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2Uyxpova opyava

= HAEKTPOVIKO MIKPOOKOTTIO 0APpWONG (scanning
electron microscope, SEM)

= HAEKTPOVIKOC HIKpoavaAuTn G (electron microprobe,
EMP)

= HAEKPOVIKO HIKPOOKOTTIO dIEAEUONC (transmission
electron microscope, TEM)
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Optical Microscopy vs Scanning
Electron Microscopy

radiolarian

SEM

http://www.mse.iastate.edu/microscopy/



What is SEM

OB6veg TV

To SEM givai
oxedlaouEVO Yia
atrevdeiag
mapaTRENON
ETTIPAVEIWV
OTEPEWV
AVTIKEINEVWV

KéoTog: €0.5-2.0 ekar.

To NAEKTPOVIKO MIKPOOKOTTIO odpwong (SEM) gival éva HIKPOOKOTTIO
TTOU YIO VO OTTEIKOVIOElI JIO EIKOVA XPNOIMOTIOIEI NASKTPOVIO AVTI yIA
©wc. NMoAAd Ta TrAcovekTaTta xprnong SEM évavrti OM.



NMAgovekTRunara xpnonec SEM évavri OM

Magnification Depth of Field Resolution
OM 4x — 1000x 15.5um - 0.19um ~ 0.2um
sem 10x — 3000000x 4mm — 0.4um 1-10nm

 To SEM €xel yeyadho BaBog 1rediou, TTOU EMITPETTIEI TNV €0TIOAON O€ HIA
MEYAAN TTEPIOXN TOU OEiyuaATOG TNV idla OTIYHN, AVATIAPAYOVTAG MId
TTOAU KOAN TPI0OIACTATN ATTEIKOVION TOU OEiyUATOG.

« Aivel €1miong €IKOVES UWPNANG DIAKPITIKOTNTAG, YEYOVOG TTOU EUVOEI TNV
TTapaTnpnon o€ MEYAAN HEYEOUVON XOPAKTNPIOTIKWY TOU OEiyHATOG
TTou BpiokovTtal o€ TTOAU PIKPN atT00Ta0n METACU TOUG.

* O ouvduaouog oAU uwnAAG ueyéBuvong, peydhou Baboug Ttrediou,
upnAnG OJIaKPITIKAG IKAVOTNTAG, KAOBWG Kal CUuOoTACIaKWY KAl
KQUOTAAAOYPA@IKWYV TTANPOYOPIWY TTou TTapexel To SEM, 10 kaBioTouv
EVA ATTO TA TTIO EUPEWG XPNOILOTIOIOUUEVA Opyava TOOO OTNV £PEUVA
000 Kal oTn Blopnxavia.



Scanning Electron Microscope
— a Totally Different Imaging Concept

° Avti yia Tn XpNon MIa¢ OUVOAIKNG €IKova Trediou,
akoAouBcital piIa oTpaTnyIKn METPNONG ONUEIO TTPOG
onueio.

* Mia upnAjc evépyelagc  OEOoMN  NAEKTpoviwv
XPNOIUOTTOIEITAI VIO VO EVEPYOTTOINCEI TO OEIYHA KAl TO
EKTTEMTTOMEVA ONMATA CUAAEYOVTAI KOl avaAuovTal £TOl
WOTE VO OUVOBETETAI pia €IKOVA.

° Ta EKTTEUTTOMEVA OCNAUATO  (PEPOUV  TOTTOYPAPIKA,
OUOTOOIOKIK, KOl KPUOTOAAOYPO®@IKA TTANpoPopia yia
TNV €MMIQAVEIQ TOU OEIYUATOC.
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HAEKTPOVIKOC NIKPOAVAAUTIC

= EMPA: xnuIkr avaAuon OEIYNATWY PIKPWVY TTEPIOXWYV OTEPEWV
QEIYHATWY, HECW OKTIVWY X TTOU TTAPAYOVTAI OTTO E0TIAOUEVN
NAEKTPOUAYVNTIKI OKTIVOBOAIQ.

= To @AoMNa TWV AKTIVWYV X TTEPIEXEI TIC XAPAKTNPIOTIKES YPAMMES
TWV TTEPIEXOMEVWV XNMIKWYV OTOIXEIWV

= TTOIOTIKN avAAucon MECW TNG TAUTOTTOINONG TWV YPOUUWY
aTTO T JAKN KUPATOG TOUG (1) TIGC EVEPYEIEG TWV PWTOViWV)

= TTOOOTIKN avaAuon MECOW TNG OUYKPIONG TWV EVTACEWYV UE
EKEIVEC TTOU TTPOKUTITOUV ATTO TTPOTUTTIA UAIKA (aKpifela
~1% Kai 6pla avixveuons wg UEPIKES DEKADEG ppm)

= XwpIkA dIakPITIKNA IKavoTnTa (spatial resolution) oe KX ~1 ym
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HAEKTPOVIKO NIKPOOKOTTIO CAPWONC
=  SEM: orevog ouyyevng 1ou EMP, aAAG TTPOOPICHEVO KUPIWG YIa
QTTEIKOVIOTIKI) TTPOCEYYION

= EIKOVEG TTapAyovTal atrd TN oApwan TNG akTIVOBoAiag Kabwg To anua
aTTEIKOVICETAI ATTO Mia 000vNn TNAEOPAONG ) UTTOAOYIOTH.

= TOTTOYPAQIKEG Il CUOTACIOKEG ATTEIKOVIOEIC AVAAOYWG TNG TEXVIKNG
QViXVEUONG TTOU XPNOIUOTIOIEITAl.

= [lpoooxn! Aéyoviag cuoTaOIOKA AVAQEPOPAOTE OE JECO ATOMIKO
apIBuo, dnA. dev avayvwpidovTal CEXWPIOTA XNUIKA OTOIXEIq.

= XwpIKN OIOKPITIKA IKAVOTNTA: KaAUTEPN a1TO0 10NmM aTNV TOTTOYPOAQIKN
arreikovion kal atmo 100nm oTtn cuoTaolakr), Kar TouAdayxioTov 100
POPEC PEYAAUTEPO PBABOC TTEdioU ATTO OTI OTO OTITIKO UIKPOOKOTTIO.

= O1 TpI0dIACTATEG ATTEIKOVIOEIG €ival ETTIOEKTIKESC AuEONS dIAIOONTIKAG
EPMNVEIAG atro Tov TTapaTnENTH.
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Aieyepnévog OyKkoC

=  Otav pia eoTiIoOPEVN OEOUN NAEKTPOVIWY KTUTTAOEI TO OEiyua oTnV
ETTIPAVEIQ, EICEPXETAI OTO OEIYHA OTTOTE TA NAEKTPOVIA XAVOUV TNV
EVEPYEIA TOUG AOYW TNG AAANAOETTIOPACNG PE TA NAEKTPOVIA TWV
oTOIBAOWYV TwV dIAPOPWV ATOUWY TOU OEIYUATOC.

= Me 1n digpyaacia auTn yiveral diaxuon TNG OE0UNG NAEKTPOVIWV KAl
oxnMatieTal Evag «OIEYEPUEVOS OYKOG» OTO OEiyua.

=  To péyeBOC TOu aucAveTal PE TNV AUZNOoN TOU QUVANIKOU ETTITAXUVONG
OTO TTUPOLBOAO NAEKTPOVIWYV Kal UE TNV EAATTWON TOU JEOOU ATOMIKOU
apIBuou Tou deiyuaToG.

= [1a éva TTUPITIKO OPUKTO dleyeppévo oTa 15 KV = axAadocIdEg aoxnua
SIaNETPOU 2 um Kal BaBoug 3 um.

28/1/2024 10



AIEYEPUEVOC OYKOG
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NMpoocopoiwoeig Monte Carlo 100 d1adpopwV NAEKTPOVIWY

Ta NAEKTPOVIA MOU E10X®WPOUV OTO dEIyHa
Oev akoAouBouv pia guBeia ypappn, aAAa
Hia zig-zag o1adpopn
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'Oyko¢G d1apuyng

= Ta d1apopa crjpaTa TTou dnUIoupyouvTal £XOUV
OIAPOPETIKA «BA6nN diciocduonc» AOyw Twv d1aPopwV
OTIG EVEPYEIEC TOUC.

= 2 UVETTWCG Ta OIA@OPA CrMaTa TTOU TTapATnEOUVTAal
OTNV ETTIPAVEIA TOU OEIYUATOC TTPOEPXOVTAI ATTO
OIAPOPETIKA THNMUATOC TOU OIEYEPMEVOU OYKOU.

= O Oyko¢ TToU €uBUveTal VIO TO KABE orjpa ovouadleTal
OYKOG O1apUYNC TOU OUYKEKPIUEVOU ONUATOG.
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Aieyepnévog OyKkoC

=  Otav pia eoTiIoOPEVN OEOUN NAEKTPOVIWY KTUTTAOEI TO OEiyua oTnV
ETTIPAVEIQ, EICEPXETAI OTO OEIYHA OTTOTE TA NAEKTPOVIA XAVOUV TNV
EVEPYEIA TOUG AOYW TNG AAANAOETTIOPACNG PE TA NAEKTPOVIA TWV
oTOIBAOWYV TwV dIAPOPWV ATOUWY TOU OEIYUATOC.

= Me 1n digpyaacia auTn yiveral diaxuon TNG OE0UNG NAEKTPOVIWV KAl
oxnMatieTal Evag «OIEYEPUEVOS OYKOG» OTO OEiyua.

=  To péyeBOC TOu aucAveTal PE TNV AUZNOoN TOU QUVANIKOU ETTITAXUVONG
OTO TTUPOLBOAO NAEKTPOVIWYV Kal UE TNV EAATTWON TOU JEOOU ATOMIKOU
apIBuou Tou deiyuaToG.

= [1a éva TTUPITIKO OPUKTO dleyeppévo oTa 15 KV = axAadocIdEg aoxnua
SIaNETPOU 2 um Kal BaBoug 3 um.

= 2TOV OYKO QuTO dnuioupyouvTal TTOAAG arjparta

28/1/2024
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AANNAETIOPACEIC AKTIVWV=-X KAl UANC

Aeutepoyevr) nAekTpovia (SE): nAekTpdvia atroé Ta dToua Tou
deiyparog Tou okedAdovTal atrd TNV TTPWTOYEVI) OEOUN (10VIOPOG). To
KUPIO ATTEIKOVIOTIKO opa ato SEM O1T0U TTapAyouv KAAr XWEIKNA
OIaKPITIKOTNTA KAl UWPNA TOTTOYPaPIKA euaiodnaia. ‘Exouv TUTTIKA
XaunAn evépyela (0-50 ev) kal atroppo@uwVvTal EUKOAQ OTO dEiyua.
AUTA TTOU aviXveUuovTal TTPOEPXOVTAI OTTO TIG ETTIPAVEIOKES OTOIBADES
TOU «OIEYEPUEVOU OYKOUY.

OmoBookedaloueva nAekTpovia (BSE): nAekTpOVIQ TNG TTPWTOYEVOUG
QEONNG TToU OoKeDACOVTAl EAACTIKA OTTO TOUG TTUPAVEG TWV ATONWY TOU
deiypartog Kal ecoaTpakifovTal atro 1o Ociyua. Mtmopei va cupBei atro
OTTOUDNTIOTE JECA OTOV «OIEYEPUEVO OYKO». H €viaon TOu OruaTOg
TOUG METABAAAETAI KUPIWG avAAoya PE TO JECO ATOUIKO aplOud Tou
Oeiyuarog = dlapopoTroinon TN XPWHATIKI avTiBean TnNg EIKOVAG.

XapaKTnpPIoTIKI) akTivoBoAia: Ta nAekTpovia TTou BopBapdifouv 1o
Ociyua 1o avaykalouv va eKTTEPWEI AKTIVEG-X TWV OTTOIWV N EVEPYEIQ
gival XapaKTNPIOTIKA TNG OTOIXEIOKAG OUOTAONG TOU OEiyUATOGC.

28/1/2024

17



AANNAETIOPACEIC AKTIVWV=-X KAl UANC

Bremsstrahlung (X-ray continum): Adyw Tn¢ €mppdduvong Twv
NAEKTPOViIWV TNS dEoPNG KaBwcg Tagideuouv ota TTedia Coulomb
YEITOVIKWYV atOpwyV oTo Ociypa. Anpioupyouv Eva 66puo (uwnAo
background) TTou €1TnpPeadlel To TTPOCOIOPICIYO ETTITTEDO TNG EAAXIOTNG
TTEPIEKTIKOTNTAG TOU OTOIXEIOU (ONA. TO OPIO TNG AVIXVEUCIUOTNTAG).

KaBodogwtauyela (CL): akTivooAia TTou atroTeAEiTal atrd ¢acua
OTNV EUPEIQ TTEPIOXI TOU OPATOU PWTOC (MAKOUC KUpaTog atrd 0,3 w¢
2 Jm) Kal dNUIoUPYEITAl OTAV KOAUTITOVTAI TO KEVA TTOU ETTEPEPE N
akTIvOBOANnon oTIC oToIRAdEC 0OEVOUC TWV ATONWY TOU OEIYNATOC
a1To VEQ NAEKTPOVIA

O@epuoTNTA: TTAPAYETAI KATA TNV OGAANAETTIOpaAON TS OEOUNG UE TO
ociyua

28/1/2024 18



Agutepoyevil NAEKTPOVIA

Fig. 4.8. A secondary-electron image of diatoms from modern lake sediment
(60 pm x 45 pm). (By courtesy of N. Cayzer and R. Thompson.)

28/1/2024
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Plate 4.9. Backscattered electron images of copper grid mounted on aluminium
stub: (a) compositional mode, using omnidirectional BSE signal (brightness
depends mainly on atomic number); (b) topographic mode, using difference
between BSE signals from opposite segments of detector (shows topographic
shadow effect, but no difference in mean brightness of copper and aluminium).




Fig. 4.14. A BSE image of mineral grains, showing combined compositional
and topographic contrast (lighter grains — higher atomic number).
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EMPA

= 2TNPICETaI OTN METPNON TNG EVTAONG TWV XAPOKTNPIOTIKWY AKTIVWV-X
TTou dnuIoupyouvTal atro Tov BouPapdioud Tou dEiyUATOS UE
NAEKTPOVIQ

= 2UVNOWCS XPNOIKOTTOIOUVTAI OTIABWHEVEC TTETPOAOYIKEG I
METAOAAOYPOAPIKEG TOPEG, TTOU TTPETTEI VA Eival KOAUUPEVEG UE AETTTO
oTpwua C (~20 nm) woTe va yivovTal aywyIHES

= H ouoTaon VoG EKAOTOU KOKKOU OPUKTOU I} OIAPOPOTIOINTEIG EVTOG
QUTOU UTTOPOUV Va TTPOCdIOPIOTOUV PE avaAuon dlaoTAPATOS 1 um.

= Anuioupyia (ouvnBwc UTTO KEVO) NAEKTPOVIWY UWNANG TaxuTNTAG ATTO
éva vipa (cuvnBwg W).

= EaoTiaon nAekTpoviwy JEOW XPNONG OEIPAC NAEKTPOMAYVNTIKWY
POKWYV, O€ dia AETTTr) OEOMN.
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EMPA - avaAuTikég duvaroTnTeg

= To 1Mo €uaiodnTo €UPOC YIA TNV AVIXVEUCN XAPAKTNPIOTIKWY
@Bopiloucwyv akTivwv-X eival 1-10 keV.

= K-Lines: Na €éwg Zn
L-Lines: As ¢wg REE
M-Lines: REE €éwg U

= [1a xapakTnpIoTIKES YPAMMES @Bopiouou > 10 keV eAatTwon
guaioOnaiac.

= [1a avaAuTIKEG METPAOEIC YPaNUWY <1 keV €wc¢ 0,2 keV
(Trpocdiopioud B £wg F) atmraiteital WDS pe ouvBeTikoug
oTOIBAdWTOUC «KPUOTAAAOUC» 01 OTTOI0I TTEPIBAOUV TN dEOUN
TWV OKTiVWV-X TTOAU XapnANG eVvEPYEIQG.

28/1/2024 27



Periodic Table of the Elements
?.E:om".l':igr ﬁmt: - alkali metals
1 1— . alkaline earth metals

symbol: transitional metals

i black solid
Silicon Blike . other metals

i o " nonmetal
name whifte synthetically nonmetals

prepared ]
mast stable isnope noble gases

2] M%[27 @[3 500424 S1om[p5 4|25 sim|27 s693|2g  5870]20  e3ss|30 G
Sc|Ti|V |Cr Mn Fe|Co|Ni|Cu|Zn
Scandium Titanium Vanadium | Chromeum | Manganese Iron Cobalt Nickel Copper Zinc

30 wmor[40 912(47 @91[42 %[43 @944 007|45 10291[4g 10640[47 wrerfag 124
M o
Yttrium Niobium | Molybdenum | Technetium | Ruthenum Rhodium Palladium Silver Cadmium
73 w085[74 wmss|75 11|75 1w00]77 192(78 1809[79 19697[g) 20059
.
Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury
89 2.03[104 (61]105 @ea[106 @eo)[107 @e2[108 (69109 eel[110 @0[111 @2|112 @)
Actinium  [Rutherfordium|  Habnium | Seaborgium | Bohrium Hassium | Meitnerium |
58 ™oz[59 HA1[gp ]G] (#I[g2 100[g3 15194 15125]g5  1ed3|gg  16250]g7 16493[gg 167.26] 69 16893[7( 130d[7] 14T
Cerium  [Praseodymium| Ned im | Promethium Europium | Gadolinium Dysprosium | Holmium Erbium Ytterbium Lutetium
Q) 2204(Q7 23108|Qp 2303[Q3 29705 o5 @9 [g @) nlog @0]gg  @D[100 @N[101 0[]0z 29103 @2
Therium | Protactinium | Uranium Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium Fermium  |Mendelevium| Nobelium | Lawrencium

Copyright © 2009 Oxford Labs




EMPA - d10p0woeic opaApdrwy

= Q1 JETPNOEIG EVTAONG TWV AKTIVWY-X dev ouvdEovTal
ATTOAUTWYV YPOAUMIKA JE TN OUYKEVTPWON TWV OTOIXEIWV aAAd
ETTNPEAZOVTAI ATTO TA XAPOAKTNPIOTIKA TOU OEiYUATOC.

=  YTTapxouv akpIBEiC nadnuaTtikES EKPPATEIC Yia TNV diIopBwaon
TETOIWV ETTIOPATEWV.

= ZAF (Z: atopikég apiBuog, A: atroppopnaon Twv aKTivwy, F=
OEUTEPOYEVNG POOPITUOG)

28/1/2024 29



Tuniko cuoTnua SEM

TV Screens

The SEM is
designed for direct
studying of the
surfaces of solid
objects

Cost: $0.8-2.4M
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NMnyE&g akTivoBoAidac nAEKTpoviwv

Single Crystal LaB6
Heating Cup

Heating wire (% or Re)

Suppaort Posts

Lanthanum Hexaboride Single
Crystal Filament,

Electron Beam Source \ 7”

:

W or LaB; Filament
Thermionic or Field Emission Gun



Tungsten

OepHONAEKTPOVIKN NNYRG &
(Thermionic Emission Gun)

e A tungsten filament A

heated by DC to Filament Heating Supply
approximately 2700K or e

LaBg rod heated to around
2000K i e

e A vacuum of 103 Pa (104 (e
Pa for LaBg) is needed to
prevent oxidation of the

Cylinder

Bias

I
|
|
|
|
I Fesistor

High
Voltage

filament Su;imu
e Electrons “boil off” from  =tees " corrent
the tip of the filament PR
e Electrons are accelerated poo T

by an acceleration voltage
of 1-50kV



Field Emission Gun

Il

J
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Alapopeg peTa&u thermionic and
field nnymv akTivoBoAiag

Thermionic Emitters:

» XpNOIYOTToIoUV NAEKTPIKO peUMA YIa TN B€puavon Tou VAPATOGS (KUPiwg
Tungsten (W) kai Lanthanun Hexaboride (LaB6)).

» Ortav n Bépuavon eTacel o€ Eva UPnAo onueio Ta NAEKTPOVIa apyidouv
va dla@euyouv atrd 10 id10 TO UAIKO TOU VINATOG

» Xapaktnpidovtal atto XNUNAR QWTEIVOTNTA, ECATHION TOU UAIKOU TNG
KaBodou Kal BepUIKA JETATOTTION KATA TNV AEITOUPYIa TOU OPYAvoU.

Field Emitters:

» ATtroteAouv Evav TPOTTOU dNUIoUPYIaC NAEKTPOVIWY TTOU OTTOPEUYEI
TETOIOUG €idoUC TTPOLBANUaTA.

» 'Eva mmupofoAo field emission (FEG, also called a cold cathode field
emitter), dev Bepuaivel To vAua.

» H extTouTr) emTuyXAveral Je TNV TOTTOBETNON TOU VIUATOC O€ Wi
TEPAOTIO BaBuida nAekTpikou duvapikou. To FEG cival ouvrBwg €va
ouppa BoAppaguiou (W) diapop@wiuEVO WS Mia aiXpnpen akida.

28/1/2024
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The advantages of the SEM as an imaging instrument (high spatial resolution,
large depth of field, and simple specimen preparation) make it an invaluable
tool in the following branches of geology.

Palacontology. The SEM is ideally suited to the study of fossil morphology,
especially that of micro-fossils.

Sedimentology. Three-dimensional images of individual sediment grains and inter-
growths can be obtained; data on fabric and porosity can also be generated.
Mineralogy. The SEM is very effective for studying crystal morphology on a micro-

scale.
Petrology. The ability to produce images of polished sections showing differences in

mean atomic number is very useful both in sedimentary and in igneous petrology.



(1) Specimen preparation is straightforward and entails the use of existing techniques
of section-making and polishing with only minor modifications.

(2) The technique is non-destructive, unlike most other analytical techniques.

(3) Quantitative elemental analysis with accuracy in the region of £1% (for major
elements) can be obtained.

(4) All elements above atomic number 3 can be determined (with somewhat varying
accuracy and sensitivity).

(5) Detection limits are low enough to enable minor and trace elements to be deter-
mined in many cases.

(6) The time per analysis i1s reasonably short (usually between 1 and 5 min).

(7) Spatial resolution of the order of 1 pm enables most features of interest to be resolved.

(8) Individual mineral grains can be analysed in situ, with their textural relationships
undisturbed.

(9) A high specimen throughput rate is possible, the time required for changing
specimens being quite short.




Descriptive petrology. The EMPA technique i1s commonly used for the petrological
description and classification of rocks and has an importance comparable to
that of the polarising microscope.

Mineral identification. As an adjunct to polarised-light microscopy and X-ray
diffraction, EMPA provides compositional information that assists in mineral
identification.

Experimental petrology. For experimental studies on phase relationships and elem-
ental partitioning between coexisting phases, the spatial resolution of the elec-
tron microprobe is especially useful, given the typically small grain size.

Geothermobarometry. The EMPA technique is ideally suited to the determination

of the composition of coexisting phases in rocks, from which temperatures and

pressures of formation can be derived.

Age determination. Th-U-Pb dating of minerals containing insignificant amounts of
non-radiogenic Pb (such as monazite) is possible by EMPA. with higher spatial
resolution than can be obtained with isotopic methods, though lower accuracy.

Zoning. The high spatial resolution of the technique enables zoning within mineral
grains to be studied in detail.

Diffusion studies. Experimental diffusion profiles in geologically relevant systems
can be determined with the electron microprobe, its high spatial resolution being
crucial in this field.

Modal analysis. Volume fractions of minerals and other data can be obtained by
automated modal analysis, mineral identification being based on X-ray and
sometimes backscattered-electron signals.

Rare-phase location. Grains of rare phases can be located by automated search
procedures, using the X-ray signal for one or more diagnostic elements.




Plate 4.21. BSE images of igneous rock: (a) original monochrome image;
(b) same 1mage with grey scale converted to "thermal’ eolours.
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(c)

Plate 6.1. X-ray maps of clinopyroxene phenocryst: (a) Ca, (b) Fe, (c) Mg.
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n'TESCAN Vega SEM EDX x-ray ma

PERFORMANGE I[N NANDSPAGE

This set of EDX x-ray maps were
collected at working conditions of:
15kV, 15nA, 70kcps output count
rate, 100us/pixel, 1000 frames. This
resulted in over 1.7 billion total
counts and a full scale in the silicon
histogram of over 6000 counts

Value & Excellence in SEMs
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HAEKTPONIKO MIKPOzKOINIO
AIEANEYZH2

(TRANSMISSION ELECTRON
MICROSCOPE, TEM)
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Fig. 2 The transmission electron microscope compared with a slide projector.




HA. jikpookoTrio digpxopevng déounc (TEM)

= [1a TRV TTapaTtPENnon TS ECWTEPIKNG OOUNG TWV CWHATWYV
XPNOIHUOTTOIEITAI TO NAEKTPOVIKO MIKPOOKOTTIO DIEPXOMEVNS
déoung (TEM - Transmission Electron Microscope).

= H diakpmikr IkavotnTa Tou TEM eivar mrepitrou 1.5 A.

= Eival eTTopévwg apKeETA yIa TNV TTAPATIPNON OTO ETTITIEO0 TWV
OI0OTACEWY TWV ATOMWY TOU OEiyHaATOC.

=  XPNOIUYOTTOIEITAI KUPIWG OTNV MEAETN ATEAEIWV OONNG OPUKTWYV
KAl aTT00Ta0NG OIKTUWTWY ETTITTEOWV.

= [1a TNV owoTr gpunveia Kal agloAdynon Twv eikévwyv TEM
XpeladovTal TTOAU KAAEG YVWOEIG KPUOTAAAODONNG Kal
KPUOTAAAOXNMEIOG

28/1/2024 46



ApXn TOu opyavou

* O1tw¢ ka1 oto SEM, o1o TEM d£0un nAEKTPOVIWV TTPOCTTITITEI
o€ Otiyua, TO OTT0I0O OPMWG AUTA TN PopPA cival TTOAU AETTTO -
TTaxoug Trepittou 1 [, OIEPXETAI OTTO AUTO Kal ONUIOUPYEI
deutepoyev NAEKTPOVIA €K TTEPIBAACEWCS KOl CUNBOANC.

« Autd eoTidlovrar o€ @Bopilouca o066vn Kal HETA O¢
PWTOYPAPIKO PIAY ] EKTUTTWTN.

* Tnv €CaIPETIKN DIAKPITIKA IKAvVOTNTA TO TEM TNV €mTUYXAVE
KUPIWG atTd TTEPIBAWMEVEC AKTIVEC O€ EUPEIa ywvia.

28/1/2024
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ApXn TOu opyavou

« H Tnyn nAektpoviwv artroteAcital €va vriipa PoAgpauiou (N
okida LaBg) TTou pe TNV TTUPAKTWOT), OTAV TTEPACEl ATTO AUTO
NAEKTPIKO PEUMA, EKTTEUTTEI NAEKTPOVIA.

 MeTtagu TOU VAMATOG, TTOU aATTOTEAEI TNV KABODO, Kal TNG
avodou, e@apuodeTal pia dlagopd duvapikou (ouvnBwg TNng
TaENG Twv 60-100 KV) n otroia emmiTaxUVEl TQ NAEKTPOVIA.

«H Tmopegia Twv nAekTpoviwv, puBuiletar  aAtmd  TOUG
NAEKTPOMAYVNTIKOUG (PAKOUG OTOUC OTIoioug aAAalovrtag tnv
Evraon TOU PEUUATOC TTOU TOUG OIATTEPVAEI, UTTOPOUME va
METABAAAOUPE TNV €viaon TOUu payvnTikoUu Trediou TOUG
(dNAady TNV €0TIOKA TOUC QTTO0TOON) KOl ETTOMEVWG VA
EOTIAOOUME TN OEOMN TWV  NAEKTPOViwWV TTAVW OTO
TTapaoKeUQOUA
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ApXn TOu opyavou

O1 kUplec puBuioeic o' Eéva HMA emmituyxavovral Je:

1. TOV OUYKEVTPWTN POAKO (condenser lens), eoTiaon
TNGC OE0UNG OTO TTAPOACKEUQOUA.

2. TOV QVTIKEIUEVIKO PaKO (objective lens), eoTiaon
TNG €IKOVAC OTNV 000vn.

3. eVOIAUEOOC N Kal PaKOC TTPOROANC (intermediate,
projector lens) yia Tn pUBuIon TNG peyebuvong.

HAekTpOHQYVNTIKOG POKOC, BApOUG >12Kg ME ECWTEPIKN \
dlapeTpo 15-20 cm. AtraiTeital cuoTAUA YPUENG TOUG AOYyW ™
KatavaAwong HeyaAwyv peupdtwy (Mtrivag B., 2015)
https://opencourses.uoc.gr/courses/pluginfile.php/16134/
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ApXn TOu opyavou

 H eikéva oxnuartiletal TAvw o€ pia 080vn ETTIKAAUPPEVN ME
Pwaoopilouca ouaia n oTroia dlEYEIPETAI ATTO TA NAEKTPOVIA
TTOU TIEPTOUV ETTAVW TNG, O@OU auta OIATTEPACOUV TO
TTAPACKEUAO Q.

 Ta onueEiad TOU TTOPACKEUACOUATOG TTOU OEV gival dlaTTEPATA
ammd TA NAEKTPOVIA, HOG OiVOUV  OKOTEIVEC TTEPIOXEC
(NAEKTPOVIOPIAEC, NAEKTPOVIOKA TTUKVEG, electron dense) evw
avTifeta Ta dlamepatd onueia  (NAekTpoviaka  diagavr),
electron lucent) pag divouv QWTEIVEC TTEPIOXEG.
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ApXn TOu opyavou

O TPOTTIOG TTOU AEITOUPYEI TO NAEKTPOVIKO MIKPOOKOTTIO, WUAG
O£TEl TTOANOUG TTEPIOPIOUOUG WG TTPOG TN GUON TWV JEIYNATWY
TTOU UTTOPOUME VA TTAPATNPINOOULE.

* 'ETO1 €va Ociyua yia va €ivalr duvarto va trapatnpnbei ye To
KAaooikd HMA kai pe TIG KAAOOIKEG ueEBOdOUC Ba TTpETTEl Va
EXEI TIC TTAPAKATW 1010TNTEG:

O. VO avTEXElI O€ UWNAO KEVO,
B. va gival otaBepd oTo BouBapdioud nAeKTpoviwy,

Y. VA €ival apKETA AETTTO yIA VA UTTOPOUV va TO JIATTEPVOUV TA
NAEKTPOVIQ, KAl

0. va mTPETTEI TN OIAPOPIKN OKEDAON TWV NAEKTPOVIWV.

28/1/2024
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[Tupoforo mpwtOoYEVLV NAEKTPOVIWV
Beppatvopevou vipatog.

- Emroyuvtng nAextpoviwy oe taon 100 -
1000 kV.

“(DUKO1 Y10 GUYKAIOT] TNG OECHUNCG.
Tpanela  tomofEmaong delyparog

(hemg TOUNG).

AVTIKEIHEVIKOL  @QUKOlL GLAAOYNG KAl
ECTINOTG EIKOVWV TEPIBAATEWG.

daxot  xat  @iktpa  mpoPoAng Y
peyebuvemn ewovag.

DBopilovca 08ovn.

PIAKEC KAPEPES




NepoBAnuara TEM

o 2QOAIPIKI €EKTPOTT] NAEKTPOMAYVNTIKWY @AKWYV (ETTIPEPEI
LETOKIVNON TNG TTEPIBAWMEVNG AKTIVOBOAIAQ).

o Xpwuarikn e1Tidpaon.

 AlOOTTOPA NAEKTPOVIWV MECA OTOUGC KPUOTAAAOUC TOU
ociypatoc (1I0iw¢ atrd  €KEIVOUC TIOU TTEPIEXOUV Bapéa
LMETOAANQ)
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TEM
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TEM image of chrysotile asbestos fibers with clay. ATr6: TEM TRAINING COURSE
“Fundamentals of Asbestos by Transmission Electron Microscopy”, 2012.
(http://www.mvainc.com/capabilities/tem-training-course/)
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http://www.mvainc.com/capabilities/tem-training-course/

CCD counts (a.u.)

280 290 300 310
Energy loss (eV)

Graphene layer at the edge region and (d) carbon K (1s) spectra at the atoms color-coded in (b). ArTo:
Suenaga and Koshino, 2010, Nature 468, 1088-1090
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The microtopography is the result of preferential etching of albite (010) twins and albite and oligoclase lanellae, as confirmed by TEM analysis. This microtopography, absent on
unweathered samples and never observed under SEM, is present in patches on the sample weathered for 6 months, and everywhere imaged on the 3- and 3.5-year samples. The grooves

created by the peristerite lamellae are at least 1.5 nm deep, on averageZl, and polish lines are present before and after weathering.
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