing single particulates as well it is a powerful tool to study morphology of samples in the micro-
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and nanofabrication. The images taken on this device provides useful information on the morphology,
elemental composition, porosity and particle density of particulates under investigation and also enables us a
better insight about the particulates. The samples were applied to sample holders with an adhesive carbon
tape and measurement was carried out. The electron beam was operated at 5.0, 10.0, 15.0 kV and images
were gathered at different value of magnification on the working distance 0.56 pm.

The data for morphological analysis and size distributions was taken by using the /magej (FIGI) a public
domain Java image processing program on Windows 10 platform from the SEM images. The target number
can be counted from SEM image in reliable manner as following the procedure in Ref [9]. This procedure
urges to modify the contrast of image. In order to take correct morphological parameters the images have to
be preprocessed before the particle size and the pore-size assessment. In preprocessing, the contrast of the
image must be modified as well playing with color balance and brightness. Image processing is important
because it can improve the appearance of the image. In obtaining clear binary image or thresholding, filtering
may have significant role. The quantitative results of morphological analysis were also calculated by using
Mathematica software. This software enables to easily identify the analytical expressions of distribution
function. We used several images of one sample for morphological analysis.

Results, discussions and conclusions
BET nitrogen sorption
The specific surface area and pore distribution of soot particles are important physical properties for
particulate matter. The specific surface area and pore volume could significantly affect their adsorption
properties and toxicity, vice versa on elemental composition. The results BET analysis can be viewed in
Table 1. Specific surface area of soot are ranged from 192.5 to 260.9 m?/g, but specific surface area of ash
are from 2.12 to 3.158 m%/g.

Table 1. Results of BET analysis

Surface area Ash Soot Pore Volume Ash Soot Pore Size Ash Soot
Single point surface ‘S/;rfﬁiepgt{ntoiizﬂrezz(:}Illgr?tal pore Adsorption average
area at P/Po = 2.0817 [195.07 Ap - _ 0.0045 10.1192 |pore width (4V/A  [85.57 |24.72
0.221228431, m?/g 821.517 A diameter at P/Po = by BET), A
) ’ 0.975856344, cm®/g ’
BJH Adsorption
ilf/T Surface Area, 15 1537 1192.95  |-Plot micropore volume, cm®/g  [0.0005 [0.0476 |average pore 576.18 [67.31
& diameter (4V/A), A
BJH A ti lati .
Langmuir Surface VOJIumed f)(f)‘rgolr(:sl Ezgvi;lnl\llg 000 BJH Desorption
N 3.1584 |260.09 . ' 0.0355 |0.1071 |average pore 310.89 [60.31
Area, m?/g A and 3000.000 A diameter, &
3 iameter (4V/A), A
cm?/g
BJH Desorption cumulative
volume of pores between 17.000
A and 3000.000 A diameter, 0.0360 0.1068
cm?/g

Plots of the pore area versus particle size are presented in Fig. 1. From this figure it is evident that most of
the pore area resulted from pore diameters between 2 and 70 nm. This indicates that small particulates are
more porous than bigger ones. The pore volumes versus pore diameter are presented in Fig. 2. This tells us

that specific volumes decrease on increasing pore diameter in middle region.
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Particle size and pore size

We have used SEM (Hitachi SU8010) for identifying the size of particulates and pore sizes on them. The
typical SEM raw images of soot and ash from combustion were shown on Fig. 3, 4. The probability
distribution function (PDF) in Feret’s diameter of soot particulates is shown in Fig. 5. The distribution of
diameter for soot is given in Fig. 6. Comparing these graphs, one can conclude that soot particulates are
bigger than that of ash. The probability density of size for either ash or soot particulates is governed by
Frechet distribution function. The diameter of ash particulates in our ash samples doesn’t exceed 5.0 um.
This says that most of ash particulates range in 0.25-1.3 pm in diameter. The maximum of the distribution
corresponds to 0.45 nm for ash and 3.5 pum for soot. The diameter of soot particulate can reach to 35 um.
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Pore size distributions of ash and soot were shown on Fig. 7, 8. The PDF of pore diameter in soot is
governed by Weibull distribution, whereas that in ash is given by Frechet distribution. The pore diameter in
ash particulate ranges in several nanometers, but it is in order of 0.5 um for soot. This result implies that soot

is more porous than ash.
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These results are fairly similar to that of BET analysis. The determined most probable value of pore
diameter for ash particulate converges to 10nm and this tells us most of pore volume in ash is done by small
sized particulates. For soot particulates, the most probable value of pore diameter on them exists in range
0.50pum.

Unusual components in soot and ash

One can encounters particulates of unusual shapes in ash samples. The residuals in ash are in various
form of shape as regular or correct geometrical form and irregular or like fractals. We show the images of
residual ash on Fig 9 and EDX spectrum as representation. Some types of residuals are really porous (Fig. 9).
The average pore size on is measured as 10um. The pores on this residual are the result evaporation and
combustion of organic materials and incombustible constituents build up the skeleton.
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Fig. 9 SEM image of unburnt regular shaped residuals in ash and its EDX spectrum.

Soot contains some amount of spherical particulates. The raw image and the size distribution for this type
of particulates are shown on Fig. 10. The result of EDX analysis (Fig.10c) confirms that it contains inorganic
compounds. The particulates of this component tend to have almost spherical form (Fig.10a). The size of
spherical shaped particulates is in range of 0.12-14um. The size distribution of spherical residual particulates
is shown on Fig. 10b This component may be related to fly ash formed due to combustion in high
temperature discharge region.

Cnts

100~

Ld
5

Probablitydensity
-

50+

All
0.1 i Mg ; Ca
1C

0.0 ] Jals 4 C}‘ Fe Fe

0 H 4 8 8 ’ "y Fe Fe

' ' { T r T :
1447 Feret's diameter, um 3 15 keV
a) b) c)

Fig. 10. a) Spherical particulates in ash, b) PDF for size of spherical ash particulates, ¢) EDX spectrum of
spherical particulates.

Shape analysis of particulates

The shape of particulates in samples is different each other. We considered the circularity and the
roundness of particulates as shape descriptors and determined them for soot and ash particulates. The
circularity is determined by area and perimeter of a particulate as the ratio 4mx area/perimeter, whereas the
roundness is defined as 4x area/[major axis]*. The probability density for shape descriptors of samples are
shown on Fig. 11, 12.
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Fig. 11 Probability density of shape descriptors for Fig. 12 Probability density of shape descriptors
ash particulates for soot particulates

From the distributions, the roundness of particulates in soot is more uniform, but this descriptor is poor for
ash particulates. As for circularity, soot particulates are more circular than ash. Also the ash particulates
obtain mainly sharp end form, but soot has more rounded and the sharpness is poor. This result enables us to
identify and distinguish particulates. As well, this result confirms that soot particulates are grown from
primary particle. At the end we notice that there are weak negative correlation between circularity and
diameter of particulates and the value of correlation coefficient is equal to -0.658 for soot and -0.347 for ash
particulate.
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Abstract

Our previous study showed that deposition on cathode obtained by underwater DC arc-discharge process
consists of three mean structural elements of a carbon product, particularly, micro particulates of gigantic
size, long narrow linear parts and almost spherical tiny parts. This study also determined that their number
fraction in unit volume is 5% for the gigantic parts, 36% for the linear parts and 59% for the tiny
particulates, respectively [1]. In this study, we aimed to estimate the weight fraction of crystalline phases in
the carbon product by using the XRD method and CARBON XS program based on Shi model which takes
into account disorder and stacking faults in a graphite structure. The agreement factor indicates that quality
of refining the XRD pattern was achieved sufficient small value. As the study, it was observed that the total
probability of 2H and 3R stacking decreases from 77.69% to 48.98% whereas the probability of random shift
stacking faults increases from 22.31% to 51.02% in the structure of the carbon product as compared to these
parameters belongs to graphite structure. In the XRD pattern, the character of linear and tiny parts in the
deposition is shown up by the effect of strain in sequenced carbon layers, and the gigantic parts exhibit the
characteristic peaks of graphite structure.

Keywords: weight fraction of crystalline phases, underwater DC arc-discharge, cathode deposition, carbon
product, hexagonal 2H stacking, rhombohedral 3R stacking, random shift stacking faults, graphite, graphitic
carbon, Shi model, coherent length.

Introduction

The crystal structure of graphite consists of series of layers of carbon atoms, which form the 2D hexagonal
network of graphene layers. These layers are stacked either in the ABAB sequence for the hexagonal 2H
structure or in the ABCABC sequence for the rhombohedral 3R structure. Normally, highly ordered structure
of graphite has the hexagonal 2H stacking of carbon layers, but even high quality graphite still contains a
non-negligible fraction of the rhombohedral 3R phase. X-ray diffraction is a standard method for
investigating the microscopic structure of graphitic carbon materials. However, conventional Rietveld
refinement cannot reveal the reliable structural information due to a combination of several effects such as
penetration dept of X-ray, fluctuation of interlayer spacing, in-plane lattice constant, random shifts stacking
faults between adjacent carbon layers resulting in anisotropy broadening and asymmetric profile of Bragg’s
peak. The broadened peaks with low intensity belongs to planes e.g. (100/101) and (112) reveals the
characteristic of random shift stacking faults resulting in strain in structure of graphitic carbon [2]. For this
reason, H. Shi et al., (1993) introduced a structural model that incorporates the disordered and stacking faults
of the adjacent carbon layers in order to solve the mentioned effects above. This article addressed to estimate
the weight fraction of crystalline phases in the structure of carbon product obtained in [1] by means of the
XRD method and CARBON XS program based on the Shi model.

The disordered graphite model and CARBON XS
As mentioned in [2], Shi considered a two-layer model to describe the structure of graphitic carbon. In this
model, an ideal and rigid AB stacking sequence forms a primary building block of the structure as illustrated
by Fig-1. Then the blocks are stacked as follows:
1. A random shift between adjacent blocks with probability Frs for accounting the stacking
faults with a random translational component in basal plane (turbostratic stacking)
2. A registered shift between adjacent blocks with probability Psgfor describing the
ABCABC stacking faults with a fixed translational component (rhombohedral 3R stacking)
3. No shift at all between adjacent blocks with probability Pz = 1 — P3g — Pge for giving

ABAB ordered stacking (hexagonal 2H stacking)
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Fig. 1. Schematic drawing of three stacking sequences of hexagonal carbon planes of characteristic graphite
structure. The dotted squares is illustrated the two-layer units assumed by the model of Shi et al.(1993). The
parameter 8 is defined as & = dggy — (dpga) and can take positive or negative values. 84 is related to the

probability of random shift stacking faults Pgg [2].

For Prs =0, P3g = 0, P;z = 1, this model produces the ABAB stacking sequence for the hexagonal 2H
structure, whereas when Pgg =0, Poy = 0, P3g = 1, the ABCABC stacking sequence for the rhombehedral

3R structure is obtained. As already mentioned, the stacking faults result in strain in graphite structure and
thus fluctuations of the interlayer spacing lead to broadening of all (001) peaks. The model assumes a
Gaussian distribution of the lattice parameter along the c-axis around the average interlayer spacing {dggz)

with fluctuation of & = dgpz — {dgg2), characterized by the standard deviation of @ = /{&)?.

P(8) = — & 1
_ﬁﬂ'exp _F (}

According to [3, 4], the probability of random shift stacking faults Pgg is directly related to &, the
fluctuations of the in-plane lattice constant &, through the Gaussian distribution:

8, \°
1= Prs=exp [_2 ({a}ﬂﬁ) ] (2)

This expression appears slightly different from the one in [4] because here the dy1g is substituted by {a}/2.
Note that because of the presence of the fluctuations in the in-plan lattice constant @, it was used {@) to make
it consistent with {dgg2) in [2]. Besides the average lattice constants {dgg2) along c-axis and {a} in the in-
plane, the model introduces two different characteristic lengths. One of these is L. along the c-axis and
second one is L, in the in-plane. The characteristic length quantifies the crystallite volume which X-ray are

diffracted coherently. This assumption is explained by the anisotropy of the graphite structure and thus offers
additional flexibility as compared to the Rietveld method which provides only one average crystallite size.
From L. and {dggpz), it can deduce the average number of layers stacking in the coherent regions,

M = L_f{dgpz). This structural model introduced above had been incorporated in a refinement program

CARBON XS by Shi and co-workers. In addition to the parameters of the model, CARBON XS also
includes corrections for the X-ray polarization, the Lorentz factor, sample preferred orientation and an
isotropic temperature (Debye-Waller) factor. The influence of the penetration depth of X-ray on botch the
peak position and shape is corrected by the effect found for standard sample powder.

Sample preparation and experiment
For XRD analysis, we ground the cathode deposition obtained in [1] into fine powder using agate pestle, and
then the powder sample was mounted on a glass holder with dimension of 16mm x 2mm, The XRD pattern

of the sample was measured in the range of 15¢ — 110° with scanning speed of 0.25 deg/min using X-ray

149



tube with Cu anode operating in 30mA and 40kV. The graphite rod was directly ground into fine powder
with agate pestle, and then it was measured in the similar condition of the XRD analysis.

Result and discussion

The XRD patterns of each sample were refined with CARBON XS program according to 2 layer stacking
model of Shi. The XRD patterns were shown in Fig-2(a-d). During the refinement, the agreement factor
indicates the quality of refining the XRD pattern was achieved sufficient small value. It is illustrated by
difference given in Fig-2a, which has been decreased significantly in the range of 30° — 1107,

10° Fit Pattern - Graphite Rod

Source

Fit
Background
- Previous Fit

o
Wi

=
=Y
>

Intensity / a.u.
S
™

10?

20 40 60 80 100 120 '
4000 Difference - Graphite Rod !
3000 -
5 2000
n
=
Z 1000
4
g ‘_J ) v
-1000
=R000 20 m %0 80 100 120
A 2Theta / degree
30000 700 350

(112)

25000 - 300

20000 2504 ||

(002)
a o
g 8
(o1

200 4

g

15000 -

Intensity, [a.u]
Intensity, [a.u]

Graphite rod 150 1 Graphite rod

WWW' S *‘MWMW

g

10000 4

Intensity, [a.u]

"\C::phhe rod

Carbon product

100

:

5000

100 Carbon product

Carbon Broducl

256 258 260 262 264 266 268 270 0 — | ’
2Theta, [degree] 410 415 420 425 430 435 44.0 445 450 455 460 85 86
® ) 2Theta, [Degree] D) 2theta, [degree]
Fig. 2. a) The XRD pattern of the graphite rod refined by CARBON XS, b-d) the compared profile of
characteristic peaks of graphite rod and carbon product is illustrated in inset graphics of Fig. 2(b-d), e) the
internal structure of the deposition material on the cathode (the tiny particulates are in brown rectangles,

linear parts are along the red lines, and the gigantic parts are in green ellipses [1])

The change of peak broadening and shape shown by Fig-2(b-d) indicates that the graphite and carbon
product has a difference for their microscopic structure. Table 1 shows the agreement factor, structural
parameters and stacking model considered in the study. The previous study introduced that the internal
structure of the deposition on the cathode is composed of three main parts, particularly (i) almost spherical
tiny particulates in the linear size of 50-100nm, (ii) long narrow linear parts, the length of which reaches
several hundred nanometers and the width measuring less than a dozen nanometers, (iii) gigantic parts, the
size of which ranges from several hundred nanometers to micrometers, as shown in Fig-2e [1]. This study
also determined that their number fraction in unit volume is 5% for the gigantic parts, 36% for the linear
parts and 59% for the tiny particulates, respectively [1]. In the XRD pattern, the character of linear and tiny
parts in the deposition is shown up by the effect of strain in sequenced carbon layers, and the gigantic parts
exhibit the characteristic peaks of graphite structure. Otherwise, The peak belongs to planes e.g. (100), (101)
and (112) given in Fig-2(b-d) is revealed the characteristic of random shift stacking faults of carbon layers
resulting in strain in structure of graphitic carbon, and the peak broadening belongs to planes e.g. (002) as
well as (004) is arisen by only coherent length and strain in the hexagonal stacking of carbon layers.

In this study, it was observed that the total probability of 2H and 3R stacking decreases from 77.69% to
48.98% whereas the probability of random shift stacking faults increases from 22.31% to 51.02% in the
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structure of the carbon product as compared to these parameters belongs to graphite structure. During the
refinement of the XRD pattern, we have taken into account the in-plane lattice constant as the value of
perfect crystalline graphite, 2.461A because the average in-plane constant cannot fluctuate too much due to
strong covalent in-plane bonding [2].

Table 1. structural parameters and stacking model considered in the study

Experimental samples
Structural parameters f(:ge graphite Carbon product
Stacking model ( 1 layer or 2 layer ) 2 layer 2 layer
a [A], (in plane lattice constant ) 2.4615 2.4615
doo2) [z&], (interlayer spacing ) 3.3733 3.4044
L(a) [A], ( coherence length along basal plane ) 232.4560 107.9540
M ( total number of layers ) 91.5957 33.2124
(82)1/2 /2 [A], (width of M distribution ) 2 2
DAB (in plane strain ) 0 0
del (inter plane strain ) 0.0244 0.0244
::gg;b)ﬂity of random stacking per layer, Prs/2 ( for both 0.2231 0.5102
:;lrg(;a;b)ility of 3R stacking per layer, Psr/2 ( for 2 layer 0.0482 0.0052
B [Az], ( Debye Waller's temperature factor ) 1.3708 1.3708
PO ( preferred orientation factor ) 0.3780 0.5357
L(c) [A], ( coherence length along ¢ axis ) 309.0 113.1
Probability of 2H stacking, ( Poy=1- P3r/2- Prs/2 ) 0.7287 0.4846
1% ( Agreement factor) 10.2840 11.2970

The average interlayer spacing along c-axis was slightly smaller than extreme value belongs to the spacing in
a fully disordered structure, 3.440A. The coherent lengths L, and L., which both were decreased as

compared to the lengths of pure graphite (see table-1). From these results, the study was observed the natural
phenomena that the average interlayer spacing along c-axis and random shift stacking faults increases when
it decreases the coherent lengths as introduced in [2].

Conclusion

In this article, we estimated weight fraction of crystalline phases in the carbon product from its XRD pattern
by using CARBON XS program according to Shi model. As the study, it was observed that the total
probability of 2H and 3R stacking decreases from 77.69% to 48.98% whereas the probability of random shift
stacking faults increases from 22.31% to 51.02% in the structure of the carbon product as compared to these
parameters belongs to graphite structure. From the result of experiment, we can conclude that the character
of linear and tiny parts in the deposition is shown up by the effect of strain in sequenced carbon layers, and
the gigantic parts exhibit the characteristic peaks of graphite structure.
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Abstract

Combustion products such as soot and ash from coal combustion have been analyzed by using various
analysises. The some physical properties of particulates of soot and ash from coal combustion are
determined. (i) The IR spectrum from them was analyzed and the bond types of compounds are
determined. The radicals of hydrocarbons are dominated in IR spectrum of soot. The comparison of IR
spectrum of soot and ash tells that plenty of organic compounds, functional groups of C-H bonds are
observed in soot, whereas they decreases and inorganic compounds increases in ash. (ii) The XRD
analysis on ash shows that they exist in crystalline and amorphous phases. However, the crystalline
phases in soot increase with temperature of combustion. The size of particulates ash and soot are
determined. (iii) Results of Raman spectroscopic study reveal that soot and ash contain disordered
structure of graphene which is exhibited by 2D band.

Keywords: FTIR, Raman spectroscopy analysis, soot, ash, coal composition, absorption band,
amorphous and crystalline phase, structural analysis.

1. Introduction
Carbon containing materials have revolutionized the field of material science in recent years. New carbon
nanomaterials offer a wide range of useful properties that make them very interesting materials to a broad
range of applications [1-2]. In addition to that soot and ash have been studied in view of air polluting source.
The soot particulates are unwanted result from incomplete combustion, whereas the ash is inevitable
consequence of combustion of solid fuel source. The interests in study of these materials have created a
strong demand for techniques that can be used to characterize carbon nanomaterials. X-ray diffraction
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(XRD) is most widely used in identification of mineral composition in ash [3-5] and soot [6] because it
provides qualitative and quantitative information about mineral composition [4, 5]. The inorganic
constituents in ash and soot mainly consist of crystalline minerals, amorphous minerals [5]. Since almost
90% of the organic materials contained in combustible material are eliminated during combustion process,
the composition ash becomes so few, but soot from combustion is enriched by volatile organic compounds.
In this manner, fuel source is separated to two groups due to combustion process. Combustion products of
various fuels have been studied intensively in last decades [3-8]. Since he impact of organic compounds
decreases and no longer interferes in the infrared absorption, the infrared analysis is widely used for ash
investigations. This analysis provides very useful information about the minerals and compounds in ash.
Also, the infrared spectroscopy is commonly used for soot characterization because it is more suitable for
determining chemical compounds. Raman spectroscopy is most sensitive to highly symmetric covalent
bonds with little or no natural dipole moment. The carbon-carbon bonds that make up soot and ash fit this
criterion perfectly. So, the Raman spectroscopy is able to provide wide information about their structure.

The objective of this study is to identify the composition, compounds and bond types of carbonaceous soot
and ash produced from coal combustion by using X-ray diffraction (XRD), Fourier transform infrared
(FTIR) spectroscopy and Raman spectroscopy.

2. Materials
The soot from coal combustion and ash, residual of combustion were taken in the present study as materials.
Ash is formed from noncombustible and inorganic constituents in fuel as well heteroatoms (atoms other than
carbon and hydrogen). During the combustion process, coal parts are mechanically broken up into fragments
because of thermal stresses and initial structural imperfection. Because of evaporation volatile organic
compounds in fragments during the combustion, the locations are opened to form pores at surface. Due to the
process, fragments are changed to porous residuals. At the end particulates become porous enough to
disintegrate into small fragments of mineral matter in parent coal. Ash may melt down at high temperatures
and they obtain spherical form due to surface tension. The other carbonic particulates formed in combustion
processes are soot which are produced from volatile components in fuels. They are not pure carbonic
material and they contain hydrogens, absorbed hydrocarbons and polycyclic aromatic hydrocarbons. It forms
in result of sequenced processes such as pyrolysis, oxidation, chemical reactions and growing processes on
surface reactions.

3. Sampling
The soot and ash analyzed in this article are products from coal combustion in heating stove which is widely
used for residential Mongolian ger and small houses. For collecting, we used chimney of five sections, each
of which has 0.67 m length. Soot is collected on chimney surface in result of inertial and condensation
settlement when smoke from combustion is ascending, but the amount and properties of soot collected on
distinguished height are different to each other. The soot settled on inner surface of each section was
removed and collected. The amount of soot settled on collecting surface depends on type and composition of
fuel, fuel quantity, combustion regimes, as well climate and weather conditions. The sampling time for each
section depended on the amount of sample that could be collected on surface, which was different at each
section and varied 3-5 days. Since the combustion in a stove of the type is nearly complete, it is required to
combust much more fuel for significantly long time for collecting high amount of soot. The numeration of
sections starts from the highest one as the same in Ref [6]. The ash sample studied was the bottom ash of the
combustion used in soot collection. The temperature changes linearly along the height of stove. Temperature

decreases on height as T = —1.18y + 630. The average temperature corresponding to sections is given in
Table 1.
Table 1. Average temperature corresponding to sections
Section 4 Section 3 Section 2 Section 1
Height of censor, cm 100.5 167.5 2.345 301.5
Average temperature T, °C 511.41 432.35 627.2329 274.23

4. Instrumentation and technique
Since mineral matter plays an important role in coal conversion such as combustion, gasification, and
pyrolysis, much work has been done on the identification and characterization of minerals in coal and coal
ash by various analytical techniques over the past two decades. For identification of minerals, X-ray
diffraction (XRD) is most widely used because it provides qualitative and quantitative information about
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composition. Recently, however, Fourier transform infrared (FT-IR) spectroscopy has received much
attention because it has been successfully used for the analysis of both organic functional groups and mineral
composition. In fact, FT-IR spectroscopy has advantages over XRD for the identification of minerals because
it allows for identification of both crystalline and amorphous phases, especially the mineral transformations
due to heating. Besides FTIR spectroscopy, Raman spectroscopy is potentially useful tool compound
analysis, since it is highly sensitive to the composition and structure of a sample material. Raman
spectroscopy is one of non-destructive technique, which allows determination of the degree of structural
order in carbon containing material as well functional groups in samples. The results of XRD analysis were
taken by using X-ray diffractometer MAXima X XRD-7000. The data processing in analysis was executed
by the software X’Pert HighScore Plus v2.0a which has databases ICSD and ICDD-PDF2, internationally
accepted for XRD pattern analysis. FTIR spectrometric information of soot and ash was obtained
by using IR Prestige-21, Shimadzu FTIR. All the spectra were recorded at room temperature. For these
samples ATR correction was not done. For illustration and interpretation of FTIR spectrum, we have used
KnowltAll(R) Informatics System.

5. Results and conclusions
At previous stage, we studied ash and soot of base layer by XRD technique and results were given in Ref.
[6]. In that stage we determined the compounds in samples as well amount of crystalline and amorphous
phases. We identified the amount of amorphous phase reaches 50% in ash and 89% in soot. Also we
determined the crystalline size giving the XRD spectrum by Debay-Scherrer formula.
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Fig. 1. XRD pattern for soot and bottom ash.

At present stage we have analyzed soot from third section and ash by X-ray diffractometer. The X-ray pattern
of samples for qualitative analysis is viewed in Fig. 1. For composition, two samples don’t coincide each but
most of compounds and minerals are detected in two pattern.

FTIR analysis

We showed the FTIR spectrum of soot and ash on Fig. 2. We didn’t intend to interpret all spectra in initial
stage yet characteristic bands were considered. One should notice that the spectra are divided in three
regions split at 2200cm™ and 1000 cm™ and each region uses a different scale. Because the many absorption
bands of samples are generally located at relatively low frequencies, the second derivative spectra in the
range 1600-400 cm_1 helps us to resolve the overlapping bands. Two peaks of weak intensity appearing at
2345 and 2360 cm! are observed in all samples of soot and ash. These peaks indicate that presence of carbon
dioxide functional group. The bands are assigned to antisymmetric stretching of rotations CO; groups. The
intense absorption band at 1155 cm™ may be related to medium stretching sulfur compounds. Sulfur
containing compounds are indicated by XRD analysis. Another feature that can be observed in the FT-IR
spectra of soot at various heights is that the signal at 1720 cm!, corresponding to carbonyl groups disappears
almost completely in the ash sample. The weak intensity band at 3030 -3350 cm™ is related to stretching
associated vibrations of — OH groups in aromatic rings and aliphatic structures. Medium intensity band at
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1616 cm! with the overtone at 3200 cm™ is associated to NH2 deformation bonds in amines. The bands
1000-1300 cm-1 are related to vibration of bonds in various oxygen-containing groups. We notice that the
region 1000-1300 cm™ is a complex section of the infrared spectra where signals corresponding to aromatic
C—C and C-H plane deformation structures can overlap with signals corresponding to ether C-O-C
stretching groups. A weak absorption around 416.8 cm™ in soot is from S-S stretching bond and it is also
observed in the FTIR spectrum ash. The presence of mineral quartz in the coal ash is indicated by the
presence of peak around 1,600 and 1,100 cm™. A sharp peak at 677 cm may possibly be due to carbon
dioxide. Si-O bending vibrations contribute to the strong absorption at 594 and 613 cm™.
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Fig. 2 FTIR spectra of ash and soot samples.

Raman Spectroscopic study

We studied ash and soot by using Raman spectroscopy. In this study, the soot samples taken in FTIR were
not studied individually, only the mixture of them was taken in study. The Raman spectrum of soot and ash is
shown on Fig. 3. From the spectrum of samples most bands of two samples are similar, but they have several
characteristic bands which aren’t coincide to each other.
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Fig. 2. Raman spectrum of ash and soot

Moreover, the shapes of bands are seen changed. The overlapping bands explicit that soot and ash contain
compounds of similar polarizability of molecules. The D band is caused by disordered structure of graphene
which is actually disorder in sp2 hybridized carbon system. The graphite crystal exhibits always G band (at
1599 cm™) which arises from the stretching of C-C bond in graphitic material in samples. The strong peaks
in the range 2500-2700 with G band confirm the existence of 2D band in two samples.

Acknowledgement

This work is supported by the fundamental research project titled “Study of materials from discharging
processes” (No. ScFr 2019/18), financed by the Mongolian Foundation for Science and Technology.

References

1. M. Sharon, et al., (2008). Defence Science Journal. 58. 460-485.

2. Z.Yanyan et. al. (2018). ACS Omega, 3 (8), 9126-9145.

3. B. Manoj et. al. (2012). Int. J. Electrochem. Sci., 7 3215-3221.

4. A. Sadezky et. al., Carbon, 43, 1731-1742.

5. Y.Yin, et. al., (2018). Journal of Energy Institute, 91, 389-396.

6. J.Vanchinkhuu, et. al., (2016). Bectauk Bypsitckoro I'ocynapctBenHoro Yuusepcutera Xumuns. Ousnka,
Breimn. 2-3, 18-25.

K. Popow, et. al., (2009). Coke and Chemistry, 52. 519-522.

8. D.Eggenschwiler, et. al., (2010). Advances in Science and Technology. 65. 225-231.

~

383



Study on physicsal properties of dispersed silica

© Tserenjav E!, Jigmeddorj V2, B.D.Lygdenov’, Magvan U*, Shavrai P,

Omoontsoo, G*
'Mongolia, National University of Mongolia, School of Applied Science&Engineering, Laboratory for New
Material,
2 Mongolia, National University of Mongolia, School of Art&Sciences, Department of Physics,

3 Russia, East Siberian University of Technology and Management, Department of Metallurgy,
“Mongolia, National University of Mongolia, School of Engineering & Applied Sciences, Department of
Chemistry&Biological Engineering
5 Mongolia, Mongolian University of Technology&Science, School of Mechanical Engineering,
E-mail: erdenebatt@seas.num.edu.mn

Annotation

In this paper physical properties as distribution width (Ox, %) and density (qx, %) of colloidal silica
dispersed system were defined photon cross correlation spectroscopy (PCCS) at average size as
17.06 nm for Dsy,% and area of specific surface as 349.96m*/cm’ depending on molar (Rn2)
optimal ratio of silica stone mineral to alkali ash powder. By X-ray diffraction analysis was
determined its change of crystal structure to amorphous state. The results of their kinematic
viscosity, liquid density, UV light adsorption inspections show that possibility to produce that
colloidal silica by using the wetting and ultrasonic vibration method for that fusible alloy.

Abstract

In this paper physical properties of kinematic viscosity, liquid density, UV light adsorption, particle
size distribution with photon cross correlation spectroscopy (PCCS) were studied for colloidal
silica sol in various pH valued disperse system by adding the alkali compounds to silica stone
powder. The results show that possibility to get the silica bulk as raw material for liquid glass
production at molar (R.) optimal ratio was 2 for silica to alkali metal oxide by using the sol
distribution width (Qx, %) and the density of colloidal suspension depending on pH, density and
kinematic viscosity for dissolved solutions’, and their UV light absorptivity.

By X-ray diffraction analysis the crystal structure was defined that a transformation of amorphous
state in pyro chemically prepared colloidal silica particles. By UV-Vis spectrometric analysis the
band gap of electronic transition vibrational fine structure for the absorptivity of Rn2 type soluble
silica suspension was observed at widest value of =361 nm. The experimental results on sol size
depending on its distribution width (O, %) and density (q», %) for these silicate suspensions were
determined the average size of particles as 17.6 nm and area of specific surface as 349.96m?/cm’ at
Rin2 to declare practical possibility to produce colloidal SiO: particles by using the minerals.
Keywords: colloidal silica, sodium ash, fusion, dispersion system, nanoparticles

1. Introduction
Silicon dioxide (SiO2) nanoparticles aqueous dispersion is used in broad range of environmental
friendly performance products as large variety of industries for biomedicine, food and beverages
field. Within this study to produce this dispersed silica particles by the direct fusion of precisely
determined ratios of soda ash (Na2COj3) and natural silica stone in electric muffle furnace at approx.
1100°C and then it isn’t well dispersed typically after wetting [1]—[3].
But for most silica applications especially when being used in coatings to improve scratch
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resistance, the silica particles need to be smaller than 40 nm to fulfill this requirement and that
particle agglomeration hinders each individual silica particle to interact with the surrounding media.
So the stability and agglomeration state of this aqueous dispersion nanofluids are key parameters for
their use[4]-6].

Ultrasonic processing has been used in this experiment to get more effective colloid size, stable and
non-agglomerated dispersion system. The dispersed silica colloid particles were measured by using
photon cross correlation spectrometer. The minimal particle size was reduced to 17.06 nanometers
at Dso, % of the test. The area of specific surface (Sv) for Rm2 as molar optimal ratio of 2 for silica
to sodium oxide weight was obtained 349.9 m2/cm3.

2. Experimental

2.1 Material and method

Dispersed silica nanoparticles were prepared by melting process of mixes by certain ratio of grinded
powder of local silica stone from Tuv province, Sereglen soum which is located at 47°65'03.72"N,
107°25'22.47"E area with utilization license N.21101 and sodium oxide as from sodium ash, CAS
497-19-8, Sigma Aldrich, Na2CO3. The physics chemical properties were designed as shown at
Table 1&2 according to molecule ratio of acid to alkali as silica to sodium oxide weight.

Tablel. Molar mixing designed ratio (Rm) of silica to sodium ash & oxide:

Sample N.  SiO2 Na;COs Na,O Rm=Si02/Na,O
1 10.1 8.1 3.4 3.0
2 10.1 12.2 5.1 2.0
3 6.0 14.5 6.0 1.0

Dispersed silica sols as yield content, density and formula for nanofluids etc. were prepared under
their molar ratio (Rim) of the weight as shown in Table 2.

Table 2. Physics chemical characterization for obtained dispersed silica materials from Na2SiO3

Rm Yeld (%) Density (kg/l) Formula

3.0-3.2 25-40 1.26 - 1.45 Na20 - xSi02 +H20 (3.0<x<3.2)
20-2.6 35-46 1.38-1.53 Na20 - xSi02 +H20 (2.0<x<2.6)
1.0-1.6 35-55 1.38-1.70 Na20 - x Si02 +H20 (1.0<x<1.6)

Chemical composition of the silica stone used in the experiment was shown at the Table 3 by
comparing to test results of certified reference material (CRM.N40 testing) and its certified data of
CRM.N40 at certificate. Mineral composition of the silica stone was studied by powder X-Ray
Diffraction Analysis (XRDA) with an equipment as Siemens, Diffractometer D5000 and results
described at Fig.1.

The dispersed colloidal silica was prepared by following steps [7]: as mixing initial components and
fusing them to temperature influence as approx.1000°C and wetting by distilled water to transform
into liquid state.

The cleaning & non-agglomeration and was done by centrifugal and ultrasonic method [8] with an
equipment as 800D Centrifuge at 2000-2500rpm speed and SK — 120DTH Ultrasonic with 900 watt
capacity for 15 min each sample. Value of pH for synthesized sol were defined by laboratory pH-
meter PH5011. Liquid density of colloidal silica was determined by aerometric method as described
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at GOST18481-81 [9] and kinematic viscosity done by viscos meter as described at GOST 10028-
81[10]. Absorbtivity of UV light for the dispersed nanoparticles in distilled water was determined
bys

pectroscopic method using Shimadzu, UV-Vis Recording Spectrophotometer, UV-2401PC, the
size, the value of average suspended sol, and the width of particle size distributions etc were defined
by photon cross correlation spectroscopic (PCCS) method using Shimadzu, STMPA Nanophox as
described at MNS:ISO 13321:2014 standard [11]. This equipment determines the particle size from
few nanometer to value of 10mkm at the initial step of precipitation. Test results were calculated by
using WINDOX 5 program.

3. Results & discussion

The chemical composition of silica stone which was used in this study shown at the Table 3. X-ray
diffraction analysis was performed for both untreated silica stone (Fig.1) and the dispersed silica,
which were treated by different ratio for sodium ash at 1100°C for 1h (Fig.2).
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Figure 1. X-ray powder pattern of the silica stone

Table 3. Chemical composition of the silicastone
Sample SiO, AlLOs TiO,  Feuor Ca0O MgO Na, O KO MnO P,Os LOI
Silicastone 98.56 0.15 <0.005 1.13 <0.01 <0.01 <0.01 0.03 0.012 <0.005 0.28
CRM.N40test 87.98 6.15 0.057 027 0.08 0.16 0.04 4.51 0.008 0.076 0.57
CRM.N40cert 88.20 6.18 0.058 0.261 0.11 0.15 - 423 - 0.077 -

Measurement of all these properties provides information about the colloidal state of nanofluids.
Here the most important variable was the solid content. X-ray diffraction intensive peaks at Figl as
corresponding to quartz crystal of silica were disappeared and decreased their reflection intensity at
Fig2 because of that dispersed from the surface of colloidal amorphous silica phase at x-ray pattern
with sodium carbonate phase after drying this low melting alloy at elevated temperature by distilled
water (see Fig2).
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Figure 2. X-ray pattern of colloidal silica sol with of sodium ash

By X-ray diffraction analysis at the Fig 2, the strong peak of quartz crystal was disappeared at 20 =
31.8° except the pattern of sodium ash and that confirmed its complete transition to amorphous state
for this pyro chemically prepared colloidal silica particles. Behind it, pH value of the medium can
be used as important factor for the stability of system to control it and as a driving force in electric
chemistry [12]. So value of pH and density (p, g/ml), kinematic viscosity (u), absorbed

spectroscopy investigations for UV light on synthesized each colloidal silica samples was measured
and shown at Table 4 and Figure 3.
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Figure 3. Absorbed UV spectrum of colloidal silica sol

Table 4. Study on molar ratio dependence of pH, density, viscosity and UV, for colloidal nanofluids

R pH p, g/ml u, Ma*c UVabs, HM
1 13.53 1.08 226.62 303

2 12.94 1.09 307.85 361

3 12.3 1.035 576.08 333

The band gap of electronic transition vibrational fine structure for the absorptivity of UV-Vis
spectra at widest value of I=361 nm area was observed for Ri2 type soluble silica suspension.
These results were shown that dispersions can be used as is, or diluted with suitable (compatible)
solvents as suspensions of nanoparticles in water. These dispersions of nanoparticles in can
sometimes settle upon storage, in which case they can be mixed (shake up) before use and that
colloidal silica as raw material for water glass production as optimal at molar ratio Rm2 for silica to
alkali metal oxide. In addition this dispersed phase cannot dissolve in dispersion medium of water
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therefore negative charges were observed while their aging time and dispersion was controlled

photon cross correlation spectroscopy for achieved by ultrasonic treatment. The experimental

results for particle size of the dispersed silica sol depending on its distribution width (Qy, %) and
density of colloidal suspension (qx, %), and coefficient of regression (r*) for linear equation for all

samples shown in Fig4 were described at Table 5 in detail.

Table 5. Average size (Xnm, %), density (qx), area (Qx, %) and coefficient of regression (1) of particle size
distribution width for nano dispersed colloidal silica

R Dum,% Sv, Slope, /X 2 SMD, VMDD,
"T10 16 50 84 90 99  mew OeXslxso o 2 nm nm
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Figure 4. Colloidal silica particles’ distribution statistical curve by cumulative percent

The mass median diameter as Dso were for Rpn1=43.9nm, Rn2=17.1nm, Rn3=44.8nm as
shown at Fig.4 & Table 5. Concerning the influence of the solid content, pH and salt concentration
results were declared that minimal average size of colloidal silica the area of specific surface were
as 349.96m*/cm?® at Rm2. So the molar optimal ratio to produce colloidal SiO» particles was
concluded to 2 when use sodium carbonate to process the natural silica stone minerals.

Conclusion
Colloidal silica was produced by pyro chemical of silica stone as an abundant mineral of
Mongolia with molar different ratios of sodium ash at 1100°C. The synthesis parameters, such as

molar ratio of mixing, fluid density and size of colloid particles were optimized.
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X-ray powder diffraction of colloidal silica was disappeared the crystal peak of quartz peak at 20 =
31.8° and UV-vis. spectrum the band gap vibration of electronic transition was observed at the
widest value of I=361 nm area for Rim2 type soluble silica suspension.

Colloid silica nanoparticles at the optimized parameters of Rn2 were confirmed by PCCS
inspection with the area of specific surface of up to 349.96m*/cm>. The average size of the colloidal
silica particles was 17.6 nm at Ds0,% value and coefficient of regression for linear equation as 0.97
and with 1.04 slope.

These findings seems to be extremely important for the industry to produce colloidal SiO>
particles by using that silica stone and sodium ash minerals in practice at given area.
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Abstract. The paper deals with the physical properties of colloidal silica dispersed system such
as distribution width (Qx, %) and density (gx, %) defined by photon cross correlation
spectroscopy (PCCS) at an average size of 17.06 nm for Dso % and the area of specific surface
of 349.96 m?> cm™ depending on molar (Ry2) optimal ratio of silica stone mineral to alkali ash
powder. The change of crystal structure to amorphous state was determined by X-ray diffraction
analysis. The results of their kinematic viscosity, liquid density, UV light adsorption inspections
show possibility to produce the colloidal silica by using the wetting and ultrasonic vibration
method for that fusible alloy.

1. Introduction

Silicon dioxide (Si0,) nanoparticles aqueous dispersion is used in a wide range of environmentally
friendly products in a large variety of industries: biomedicine, food and beverages field. Within this
study dispersed silica particles are produced by the direct fusion of precisely determined ratios of soda
ash (Na,COs3) and natural silica stone in electric muffle furnace at approximately 1100 °C and then it is
not well dispersed typically after wetting [1-3].

But for most silica applications especially when being used in coatings to improve scratch resistance,
the silica particles need to be smaller than 40 nm to fulfill this requirement and that particle
agglomeration hinders each individual silica particle to interact with the surrounding media. So, the
stability and agglomeration state of this aqueous dispersion nanofluids are the key parameters for their
use [4-6].

Experimentally ultrasonic processing has been used to get more effective colloid size, stable and
non-agglomerated dispersion system. The dispersed silica colloid particles were measured by using
photon cross correlation spectrometer. The minimal particle size was reduced to 17.06 nanometers at
Dso % of the test. The area of specific surface (Sy) for Rm> was obtained 349.9 m? cm™ at molar optimal
ratio of 2 for silica to sodium oxide weight.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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2. Experimental procedure

2.1. Material and method

Dispersed silica nanoparticles were prepared by melting process of mixes by certain ratio of grinded
powder of local silica stone from Tuv province, Sereglen soum located at 47°65'03.72"N,
107°25'22.47"E area with the utilization license N.21101 and sodium oxide as from sodium ash, CAS
497-19-8, Sigma Aldrich, Na,COs. The physical and chemical properties were designed according to
molecule ratio of acid to alkali as silica to sodium oxide weight which is shown in tables 1 and 2.

Table 1. Molar mixing designed ratio (Rn) of silica to sodium ash & oxide.

Sample no.  SiO; Na,CO; Na,O Rn=Si0»/Na,O

1 10.1 8.1 34 3.0
2 10.1 12.2 5.1 2.0
3 6.0 14.5 6.0 1.0

Dispersed silica sols as yield content, density and formula for nanofluids etc. were prepared under
their molar ratio (Ry) of the weight as shown in table 2.

Table 2. Physical and chemical characterization for obtained dispersed silica
materials from Na,SiOs.

Rn  Yield (%) Density (kg 1) Formula
3.0-3.2 2540 1.26-1.45  NayO - xSiO; + HO (3.0 <x <3.2)
2.0-2.6 3546 1.38-1.53  NayO - xSiO; + H20O (2.0 <x < 2.6)
1.0-1.6  35-55 1.38-1.70  NayO - xSi0; + HO (1.0 <x < 1.6)

Chemical composition of the silica stone used in the experiment was shown in the table 3 by
comparing the test results of certified reference material (CRM.N40 testing) and its certified data of
CRM.N40 according to the certificate. Mineral composition of the silica stone was studied by powder
X-Ray Diffraction Analysis (XRDA) with the Siemens Diffractometer D5000 equipment, the results
described in figure 1.

Table 3. Chemical composition of the silicastone.

Sample Si0,  ALO; Ti0, Ferr CaO MgO Na,O KO MnO P,Os LOI
Silicastone 98.56 0.15 <0.005 1.13 <0.01 <0.01 <0.01 0.03 0.012 <0.005 0.28
CRM.N40 test  87.98 6.15 0.057 0.27 0.08 0.16 0.04 4.51 0.008 0.076 0.57

CRM.N40 cert  88.20 6.18 0.058 0.261 0.11 0.15 - 423 — 0.077 -

The dispersed colloidal silica was prepared in the following steps [7]: mixing initial components,
fusing them to temperature influence as approximately 1000 °C and wetting by distilled water to
transform it into liquid state. The cleaning & non-agglomeration was done using centrifugal and
ultrasonic method [8] with 800D Centrifuge equipment at 2000-2500 rpm speed and SK — 120 DTH
Ultrasonic with 900-watt capacity for 15 min each sample. Value of pH for synthesized sol was defined
with the laboratory PH5011 pH-meter. Liquid density of colloidal silica was determined by the
aerometric method described in GOST 18481-81 [9] and kinematic viscosity was done by viscos meter
described in GOST 10028-81 [10]. Absorptivity of UV light for dispersed nanoparticles in distilled
water was determined by spectroscopic method using Shimadzu, UV-Vis Recording Spectrophotometer,
UV-2401PC. The size and the value of average suspended sol, and the width of particle size distributions
etc. were defined by photon cross correlation spectroscopic (PCCS) method using Shimadzu, STMPA
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Nanophox as described in MNS:ISO 13321:2014 standard [11]. This equipment determines the particle
size from few nanometers to value 10 mkm at the initial step of precipitation. Test results were calculated
by using WINDOX 5 program.
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Figure 1. X-ray powder pattern of the silica stone.

3. Results and discussion

The chemical composition of silica stone was used in this study, as shown in table 3. X-ray diffraction
analysis was performed for both untreated silica stone (figure 1) and the dispersed silica, either treated
by different ratio for sodium ash at 1100 °C for 1 h (figure 2).
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Figure 2. X-ray pattern of colloidal silica sol with sodium ash.

Measurement of all these properties provides information about the colloidal state of nanofluids.
Hence the most important variable was the solid content. As it is shown in figure 1, X-ray diffraction
intensive peaks corresponding to quartz crystal of silica disappeared and decreased their reflection
intensity in figure 2, because of that at x-ray pattern with sodium carbonate phase after drying this low
melting alloy was dispersed from the surface of colloidal amorphous silica phase at a higher temperature
by distilled water (see figure 2).

By X-ray diffraction analysis the crystal structure of quartz crystal disappeared at 20 = 31.8°, having
confirmed its complete transition to amorphous state for this pyro chemically prepared colloidal silica



ICCPMC 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 684 (2019) 012011 doi:10.1088/1757-899X/684/1/012011

particles. Behind it, pH value of the medium can be used as an important factor for the stability of system
to control it and as a driving force in electric chemistry [12]. So, the value of pH and density (p, g ml™"),

kinematic viscosity (g), absorbed spectroscopy investigations for UV light were measured on all
synthesized colloidal silica samples and shown in table 4 and figure 3.

Table 4. Study on molar ratio dependence of
pH, density, viscosity and UVabs for
colloidal nanofluids.

Rn pH p(gml') u(Pas) UVabs (nm)
1 13.53 1.08  226.62 303

2 1294 1.09  307.85 361

3 123 1.035 576.08 333

300 400 500 600 700

Figure 3. Absorbed UV spectrum of colloidal silica sol.

The band gap of electronic transition of vibrational fine structure for the absorptivity of UV-Vis
spectra at the widest value of / = 361 nm area was observed for Ry type soluble silica suspension. These
results showed that dispersions can be used or diluted with suitable (compatible) solvents such as
suspensions of nanoparticles in water. These dispersions of nanoparticles can sometimes settle while
storage, in this case they can be mixed (shaken up) before use and that colloidal silica is used as a raw
material for water glass production optimal at molar ratio R for silica to alkali metal oxide. In addition,
this dispersed phase could not dissolve in the dispersion medium of water with negative charges
observed while their aging time and dispersion was controlled with the photon cross correlation
spectroscopy to achieve ultrasonic treatment. Table 5 presents in detail the experimental results of the
particles with the size of the dispersed silica sol depending on its distribution width (O, %) and density
of colloidal suspension (g, %), and coefficient of regression (7) for linear equation for all samples, this
also shown in figure 4.

The mass median diameter as Dso for R = 43.9 nm, R, = 17.1 nm, Ru3 = 44.8 nm was shown in
figure 4 and in table 5. Concerning the influence of the solid content, pH and salt concentration results
declared that minimal average size of colloidal silica from the area of specific surface was

349.96 m®> cm™ at Rua. So, to produce colloidal SiO, particles the molar optimal ratio was concluded
to be 2 when using sodium carbonate to process the natural silica stone minerals.
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Figure 4. Colloidal silica particles distribution statistical curve by cumulative percent.

Table 5. Average size (Xam, %), density (gx), area (Ox, %) and regression (72) coefficient of particle
size distribution width for nano dispersed colloidal silica.

SV
0,
R Dom, % (m? Slope oy = x84 x50"!  a= 0y x507! I SMD VMD
3 (nm)  (nm)
10 16 50 84 90 99 cm™)

1 37.8 392 439 492 509 565 137.58 1.12 0.03 098 43.61 44.15

2 16.5 16.6 17.1 17.7 18.1 188 349.96 1.04 0.06 097 17.14 17.16

3 37.6 392 448 533 534 609 135.05 1.19 0.03 0.96 4443 4522

4. Conclusion

Colloidal silica was produced by pyro chemical of silica stone, being an abundant mineral in Mongolia
with molar different ratios of sodium ash at 1100 °C. The synthesis parameters, such as molar ratio of
mixing, fluid density and size of colloid particles were optimized.

X-ray powder diffraction of colloidal silica disappeared at the crystal peak of quartz peak at
20 =31.8° and UV-vis. Spectrum. The band gap vibration of electronic transition was observed at the
widest value of / =361 nm area for Rn» type soluble silica suspension.

Colloid silica nanoparticles were confirmed at the optimized parameters of Ry, by PCCS inspection
with the area of specific surface of up to 349.96 m* cm™. The average size of the colloidal silica particles
was 17.6 nm at Dso % value, coefficient of regression for linear equation being 0.97 and with 1.04 slope.

These findings seem to be extremely important for the industry to produce colloidal SiO; particles
by using silica stone and sodium ash minerals in practice in areas given.
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Abstract. In this study, we aimed to estimate the weight fraction of crystalline phases in a cathode
deposition formed by DC arc-discharge between graphite electrodes in water via the XRD method
and CARBON XS program based on Shi model, which takes into account disorder and stacking
faults in a graphite structure. The structural computation of graphitic carbon materials for
comparison was done by using CARBON XS according to Shi model. From the study, we observed
that the total weight fraction of 2H hexagonal and 3R rhombohedral ordered structures of graphitic
carbon decreases from 77.69% to 48.98%, whereas the weight fraction of random shift and stacking
faults increases from 22.31% to 51.02% as compared to these parameters belonging to pure graphite
structure during the arc-discharge process.

Introduction

The attention to the strictly ordered structures of carbon atoms such as nanotube, nanowire and
nanorods has been increasing day to day because of their potential usage [1-2]. These structures are
synthesized easily by using several methods. Although the arc-discharge between graphite
electrodes in water [3,4], one of mentioned methods is efficiently used to produce single-walled and
multi-walled carbon nanotubes and nanorods, the carbon product taken by the method is not pure in
their microscopic structure, and they may contain a lot of unwanted by products such as amorphous
carbon, macro particulates of great sizes. The structures of the products are studied by quite lot of
methods including scanning electron microscope, tunneling electron microscope, X-ray powder
diffraction, energy dispersive X-ray spectroscopy and etc. The X-ray diffraction method is basic
method to reveal the structural feature in carbon products [5].

The possible structures of atomic packing in graphite are 2H hexagonal and 3R rhombohedral
ordered structure. In 2H hexagonal stacking of graphite, the carbon atoms form adjacent layers in
which atoms are placed on the corners of hexagon on a plane. However, the layers can be shifted
compared to each other and the shifts can lead to 3R rhombohedral stacking by assembled atoms in
different layers. These layers might be stacked either in the ABAB sequence for the 2H hexagonal
stacking or in the ABCABC sequence for the 3R rhombohedral stacking. The adjacent carbon
layers in the graphite structure have random shifts and orientations, and the corresponding structure
is called a turbostratic stacking faults [6]. The X-ray diffraction analysis for graphite structure is
based on Rietveld refinement. However, the conventional Rietveld refinement cannot reveal the
reliable structural information due to combination of several parameters such as the penetration
depth of X-ray, fluctuation of lattice constants, random shifts and stacking faults between adjacent
carbon layers resulting in anisotropy broadening and asymmetric profile of Bragg’s peak. For this
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reason, H.Shi and co-workers introduced a structural model that incorporates the disorder and
stacking faults of the adjacent carbon layers [6, 7]. This article is addressed to estimate the weight
fraction of crystalline phases in a cathode deposition produced by DC arc-discharge between
graphite electrodes in water via XRD method and CARBON XS program based on the Shi model.
The structural parameters of the sample are compared to pure graphite rod of 99.9% of purity,
which is used in atomic spectroscopy.

Experiment and Calculation Model

The sample studied in the present paper was taken by DC arc-discharge in distilled water at the
current of 90A [4]. For the XRD analysis, the cathode deposition was ground into a fine powder
using agate pestle. The powder sample was mounted on a glass holder with a dimension of 16 X
2mm in obtaining XRD pattern. The recording XRD pattern was taken in the range of 15° — 110°
of Bragg’s angle with a scanning speed of 0.25deg/min by diffractometer equipped with X-ray
tube of Cu anode operating at 30mA and 40kV. Besides the graphite rod for comparison was
directly ground into a fine powder by agate pestle and then it was measured in the similar condition
of the XRD analysis with the sample. The XRD pattern of each sample was refined with CARBON
XS program according to two layer stacking model of Shi.

Disordered graphite model and CARBON XS. We consider repeatedly the Shi’s model given
Ref. [6]. An ideal and rigid AB stacking sequence forms a primary building block of the structure as
illustrated by Fig. 1. Also, blocks are stacked in a few form as follows: (i) a random shift between
adjacent blocks with probability Pgrg, accounting for the stacking faults with a random translational
component in basal plane; (i1) a registered shift between adjacent blocks leading to a local 3R
rhombohedral order with probability P;g, describing the ABC stacking faults with a fixed
translational component; (iii) no shift between adjacent blocks with probability P,y =1 — P3p —
Prs, giving ABAB stacking sequence for perfect 2H hexagonal order.
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Fig. 1 Schematic drawing of three stacking sequences of hexagonal carbon planes of graphite
structure. The dotted squares illustrate the two-layer units assumed by the model of Shi et al.,
(1993). The parameter & is defined as § = dg, — (dgo2) and can take positive or negative values.
&, 1s related to the probability of random shift and stacking faults Pgg [6].

This model gives a perfect 2H hexagonal order in graphite structure when Prg = 0, P3p = 0,
P,y = 1, whereas a perfect 3R rhombehedral order is obtained, when Pgg = 0, P,y = 0, P3g = 1.
The stacking faults result in strains in the graphite structure and thus fluctuations of interlayer
spacing, which lead to a broadening of all peaks belonging to planes (00l). In the model, the
probabilities were assumed as the Gaussian distribution with corresponding parameters [6]. The
influence of the penetration depth of X-ray on both the peak position and width is corrected by the
effect found for standard powder silicon. The details of the method are provided by Ref. [6, 7].
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Result and Discussion

The XRD pattern of the graphite rod refined by the CARBON XS program was shown in
Fig. 2a. The agreement factor, which indicates the quality of refinement, has sufficiently small
value. This tells us that the computation result was reliable. This is also confirmed by the intensity

difference given in Fig. 2b.
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Fig. 2 The XRD pattern of the graphite rod refined by CARBON XS.

The values of structural parameters for graphite rod and carbon product from discharge taken in
result of computation by using the Shi model, which was given briefly above, and the agreement

factor for the computation were given in Table 1.

Table 1 Structural parameters and stacking model considered in the study.

Structural parameters Pure graphite rod Carbon product
Stacking model ( 1 layer or 2 layer ) 2 layer 2 layer
a [zf\], (' basal plane lattice constant ) 2.4615 2.4615
dioo2) [zf\], (interlayer spacing ) 3.3733 3.4044
L(a) [A], ( coherence length in basal plane ) 232.4560 107.9540
M ( total number of layers ) 91.5957 33.2124
(62)1/2 [A], (width of M distribution ) 2 2
DAB ( basal plane strain ) 0 0
del (inter plane strain ) 0.0244 0.0244
Probability of random shift and stacking fault, Prs 0.2231 0.5102
(for 2 layer model )
Probability of 3R stacking, Psr ( for 2 layer model ) 0.0482 0.0052
B [A2], ( Debye-Waller's temperature factor ) 1.3708 1.3708
PO ( preferred orientation factor ) 0.3780 0.5357
L(c) [zf\], ( coherence length along c axis ) 309.0 113.1
Probability of 2H stacking, ( Pou=1- P3r- Prs) 0.7287 0.4846
x? ( Agreement factor) 10.2840 11.2970
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In the structural computation, we have taken into account the basal plane lattice parameter of
perfect crystalline graphite (2.461A) as a constant value because the average basal plane lattice
parameter cannot fluctuate too much due to strong covalent bonding in the basal plane as introduced
in Ref. [6]. The average interlayer spacing in adjacent carbon layers of carbon products was found
to be slightly smaller than extreme value which belongs to the spacing in a fully disoriented
structure (3. 440A) introduced in the same reference. The coherent lengths L, and L, were decreased
as compared to the lengths of pure graphite. The size of L. decreases faster than L,. This might be
explained by anisotropy properties of a graphite structure [6]. From the result of XRD analysis, it is
observed that the total weight fraction of 2H hexagonal and 3R rhombohedral stacking in the
structure of carbon product decreases from 77.69% to 48.98%, whereas the weight fraction of
random shift and stacking faults increases from 22.31% to 51.02% as compared to these parameters
belonging to the structure of pure graphite rod during the arc-discharge process. The earlier study
introduced that the artificial graphite crystallized by the arcing process includes around 14% of 3R
rhombohedral order and 6% of random shifts and stacking faults [8].

Fig. 3 The internal structure of the deposmon material on the cathode (the tiny particulates are in
brown rectangles, linear parts are along the red lines, and the gigantic parts are in green ellipses)

[4].

The present study showed that ordinary graphite, which is used in moderator of nuclear reactor,
contains about 7% of 3R rhombohedral order and 15-25% of random shifts and stacking faults [6].
The previous results given in Ref. [4] revealed that the internal structure of the cathode deposition is
composed of three main structural parts of carbon products, particularly (i) almost spherical tiny
particulates, the linear size of which ranges 50-100nm, (ii) long narrow linear parts, the length of
which reaches several hundred nanometers and the width measuring less than a dozen nanometers,
(ii1) gigantic parts, the size of which ranges from several hundred nanometers to micrometers, as
shown in Fig. 3. This study also determined that the number fraction of these parts in unit volume is
5% for the gigantic parts, 36% for the linear parts and 59% for the tiny particulates, respectively.

The XRD pattern of cathode deposition includes the X-ray scattering contribution from each
allotrope of carbon, which has been shown by SEM-EDX analysis. The compared XRD peaks of
the samples with pure graphite were shown by Fig. 4. This indicates that both the pure graphite rod
and carbon products have a considerable difference in their microscopic structure.

When an X-ray beam coherently scatters from a carbon nanotube, it may produce a mean
characteristic peak of XRD belonging to a plane (002) along with several peaks, Miller index of
which are (100)/(101), (110) and (112) [5]. The plane (002) refers to single carbon layer rolled to
form the structure of carbon nanotube. In the XRD pattern of the carbon product, the peak, which
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Fig. 4 Characteristic peaks of graphite compared with carbon product.

arises from the plane (002) was broadened and shifted to low side of diffraction angle. From the
structural computation, the interlayer spacing belongs to the plane (002) was found to be larger than
graphite structure. Also, the peak shift reveals that it resulted in uniform strain along the normal of
the plane (002). The planes (100)/(101) and (112) corresponds to 3R rhombohedral and turbostratic
stacking faults of adjacent carbon layers in graphite structure, respectively [6]. When all walls of
the carbon nanotube is parallel to the plane (002), the intensity of peaks with Miller index
(100)/(101) and (112) often decreases or vanishes [5]. This effect was really observed in the XRD
pattern of the carbon product compared to graphite. The peak corresponds to the plane (110)
generates from the arrangement in hexagonal network of carbon atoms [5]. In our case, the intensity
of the peak belonging to the plane (110) was almost vanished due to strain in the basal plane of the
structure of the carbon product. The particles, linear size of which is smaller than 10A results in
peak broadening in XRD pattern [9]. The peak broadening can be related to the average crystallite
size of the particles via the Scherrer equation:

k-2

D =
FWHML ' 605191"

where, 1 - X-ray characteristic wavelength used in the experiment, k -shape factor, which takes 0.9
for cubic symmetry. FWHM; is full width at half maximum of an ith peak, 9; is Bragg’s position of
the peak. The profile analysis of peak with Miller index (002) was carried out by the Le Bail fitting
method, which implements in Fullprof program. From the result of the analysis, the average
crystallite size was found to be 117A for cathode deposition via the Scherrer equation. This result
agrees with the average coherent length computed by the Shi model.
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Conclusion

In this study, we used the Shi model to calculate the weight fraction of crystalline phases in
carbon products, which is obtained by the arc-discharge method. From the result of computation
done by the Shi model, it was observed that the total weight fraction of 2H hexagonal and 3R
rhombohedral stacking decreases in the structure of carbon products whereas the weight fraction of
turbostratic stacking faults increases as compared to these parameters of pure graphite rod during
the arc-discharge process. Also, we can conclude that the deposition produces a different XRD
pattern as compared to perfect graphite structure and the broadening and shift of the mean
characteristic peak belonging to the plane (002) reveals the CNT and tiny particles existence in the
deposition. Decreasing the intensity of peaks with Miller index (100)/(101) and (112) reveals that
the CNT existence in the microscopic structure of the carbon product.
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Abstract: Products from arc discharge between various conducting materials
(copper-copper, aluminum-aluminum, graphite-graphite, natural graphite and

their cross combination) in water and air have been studied. The SEM and SEM

EDS analysis of products from metallic electrodes was done as well their size

. distribution. There are two essential types of product taken in investigation as (i)

. pure metallic particulates, and (ii) specific structures of materials. The nano-
- sized products taken in two media at different current are compared [1,2]. In
products obtained in air, tiny spherical particulates of size in nano-order are
R, observed repeatedly, as well ordinary nanosized particulates as ones in water.
: The main visual feature of the particulates in air is their existence in deposition
in which they are separated by itself. The individual scrolling sheets of graphite
encounter in soot on electrodes. Main characteristics of products were

s




Dielectrophoretic force application in separating powder materials
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Abstract: One of the ways producing long carbon nanotubes, nanowires and
nanorods is the arc discharge in water and their electrode evaporation. In this
process, nano- and micro sized particulates are produced and got into surrounding
water. In practice, these particulates are taken in study by floating separation and
drying methods. However, this is not the only way to separate the particulates in the
water, discharge was maintained [1,2]. One can use the electrophoresis and
electrokinetics in separation and fractioning of particulates. The materials, formed
from arc discharge between graphite electrodes, are in powder form as well it is
grown on electrode. Either form of products contains micro or nano sized
particulates, the linear size of which ranges 16-1600nm, in various shapes [3]. Most
of these particulates are in elongated form and this feature is the key factor for
separation of particulates in size because the electrical multipole momentum of
conducting ellipsoid dielectric particulates depends on its shape and size. The

elongated particulates can be treated in calculation as ellipsoid in shape. When non-
conducting particulates in dielectric medium are in an electric field. a

trophoretic force acts on the particulates. As for conducting particulates in
trical field, the force acting on them tends to deform their shapes. When the

are charged they are under the electrophoretic force. There are several

or charging of particulates in discharge region. We have considered

oning of particulates (i) departing the discharge region, (if)
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Physical Properties of Dispersed Silica: A Recent
Study
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ABSTRACT

In this paper physical properties as distribution width (Qx,%) and density (qx,%) of colloidal dispersed
system were defined photon cross correlation spectroscopy (PCCS) at average size as 17.06nm for
Dso, % and area of specific surface as 349.96 m?/cm® depending on molar (Rm2) optimal ratio of silica
stone mineral to alkali ash powder. By X-ray diffraction analysis was determined its change of crystal
structure to amorphous state. The results of their kinematic viscosity, liquid density, UV light
adsorption inspection show that possibility to produce that colloidal silica by using the wetting and
ultrasonic vibration method for that fusible alloy.

Keywords: X-ray diffraction; dispersed silica; physical properties; photon cross correlation
spectroscopy (PCCS).

1. INTRODUCTION

Silicon dioxide (SiO2) nanoparticles aqueous dispersion is used in broad range of environmental
friendly performance products as large variety of industries for bio medicine, food and beverage field.
Within this study to produce this this dispersed silica particles by the direct fusion of precisely
determined ratios of soda ash (Na2COs) and natural silica stone in electric muffle furnace at
approx.1100°C and then it isn’t well dispersed typically after wetting [1-3]. But for most silica
applications especially when being used in coatings to improve scratch resistance, the silica particles
need to be smaller than 40 nm to fulfil this requirement and that particle agglomeration hinders each
individual silica particle to interact with the surrounding media. So the stability and agglomeration
state of this aqueous dispersion nanofluids are key parameters for their use [4—6].

Ultrasonic processing has been used in this experiment to get more effective colloid size, stable and
non-agglomerated dispersion system. The dispersed silica colloid particles were measured by using
photon cross correlation spectrometer. The minimal particle size was reduced to 17.06 manometers at
Dso, % of the test. The area of specific surface (Sv) for Rm2 as molar optimal ratio of 2 for silica to
sodium oxide weight was obtained 349.9 m?/cmé.

2. EXPERIMENTAL
2.1 Materials and Methods

Dispersed silica hanoparticles were prepared by melting process of mixes by certain ratio of grinded
powder of local silica stone from Tuv province, Sereglen soum which is located at 47°65'03.72"N,
107°25'22.47"E area with utilization license N.21101 and sodium oxide as from sodium ash, CAS 497-
19-8, Sigma Aldrich, Na2COs. The physics chemical properties were designed as shown at Tables 1 &
2 according to molecule ratio of acid to alkali as silica to sodium oxide weight.

!Laboratory for New Materials, School of Engineering and Applied Sciences, National University of Mongolia, Mongolia.
2Department of Physics, School of Art and Sciences, National University of Mongolia, Mongolia.

3Department of Metallurgy, East Siberian University of Technology and Management, Russia.
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Table 1. Molar mixing designed ratio (Rnm) of silica to sodium ash & oxide

Sample N. SiO; Na,CO3 Na,O Rm=Si0»/Na,O
1 10.1 8.1 3.4 3.0
2 10.1 12.2 5.1 2.0
3 6.0 14.5 6.0 1.0

Dispersed silica sols as yield content, density and formula for nanofluids etc. were prepared under
their molar ratio (Rm) of the weight as shown in Table 2.

Table 2. Physics chemical characterization for obtained dispersed silica materials from Na;SiOs;

Rm Yeld (%) Density (kg/l) Formula

3.0-32 25-40 1.26 -1.45 NazO - xSiOz +H20 (3.0<x<3.2)
20-26 35-46 1.38-1.53 NazO - xSiOz +H20 (2.0<x<2.6)
1.0-1.6 35-55 1.38-1.70 NazO - x SiO2 +H20 (1.0<x<1.6)

Chemical composition of the silica stone used in the experiment was shown at the Table 3 by
comparing to test results of certified reference material (CRM.N40 testing) and its certified data of
CRM.N40 at certificate. Mineral composition of the silica stone was studied by powder X-Ray
Diffraction Analysis (XRDA) with an equipment as Siemens, Diffractometer D5000 and results
described at Fig. 1.

The dispersed colloidal silica was prepared by following steps [7]: as mixing initial components and
fusing them to temperature influence as approx.1000°C and wetting by distilled water to transform into
liquid state. The cleaning & non-agglomeration and was done by centrifugal and ultrasonic method [8]
with an equipment as 800D Centrifuge at 2000-2500rpm speed and SK — 120DTH Ultrasonic with 900
watt capacity for 15 min each sample. Value of pH for synthesized sol were defined by laboratory pH-
meter PH5011. Liquid density of colloidal silica was determined by aerometric method as described at
GOST18481-81 [9] and kinematic viscosity done by viscos meter as described at GOST 10028-81[10].
Absorbtivity of UV light for the dispersed nanoparticles in distilled water was determined by
spectroscopic method using Shimadzu, UV-Vis Recording Spectrophotometer, UV-2401PC, the size,
the value of average suspended sol, and the width of particle size distributions etc were defined by
photon cross correlation spectroscopic (PCCS) method using Shimadzu, STMPA Nanophox as
described at MNS:ISO 13321:2014 standard [11]. This equipment determines the particle size from
few nanometer to value of 10mkm at the initial step of precipitation. Test results were calculated by
using WINDOX 5 program.

3. RESULTS AND DISCUSSION

The chemical composition of silica stone which was used in this study shown at the Table 3. X-ray
diffraction analysis was performed for both untreated silica stone (Fig. 1) and the dispersed silica,
which were treated by different ratio for sodium ash at 1100°C for 1h (Fig. 2).

Table 3. Chemical composition of the silicastone

Sample SiO,  AlOs TiO; Feit CaO MgO Na0O KO MnO P;0Os LOI
Silicastone 98.56 0.15 <0.005 1.13 <0.01 <0.01 <0.01 0.03 0.012 <0.005 0.28
CRM.N40test 87.98 6.15 0.057 0.27 0.08 0.16 0.04 451 0.008 0.076 0.57
CRM.N4Qcert 88.20 6.18 0.058 0.261 0.11 0.5 - 4.23 - 0.077 -

Measurement of all these properties provides information about the colloidal state of nanofluids. Here
the most important variable was the solid content. X-ray diffraction intensive peaks at Fig. 1 as
corresponding to quartz crystal of silica were disappeared and decreased their reflection intensity at
Fig. 2 because of that dispersed from the surface of colloidal amorphous silica phase at x-ray pattern
with sodium carbonate phase after drying this low melting alloy at elevated temperature by distilled
water (see Fig. 2).
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Fig. 2. X-ray pattern of colloidal silica sol with of sodium ash

By X-ray diffraction analysis at the Fig. 2, the strong peak of quartz crystal was disappeared at 26 =
31.8° except the pattern of sodium ash and that confirmed its complete transition to amorphous state
for this pyro chemically prepared colloidal silica particles. Behind it, pH value of the medium can be
used as important factor for the stability of system to control it and as a driving force in electric
chemistry [12]. So value of pH and density (p, g/ml), kinematic viscosity (u), absorbed spectroscopy
investigations for UV light on synthesized each colloidal silica samples was measured and shown at
Table 4 and Fig. 3.

Table 4. Study on molar ratio dependence of pH, density, viscosity and UVays for colloidal

nanofluids
Rm pH p, g/ml p, Na*c UVaps, HM
1 13.53 1.08 226.62 303
2 12.94 1.09 307.85 361
3 12.3 1.035 576.08 333
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The band gap of electronic transition vibrational fine structure for the absorptivity of UV-Vis spectra at
widest value of 1=361 nm area was observed for Rm2 type soluble silica suspension. These results
were shown that dispersions can be used as is, or diluted with suitable (compatible) solvents as
suspensions of nanoparticles in water. These dispersions of nanoparticles in can sometimes settle
upon storage, in which case they can be mixed (shake up) before use and that colloidal silica as raw
material for water glass production as optimal at molar ratio Rm2 for silica to alkali metal oxide. In
addition this dispersed phase cannot dissolve in dispersion medium of water therefore negative
charges were observed while their aging time and dispersion was controlled photon cross correlation
spectroscopy for achieved by ultrasonic treatment. The experimental results for particle size of the
dispersed silica sol depending on its distribution width (Qx, %) and density of colloidal suspension
(ax, %), and coefficient of regression (r?) for linear equation for all samples shown in Fig. 4 were
described at Table 5 in detail.

Table 5. Average size (X, nm, %), density (gx), area (Qx, %) and coefficient of regression (r?) of
particle size distribution width for nano dispersed colloidal silica

Rm Dnm,% Sy, Slope, a=cg/ I? SMD, VMD,
10 16 50 84 90 99 mcm? Og=XsalXso  Xso nm nm
1 378 392 439 492 509 565 137,58 1.12 0.03 098 43,61 44,15
2 165 166 17.1 17.7 18.1 188 349,96 1.04 0.06 097 17,14 17,16
3 376 392 448 533 534 609 13505 1.19 0.03 0.96 44.43 45.22

The mass median diameter as Dso were for Rm1=43.9nm, Rm2=17.1nm, Rm3=44.8nm as shown at
Fig. 4 & Table 5. Concerning the influence of the solid content, pH and salt concentration results were
declared that minimal average size of colloidal silica the area of specific surface were as
349.96m?/cm? at Rm2. So the molar optimal ratio to produce colloidal SiO2 particles was concluded to
2 when use sodium carbonate to process the natural silica stone minerals.

4. CONCLUSION

Colloidal silica was produced by pyro chemical of silica stone as an abundant mineral of Mongolia
with molar different ratios of sodium ash at 1100°C. The synthesis parameters, such as molar ratio of
mixing, fluid density and size of colloid particles were optimized.

o X-ray powder diffraction of colloidal silica was disappeared the crystal peak of quartz peak at
26 = 31.8° and UV-vis. spectrum the band gap vibration of electronic transition was observed
at the widest value of I=361 nm area for Rm2 type soluble silica suspension.

e Colloid silica nanoparticles at the optimized parameters of Rm2 were confirmed by PCCS
inspection with the area of specific surface of up to 349.96m2/cm3. The average size of the
colloidal silica particles was 17.6 nm at Dso,% value and coefficient of regression for linear
equation as 0.97 and with 1.04 slope.

e These findings seems to be extremely important for the industry to produce colloidal SiO2
particles by using that silica stone and sodium ash minerals in practice at given area.
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Abstract. Products from an arc discharge between various conducting materials (copper-copper,
graphite-graphite, natural graphite and their combination) in water and air have been studied. The
SEM and SEM-EDS analysis, and the BET analysis on products from discharges were done as well
identifying their size distribution. There are two essential types of product taken in investigation as
(1) pure metallic particulates, and (i1) specific structures of materials. The visual properties of nano-
sized products formed in two media at different current are compared. In products obtained in air,
tiny spherical particulates of size in nano-order are observed repeatedly, as well ordinary nano-sized
particulates as ones in water. The main visual feature of the particulates formed in air is their existence
in deposition in which they are separated by itself. Plenty of individual scrolling sheets of graphite
layer of enormous size frequently encounter in soot on electrodes.

Introduction

There are many plasma-based methods for processing nanomaterials [1]. Typically, arc discharges
were commonly used for producing special nanosized materials such as nanorods and nanotubes [2,3].
One of them is the DC water arc between carbon electrodes and during this discharging process, many
interesting products can emerge [3]. The methods to produce and synthesize the products by using
arc discharge in various environments were studied by many authors [2-4]. The studies of the
properties and characteristics of products have mainly concentrated on physical, electrical and
chemical behaviors of products, as well their morphology and structures [5-6]. These products are
created in two distinct ways, one of which is formed by the erosion of electrode material as a result
of heat action in the discharge region. Products formed in this way directly enter into the water
environment in powder form and sink down or else float, however, they spread out surrounding in
case of the air arc. The other production channel is the deposition on the cathode. We used spectrally
pure graphite rods designated for atomic emission spectroscopy, natural graphite, and copper of 98%
purity as electrodes for the sustainable DC arc as well their combination. The cathode depositions
from the arc between these materials were taken in the structural investigation. Since the main
investigation technique in this study is based on SEM imaging and SEM-EDS (Scanning electron
microscopy with energy-dispersive X-ray analysis) which demands conducting materials without
magnetic properties, these materials were chosen as electrodes. The arc was sustained in air and
distilled water. The tap water is not preferable because it increases the unwanted impurities in the
sample. This article addresses some mechanical properties of products formed in the deposition of
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DC arc in the air. The properties of products were identified by comparison to the properties of the
same products obtained from a water arc.

Experiment, Instrumentation and Technique

The arrangement for producing the samples from arc discharge was depicted in Fig. 1. This
arrangement includes measuring devices for voltage and current, a high current generator of 30-280A,
movable and fixed holders for electrodes and thermostable glass, as well the metallic surface for
collecting soot from discharge in air. The current and voltage of arc discharge are controlled by
corresponding devices for identifying the effective condition of material production. The metallic
plane positioned near the discharge region was intended to collect the evaporated products from the
arc region in the air. The metallic surface is positioned at 3-5cm from the discharge channel
preventing from that the soot burns off the surface by heat action of discharge. We used thermostable
glasses to getting the arc in distilled water. A sustainable arc is maintained between two electrodes at
a distance of less than 2mm. The current of the arc discharge in the air is not almost restricted by arc
sustainability. A welding power supply is used for a high current generator for arc discharge. The
movable holder is used for providing a sustainable arc. The average applied voltage is between 20-
30V.

high current
generator

()

arc e ’

v
metallic

plane

Fig. 1. The arrangement used in producing samples.

We used SEM and SEM-EDS for recognizing and analyzing individual particulates besides taking
their morphological characteristics. The images taken on this device provide useful information on
the morphology, elemental composition, porosity, and number density of particulates under
investigation and also enable us a better insight about the particulates. The measurements for porosity
and surface analysis of samples were carried out using the apparatus Porosimeter ASAP 2020 V3.01
H (adsorptive porosimetry) at temperature 77K. For plotting the graphs, we used the Mathematica
functional software. The data from the SEM images for morphological analysis and size distributions
were taken by using the ImageJ (FIGI), a public domain Java image processing program on the
Windows 10 platform. The quantitative results of the morphological analysis were also calculated by
using the Mathematica software.

Features of Products

From the arc discharge between metallic electrodes (copper, also aluminum) in distilled water, small
metallic spheres fall in the water. These particles were formed by the erosion of electrodes with heat
action and become to have a spherical form. When these particulates enter the discharge region, they
melt and obtain a spherical form. We showed the SEM image of these sank particles for copper and
the EDS spectrum of the individual particle right above in Fig. 2. Although the surface of the spherical
particles is clean and smooth enough, in some cases nanosized impurities can be connected to their
surface. The size of spherical shaped particulates is in the range of 0.2-500mm. The size distribution
of these spherical residual particulates is shown in Fig. 3a. We considered the circularity and the
roundness of particulates as shape descriptors. These give valuable information about the
morphological properties of particulates under consideration. The circularity is determined by the
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area and perimeter of a particulate as the ratio 4nx area/perimeter, whereas the roundness is defined
as 4x area/[major axis]’.
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Fig.2 The metallic spheres and corresponding EDS spectrum

The probability densities for shape descriptors of samples were shown in Fig. 3b. This result shows
that metallic particles are almost spherical and their roundness and circularity increases on size
decrease. This result reveals that one can get the perfect spherical particles of small size in the micron
range by using arc discharge in water. These can be used in various studies requiring objects of known
size and perfect shape.
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Fig. 3 Size distribution (a) and shape descriptors (b) of metallic particulates sank down water

The experiment result confirms the possibility of carbon nanostructure formation in the usual DC air
arc. We produced these structures with the DC arc between graphite (natural and purified) electrodes
and graphite-metal electrodes in air. We identified visual features of these nanosized structures
comparing to the same structures formed by DC arc in water. First of all, the deposition formed on
the cathode in the air arc is weakly bonded to cathode material compared to that formed in water [3].
This reminds us that dispersed parts in deposition interact with each other via the Van der Waals type
force. The products from the arc between graphite and copper give really clear images on SEM and
this is caused by the staining of structures with conducting metal atoms. The outer view and internal
structure of the deposit on the cathode are shown in Fig. 4. From these images, it is seen that the
sample is composed of two main parts; (i) tiny particulates of 50-100 nm in linear size; (ii) long
narrow linear parts, the length of which reaches several hundred nanometers or even microns and the
width measuring dozens of nanometers. The lower range of aspect ratio of linear parts corresponds
to the aspect ratio for nanorods. In contrast to the deposition formed in water, this deposition includes
macro particulates rarely or doesn’t contain any more of them. As well, the deposition is easily
divided into thin sheets. Besides, the nanowires and rods in deposition are oriented mostly along the
cross-sectional plane perpendicular to its growing axis and this explains the weak bond between
sheets.
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Flg 4 a) The outer view, b) internal structure n lower magmﬁcatlon c) 1nterna1 structure n hlgher
magnification and d) orientation of linear parts in the deposition
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Fig. 5 a) Length distribution of nanowires, b) distribution of aspect ratio for linear parts.

The linear parts have no clear inner space seen as well they are wide with respect to nanotubes. In
this manner, we can call them as nanowire. The essential feature of nanowires formed in the air arc
is their irregular cross-section along the length that has thin and wide sections. But they can be very
long as 1-2um. The distribution by length for wires is shown in Fig. 5a and this is clearly lognormal.
The aspect ratio of nanowires is governed by the Weibull distribution (Fig. 5b). Since most of them
fall in the range of 5-25 value, the products are wider than that in water. The peripheral edge of
deposition has the same shape as the one formed in a water arc [3]. Since the edge of these products
is covered by atoms of the evaporated anode, their visibility (brightness and contrast) increases
significantly as shown in Fig. 6. This implies that one can use copper evaporation in SEM analysis
of a poor conducting sample.

8010 5.0V 9 4mm x10.8k SEUY 121 12010283

Fig. 6 The peripheral edge of deposrtlon from arc between a) graphrte electrodes and b) graphite
and copper

Although individual wires can be found on the anode in very few numbers, their diameter can reach
tens of nanometers (Fig.7). One can observe that the probability of finding a nanowire on the anode
increases with discharge current. The soot from the air arc discharge contains plenty of carbon flakes.
We also notice that almost all individual large carbon sheets are encountered repeatedly in flakes of
the sample taken by air arc (Fig. 7). This tells us that an air arc can be a possible way to get individual
carbon sheets of desired size and layers of graphene planes which is one of the perspective materials
for technology. Accounting for the thickness of layers and the separation distance between layers in
the calculation, we can conclude that layers are peeled off in a sheet of few graphene layers in a
comparatively low-pressure arc.
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500nm

Fig.7 a) Individual nanowire on anode and b) large carbon sheet in flakes

The DC arc in air produces soot of very thin dispersed parts (Fig. 8) as well it contains regular bulk
graphite parts of the layered structure. The EDS survey shows that these are a pure carbon precursor.
The air arc gives the possibility to disperse particulates by their size and shape. All thinner parts free
from gigantic parts are separated on the deposition.

L9
e 4 *

Fig. 8 Separated tiny particulates in deposition.

Also, the thin spherical parts are pulled out of deposition and placed on edge (Fig. 8). This means that
the mixing of nanosized parts in a deposition is caused by pressure influence as well as the electric
field. The separation of particulates in the deposition can be explained by the action of the inner
Coulomb interaction between particulates. The electric field in the discharge region, even around
electrodes (namely, cathode) is highly non-uniform and sharply changed in the differential distance.
Moreover, the particulates are charged in the discharge region intensively and quickly, so this leads
to the separation of particulates in the deposition. The morphological analysis of the particulates
shows that they are almost spherical and have no inner spaces.

Their inner structure of deposition has many empty spaces between particulates. We performed a
porosity analysis of the samples. The specific surface area and pore distribution of particles are
important physical properties for particulate matter. The specific surface area and pore volume could
significantly affect their adsorption properties and toxicity, vice versa on elemental composition. The
plot of the pore area versus particle size in logarithm scale was presented in Fig. 9. From this figure,
it is evident that most of the pore area resulted from pores of diameters between 2 and 50 nm. This
indicates that small particulates are more porous than bigger ones. The deposition gives unimodal
pore size distribution. The pore volumes versus pore diameter are presented in Fig. 10.

<
B0 F o8} S

. 50F P — product in air oL
ook ; 06 — product in air (dV/dD volumy
of S, of
230 = 04t =

2 = =
A 1 Zo02 g
10k — productinair ] = [ ﬁg

of ) . —] oot ) — —1zz
50 100 500 1000 50 100 500 1000
Pore diameter, A Pore diameter, A
Fig 9. BJH Adsorption Cumulative Pore Area Fig 10. BJH Adsorption Cumulative Pore volume

versus pore diameter versus pore diameter



118 Advanced Research in Materials Science IV

This shows that the deposition is composed of regular shaped particulates. This also confirms that
there are not large particulates in the deposition, so the deposition includes only small particles. The
measurement results of pore sizes and volumes indicate that pores are created by the arrangement of
particulates, the size of which ranges in tens of nanometers.

Conclusion

The research result indicates that nanosized elongated products such as nanowires or multiwalled
nanotubes and nanorods just as well carbon flakes can be easily produced by using DC arc discharge
in air. The nanosized elongated forms of products formed in the air have wide diameters concerning
the same products in water. This is confirmed by the measurement result done for the aspect ratio of
wires. The result shows that the short ones tend to have less aspect ratio. There are no clearly observed
inner cores on the products. Even so, we suppose them as wire. Because the image brightness and
contrast for an SEM image depend on the conductivity of a sample, their weakness for products in
the air indicates that the air increases the non-conducting impurities in the sample. The production
effectivity of the products is apparently dependent on the discharge current so does the temperature
of the discharge region. According to the present results, the products are formed at 80-90A of
discharge currents. The research result on flakes shows that the possible way of obtaining individual
layers of graphite is the DC arc in the air. The size of individual graphene sheets reaches several
microns which is the size possible for studying by touching. The separation of particulates in the
deposition is possible by applying an appropriate electric field configuration.
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