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BuBueno posmonin mpo0 pi3HHX €IEMEHTIB Ha MOBEPXHI TpadiTy 3a JOMOMOTOI0 EIeKTPOHHOI MIKPOCKOTMIi.
IIpoBeneni nocmimKeHHs MOKa3alHd, 0 PO3MOALT MPOOH 3aleKUTh Bifl TOTO, Y SKiH XiMIYHINA CIIONMYL micis cTamil
ipoJi3y BoHa repeOyBae Ta Bix i 37aTHOCTI B3aEMOJISITH 3 TpagdiToM.
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Beryn

Meton aroMHO-aOCOpOIiiiHOT cmekTpoMeTpii 3
enekrporepMmiunoro aromizamieto (ETAAC) nHaiOumpm
4acTO BUKOPHCTOBYEThCS ISl aHANI3y  CIIOBUX
JOMIIIOK METaJiB B PI3HOMAaHITHHUX 3pa3Kax. 3 MOMEHTY
Horo BHHAaxXOQy BEHETbCS IHTGHCUBHE BHBYCHHS

(GI3MYHKMX MPOIECIB, IO MPOTIKAIOTh B aTOMI3aTOpi i
yac mpoBeleHHs aHanizy. CKIaJHICTh TeTeporeHHol

CHCTEMU  aHaJiT-MaTpuls—TpadiToBUi  aTtomizaTop,
HEJIOCTATHS BUBYEHICTh BUCOKOTEMIIEPATYPHOT
razopasHoi 1 TBepmodazHoi aromapHOi  audysii,

BEJIMYE3HA PI3HOMAHITHICTP NpoO, MO aHaJi3yIThCs,
BIUIMB MAaTpUIb 1 INUPOKHUH Jiarna3oH BUMIPIOBAHUX
emeMenTiB (Omm3pko  70) moTemep HE  HO3BOJIMIIH
moOymyBaTd afeKBaTHY (i3WYHY MOJENb MPOIECiB
aTomizalii aHaxita B TpadiToBiii medi.

Bimomo, mo B MeTomi aromMHO-abCcopOLiiHOT
CIIEKTPOMETPIi 3 €NEKTPOTEPMIUYHOIO aTOMI3aIli€l0, piaka
npoba 103yeTbesi Ha rpadiToBY MOBEpPXHIO medi (abo
iardopmu), Ha sIKii BinOyBaeThes ii TepMiuHa 00poOKa
i aTtomizaris. [Ipu upomMy npoba 3HAXOAUTHCS HE TUIBKU
Ha rpadiroBii mOBepxHi, ane ¥, Mg BIUIMBOM
KalUIIPHUX CWJI, MOKE NPOHUKATH B IOPU MaTepiaiy
ei, BHACIIIOK YOr0 YMOBH aTOMi3allii aHaliTa 3HAYHO
smiHOOTECA [1,2]. Po3momin aHamiTa Ha TOBEpXHI
rpaditoBoi Tedi 1 BcepemumHi ii CTIHOK Tepen
aToMizallielo - OfHa 3 “TeMHHX IUIIM~ y BHBYCHHI
merony ETAAC. Tobro, mocmigHnkamM HE 10 KIiHIIA
Bi/IOMi TOYAaTKOBI YMOBH aTOMi3allii, IO BH3HAYAIOTH
BECh MOJATIBILINHN MTPOLIEC.

MeTta naHoi poOOTH — JOCTIIUTH PO3MOILT JACSIKHX
MeTaJliB, SIKi HaluacTille aHali3yIOThCs, Ha TIOBEpXHI il y
NPUIIOBEPXHEBUX  LIapax rpadiToBux medeil s
MOJaJbIIOr0 BHUKOPUCTaHHS JaHol iHpopMamii mpu
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JIOCITI/DKeHHI TIPOIIECiB aToMi3alii B 3JIEKTPOTEpMIiuHiH
aTOMHO-20COpOIifiHI CIEKTpOMETpii.

I. Marepianu i meToan

B poboti mocmimxyBaBcsi po3monia MUHKY, cpidna i
MiZi Ha TIOBEpXHI 1 B TMpPH TOBEPXHEBHX IIapax
rpaditoBux meyeir AAC.

JocmijpkeHHsT  OPOBOAWJIMCS 332 JIOMOMOTOIO
CKaHYI0UYOoro eJeKTpoHHOro Mikpockona PEMMA-102,
OCHAI[EHOTO OararokaHaJILHUM PEHTIeHIBCHKUM

CIIEKTpOMETpOM 13 XBWIILOBOK nucrepcieo (XJC) i
mucnepcieto no eneprisix (EJC), Bupobnunrsa BAT
«Selmi» (Ykpaina). Mikpocororpadii Oynu orpumani B
PSXUMiI BTOPMHHHMX €JIEKTPOHIB IIPH IPUCKOPIOIOYIH
Hanpy3i 20 kB i crpymi myuxa 1070 A.

JlocTipKeHHsT eJIEMEHTHOTO CKIIAIy TPOBOAMIIHCS 3
BukopuctanHsM EJIC i XJIC (po3minbHa 3HaTHICTB,
BinnmoBiano, 200 eB i 0,3 HM). AHaji3 IPOBOAMBCS MPH
npuckoprorouiit Harpysi 20 kB i ctpymi 30812 3 HA. Yac
Habopy criektpa — 200 c.

MeroyKa MPUTOTYBaHHs 3pa3KiB OyJjia HACTYITHOIO.
3pa3ku Mmini, cpidna 1 nuaKy B 0,1N po3umHi a3oTHOT
KUCJIOTH TTOMIIIANUCS Ha MipOJITHYHI IUaTrGopmMu 3a
nmoromororo nozaropa MJI-20 (06’em mpobu 20 mKr).

[opmanmpma  TepmiyHa  oOpoOka  mpoBoamiacs 3
BUKOPHCTAHHSAM  aTOMHO-a0COpPOIIfHOTO  KOMILIEKCY
KAC-120.1 (Bupobuunteo BAT «Selmi», VYkpaina).
Temmeparypa medi 3amaBajiacsi MPOTPAMaToOpoM i
KOHTpONIOBanacs Bodbppam — penieBoro (W-Re)
TEpMOIIapOIO.

TemmepatypHi peXuMH: OIS Mgl — CYIIiHHS

posuuny npu 360 K npotsrom 60 ¢, mipomiz mpu 1273 K
impu 773 K — 30 ¢, 1uist UMHKY — CYIIiHHS PO3YUHY NPU
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360 K mpotsarom 60 c, miposiz pu 773 K i ipu 973 K —
30c, mms cpibma — cymwiHaa po3uuHy npu 360 K
npotsrom 60 ¢, mipomni3 npu 773 Kinpu 973 K- 30 c.

II. Pe3yabTaTn i 00roBopeHHs

Kpucraniuauii rpadit sBiase co0or0 amoTpOmHy
dbopmy Byrjewo, MO0 Mae INapyBary CTPYKTYpy 1
KpPHCTaNi3ye€ThCsl B  TI'eKCarOHANbHIM CHHIOHIl. ©-
€JIEKTPOHHU YTBOPIOIOTH CHJIBHUN KOBAJICHTHHH 3B'S30K Y
IUTOIMHAX, TOMI K T-€IEeKTPOHU (HOPMYIOTh cadKi
BaHJIEPBAANIbCIBChKI 3B'SI3KM MiX IUIomuHaMu. Diznko-
xiMiyHi ~ BriacTuBOCTI  rpadity (BHCOKa  E€JIEKTpo-
MPOBIAHICTh, XiIMiYHA CTIMKICTH 1 T.A.) JTO3BOJISIFOTH
BUKOPHCTOBYBaTH HOTo sIK Martepiai Jyisi aTOMi3aTopiB y
ETAAC.

MarepianoM Juii BHUKOPHCTaHHUX Y JaHiil poOoTi
wiathopM € MHpONITHYHUA  rpadirt, OTpUMaHHN
MpoJi30oM  ra3omnoAiOHMX  ByriieBoAHiB. DabpuuHO

Puc.1. TIloBepxHs rpadiroBoi 1miardpopmMu Ha
nmovaTKy ii ekcrutyaraiii (a) i B cramii 3Hocy (6).
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x1.58k _20.0kU

x1.5Ak  2H.HLUY

Puc.2. EnekTpoHHO-MIKPOCKOIIYHI  300pa)kKeHHS
mpob wmixi (a), cpibma (0) i muHKY (B) Ha MOBEPXHI
rpadity micns craaii miponi3y (Temreparypa s Mimi
1273 K, ms cpibna i muaky — 773 K).
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Puc. 3. IIpodini po3mominy mo rimmOWHI OIS TUHKY B
rpaditi npu pi3HUX TEMIepaTypax Mipoizy.

BUTOTOBJIEHUHM Tiporpadit CKIamaeTbCs 3 BEITUKOTO
Yyclia HEYNOPsAKOBAHMX KPHUCTAJIB, 3TPYIOBaHUX Yy
MakpockormiyHi 3epHa. Ha puc. 1 a 300pakeHa MmoBepXHs
HOBOi miporpadiroBoi miardpopmu. Sk BHAHO, HOBa
mwiargopmMa Mae JOCUTh WIiIbHE miporpadiToBe
MIOKPUTTS, IO Harangye, 3rigHo Bupasy OprHepa [1],
UBiTHYy KamycTty. IloyaTkoBa mopucTicTh miporpadity
ckramae 8-10% [1], a B mpomeci 3HOWIyBaHHS HOTO
MMOPUCTICTh 30UTBIIYETHCS 1 CTa€ YITKO BHPAKEHOIO
(puc. 16).  Crpykrypa  He3HOmEHOi  rpadiToBoi
waTpOpMHU J03BOJISIE ONEPKYBATH UiTKI €JIEKTPOHHO-
MIKPOCKOIIIYHI 300paK€HHS YaCTHHOK MpoOHM Ha ii
MOBEPXHI.

Ha puc. 2 npuBeneni mikpodororpadii mpod wmini
(a), cpibna (0) i muHKy (B) Ha MOBepXHi rpadity micis
miponi3zy (remneparypa s migi 1273 K, st cpibna i
muaKy — 773 K). Migp 1 cpibno Ha moBepxHi rpadity
PO3TAalIOBYIOTECA Y BHUJAI YaCTOK CYOMiKPOHHOTO
po3mipy. Ilpm mpoMy cpibI0 pO3MOAIISAETECA Ha
MTOBEPXHI OUIBII PIBHOMIPHO, a MiZlb — 30CEPEIKYETHCS B
nepeKTHHX o0macTsx (TpilmpMHAaX, HEpiBHOCTAX 1 T.A.).
Po3noxin nMHKY IiCTOTHO BiApi3HseTbes. I3 puc. 3 B
BUJIHO, IO LUHK Ha rpadiTi po3MIIIyeThCS Yy BUIJISIII
JOCHTh TOHKOIO INapy, NPHYOMYy Ha HEPIiBHOCTAX
TOBLIMHA TOKPUTTA 30iibLIyeThes. Taka pi3HUIS B
po3mnojiii Moxe OyTH BUKJIMKaHa BiIMIHHICTIO XIMIYHHX
BiactuBocteil enementie Cu, Ag Bia Zn i, BiAMOBIIHO,
BUJOM XIMIYHOI CIOJNyKH Tmicist cramii mipomizy. Jis
3’sicyBaHHsl mie€l  ocobnmBocTi, OyB  INpoBeneHHI
€JIEMEHTHHUH aHali3 Mpod Ha MOBEpXHi rpadiToBoi nedi 3
BUKOPHCTAaHHAM PEHTICHIBCBKUX MIiKpOaHali3aTopiB.
[pu upOMy BU3HAYAIIM KITBKICTb JO30BAaHOTO €IEMEHTY-
aHajiTa 1 KHCHIO, MICIS 4Oro poOHIM MepepaxyHOK Ha
BMICT HOro OKcHiB. JIOCIIIKEHHS MPOBOIUINCS IiCIIS
NPOOOMIATOTOBKM NPH  TEMIIEPaTypHUX  PEXKHUMax,
3a3HaueHMX BHIIE. MaTepiajipHUil OajaHC CKIIaly 3epeH
cpibia mokasye, mo micis miponizy npu 773 K cpibno
BXKC 3HAXOMUTHCS Yy BUIJISAI METally, a MICHS Mipoji3y
npu Temneparypi 973 K — d9acTkoBO yneTiouyercs 3
noBepxHi rpadiry. Ckian 3epeH Mifi micis miposi3y npu
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temneparypi 773 K mokasye, mo Migb TOBHICTIO HE
BIZIHOBIIOETBCS 1 YACTKOBO MOYK€ 3HAXOJMTHCS Y BUTIISIL
okcuaiB. Ilicias miponizy npu 1273 K BmicT KHCHIO B
npo0i BxKe HEAOCTATHIN JJIsl 3B'I3yBaHHS BCIX €JIEMEHTIB
B OKCHJHU, TOOTO OKCHUIY Mii ITOBHICTIO BiIHOBIIIOIOTHCS
Jo eneMeHtapHoi mimi. Ili maHi MiATBEPMIXKYIOTHCS Mac-
CIEKTPOMETPUYHUMH JloCiipkeHHssMu [2]. Ha Binminy
Big cpibma 1 Minmi, IMHK, 4Yepe3 MILHICTb 3B’SI3Ky 3
KHCHEM, HE BIIHOBIIOETHCS IO €IEMEHTapHOTO MeETaly
Hi npu 773 K, Hi npu 973 K. [loxanemoro miaBUICHHAS
TeMIepaTypu Mipodizy poOWTH HE MOXKHA, TOMY IO
UMHK [MOYMHAE aTOMIi3yBaTHCS, IO MPHU3BOAUTH 0 HOTO
BTpAT, SIKI HEMPUIYCTHMI MpH aHami3i. TakuM 4YHHOM,
MOXKHa CKa3aTH, L0 XapaKTep po3TallyBaHHS HpoOH Ha
rpadiToBii MOBEPXHI Micisl MPOIi3y 3alIeXKUTh Bijl TOTO,
B SIKiif XIMIYHIN CIIOJYI 3HAXOJUTHCS Ipo0a.

Y poborax [3,4] Oyno Big3HAueHO, IO
NPOHUKHEHHS NpoOM BcepenuHy rpadity mig aiero
KalUIIpHUX CWJI BigOYBA€ThCSl BXKE NPH KIMHATHIM
temnepatypi. Takox Oyllo BiJ3HAYCHO, MO MICHA
HarpiBaHHS M€Yl PO3MOALT IT0 TIIHOMHI 3MIHFOEThCS, 1 IS
KOXKHOTO eJIEMEHTY Mae cBoi ocobmmBocTi. Hampuxiaz,
KaJaMiil Imicisl HarpiBaHHS TOBEPTAEThCA N0 MOBEPXHI i
HAKOMMYYETHCSI B  IMPHUIIOBEPXHEBUX Mmiapax. llpu
MOJAJbLIOMY Mi/IBUIIEHHI TEMIEpaTypu BiJ0yBa€eThCs
foro necopOiist 3 BepxHix mapis rpadiry [4].

Hamu Oyrno mnpoBeleHe BUBUEHHs  MpodiniB
PO3MOALTY MO TJIHOWHI JJIs JOCHIDKYBaHUX €JICMEHTIB.
Ha »xaib, KiIbKICHO OTpUMATH MPOQiiab PO3MOIUTY IS
Migi 1 cpibia He BAAJOCS, TOMY IO IIi EJIEMEHTH
YTBOPIOIOTh 3€pHAa METaly 1 MOXYyThb OyTH BHSBICHI
JIMIIE TOMI, KOJHM EIEKTPOHHHUH My4YOK BJIyYHTH TOYHO B
3epHO. OIHAK, MOCHIIKEHHS EJNEMEHTHOTO CKIIAAy B
peXuMi CKaHyBaHHS MO IUIOMII CBIMYHUTH MPO HASBHICTH
IIUX CIIEMEHTIB BCEPEOHHI Tpadirty.

Ha puc. 3 npuBeneni npodini po3noaity mo riubuHi
JUIl LMHKY TIpH PI3HUX TeMmeparypax mipoiizy. Sk
BUJIHO 3 pHUC. 3, MIPH MiJBHUILIEHHI TEMIEPaTypu Mipoizy
rIMOMHA TPOHUKHEHHsS LMHKY 3MEHIIYEThCS 1 pocrte
HOro KOHLEHTpalisi B NpPUIOBepXHEeBMX Iuapax. Lle
CBIZIUUTH TPO TE, IO IUHK, K 1 KaaMiid, PU HArpiBaHHI
Jerko nudyHIye (BUIITOBXYeThCs 3 00’eMy rpadiry)
Hasza] a0 noBepxHi. Taka moBexiHKa, OIBH/IIE 32 BCE,
00yMoOBJIeHa aOCOJIIOTHOIO IHEPTHICTIO LUHKY 1 KaJMilo
mo tpadiry [4]. Ha BigMmiHy Bim nmHKY, Cpibio, o
B3aeMoii€ 3 TpadiToM, HE TIOBEPTAETHCA TEPer KPOKOM
aToMizallii J0 TOBEPXHEBUX MIAPiB, a KOHICHTPALis HOTO
3MEHILYETHCSI PIBHOMIPHO 110 Beiit riubusi rpadiry [5].

He3Baxkarouun Ha Te, 110 Cpi0IIO 1 Miab € eneMeHTaMu
onHiei miarpynu 1 MawTh CXO0xi  (i3uKO-XiMidHI
BJIACTUBOCTI, MPH aTOMI3allii I[MX EJIEMCHTIB MOMIYCHI
Jesiki  BiaminHOCTI. [Ipu MigBUINEHHI KOHIIGHTpAIii
cpibia B ipo0i, B mianazoni ~0.01-0.35 mr/n, makcumym
aToMHO-abcopOriiiHOro (AA) CcHrHajdy 3MIlIyeThCS B
cTopoHy Oumemn mi3Hix uwaciB. Ilpm mnopanbmomy
MiJBUINCHHI KOHICHTpAIii, 3MIOICHHI MaKCUMyMy HE
CIIOCTEPIraeThesi. Y TOM e Jac MOJ0KEHHS MaKCUMyMy
AA curHaiy Mimi He 3alleKHTh BiJ KOHICHTpamii
eneMeHTy. Y nitepaTypi meil eQeKT MOSCHIOEThCS THM,
0 Ha TOBEpXHi rpadiTy YTBOPIOIOTHCS MiKPOKpAILTi
cpibna, sKi BHIAPOBYIOTHCS 3 JPOOOBHM MOPSAKOM
KIHETUKU (TOOTO HMOBIPHICTH BIAPUBY BiJ Kparuti st
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Puc. 4. — EnekrpoHHO-MIKpOCKOMIYHI 300pakeHHsT IpoO Mixi (a, 6) 1 cpibna (B, I') Ha MOBepXHi rpadiTy micis cramii
niponi3y (temmeparypa aist miai 1273 K, mis cpibna — 773 K) npu pisHEX KOHIEHTpauisx: a, B — 25 mr/im, 0, r — 50

MI/II.

KOXKHOTO aroMa He OJHaKoBa). Y TOW ke yac Minp He
YTBOPIOE MIKpOKparmnenb i aecopOlis BiOyBaeTbCcs 3
OKpEMHX 31aTOMIB 1 TOMY Ma€ HOPSIO0K KiIHETUKH PiBHUH
onuuammi. [Tpy 1pOMy Bi3HAYAIOCS, IO TIPH i ABHUIICHHI
KOHIEHTpamii  po3Mip MiKpOKpaneib MTOBHHEH
30inpmyBatuca  [6,7]. Hamm ©Oynmo  mpoBenene
JIOCITIIKEHHS PO3MO/LTY Ipo0 Mifi 1 cpibia Ha NOBEpXHI
rpadity ast pi3HUX KOHIeHTpauiid. SIk BuaHO 3 puc. 4, i
Mifib, 1 cpiOJNIO YTBOPIOIOTH MIKPOKpAIUli Ha MOBEPXHI
rpadiry. TenneHuis 10 3pocTaHHs PO3MIpIB 3e€peH IMpu
MIiJBUINCHHI KOHIIEHTPAI[T CHOCTEPIraeThCsl TAKOXK LIS
000ox enemeHTiB. [Ipn npOMy, pO3MipH 4YacToK Mifi
OinbIi, HDK y cpibna (Ipu OHAKOBUX KOHIEHTPALIISX ),
TOMY BHXOJAUTh, LI0 JOPOOOBHH TMOPSIOK KiHETHKH
YTBOPEHHS BUTPHHUX aTOMIB JJIS Miai OLTBII HMOBIpHUH,
HiDK mmsa cpibma. Cnig 3a3HAUdTH, MO HAIi 3pa3Kd
TOTYBAJIMCS U JOCHIDKEHHS TPOQUIIB po3NOAITy IO
rMOMHI 1 IXHS KOHLEHTpALisl 3HA4YHO IEPEBHUILYE
Jiana3oH KOHLEHTpALii, Npu SKOMY CHOCTEpIraeThcs
3cyB MakcuMyMmy. Tomy Oyino IpOBEIEHO IONAaTKOBE
JOCTIKCHHST PO3MOIUTy MPO0 MpH KOHIIEHTPAISX, IO
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MOMaJaroTh y BUINE3rajaHy obOmacte. Ha pwuc. 5
MIPHUBEJICHI eIEKTPOHHI MikpodoTorpadii mpod mixmi (a) i
cpibia (0) mpu koHueHtpamii 0.1 mr/n. Sk BuHO, 1 pH
MaNX KOHIEHTPAIiAX Milb YTBOPIOE KOHIJIOMEpaTH
OlmpImMx po3MipiB, uuM cpibmo. Lli pe3ynbraT CTaBIATH
Mg CyMHIB TOH (akT, MO NPUINHOK 3MIIICHHS
MakcuMyMy AA curHany cpibnma €  yTBOpEeHHs
MIKpOKpaneiab npodu Ha TOBepxHi rpadiry, o
BUIIAPOBYIOThCS 3 IPOOOBUM MOPSAKOM KiHeTHKU. Kpim
LBOTO CJiJ] 33a3HAYUTH, L0 YTBOPEHHS MIKpPOKpAIelb
CIOCTEpIraeThcsi Ha O0XoJomkeHux Iardopmax. Ilpu
pealbHOMY aHalli3i MiABHIIEHHS TEMIIEpaTypH Iedi 10
TeMIIepaTypu aTomizanii BinOyBaeThcsi 6€3 MPOMIKHOIO
OXOJIOJDKEHHS Tedi 0 KIMHATHOI TeMIiieparypu (To0To
migiioM TemrepaTtypH IIOYMHAETBCS 3 TeMIlepaTypu
mipoizy).
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Puc. 5. EnexrpoHHO-MiKpOCKoOIiUHI 300pakeHHs: mpo0d il (a) 1 cpibna (0) Ha noBepxHi rpadiTy micis crauii
niposi3y npu KoHueHrpauii B mpoo6i 0.1 mr/i.

BiJl TOTO, Y sIKIii XIMIYHII CrIOMyI micis CTafii mipoizy
BoHa mnepeOyBae. Minp 1 cpibno, o micus crafil

BucnoBku

BuBueHHs poszmonity mpo0 pi3HMX eNEeMEeHTIB Ha
moBepxHi  rpadiry 3a  JOMOMOTOK  €IEKTPOHHOL
MIKpOCKOMI1 Ja€ KOPUCHY AOAATKOBY iH(OpMAII0 IO
mnpouec, mo BigOyeatothess B ETAAC. Ilposeneni
JOCJIKSHHS TI0Ka3ajIM, 10 PO3IMOALI MPOOH 3aJIC)KUTh

MipoJIi3y 3HAXOAAThCSI Ha rpadirTi y BHUMVIAL BUIBHOTO
METajly, YTBOPIOIOTh YaCTKH CyOMIKPOHHOI'O pO3MIpYy.
L{nHK (3HAXOAMUTHCS y BHUIIISI OKCHIY) YTBOPIOE TOHKHIH
map Ha moBepxHi rpadiry. [lpm  ninBumeHHi
KOHIEHTpauii npobu (st Mixdl i cpibna) MakcCUMalbHUN
PO3Mip YaCTHHOK 301JTBIIYETHCS.
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O.M. Buhay, P.O. Pavlenko, O.M. Kulik, Yu.V. Rogulskiy, L.F. Sukhodub

Investigation of sample distribution on the graphite furnace surface
by means of scanning electron microscopy

Institute of Applied Physics NAS Ukraine, 40030, Sumy, Petropavlovskaya Str., 58

The distribution of samples on the graphite surface was studied by scanning electron microscopy. Investigations
has shown that the distribution depends on what chemical compound the sample forms after pyrolysis and also on its
ability to interact with graphite.
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