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# # 5170419321 : MAJOR NUCLEAR TECHNOLOGY
KEYWORDS : LOW ENERGY ELECTRON BEAM / ELECTRON BEAM MACHINE /
MINI E-BEAM / ELECTRON FLOOD GUN / LOW COST ELECTRON BEAM MACHINE

PATTHRA SRISAWAT : DEVELOPMENT OF A LOW ENERGY ELETRON BEAM
GENERATOR. ADVISOR : ASST. PROF. SUVIT PUNNACHAIYA, CO-ADVISER:
DECHO TONG-ARAM, 89 pp.

This thesis aimed to develop an economical low energy electron beam
generator with a maximum energy of 100 keV at 2 mA current, for supporting the
research work on radiation polymerization and flue gas treatment. The system
structure was DC type consists of: the simple electron source, vacuum chamber,
electron beam window, vacuum system, high voltage power supply, and filament
power supply. The local devices and parts were employed in the designation and
construction of the developed electron beam generator, such as the halogen lamp
filament was applied for electron source and aluminum foil with supporting grill was
also used as electron beam window. The stainless steel was machining and forming
a cylindrical vacuum column fixed with the lead lined sample chamber, for
preventing x-ray leakage from electron beam interaction, at a size of 22 cm x 26.5
cm x 22 cm.

The test results of the developed electron beam generator operating at an
accelerating voltage of 100 keV, 2 mA current and 10°® Torr vacuum level found that
the system could generated the transmitted electron beam of 3 cm diameter at
distance 2 cm away from window with beam intensity of 50 pA/cm2 and the radiation
leakage at the experimental chamber surface less than 20 uSv/h. The generated

beam energy between 40-100 keV could be varied.
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WAndaasniaissayniananaianisdeynanilszq inlszandaanunatis i
< =2 = ¥ = o d” 1 ¥
AYINITIGITL Hnaliann1Alnaugalu nalnnisssenniraunsneenuuyliiannia
dl dl % ada . . adoy . . v
LARDLN IARIA D M99 (Linear acceleration) WaZAnlAg (Circular acceleration) AeILINNY
T A TIAUR AN AUNNUNLUAN TUIANIATBIBUNIATIABINTLI HAUABLANATOL
= o A PRPPS
quilalesaurassIaRtantin Wesantszqauuaynainaniiulszquonuazay (Useq 1
szqiAn g = +e = 1.602 x 10"°C) Aiunisands i ldauns sz udnauninuda il
199 ZFiIRDARRDINTLILINAIAATEUIINANTBITHATR szAf08 LT N9LNBLANATEUATN
wnasninazsunda Winaullgedalniflouon 4w 2.1 uazud NNNITRALATEALIS
a o o c: o Y a o e‘d‘ A o
aunAdannreunasuAgnin il ldnannaenn minssimiwuuuan Al muiumn

U Aalaaasalunini 2.2

Cathode Anode
@ e II Accelerated electron
Electron

source

HV
il
DA 2. 1 WHBATWNILNEYNIABIAN ATEL

GRAFPHITE

VERTICAL COATING

FIRST DEFLEGTING

HEATER  AMODE PLATES

CATHODE

ANOD :

CONTROL HORIZONTAL  gopepy

GRID BEFLECTING  ppospHOR
PLATES COATIMNG INSIDE)

PN 2.2 TANASIIa9naannNININgi Al



nazLauMniseun AR IleeuN ANENLES ARSI EUN ARG 11 1R
eBidnmsauuuUIWiinnszuanas WieaiaBidnmseuuLLAIN (Linear accelerator) 1Fsas
aeunAllsnseu Lﬂd'il@\ﬂ,i'\imémmisﬁim@m@u (Cyclotron) LaziAIaatinmean g 1
nsutlasnaau i lugindsnudndiflundsouiivnaaiveseynialugndsanuanid
anuaveInIasienne wasr i fiane iissunazaireaunnilieriausmaglwiin

v a

NITUANTIVTONIZUARALAND A lWN1TIRUNIALA YA AU IHIAN luN1s AL ANIY

v

° ax 4 A o ) a N cquaA o =
@’]ﬂ‘léﬂ’]ﬂWWNLLHQQQﬂ’]?Lﬁ@ﬂuW LL?QV]WQVLWqugL?\‘] ﬂiéﬂ’]ﬂurnﬂ@ﬂ? QLMNW@QQ’]HQQ AUFTN

ANHANRNUFIAIUI NN N TULARAY AIUAASTULELANNAINT 2.3

’ Electric force + Magnetic force ‘

Energy out

Energy in :
Electrical Nuclear
energy energy
Potential energy Kinetic energy

Energy conversion
(Asudavswavonu)

i 2.3 wunamnisutasginaseulussutdieynie

-

TunrsulaannaalnilifiundsnuasiiseseuninaniATaeieynIa 418190

(2
o A

AN ANNUFURINAINLULAZANA NN H A9

Tumg il wasauaatl (€) 1 9a (Joule, J) Ainainifsunuanynianililszq (Q) 1

AaaNil (Coulomb, C) lARBUNAILAMNFNANE (V) 1 Taas (Volt, V)
E=QV J (2.1)

A A o a o = = g
LN@W@W?MWW@Q\?WH%@\‘]@HJWﬁ@L@ﬂmﬁ“ﬂquLﬁil'lﬁﬁ‘@@léﬂ?ﬂ%llﬂi‘t"} (q) 'l‘]J‘J?S'Qq
dl d‘ 1 1 v o & o =KX a P a o &
LAABRNNIUAMNFANANE 1 Taas WmmmmmmmmmﬂmLﬂu 1 AlanmATaRlNa6

(Electron volt, eV)

E=qV=1602x10""J %38 1eV

o

a1 (Power) NaneliiiAsasisaayniaiasanlfannisaiua g lniinly

S

wilae wattage Teaziilunanmiszndnsdnanniln (v) dunszualwiln (1) vseiiunneuniai



Hilszqpaiuni (Q/s) WaunuatasAtlsynauaamuilsaznuannnad Wi e dasnnsld

WA (Energy rate) AN4NNIg

P=Vi=E/Q)x(Q/S)  oveviiiiiiiiiii, (2.2)

=(E/s) Jis
Hapianasauaaaui luauninge (v/a) aznalififaussdanaseseynia  (F)
dl a o v dla < VYo % % [ o/ [ 9
Anpanugg nszni N inadnasenldiuliaenadeaiy AuANENR LS IR9aNNNT

INeTLLEN 2 44NNT AD

F=ma (2.3)
F=e& (2.4)
158 F = LaMiNNagadaanmsats e N

m = WIALANBLANATAL YU kg

FRNILINUAINIR UE m-s”

Q
I

auu NN = v/ g wdae vem'!

SN
I

sreirsviingdn i vitdae m

AMNANNTT (2.3) Az (2.4) azld

ma=e&
Y Ssnise
a=eE/m=e/mxV/d m/s2 .................... (2.5)
LAY mmg*wm?m,ﬁﬂmar@uﬁqméq
v=at=e/mxV/dxt 0074 (2.6)

2.1.2 WANUARLDIOUNIATIONLE

1
A o o Ly

annneddurinannzedlealmd el a.e. 1905 ARmuIaINdanatiPostulate)

a dl dl % a % 2 A
FNEITNTIAUDINTIAABUNTBIUALAZNTaLIE9ES agLld 2 da Ae
1) wnaresdinnazilasuulasiaaudalunisnasunvesnatiuilanu
o/ o/ 2
2) NIAUATWANTUATANYATUFINANNTT E = mc
o A A

k4 o 1 % o A 1
andeaglainanaléigninunlilunszuounisresnisisseynia (ag) el

A NAs Rl mNaNNNg [6]



m =miA=82) 2.7)

4 . a 4
e m AR NIATENAUNIATULLARDUT
m A8 1aTikeeseyNA
f=v/c Aa SRTIANNNITITBIBUNIARBAINITILAS
N i~ & 1A N g £ @ A
\HENANTNANNTN 2.7 AZiiiudIlee N 1ANNAINEITY NoafasiiNauw uay T
anmgryyniAgRisnsaynaliiauEdnng aouie was ATUWAIUIIN 3R
(Total energy) azifluldnnugnnng

Eltl?y (2.8)

AINANNIN 2.8 AnnnsnnszanamanFLiu 2 dou An NAIUANYATBINIATIaUAL

NAWIUARY (T) ASANNT
* 2 2
E=mc =T+mc ... (2.9)

IHANANTUNANNTFINAUIENTNANNNT 2.7 UAT 2.9 WANIUAATIBIBYNIARINTT

e 1Al
2
T=(y—-Ymc . (2.10)
A * 2 2
Tnei y=m c /mc

aginalsfinnu TuNIzLRuNNTHeLNIA UINAMNNITITBIBUNIATANAINGIAIINET
LAININ 7 YFR ANTeY B HAtieandn 1 1ane deangnasal Aaglidlullanunguduine
N (Non-relativistic theory) lunisanAuanndsuaatizesayniafaziiiulnungaes

119614 (Newtonian mechanics)

T=12mv> 2.11)

2.2 AUASNIENUIDIDLANATAUNUARNS

dupsnsenaasdianasauiuaans anunsnuLieaniilu 2 ngunan A n1svinguns

Aseuuulatiaueu (Inelastic collision) LazLULEANE (Elastic collision) TIAUAITFEINLLIL
1 1 v 1 ] . . % . . a

1uﬂmuqu 15un nsuansaluleaan (lonization) N3Nk (Excitation) WAZNIFNALLTNG

v o = o

TM9IQY (Bremsstrahlung) MAIEUATNFENAINAIIAENE LATANITGEYLRE WA ULES



BlanmsauLazgNAANALILAANT duAURITRELLILEIANE L BIANATAUATATLRENAIIY

INENLNAIUNAITURITIEUALNITIAIRBNANAAT LN NAN)

2.2.1 mauansadulaseuuaznimnsesiu

nsuansailulessunarnisnszfuiilunismndunsisanuuu i aveuaasBianasen

v
o o

Audulaaslanaseuneazaon (Atomic electron) WaBLANATALIARAUE AUNNAADNITTD
a = [ o ¥ a 1 ! Y a !
azponlugansazifianisgydanasnulunisinliineglasen Iae lwainienisnalifiiag
4‘ U ¥ o 1 < a o Y a o O
Toaau nilsgarliidsanulazann 34 eV atislafinugidnasauasin Wiianisuansasmng
(Auaug leeauseszezn)ionnin Wesaniauigeuarinaniioslunisgu usnig
LANFIIR UNZAL RN TUHENANUA AR
NsgryRenaduiesaInnIsuanaaiulenauuaznIINITiuIRBIANATaUAIWIN

15anannish 2.12 [7]

dE 2me'Nz(3x10°%) 0.518° , | Mev

—= In — -8 — (2.12)

dx 05187 x(1.6x10 )| (- %) cm

= 2 a a -19
HNR e AR ‘]J?S“Tll‘ﬂ\i‘m@ﬂﬁlﬁ“ﬂu up1 1.602x10 C

)y

VAR ANLTIURNRLANATALS

)y

o

AB ATUIUBTABNIBNAAIFD 1 GNUIATLIURINAT (number density)
A LAULTIDLABNURIAANT

A [ a s 1
AR NAWNULANBLANATEL YUIE MeV

- m N =

A8 ANNIENIBNALANATAUADANNIEIAY  (V/C)

, Aa NoaTlenasElanATan (electron rest mass)

3

%

I he Andnisnssiuuaznisuansailuleesuiade  (mean ionization and excitation

potential)
TuenIA 1=8.6x10  MeV
Tugans /=1.36x10" MeV
Wansuen dE /dx azAN W AAINITDATNITU NFWANFIATLNNY (Specific

ionization, S.1.) l&anaxnn1h 2.13 [7]

dE /dx
Sl =——

w

ion pair/fcm .l (2.13)



2.2.2 N9AALLINETAINGY
nafiausidansngaiuduasisauun i avguaasdidnaseuiutonan e
. . dl a o dl dl % o 1 v ¥ a =
azMaN (Atomic nuclei) lHAEANATAUNANNUGUAREUN ARednsd W lndtiainAeaTeg
dl = 4 v [ ya @ o 1 1 <
azaanaan? darANdinaun i guilunali@idnnsen andnsde asetemniiuay
wWanuuuaraauninmll whewvisllantlasy wasulugluespauusimaniniln Gundn
a dl 1 [~3 v dl a 491 [~1 v al e‘d‘d o 1 dl =
nafinusndrnags Aauuwman i ifswduiineuivdiendnindsusaitiosuasd
WANUGIGAVINTUNANULBLANATOU  ANLTNTY F93 LUsudTRI149 Az usunduiy
o o o 9 Y g o = = | gy a >
NNAIABNYBINIABUNIATIENTY Aoglvmilayniaviinnilszqasnaliifiausndonsqaties
N918LaNAIaYU [8]
NNIgEURENANIULIBANATEHERINN A AL INdTRIIRe AmnInAansliA

ANNN9N 2.14 [9]

dE NEZ(Z+1)e" 2F 4

ax /., 137mic’ myc’ 3

A a o dl a @ ~ = ~ - o
\HaNaNTUNNANILRALTaIR AN AsauNg At i illasanniusudrnsqgaisanals
543 (Radiation vyield, Y) @1311701L4LU8NINAINT2959ABNTanuuasnilnaLannsauld

IPENANTUIRNNANNNTN 2.15 [7]

6x10 " ZE
yl——Mm . (2.15)
146x10 " ZE

nsgry@enauiesaInnszuaunsuanaauleseuuaiusndrnsge Iuativ

o o o

NANNUUDIBLANATDUE) LAZLALDEADNZ) UDIAANT TINANNEUNUST Fagunng 2.9

(dE/dx), EZ

~

(dE/dx), 700

2.2.3 NNINTLLANNAL
NMINILAINALIAAANBLANATAUNNAURITSEULILRIAVE UL AR ATaIBE AAN
(Atomic nuclei) tHaBLANMIAULAAAUTUALAANT N1 WLuINITAaeuLas NN waz

qrydendsanuliiazpentioannn iasanduaaiies ndianaseunssiaanauluiiAnig

'
a a % o o a

WNENAY Funnszuaungiian N1INTUIRINAL (Back scattering) tadaidnAtyaa9n1anIzias

NALAD LATBTABNUAZAMINUUNTIANAANT N19NTAINALN AT IH luaa T8 naNga
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LAZAZIANAUATN AN U AANTAUDNL 7204 1/3 2RIANTNAL1A9RLANATAU ATNLUNIT

a

NFLLANALAZTANAIN NWAMUUBNBLANATAUN AN LNINIZRINAUNIN I Ut BLANATa1d

o dl a = o QI d” a o Ql dgj =
NANIULIUNA LUAALANATAUNNANIULNNIUNITNILIAINALAZINN LT DUAULNES

LANTiag IHLHeNAINYNTBININILAIUAT NAN UTIANBLANATEUNINTZIARan [ ANiE

1R8AFNUTRAUDIAANT

224 mﬁrqmﬂﬁuﬁlﬁﬂm@u [7]
d‘ a o d‘ d‘ 1 al o Vv o an 14 1
LmﬂLzmm@mmmummummat,l,mqtymemmummummmLLuuVLuﬂmmquiﬂ
d‘ = [~3 [~1 e A 1 = o 4‘ 1 A a @ Y o
L3DE°] mmmmmmwmu@uﬂ NTANANIBNUL NN mmﬁ?@mﬂ@um@ﬂmaﬂq A9 LN
d‘ v a d‘ 1 o =
Nn24 Tmﬂmmmmm@Lzmm@ummu@mi%@mh@ﬂwmu@ﬂﬂwLuumﬂmmm@mmm

WuarANU sz ANEN199ANALITUAUIDIAATT AIANNIT 2.15

\ila 1, An AMINIBIANATRUNAUNUAANT
I AR AN TASBIANATAUNAINUAANS
X A8 ANNUUITBNAANT
A o a Qr A a v
u A dullsg@nsnisnanadLEy

(Linear absorption coefficient)

_
—_—r—> —t T
by — —_—
_— _—
_—

<>

X

NN 2.4 LHUAWLARIBIANATaUANN LN [, NIENUAAITUUN X

uaziAnNduvaaENuaans /

SURINILNVBIBLANATAUALA96197] NNAHTNFIULARIAININD 2.5 LAzLAn
a o 2 a o IS o‘dJ ! 1a ° Y ° v 1
nsnndunsTseresdiannrauiunmitennesd Fedaulvalandinnldimiiissees

dl o a 0O a & dl
AzadnNLinatadnasaulunIng 2.6
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DINA 2.5 N1FINATUATTFNIA9BLANATAURLAANT

1- a18LANAT8Y 2 - BIANAIaWNANRT gAeanaINtaasns
3 - BLANATEUNALNRTNNGARBNANHIAATT 4- BIANAIAUNALTIBUNALS - HalnRtATAaN

q

6- 2lARTUBNBLANATDU 7- AINTBUAINNITYNNITTHY

8- avanmsauneiuanidnldluileresdans [2]

Vacuum
Primary electron
Titanium foil beam
(Window)

Back scattered electrons

Material

Secondary electrons

- lonization
- Excitation

o

X-rays
N

Effective range

DINA 2.6 NFNARUATTIENIANALANATAURL INITa NN AR 6

Nl unsinpnaazaanIiinaaLdnnsawn[10]

AdNszAnBa09nN19nANaUY a1auandlumanaasdul sz AnEn 9nANALLEINIES
(Mass absorption coefficient, ) T9HAMNANRUSIUNAW UIBNBLANATa LA ANLsz AT

NNIRANAWITILEL AIENNIT 2.16 uaz 2.17



12

22
M, =0 cm/g (2.16)
Emax
o, = Lad cm2/g .................... (2.17)
P

el p Ao AMRILLWIBdAR Mg glem’

AVNUUNTBNAANTTIAANBRANN TN TRIBIAN AT UAIATININTBIANN LA

(3EIN97 ANATIAINIUN (Half value layer, HVL, X, ,) Atuandlfainnisunuen X, , Tuaunis

2.15 aZlBUARINANNIT 2.18

1 :e_'umxwz

2

0.693 2
Xa5 77 glcm”™ (2.18)

M

225 NALUDIBLANATDL

o =

\HaanBLanATauRANNITNLAANT Blannsauastafeuiingasnsnedunsisengoyids

o

WANIULAZNILATUTANIGF 1aNEAT HIBAINNI9TUALBLANATEUANNIAWIN A Wi

1 ]
[ A

dl dl a = 1 ¥ o dl aa
ﬂqﬁ‘Lﬂ@‘ﬂuVIﬁl‘ﬂ\‘i‘ﬂL@ﬂ[ﬂﬁ“ﬂu"\\‘iVLNLﬂuL@uﬁlﬁ\‘i A MININT 2.7 T2ZNBLANATRULARDLAY TUAANT

angqm A nanEuAuNBanATandingaansauneatia Fundn Adureddidnasen (Range, R)

q

o

INAEURIBLANATAUALAUAUNANULA T TAURIAANT TUadN T HALAL T UR AR

ERXb

AANMIAUALIANTLLLANANNUUDIDLANATAUANTU ANNAUNUSUDINANIUBLANATAURL

o

Adeluagnssine uanaldifaannisi 2.19 2. 21 [7]

e 0.01<E <2.5MeV R =4q0F POOTO0ANE (2.19)
= 1/2

139 INE =6.63—3.24(3.29—InR)"> ... (2.20)
WAZ e E>2.5 MeV : R=530E—106 o (2.21)

Tne R AR Adevesdianmoau uuie  mg/em’

E A8 WANUEIGATDIBLANATEY Wiee  MeV
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Legend:
= DE _ primary electrons

—» BSE - Back scattered electrons
SE - escaping secondary electrons
SE - stopped SE

INRY
At
@} PE Range

Interaction volume

PN 2.7 Adeasdiannsanlugans

2.3 Tﬂfiaa"i”mﬁugmmmm“émﬁ'\Lﬁmﬁﬁﬁtgnmau

dl o a ° a o ° dld LA 1o v [ o
LATANNLUARNIBLANATAUNRAIITURAY WNIﬂ?Q@?WQiMGﬁUGﬁ@JuLL@3‘1J§“]_IW@\'1\1’1H
a P dl (<1 dl 1 aa dl Y o v 1 =
@L@ﬂm@uimmmum @SLﬂuLﬂ?‘ﬂﬂL?ﬂ‘ﬂL}ﬂ’]ﬁLL‘]J‘].I'JQ[E]N Vflsmﬂmﬂv\lmhmmmmmq ENIAMY)
) d” % A a dl a 1 o a  a e A A a
NWULAAY AR ALANATAUNKNANAINAILNUABLANATAU UTDLUBLANATAU (Electron

o &

gun) azgnavfasussanaun ininAndgeduinaeudiannseuliiinaeundeannnuiigaly

1 ]
o

ANZAYYINAN IHRNAIUGTU LARBUNEaE UM 9eanan 3 TnaTasea3ia

U

19LATANNIARBLANATAUNAIULTZNALNANAILEUAINANT 2.8 THun

- @uniinalanmsal (Electron gun)
- @2uLINUNNA (Accelerating column)
- dauniiinaneunia (Beam generation)
- unasang lWinAnanga (High voltage power supply)
- wuagang IAnANA1 (Low voltage power supply)
- fcuugeyaunad (Vacuum system)
v .
- 3TUUIELNEANNNSau (Cooling system)

- @9uAILAN (System controller)
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Power line stem Hirh Vo o
220V —> By ller = gl vValtag
S0HzZ Conitro Power
. Supply
e Window
Electron J
1
I W
~ ]m‘ ]]]II]]] - i1 ]
Generation o SR g0 F~~o B B
7R
v A
v Vacoum
Low Voltage System
Power Supply A
Cooling
System

NN 2.8 UHUNNIATE3 AU U0 ATEIN L TAANELANA TR

LATRINILLARLANATAUNIAIAILATNAINUAT L UT9 30-400 keV arilagaasna ARs

Aunasanuiinfadiend wiluiiihaniafdiend szuuisaBidnnsauazeanuuuiiy single

]
= Y

stage waziladoam e liiBiannseunaIugangnisesasaunnili ipaeutuniinsnie

a
1 '
A o

119U IneAsasnadiilignouIn1ATe9LATeaR LHARBLANATAURAIA AT NAIN WA
Hannsneenuuy 16 2 anwouy e Hluszuueses AMlnaBLANATOULLILIGLIARIYINNA
(Vacuum type) NeIALLATES AJLIUAINATNT 2.8 aziilussuy uaaan1iina1aianmnsan

mmmL@“mmuqmmpmmﬁmﬂmwﬁﬂ (sealed tube type) AdtA9a3519luNNT 2.9

Seal Tube
High Vacuum

Cathode and Grid

Electron Beam
r Transmission Window

Electron Source

AN 2.9 WUNINUARANLRAAIALANATALIUALAN (Miniature EB [11])
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2.3.1 douningianmseu
AUNNUABLANATOU AE LMAINARDLNIABLANAIAULBILATIIN UEARIBLANATAU

@ A v N, aw , @ == = = = | o ¥
Hunnsuiuadn “Bidnmsen” iuweunanauiaianngs tawmilanegiulnsaivesnen
ﬁqamem”waq (Coulomb force) LL@zEL@“ﬂm@uﬁ@ﬂ;hwimﬁuu@ﬂﬁummm%ﬁﬁty
TunsEianizszndwesaeniiunadng nasnasinligidnnraungaainiuszaeslnsging
Nadnnl BlanmsaufiedlAFunaNIwNssneNazugaLugaszananinzius e
a o o dIQJ QI ¥ = ¥ = 491 [ o
BLANAIAU UATNANUNFBINsn TuNBIanRsauaz N e lnauag AUz sl

WANLNBLANATEUTILLNDY]

2.3.1.1 Mstanzaasesnansnlszinnlans

q
Tnasssnanfiiaaznenvess pndanuziiuseudsag saniuiuanuiuninazin

q

o | v =X v 1 o dl =
inneiuiulasea31aginan (Crystal structure) AoBUsasENINOEABN WANUNBZADNER
o aa \ o 4 = B o -
NNeiuREENgn “Binding energy” naxununistiainziuuesesaanlneiallazdl 3 guluuy
v 1
18un
= a A . @ = ] aa @ a
n) NsEimniziuL@aatn (lonic bond) Wunistianizasinguazaennin1aiug
o =X aa © a A 1 X 1= | v 1
aou waIN1sEanzar iNBIAnmsauRaszuauaent asliianimduauoulniii iy
Ipseasaraslapanpaalas (NaCl) waz s lalalas (Nal) iusin
2) nstianizuuulaaus  (Covalent bond) lunNsEiANIzIeINgNaZABNLLIL

W% (share) ALANAFAUITNINALABN TanINIATIa59AaTles anmranlunelpasduuan

1
o Aa o

AzwaiiudnFonen (@idnasauasy 8 #in) Taseainsreanguentssinniiavagluningi

E a A K o © % ! P4 [y aa | 4
VLWWWiN@M?@ﬂQWQuW 1®LLﬂ TANAINYBIANTLAUUAZTAADY LTIUFW

[

=K v a . =K 1
A) NTEALNNTLUULNAAAN  (Metallic bond) Lﬂumimme@\‘ngmzmamm

yvaa &

dszinnlane Annstininizuuulaniauws lkaus vinTHiNsannseudasenasnaaat eI

11N AHANINTEN AN TAun TAa31999na9ua R BagLa 1ufy

= o a A ~ o oA =
g‘ﬂLL‘LI‘LI?J‘Nm:TﬂmLmzLL‘LI‘LILNM@@ﬂLL@mﬂuﬂWWW 2.10. N. ANIFNIZAURABLUAILTIN

v a . = = % N
JGENGER NNk (Lattice) LmLmﬂ@zmawm@zm@ﬂm@ﬂm%immme AEADNALLLAA

Le

AUNNNAIUANE (Potential energy) U519 Aanenuziauuuganasau (Potential well)

o

uazdszAudunasirasdianasau g n o anatuNn iesraunassugue (Zero

of potential) AININWHA 2.10 .
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+ = + =P + = - Electron

+ Metal ion

n. sUUUUN9EANITULLLNEAAN

Zero of patential

Single atom

9, WHLNINAUNNANIUAN G030 RaNLRen [12]
i 2,10 grluuunisBiannzaesaspenanlsvinnlany

\Hanzpanssanagraniuunguet wilssiisunuius: Tasease auw
o v o dl o dl [ [ 1 dl @ [ dgj =KX a o
wauAndazmlantihaaiuuariuseties ussuundsnuainitielanzdaialany a9
dl =R v a dg/ o | A o
wanlunIng 2.11 lun19n19niansUULINAARNHUALNAIIW 2 49U AR L0UHINTTLE

(Conduction bond) kazuniLawd (Valence bond) aztaanit warialannauagszann

'
a a

[ % dl o 1 ) dgj o = 1 o v
Wuszaaslnsadreanaudoot luunuiinszuall ufidrasiinonusnsdnan ininniznn
tanasatlatsuediialane aldnnraudasedadlunInzaaInisuns g i Sipa A aaun
ez luunutinnszug anunsougaainiinlanglé
a o v a v :/I b % Yo o/ 1 o/
aianmsauluunutirazngaiuainiatany lfitiuasfieslAfunasnugandingasnu

=X = d‘ dJ [ [ dl a a o % o o o
gateNHalany (EB) Gﬁ\‘I?SWUW@QQWHVIU?LQMNQ?J@\‘]T&QLL’&@\‘]VLG]WQEILLNLLN\W’]Q’]N@NWHﬁ

1
a

PAITLAUNRININATE  (Fermi level, E.) wazwasnudpmtenninlanslunwn 2,12
a % = o dl [ %4 [ % dJ = 1 '8 6 o
AANMIAUALHAINNANUALDNTULIEAUNAIINY e¢ TaBanIN afaNeidl  (Work

. a =2 a
function) 289iqlanzasazugaanialans
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Zero of potential 1 1),

Patential barrier

Conduction l

7 |
band Sresy }-{.'-- Valence band

=1

Crystal lattice Surface

AN 2.11 Lqumwmmmuw@Vwmﬂ”ﬂﬂ'Lﬁ@@tmué’uﬁmﬂuimmz‘wgﬂmﬁﬂ [12]

} Electrans with sufficient

energy 1o escape metal  7o.0 of notantial

T
1
e
2B00°K
®
0K 300 £
\\ i Fermi Level
Er —
‘Surface” of metal
Ee
<— NIE) Bottom of conduction band

a

AN 2.12 ANANHUTIAITEAUNANBIN SRR NI UE ATl nNEn lans [12]

a a

AINNNA 212 aziiudnfigouunil 0 LAadu BlanAsauninasuaalagsedy

1 ¥
o a K

BEANAIURNTUAINNEUanangtiaeinau e

v
e o

waNmesazgaaintalany]

eP=E,—E; e (2.22)

a ISP

dl ! 1 o o v dl

felavzusiavatinaziien  eg wansaiuldpuanwuslnssadesaon laugh
Uaniassdianaseulfinsiasiiinnesaleidunn widllfnunaacudnlansndnefanaridu
Avnata lEiunasiniinanaianaseuld naamentinlavzatinlaunldazfiaaiansnn

ArsaNtFRnIznsiAnduaziaiitsznaudion lunaljriflaneuanvanaafiniaioeia
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Weidusndnlanzilemaniu daqiiuuaineasiinisuansadansine) duld pisen 2.1

wansAefAtaitueslansmne

F19799 2.1 Aeiaariduaaslanssing [13]

Element ed (eV) Element ead (eV)
Lithium 2.93 Titanium 4.33
Sodium 2.36 Chromium 4.5
Potassium 2.29 Iron 4.67 —4.81
Cesium 2.14 Nickel 5.04 -5.35
Beryllium 4.98 Copper 4.53-5.10
Magnesium 3.66 Zirconium 4.05
Calcium 2.87 Silver 452 -4.74
Strontium 2.59 Tungsten 4.32-5.22
Barium 2/8272 5 Platinum 5.12-5.93
Tantalum 40-4.8 Gold 5.1-5.47
Zinc 3.63-4.9 Aluminum 4.06 -4.26
Molybdenum 4.36 —4.95 Cadmium 4.08

TunrsiansuaanainaadlanenaziinuuiasniAa 128 NATaU WANAINAN

wafarariduLds faiansanamantifaniznii@nduaziai Usznaulunisaaanldfos

TnaagludanmuantFaasianslfduunasintnadianasan AosHanEy

= - so o
- HANIATANNATIAN

- HawanunsalunisilaeadianAsaugs

= (<1 1% dl o o
- Nﬂ’]?ﬁ‘ﬁm&lLﬂui‘ﬂiﬂﬂ’]ﬂﬂﬂqqllﬂﬂﬂum’]

- HapnaaNazaeNgLINREs
= o P P~
- Ansthanngeulsn
- limndisanduluanazesenia
- anwnsnaugl1gdne

= = 1 a s
- Awdasnwlunisdaendianmnsau

o

dQJ
U



19
anAnantRAInanasnudn langteniu i lunismnunasintadidnasausinay
¥ ! % - .
IAun lanesiagdiny (Tungsten) uazlanslulssd (Boride metal)

2.3.1.2 nszuaunislunistanaesaianmsauliivgaannialany

o

Ql o ¥ a dld dl 1 a o A 1
NITUIUNTNNNAINU AR LELAN m@ummmummhm 40 Tidanilant

v
o

ARNAIAUAINITDN IANALAT AT

N) NT2UIN1T Thermionic emission

1
A

N92UAUNNT Thermionic emission Lilunseunun1snnaliinnisdanilaeedlanmsa

1% ¥ % [ dl Y @ 1o a 0O a & Qd‘ QI 491 ¥
faangliansannulansn Miduuwaaniinandiannse ATUNNNNMANNTRINNAITHTDY

a

a

azmldaianmrauntnaaalans lF5un17078 laUNAN I UA URNAINUNINNANA LT UL LI
= = & a - o % \ o Y aal A %
tnwmtianuazugreaniiudiannsaudass nasliironsdauunlanginld 235 Aa n1eli
AnuFaulnenseunszua AN e lanz lnanse visanis iannugaun1edanlang i
1 o a v a 1 v Y o Aa a o/ ni/l dl A

LUAINILHAANNEauRds ane laun s ulinuRnlany Tunetlimtiunisnag i
a a a = [ % 1 [ % [ % o‘d‘a % v a 1
adnmzauLTR lanzANAI N UgINI AN AN ENEalany  (£,) azfiadliiguuugiiun
TanEz9ng 1000 014 2500 K [14]

90) NTLUUNT Field emission

N3xUaUNAg Field emission unszuaunisiliauin Winpanusinedndgamilentin
TiAanshsdianasauliivgreanainnistiamiian laanisgaaininlanzaesaiannsauas

|d” 1 o/ a 1 d” 1 o E% 1 [ v dl =

Tauegiugnmni wiazauat iuaaudinmanueedng i INBANNLED T 1NNT
antlaasaidnnrauazldaiuiausinsng Fand1 n9rnwnig Thermionic field emission

A) NT<U1N1TPhoto emission

N921191017 Photo emission LHunszLaun1slanlaasdianmnsaumaenis i inmnets

=) [~ dIQ

A NENge nezfuBannsauin WitAanIstne Taundsuliidudidanaseunialans We

1
a

aianmsaulfifunasny anWnew gauinwe farruzusainmitian uazngaaanuiiiy
BLANMTIUDATY A9T1N1IN 19U IPLATNATeIaen TN IRNARNANEBaS (PMT)

4) N9£UIUNIT Secondary emission

. . @ adl 1 a o (% [l

N32U91N13 Secondary emission tHu1asn1sUanlassBanATauAtaN1Ine T

NAWIUAINNIPTUIEBLANATa U FuARALEANRsauNiaveslans Bldnnseungnauay
Yo o dy = = dl [~ a a

IHFundsnugeanasansaauzusstiamien uazugaasnuniudidnaseudasy

[uLAeiunTmuaad e lunrasaan W indannataiaas
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asielafmN nezuunNslantaasdidnnsauanninlaneinn tddnsuaz o 19 i

VTQVL‘]J ﬁ‘ﬂ N92UIUNNT Thermionic emission AYMNAUNLULAAINIZUABIANATAUAININ

o 6

AnlianAudNiutaestlsyqdiannseuLarANMIILLNIBsRIANATauN AR a0

v
o

a =< ~
r‘ﬂ’]ﬂﬁ\lrﬂ:@‘ﬁg FINANNITANL

2
47m k 7257ebKT

h3

Wa  J AB ANMUNLULIeNBLANATRURRTE  (Alom’)
mﬁ@ NIAYDIRALANATDU (kg)
| i s -5 -1
k AaAAsnTuaiuay (8.617x10 ° eV-K )

o

h A8 ANPSINASA  (4.136x10° eV-s)

ANN13N 2.23 AR ANNNTITITARY — ALK (Richardson — Dushman thermionic

. . a =
emission) ANUNANNNazITE U lUgL8q

Jo= AT aemt (2.24)
47m K-
Imel Ays——— Fandn AAsTIT5AdY (Alcm” -K?)
h

ANIHULUTIDIN I UABLANATaUAINAARAT 1IN IEW AL (Filament) 478
A a o [ s =l a
walng Ae FnresdEidnnenluneanlgnaina luntanguainisayssiugiunn
A94ATBIBIANATAUAINANINIUIUUUTDINIZUABLAN ATAUNNAFANUNANA L TABLANATAU

18a1n

max

= &

Wa B Aa UTNInaesEannau
v Ae Anenlnlige (V)

g A9 lszquesdidnmsen (C)
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AINANNI9N 2.25 azindnfiunuaesiannreiewnnatsznauet iulasaing
ADIUNANA DA BLANATEY WONAINTUAL AN LURTIBINIZUAT LA T ALF WAL
mnpresdna i suazgimgiaasamadion  uun wosasiWingeunasiniia

o

ARNATAUNNIUIINATLAN A WAL LAAIAININT 2.13

Filament

Power Supply

o

High Voltage
Cathode g g

_+o Power Supply

DINA 2.13 BHBAINNAT e s N TARBLANATAU

2.3.2 TTUUREYEYINA

=

sruugeueynTeiuszuuinuianiuszuLsaaianasaulunaaNigaynie tne

o

= o

Lﬁﬁlm@‘ﬁ FLULLNBLANATAY ﬁmLﬂuquzgqgaymﬂﬁLﬁ@ﬂmﬁumiqmL@ﬂwmmmm
BidnpreusuiiesnannieuiuTuianatesena ?J@ﬁuiﬂﬁfﬂﬂ%ﬁﬂﬁﬁ?mﬁu
‘EuL@qmmmmﬂLL@tLﬁ@ﬁﬂﬁLﬁmmmLﬂuammwdwfffm%mnLL@M%”LV\W\IW@U ALY
qryrynna Tnesyauaaufugrynniatauduiusiuszaudnan lwilusnanag

(Breakdown voltage) ﬁmzmmmaLﬁnimmmm WAANAINING 2.14
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100 _ld=4.06mm|__dc -~ --ach
—=F=—={-—0" o
- 2 ? R
I, h\
80 ——— A A

=

-

60 a— ¥ 1.1’0 \.:

1
I
|
]
]
!
T
A)
ek

—T
-
=]
~1

o

4
=]
-

s\

Breakdown voltage, kV

40 0.5_1_1 — ___J_:,: , \\i
20 [ I = g AN |

o
—_
w
.
N\
-

: I -~ Y
LN

107 10% 10° 10 10° 102 1077
Pressure, torr

WA 2.14 AoudNRussndssAugru nALazAnan Wi wsn el
Nezezieaendnegidninanpnsine [15]

svuugaueynAnmiingulinanazesanianegnelulEnunaian eI
¥ kA dl d‘ a a o [ d” 1o
AaensldeisesgueaInIAsenaInITULNgnUaatin szauANug N Az Iueg iy

a dl dl A FA d‘ [ a 1
AYNAINNINTBNTHALATESQLUaINIATIAEN I HesainTuaiiuasslianisnguien
TuanazesenireanainszuuliisunadsnunaeluianazeseinAegudan Tnassay
pRilugeuayINIARIMUAAN “AMALgRaUINTA” Hvaedaidlu mmHg visa Torr B89
AYNAWATYTYINAGININ (High vacuum pressure) wandnEeiiluianagesaniatias uay
svuufiazdudeuninaugion dunaunisgueiniAazsiesiniludus aannisgueiniAating
weNUTUAUNsEAU4TYEYINIA 107-107 Torr aMntiuaziiiuszAuAMNALgTYIINIAgeuLTy
5 6 &y e o ) Y .

10°-10° Torr uazanlilfadupnuaugeyayInIAganan 107-107 Torr Tuusiazduaeanisgy
aryrynAazldiAsesguainiasnTiiniu weesguannynAutiseanduvanasdin §

ANHANNNIDLRNNE TUNTQUBN AR LT

2.3.2.1 Lﬂ?ﬁm@iummﬂﬁ\m@ (Mechanical vacuum pump) 1138 (Rotary pump) il
LAFRNgUaNATUARANTDd AN AgANNANLITINNNALS BRsnNsquaInAlszann

100 I/min ¥ANAUQTYEYINIAIEALAT 107-10" Torr

o

2.3.2.2 LATENQLANNIATEALAMNABEIEUINIAGY NSz LUqUNNERsNgUaINIAge

A

wsifidanAtATagUaINIAEINadua N IAgANAULsIEINA TN LATRSEUARIEUINIA

U qQ

o

wULANTNge (Ol diffusion pump) & MIIGUEINIALITNING 100 /s @N1IDNTTAL
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9= i = - oo
zgtyty’]ﬂ’]ﬂimm 10 " Torr LL@SmeQumﬂﬂuTm@qm? (Turbo-molecular pump) dama
4UAINIANINNTGN 100 I/s @NNN90VINTEALgeyaYINIALENY 107 Torr
2.3.2.3 LATENQLANATEALANMNAUGITYINIAGININ MU LATEIqUANALLIL
laeauinamas (lon getter pump) AZA3NAEYTYINIATZAL 10 *-10"° Torr FRaIngszUaunIg
. va X 4 4 4 a2
paduluanaenialuaniwlesenliluuiudanersesgu SuasesguatiaiazFunnanu

FIRANNLATENELAINIATEALIAYINAUATYTYINAG

AZUININNANINGEEYINA LU ALAMNAUGRIRIINALA AvfieddnszuLnig
nudaNTedATesgUaInIATunzan TnadirresguainiAdanalunanuazinanu
$INAULATENGLANNATZALANAUATYTUINIAGITUATNAIAL 11U S2UUATAAN

BLANATAUARINITANINAUARIYINIATEAL 107 Torr ANNN9nansz UL lAAIFRatiNalun WA

2.15

1) Process chamber

2} Turbomolecular pump

2} Rotary vane pump

4) Butterfly valves
(pressure-requlated)

NIWA 2.15 WHBNNIDNITULIARIEYINANSZAL 107 Torr

2.3.3 UHIFNNNINBBNAIBLANATEU
daudNAANdIUnilTeATaINLTEARBLANATAUIUNALAN AR TRINENANINIeeEN
29IR1BIANATEY (Electron beam window) T9AzHAILINWANBIANATAUNAIUAT NERRIY

16 wiluanizineniy fasnuanuAugyINIATE9 s ULLATIBAYINTaUAINNT4TYIAY
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a o

o ° o Aoy o ¥ A o | 6o A& @ A ~
NANTNUABIANDLANFTRIIAIE qa@mi‘ﬁmqﬁuqmqﬂLW@LﬂuV]qQN’]u@’]@L@ﬂm?@umG’W’]Q?N

q

o o

d&/
NP USAIU

a

= o aa A qw o [y
- Nﬂm@ﬂum LINANA (@qﬂq?ﬂﬁ‘ﬂiﬁﬂqq bR NTELLT ﬂu@ﬂiﬂ)

- AAnsANTeug

- AAMHUUNLUUAN

- HAANNEIUR NN

[ %

HERINNINANAUBIANGTAUA

[ dl (<1 ¥ 1 0 a & % 1 1 s a A =
FAAMIUNTUN AN INRBNANBLANATAU I/LﬁLLﬂ WHUNaARzaNLle 1WWWLNHN Tany

Q a
!

a = a a aa = am i~ = yya
naNevgiiteNTadeN Taneuwazing TnadaniantFnum1ng 2.2 G9lAEeanny
AruaNt TR lunailuniinsnmisesnaidianmasauns wileleuununnieianiuaziod

== @ o o % ~ 3 o a @
prunsslaneniauudangesesiu Hualiigaidaiiuiniandinaesandidnmsenuaynig
QI o a s [ = 1 3 ) o A
Wnsunuiadiandandunsisa i sndanngs atelainiunisiaisnndnaennig

IMARARAINANTUNAMHNINIZ AN LA UTIA AN s pNdTiasnaallsynasfas

1
al

F19790 2.2 Wheuieuanianipsesiann liniuiinsnmiseanagiinnsau

q

Aluminium
Material
Aluminium beryllium Diamond Titanium
properties
alloy
Specific heat capacity 900 J/kg'K | 1,675 J/kg K | 400 J/kgK 520 J/kg-K
Density 2700 kg/m” | 2,122 kg/m® | 3,580 kg/m’ | 4,506 kg/m’
Thermal conductivity 236 W/m-K 246 W/m-K 2.4 kW/m-K | 21.9W/m-K
Maximum service
933 K 1675 K 2,000 K 1941 K
temperature
Tensile strength 22 GPa 447 MPa 2,930 MPa 44 GPa

2.3.4 unasang inAnangs (High voltage power supply)

unasang i Anangaluasasiniinangiannsauniuiinn lunisadradnan lwin

179 (Accelerating voltage) szminauwalnaiuuelus aunwinssudnedqninvisaesly

o & o

poANTIgrYyINIAAzN R ALsIAINguaLan e liLARe Y

T LRHIERL RIS R
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wiirnamsean dudbunasanglindnangeilasaaseAuannInaINIng 2.16
sznaufieneas 3 dauldun asasunasana liinnszuansa (DC power supply) 24asALEA

Wi AnANge uazasasmauanAnan Wi A

unasane linszuansa o
[m————— oo —————— | |
l :' |
: |

| 220 Vrms .| Line Ac-DC [ | DC> AC %lgrw—iI% Stepup Vollage ] -§
: 50Hz | Filler [ ~| Comverter 'ﬂ'> (HF) Transformer [ | Multiplier | Filter |

|
______________ ___JL_______________.__o_g__T,_;__________J

douniila lwiAnangs
Regulator Protection

29a3a91ANANA WA 1Tash

i 2.16 ununnipgaaiereunasang lindnangs

2.3.4.1 waasunasang inszuanss (DC power supply)

2asuvasaneiinnssuansadunsasinuiiniulasWinnssugsaduann  seu
VLW%WWNWM?gﬂuLﬂuvLW%W’m?SLL@IFIN (Converter) ‘Emiﬂ%mzmeﬁ“mzquﬂmaimm
AaTLNuNNaaneangAnae i (Line filter) waziasasilasnunisnszlananndnanwilninn

v

wianvisiodileanunsuanu TuszuuananiuuudunuiulWinnszuasaduazgnulas

anadnan i fneufiauladliiiniiduanfanddesnansestlauliinnszuaaduidnoas
Beanszuauaznsasnszualifin el lianszuanss munradiaanisressasludo
Fina] z%mﬁ?ummiuiaﬁﬂ@fiﬁuﬂmﬁuﬂit@%’%mwmmLLM@'WWVLWWW%”L%mmﬁmmmi
aAmd (Switching technique) aeiAnaifige udiaulasiniinaaiganssuagedusuiiia
TWinszuanssaziaunanas ﬁaﬁﬁﬂmmﬁﬁmmumﬁmﬁqmuﬁmw'ﬁlzgqﬁqa

2.3.4.2 asasn i i Annngs

sasinila i dnangeinutinfuadninssuanssannunasanendulniia
nazuggsuALias Ieendanszuaunisiiinanuiigeainasaseasdaiamaids
dynnadlfileugunsaladndindsliidundioutladiniihanaiqauunifindnanlin - (step
up Transformer) muﬁmﬁﬂmﬂwmmmﬂﬁyu@q FUARINAIUANUIUT LIRS MH LA TN
afineAniiEadndniantsauau (Insulation break down) Tusondiaulasluilndnanga A

aflufiasldasasvnadnanindas lunisiiudnan Wi saanisammeang g w1 1967
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futszquavinhldpsedusuiuinanidnanniinduay 2 wndweaslunni 2.17 uaznis

N9 lUNINN 2.18

1st stage 2nd stage n-th stage
[ — ------- ——
] I ¥ ¥ ¥
1l I| I S Il o
T 2 Up 1 4 Up " on Up %

HV DC output = Vin x 2 nUp

DINA 2.17 2933719 AN AN TN

20

L
ﬂ\; B

!
MY

u 0.02 0.04 0.06 0.08 01 012

NN 2.18 Fumaun1maIdnan iwinsatiasluagammadnan i

Tumamatiagluuuaeasasulasiwinnszuaaduiilulniinnszuanss sinBeanasas
§9uT91 “9a7maLBSIAaS  (Converter)” 1uQﬂ@?ﬁﬂLﬁm1WWWﬂvﬂ®WQQLﬂuﬂ’]?LLﬂvaWgW’]
nszuaauaNnguilulniinnszuanssdnangs suuunisiundiaudagniinlunng

aannsetindindsaunsnuiiasasneunefined 6l 3 ngu 1un

n) WAL AARULIAIARS (Fly back converter) ldriinsasi ifiasn1snszuags
8 '8 Y o dl b %
%) WI-WaReuIeFAas (Push-pull converter) l#fiuasasifiaanisnszuagaliunans

A) LTAanainasiaas (Bridge converter) lfiungasifinanisnnaalnilngs
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1
a

2.3.4.3 29a3nauAnAn A I lind

1
=

nspauANANAT INTieeniasidlunimieusansendeeasacuas
Ananlinuazasasunasana ilanszuanss ‘Lumﬁmu@uﬁﬂm%ﬁ”/ﬁfggﬂﬁmﬁfu
ﬁTﬂm”LV\I%?\hmq@@ﬂqumimf@ammmzqﬂLL‘].i\‘iziTmmwTﬂmiWW%ﬂuﬁﬁ%ﬁ@ﬂ@uﬂﬁu
(Feedback) snufsauiauiuAnanwingnsdelunsasaauaudnan  (Voltage regulator)
nasneeensBanfeuazgnuiusams ludauiuvienalfiaausauegus aeily

asaruANANAazutiaily 2 9ia THun

N) WULLTaLER (Linear regulator) gﬂme:l,ﬂmwamu@uﬁﬂmm‘ﬁmuﬁuﬁu
(Series regulator) %qmimu@mmmm?ﬂ@uﬂﬁu Hunnsdfulsunadunssuazesgiinanl
durulungas Aga9aslunni 2.19 n

) WWUAIRTY (Switching  regulator) mimu@ummiﬂ@uﬂﬁum@Lﬂum?

a s o

iunlasuanunvizannuniwiadasiualnsninnaniinnadad (Switching Element) A9

1925 1UNINA 2.19 4

sl e usinaziaen 1 uuuaanTeitafadnisunasans Wi Adaang

o

Maslihgeuazinipenlfuuudaduwiasenisumasang lilnnsesnisdnan nii

=

NFEINAANINLAT A TLNaNTies

_’ F= = = = = e n —

i : _’ o—

unreg dc reg dc

out

(Vg = Viplmax))

VIN <yl
} C,<RL
| hsnable
= | 1
L o — — — 4
¢ IGND
N. Linear regulator 9. Switching regulator

NNA 2,19 19AALANANAAIT
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% 0o Aa
2.4 UFu1us9daInanalannsan
v a a [ % & Y oa [ dd‘d L) [ %4 [ %
NITUUNITNTANARNTWIILTUN 191 HTHA1RTNANHAIANLF T2 AUNANIBUAY
Buunmuzaiiana 1A ANAUaIaUATN I 459N IZUIUNITNNLANTIR VEGRIER
BUNIABLANATAL NANIUAIAY WATIUAT WNITALNUIRBAY N19snuL snediwes
A a o I = a a & o o &Y al [~ % o
AARNMNITNNITARALIED 780 N9 Luniniy Ruuaznistndafingde ifusu foulsly
a | 0 A & dl [ a 0 A & | dl o o
N3tsilu BuNuUfAaNa1BLaNATaUANNLATAINIHARBLAN AR WA 5EA NdATY
v 1
1aun
N, WANIUUANBLANATALW . 1 MeV = 1.602x 107" J
2. 1BNNEANAY 1J/kg =1 Gy

A. fRINALNURLaRARs : 1 MJ/h = 0.27 KW

2.4.1 n13UseiluBunnieg

1
IS4 o A

‘]J?MMN@@WW@LLTLLM AV FRIN1IR1UTIA (Irradiation absorbed dose) @1N190
ﬂﬁézl,ﬁuvl,mmﬂr;TqLLﬂ:“'V]mu@mmmeﬁ%ﬁmﬁﬁlﬁﬂm@uTmammzﬁ“wv’fuﬁmmﬁmﬂﬂu

nstsziuaneduiunuis@ganauiullauaunim 2.26
DaZFp-(P-T/M) .................... (2.26)

e D, he unuiadnanauiads (Average dose) kGy

N

o

P fa dnsnasinuilanilass (Emitted power) kW

T A2 narlunisenasag (Irradiation time) s

)y

M Af mmmmmmw”ﬁ (Mass of the material) kg
F, Aa winmasuiAn  (Dimensionless factor) Lﬁmmﬂm”mmum?@mﬂ%u
o4 &

nAsuludan BauiuruaLazgLln el

q

AINANNNIN2.26 AINIDATUIIMNEAIINTLENIIN9859ATAR Mass processing

rate) Viasnaizen L TINANRR18992 1L (Throughput rate) A9@NNg 2.27

M/T:Fp.,D/Da ..................... (2.27)

finFnres F, = 1; uasiAzesdiudnamdsuntandass 1 kw AAafuLFunuia

AANAU 1 kGy Az lfiNanaRnN1IaN859E 1 kg/s.
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o

242 199NN U593

'
a o o A o 1 o

o = v ' 1% o o a aa
ma"mm\mN@ﬁlﬂmmm‘@m@m\mm@mmmuu% Wiﬂ?muﬁmma\mwmwum?

o o ¥ v

AR NalsuAsaLLslun1721859A 18 RN usdsanaingnunsanmaganlfsog
nazuauNIAENITA Tunedfurniednlinnidaesandidnnseuas i audn
1BunusaduazatuAfnsasasallnins i intines Teazfasinislsuina umawas

1 al 6 o o ay 1 % dl dl 1 Al e 1 o
NIRTFIUNDU UaHANUAIN9RNe AR UNse LS umnzaN e U AN autinly

ANUAN AINTELIWNT 1NN 2.20

hen the dosimeters ha;e I:u'aen exposed,
they need curing for 14 minde s at 602 C
to reach the maximnum opacity.

The irctrornert used to rmeasure the dosimeters
iza Genesys 20, Spectrophatormet er

PINA 2.20 NFZUAUNITTALENIUSIFRINABLANATAL

AFun 1 lun199n1ENNufadanaadnasaulutanaaanu 50-100 keV aztiluil dx
Fa1sunuiaRatinlasiin(Radiochromic film) Gwinannansinalatiayiisaa (Polyvinyl butyral)
[16] TntinmIgunsdnarenadaniu ISO/ASTM 51818 sauanslunianiuan 2. n1sldias
o . | 0 A & o °| d’l % v 1 Al e v o o
PFNIUTRANABANATaUNAT WA Az Fiad [ uH LU ANwanTaIL9q Hevsrineed

wiuAdNgniendnadisauasnanudingiwazuasgani llawan
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TURBUANGT AU
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3.1 ﬁ@gawugﬂu"lumi@'anLn.n.lizi.n.l

LATRINILLAAIRLANAIDUNAINUAIT WeNLN T ND7095UN171E9 U THNUUARAR

(2
o A

nawmatipsNteuag vt ldiluieyaluniseanuuulnssadeuazdoutlszneylifan

I 1
[ o

3.1.1 wseaniinanaianmseunnaaniia igUuuunissailuwuulWinnssuanss
(DC type) @aunsaudsid asunasnuliseiiiasndng
3.1.2 WAKU B9BANAIAULIFUAT 79N 40-100 keV NInszua adLanmsonly
poANTIgIan 2 mA avlszinuiBunnBianaseunlantaestainlénasnaasdauinin
aianmnreusiavtlans lfetatian 1.3 x 10" electron/s
3.1.3 szuvangihaeaAsesnitinagidnnseusiosans i Anangediuanlana
AnAngean 100 kV ArnasWindszanns 200 W wiandnumsdnuansrndnaniniinuay
nazua a1
3.1.4 doudadianmrewiluuuniieanaian (Single stage) Wuaaduilgaioinie
o ¥ 3 % Y oA o :/I v o K =K v o 6
sUnsanszuaniinfaamanndn Batin dnszazdalnininaArtiennisaunntlesiunisensn
v 1 °O A @ o v 3 a A ol =
3.1.5 wilisnmweanagianaraueanifaanesfergiitenvize lnmtauun
6

o IHBLANAPOUNAIIU 40 keV HulFnngn uavannsanuusssugyyINIAn 10

Torr WATAYINFRUTIAAAINNTGEURENANIULIRBLANATOUAILNTN A
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3.1.6 TTULGNIINIARBNLLLIZULSINIENI WNIATAN4UAMNIALLLIEINALAY
dl a‘dl v [ dl [ -6
wirasguaInIAkLLImasiuuananinanisnaseaANAua INIANITAL 100 Torr
WFDNNATUAANTEALAEYEYINIA
3.1.7 a9 ldinas 9@ NFUIUNAaaalaIUIn 22 cm x26.5 cm x22 cm (N414
= dJ % % oI/ o o/ dd‘ a o an 0 A & o o
x AN x g9) 9N lwsiesyfunziniuianinaaIndunsnse1resaBianAsauiudannialy
% 1 o 1 dl [ % | o o/ du‘/ dl o v % 1 % % 1
fiaaldinatnaiennulannsen1eiad nasyausads lnannilasiasldsnasinafiastinsndn

20 puSv/h

AMNAMNABINIININATARINAIIENTeeN UL IATNA59189LATRINLTEARN

v
o =

BianAIaulFATUNUNINAING 3.1 Usznaufaadiusinge Al

a

- @auniina8Lanm el (Electron beam generation)

- PRANUARIEYINTA (Vacuum chamber)

- uugeyaunaA (Vacuum system)

- szuvang WinreaATanlaaNBLIANATaU (Electron beam power supply)
v | 0O a & .

- YU NeaNABLANETaY (Electron beam window)

- YinaldFaeting (Sample chamber) NuUAaeALiaN11T959E

)

LAFRNRL AR BIANATaLTIDaNLULARAN 1MW DasIU BRaInszuugaIayINIA
A5 9ANTAINA TUARANTILINBLANATEUANELATENALBNNAENATNIZAL  10° Torr
antuiuAsasguatnauuumeiiuanafaulfszdugyoyainia 10 Torr winasld

o

1 % 1 o 1 dgj dldl 1 1 [ % v 1 dl = :/j
natinanaaadlutiaqldfat1an N LA T NUNN NIz aN nauafaAnan WA LIT9TaN g0
dl v 73 :// v £ 1 0 Aa o Ql %
AUNAUIENAAALAZTILINAUNTNFNNI9BANANBLANATAY TSN ARNANANN
NAMNUIA9BLANATaLLAzUULMaIaNg N dvaaniianfin B naanmnsau il
NIZUARDLANATAUAINADINIT ALNITEUANANNIATT ATz LLA e TWAN duatans)

o a o 1 | 0 A & dl %
NAARLNNANTNLTNIUNERNABLANAIAUNADINT
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dl v d‘ o a 0 A & dl d”
AN 3.1 TANATNTEILATEIN UDARBLANATDUNADN UL

1 [ a 0o A &
3.2 m'i'a'anmemm%'wmumLuﬂmmanmau

douniinanalanarandsznausion douaadldnanniaznalnidaaaianmniay 8

v
[ %

TURBUNIIRANULLILAZATN ﬂ\iﬁ

3.2.1 &uaan (Filament)

anuuan i lunsvmugUnsaiandannaunsonlfidelulssmeauaziisnan

)
funuan nsesnuuudiulévaenasaeniaeniaamuailaia darmaenuuy GY6.35 11
Uszgndiflulévann lnsvaanisamuaniaauintinunldsiesnisdnanlniin 24 v Anaalniln
50 W anmauzaesl&isamiiivaninaasluiuiuey daunfnini 3.2
1 a e a dl 14 Y dgj o 14
ANMLLLIRNEIANATaLEaTy  MidAnnlduasatianisnAwilAaInannig

(2
o A

Richardson equation Tuaxn1sh 2.24 TnaunuAnislinessinge) Aall
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A = Richardson constant = 120 A/cmZK2

= unN189 Tungsten filament = 2700 K

ep
K

Work function 24849 Tungsten filament = 4.5 eV

Boltzmann’s constant = 8.6x10" eV/K

ANN1TANUIUAL IFANNUNLULRIAN AT UBATEANN lEaanTiaaLAu TIiNdu 3.35
Alem’ Aalfluanuiudianasausaaisanunazlé 2.09x10 electrons/s-cm”

Tunslfaunaaaisamuanlaauniiunlssgnaiazfiassinnaanuiiafituilans

=X a :// v o dl a [-3 o Y dl dg/ o a
apnaudvLBudIneslduaan Asn1nd 3.3 uaduiiuinun Blunmuauanuauiineu

1F9u inetlastuniaiinaanlasnnn ldiaain

Values in millimeter
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Ejeesses
Efe===so=

w
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il 3.2 vaspraanuantalauntunszgnd ilulévaan
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o

dl o dl 1l b4
NINT 3.3 uaeATNALAUE Al UNAndIuraaaLi8an

322 31utinlévaen
= ¥ % v o o c 1 1
niseenuLLgUuE R lEnaensiiasaanndesiunednigyINIATesdILE
avdnmsan (luivden 3.3) gudnlénasaiianniagiasinauinduiiuaugnas 10 cm
dl % a d”d | v o 'S v o 1 o’// o o
fetinengainiianuiiluausuilesiuniseninueslniindnangessuinedouaTnafueds

o Ly

pasutigoyoyniA nsaada i iufiudaarnlflasansfiudaefeaasninaaintaiuuilu

q

1 v 1 v
NAUARY AANINALIN ARARULEIUnasARatazn utinATludqsaliidu duaan W LAz

1
A o o

vialWiaan8L1anmnsaw (Beam focusing tube) taiuAnan isauaznszuaqnléuaanann

1 v
a a 1 o

seunang Wi Avsnusessiarasda Wi fudaamaninduans inudindaan1adnand
lasriugoyryinai Asuanslunini 3.4
dal&vaenaztinuuguasiniulueedusigaanialaeadalnilmesuaes
Y 1 Ly dl 09: ¥
N9NTTUBNIUIAEURIUALENAN 5 mm 819 30 mm 1anzgnzqnasn Mlanaviaaasdiiu
MU A4 o = a a P < = o R
pag@nda i maunassiinaeiuia 3 Sadwns danafunildaniigasninaganiu
% a 1 = ¥ dl = ng// v % o = o dl dl % v
fnaasiin dauandunilsiiadavaan Winfaaaaninaan AN i 3.5 aniendudnean
dn i nesnasstiianzgduitesanyinandonass lniln uazdeananslwinsoaangsn
WWELIUIA 2 mm AINInA 3.6 wananibandalwiineamaesdinmilsasiizangawn - 2

o o K ' v 0 a & v 1 o 1 dI?/
mm 'ZQ’]M?UEI@VIQTWWZQ'ZQ’]QL@ﬂﬁlﬁ“ﬂutﬂ’ﬂﬂﬂumqLLMu\‘iVIﬁl‘ﬂ\‘iﬂ’]‘é‘
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v 0 A &

3.2.3 vialWiaanaianmsan (Beam focusing tube)
vialWiaaraiannseuilugiinsniadranszuaunisiiauuuninadniuan
aiannsaulalliinszanteansausi vetiamwinadewduesinialuvaaninfaid
wnd Aanmousidluriansanszuannand Tmﬂﬂﬁﬁyugﬂmﬂwmmﬁm PUALEUENUAUIN A
ﬁﬂuiuﬂ?zmmwhﬁ“uLéﬁumu@uﬁﬂmwmfﬂm@mVLV\I%?\I'w (Uszanos 16.8 mm) &19 50 mm
W11 0.6 mm NdauianarewiaiaduldesdainnsauasdesinlfiuuuasfinBeuaul

fuasuANfeALatinatereauny i Uanedndnumilazgaudindudaans Wi
wasinuianda I dinemiia e R And Wi ldvaanmuiuuaing uiadesl
e A ndumikiiasannasiAnnisdansasedivaen fuisluniseanuiy

1 7
=KX KR 9 o A

% A o dl dl o [ %
ANUMINAIARNT AL LA AWadaanAININT 3.7 andshnilivialiiafumg

=

e
=
)

D
=
=0

v

wngaduandalinfosangawin 2 mm Ianzdeaduuueena 10 mm sinldiasnsm

=20

slasmaauiliusyauauasladua i auin ilud s dssnedas lun1sU5uaun aueean

o

Ty Fan1IN? 3.8

¥
1
§|

" 3.7 vialWdaanadnasauLaznistiafudn ldraan
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ugrynyinimszaugald nnsnmusawadusinuaudnansluliannisdssiivszaznig

1
a o

a1innAnAITge 100 kv Tunnd 2.14 uazauadusiugudioaasiniduguinlé

o

=2 ng ! d‘ @ a [ A a = o
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1319 Dow corning Tilun1adalauLuy RTV 1Wwas 3112 (AMANTRLAAIAINIANUIN 2.)

dautlziiulasedouisansasuinsdudiunanilsznavldaiinlonea (Vital)
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3.3.1 Tudiugutindauniinidnnsen
Tudiugutindaunindidnnseuiudiuuurespedigayayiniaiuy 3 Tu uily

o

ENdauUN Wausage LAz uE ﬂﬂﬁuLsﬁﬁ"]ﬁﬂ 318AZIRUANTRANULLILAZA519AT

3.3.1.1 wluhdouuunasaugdannunannd Batiunsesnszuendusun - 30 mm
AEUNINARENAR 152 mm nastaduudlumu 10 mm Guliernunnseanansld
Hunsenszuenauinduliugudnats 38 mm gearntoudlue@uun 20 mm iaanzded
Fasans AN AgeanaduNuAndnas 30 mm azuaeANILILIENIY 4 mm
AmFunnagauannsanszuanivanseldanana i Anangeliliiaaewsia neeuullu

o [ o = o o = ° o dl =< o v
1RNZFAUFLAANNALNTUIA 6 mm wULETIadNINALISIWIU 6 Fa InesaLLiNeE Afuwiin
v % ¥ 9/ ] 1 v ] o dl
wiuginuuuaesfiesqoyoinia aunwazdagansee reauiluindauuuianafsninwn 3.10
Qa/ v dl % dy o dl
AT U U LN AT TULAASAIN NN 3.11
3.3.1.2 wirusashuulddmivinnszeziassndnadasia lilndnangeiuuilua
v o dl 1a o v o da/q/ dl ¥ =K dy
vuliieiunnnenazliiianisaninainninAnangs Inaunausesduuiidannlnasan
gUlAa Polyacetel (POM) @119 HauwimduriugusdnainiueuLLaeiedqay1n1ARS

DN 3.12

Ry

&
=

AN 3.10 Uuuaue wazdndauudluedauuunesniuy
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NN 312 TUIAUATAR AU BN L

v o

1 =X a =& dg/ [3 v v oa o
3.3.1.3 wingngusinnauglainmannin Batiunsanszuandulianene

\ussnuaaduruAugnatafuuen 104 mm e uAuIna19AWlL 84 mm anniiu
iallawmdnnénBatineanludnwaizaniinsesiuguisamminauaduniugudnans

=X =X 1 o a v a = an o '8 [~3 v
101.5 mm @n 10 mm n1stiawiuiuguEsAnldnnanenduavindalauauiuiiensniauiin
Iudquﬁqﬁmu@ﬂmmLwiuﬁmgmmmﬁﬂ%mnmLﬂuémiﬂ?‘«%ﬁmummém an 1.8 mm N4
2mm mmmme‘”mqummLwiuﬁmgmmﬁﬁﬂLmqﬁ\imwﬁﬂs LL@::%umuLwiuﬁmgmmﬂﬁﬂ

v 1
P =2 o a

NA519TULARIAIN NG 3.14
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2 =1 _Iil
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SCALE1:1

dl ! I 1R a
NINN 3.13 muwmm:ﬁmmumm mﬂ\umuﬂmgmmmm

dl QQJ 1 KR a d‘ v dg,
NN 3.14 ﬂjumw,muﬂmgmmmmmmwu

3.3.2 Tuduliedgeyny1nIA
le 1 ¥ =X d” < % ¥ o Aa o ¥ 1
FudautiogoyryiniAnasiuglanniannén Batiunseansruensuaunnduniu
AudNans 152 mm g4 130 mm N3ULensaNaNeaniutemn gRannRANEINNNITLan
¥ 1 Le a a v v 1 v v d” |
PIAEUHIUANEINA 94 HadunT Auuuaemanszuannduteslindsuwiu 104
= A " Ny > P ° o o a = o =
mm &n 80 mm MwaeAntnlige 50 mm uilulusruuuatzgdmiuninaaatinganinasn

o o &I =2 o ¥ ! o a a 14 k4
IUIA 6 mm AU 6 A9 IpagaLiveEAn U WHN URTANERNIHABIANATEU ANUTNNTRY

TeagauayInIANzTeId Mg LN AeanIuIALEUNUANEINANY 26 mm fiNuA19T89
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ﬁngtytyﬁmﬂLsmzi'mzﬁmﬁ?“mmﬁﬂ?\iLﬁ@ﬂmﬁuqmﬂymﬂ?wmm%wim@uﬁnmaﬁm
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NIWA 3.17 FUAIUHBIATYIUINAT AT

3.3.3 FudruiludasntinfIan9aananatannIau
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o
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3.3.3.1 ufludhanenasaugdannuiamannén Batiunsanszuanidunnuaudnan
UM 152 mm g3 20 mm ATIUTENNLQTUIAEUENUANENAIY 67 mm aInTeLLEuHIY
- P g @ = o 4y i~ oy -
Audnaalupiuiiewmameniansnizimileudog Inentnveuiiduliiugudnane 89 mm
k7 ¥ % 1 o o a Y 1 Ly ¥
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v o = o dl = o v % 1 v
\ANZITREAANINALIIWIA 6 mm 6 fd TneseuLietiafuuiluA uaNTetiesg sy A
a v v 14 ! ! d”az ' ° [ a %Y 1 Ly 14
vsnanthuilusuansesanifisusiziasdiniuanalesuindunnuguanatesiiuly
= dI dl [ =3 =< o =< 1 L 74 1
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NUARARILARNNALIITUNA 6 mm AU 4 Fa lasigan mmmmmmmmumm naanwuu
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=

WAAAINING 3.18 UALTUILNA319TULTINg lun WA 3.19



44

Top Bottorn SECTION A-A
.. 20

‘152 6

L

@106
7114

[
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WHNANAATBINUNINTNABIINNNRELN 45 239A7 Tariuuaziu nnstunaldangauin 3 mm
o o ¥ = Y 1 Ly ¥ Y 1 Ly ¥
MU 4 519 MurIUAULNH IR ALdUENUARETN AR UWeN 65 mm duENuALETNA19AY
114 41 mm 9117 4 mm g9URUNINNANTNRIUIAE R UARENA9FUWaN 120 mm due
ARENANALIE 40 mm wua 10 mm doudidatuasmauF uLURANNARLANTUEN 5
- . < e & oo
MM NAYAIAAILATNINN 45 B4A" TIUIWALAZAAAIUANE] NBBNULLAULAAIAINING 3.20
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AN997 N.1 UszAnsnInaasisasusagans A1 Anaandvsugiuniinaaanmsani

ANANDIIINATTndty iy uiadAnsnge)

f(kHz) Vp(V) Ip(A) Pin Vs(V) Is(A) Pout eff
10 20 0.66 13.2 10 1.03 10.3 78.0303
18 20 0.6 12 9.2 0.89 8.188 | 68.23333
19 20 0.6 12 9 0.88 7.92 66
20 20 0.6 12 8.9 0.86 7.654 | 63.78333
21 20 0.6 12 8.8 0.85 7.48 62.33333
22 20 0.58 11.6 8.75 0.82 7175 | 61.85345
23 20 0.58 1.6 8.65 0.8 6.92 59.65517
24 20 0.58 11.6 8.6 0.79 6.794 | 58.56897
25 20 0.57 1.4 8.5 0.79 6.715 | 58.90351
30 20 0.55 11 8 0.62 4.96 45.09091
35 20 0.52 10.4 7.6 0.55 4.18 40.19231
40 20 0.52 10.4 7.2 0.46 3.312 | 31.84615
45 20 0.5 10 6.9 0.37 2.553 25.53
50 20 0.48 9.6 6.6 0.3 1.98 20.625
56 20 0.46 9.2 6.4 0.24 1.536 | 16.69565
60 20 0.43 8.6 6.1 0.19 1.159 | 13.47674
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19NN N2 ANUIEANBNINTBINAT ANAIBUNAUAZIBGTNG NILWATWHIT NITUALTAUATT

AnanniinaAuais Wenlaauadnan i lnadsldnasiie uazldaaud

189NN WUARTY YN AALVINAL 20 kHz

Vp(V) Ip(A) Pin Vs(V) Is(A) Pout %eff
10 0.32 3.2 3.3 0.49 1.617 50.53
11 0.38 418 3.8 0.55 2.09 50.00
12 0.39 4.68 4.4 0.61 2.684 57.35
13 0.4 52 5 0.66 3.3 63.46
14 0.42 5.88 5.5 0.73 4.015 68.28
15 0.43 6.45 6 0.78 4.68 72.56
16 0.48 7.68 6.3 0.81 5.103 66.45
17 0.5 8.5 6.8 0.86 5.848 68.80
18 0.52 9.36 7.5 0.92 6.9 73.72
19 0.54 10.26 7.9 0.99 7.821 76.23
20 0.56 1.2 8.4 1.04 8.736 78.00
21 0.58 12.18 8.8 1.08 9.504 78.03
22 0.61 13.42 94 1.13 10.622 79.15
23 0.64 14.72 9.9 1.19 11.781 80.03
24 0.66 15.84 10.5 1.24 13.02 82.20
25 0.68 17 11 1.28 14.08 82.82
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ADAANTH azgiitiaw Tnmities
alil
fryanunl, lnaazmaN Al 13 Ti, 22
ny, AL, LAeN 13,3, p 4,4,d

NIRAZADN 26.9815386 nin/lua 47.867 niu/lua

AMANTANINIENIN

ANNUL STNIRN STNGIN

AL (Ind rt) 2.70 N./83.2 4.506 /832

AN UL B ATIm . 2.375 N./4.2 411 n./6.3

AANABNLUAY 933.47 K 1941 K
(660.32 °C) (1668 °C)

ANEAUANNE

(25 °C) 24.200
J/(mol-K)

(25 °C) 25.060
J/(mol-K)

B 9
n131ANGEY
Tupdavesean
TupdareusReU
Tupdaveussiiudn

% =X
AITNLALLLIIAN

(300 K) 237 W/(m-K)
70 GPa
26 GPa
76 GPa
90MPa

(300 K) 21.9 W/(m-K)
116 GPa
44 GPa
110 GPa
434 MPa
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304/304L

UNS S30400/UNS S30403

AK Steel

AK Steel Type 304 is a variation of the
basic 18-8 grade, Type 302, with a higher
chromium and lower carbon content.
Lower carbon minimizes chromium car-
bide precipitation due to welding and its
susceptibility to intergranular corrosion.
In many instances, it can be used in the
“as-welded” condition, while Type 302
must be annealed in order to retain
adequate corrosion resistance.

Type 304L is an extra low-carbon varia-
tion of Type 304 with a 0.03% maximum
carbon content that eliminates carbide
precipitation due to welding. As a result,
this alloy can be used in the “as-welded”
condition, even in severe corrosive con-
ditions. It often eliminates the necessity
of annealing weldments except for
applications specifying stress relief. It
has slightly lower mechanical properties
than Type 304.

Typical uses include architectural moul-
dings and trim, kitchen equipment,
welded components of chemical, textile,
paper, pharmaceutical and chemical
industry processing equipment.

AVAILABLE FORMS

AK Steel produces Type 304 Stainless
Steel in thicknesses from 0.01" to 0.25"
(0.025 to 6.35 mm) max. and widths up
to 48" (1219 mm). For other thicknesses
and widths, inquire.
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COMPOSITION

Type 304 Type 304L

% %

Carbon 0.08 max. 0.03 max.
Manganese 2.00 max. 2.00 max.
Phosphorus 0.045 max. 0.045 max.
Sulfur 0.030 max. 0.030 max.
Silicon 0.75 max. 0.75 max.
Chromium 18.00-20.00 18.0-20.0
Nickel 8.00-12.00 8.0-12.0
Nitrogen 0.10 max. 0.10 max.
Iron Balance Balance
SPECIFICATIONS

AK Steel Types 304 and 304L Stainless
Steels are covered by the following

specifications:

Type 304 Type 304L
AMS 5513 AMS 5511
ASTM A 240 ASTM A 240
ASTM A 666 ASTM A 666
MECHANICAL PROPERTIES
Typical Room Temperature Mechanical Properties
Elongation
uTs 0.2%YS % in 2" Hardness
ksi (MPa) ksi (MPa) (50.8 mm) Rockwell
Type 304L 85 (586) 35 (241) 55 B8O
Type 304 90 (621} 42 (290 55 B82

304/304L-5-8-01-07
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PHYSICAL PROPERTIES
Density, 0.29 Ibs/in?
8.03 g/cnt’

Electrical Resistivity, microhm-in
{microhm-cm)

68°F (20°C)- 284 (72)
1200°F (659°C) — 45.8(116)

Specific Heat, BTUAb/°F (kJ/kg+K)
32-212°F(0-100°C) - 0.12 (0.50)

Thermal Conductivity, BTU/hr/ft/ft/°F
(W/m+K)

at 212°F (100°C) - 9.4 (16.2)

at 932°F (500°C) — 12.4{21.4)

Mean Coefficient of Thermal Expansion,
in/in/F (um/meK)

32- 212°F(0- 100°C) - 9.4 x 10%(16.9)
32- 600°F (0- 315°C) - 9.6x10%(17.3)
32-1000°F (0- 538C) -10.2x10%(184)
32-1200°F (0 - 649°C) 104 x 10%(18.7)

Magnetic Permeability, H = 200
Oersteds, Annealed - 1.02 max.

Modulus of Elasticity, ksi (MPa)

28.0 x 10° {193 x 107) in tension

11.2x 10° { 78 x 10°) in torsion
Melting Range, °F (°C) — 2550 - 2650
{1399 - 1454)

CORROSION RESISTANGE

These steels exhibit excellent resistance
to a wide range of atmospheric, chemi-
cal, textile, petroleum and food industry
EXPOSUres.

Al

AK Steel

Customer Service 800-331-5050

ONIDATION RESISTANCE

The maximum temperature to which
Types 304 and 304L can be exposed
continuously without appreciahble
scaling is about 1650°F (899°C). For
intermittent exposure, the maximum
exposure temperature is about 1500°F
(816°C).

HEAT TREATMENTS

Type 304 is non-hardenable by heat treat-
ment. Annealing: Heat to 1900 - 2050°F
{1038 - 1121°C), then coal rapidly. Thin
strip sections may be air cooled, but
heavy sections should be water
quenched to minimize exposure in the
carbide precipitation region.

Stress Relief Annealing: Cold worked
parts should be stress relieved at 750°F
(399°C) for 1/2 to 2 hours.

FORMABILITY

Types 304 and 304L have very good
drawability. Their combination of low
yield strength and high elongation
permits successful forming of complex
shapes. However, these grades work
harden rapidly. To relieve stresses pro-
duced in severe forming or spinning,
parts should be full annealed or stress-
relief annealed as soon as possible
after forming.

WELDABILITY

The austenitic class of stainless steels
is generally considered to be weldahle
by the common fusion and resistance

AK Steel Corporation
9227 Centre Pointe Drive
West Chester, OH 45069

www aksteel com

1 2007 AK Steel Corporation

techniques. Special consideration is re-
quired to avoid weld "hot cracking” by
assuring formation of ferrite in the weld
deposit. Types 304 and 304L are generally
considered to be the most commaon al-
loys of this stainless class. When a weld
filler is needed, AWS E/ER 308, 308L or
347 are most often specified. Types 304
and 304L Stainless Steels are well
known in reference literature and more
information can be obtained in this way.

METRIC CONVERSION

Data in this publication are presented in
U.S. customary units. Approximate
metric equivalents may be obtained by
perfarming the following calculations:

Length (inches to millimeters) —
Multiply by 25.4

Strength (ksi to megapascals or
meganewtons per square meter) —
Multiply by 6.8948

Temperature (Fahrenheit to Celsius) —
{*Fahrenheit - 32) Multiply by 0.5556

Density (pounds per cubic inch to
kilograms per cubic meter) —
Multiply by 27,670

The mformation and data in this product data shest ara
accurate to the best of our knowledge and balisf, but are
intended for general information only. Applications
sugpested for the matenals are describad anfy to help
readers maka thair qwn evalustions and dacisions, and
ara naither guarantees nor to be construed as axpress or
imglied warranties of suitability for thess or ather
applications.

Dlata referring to mechanical properties and chemical
analyses ara tha result of tests performed on specimens
abtaned from spacific locations with prescribed sampling
procedures; any warranty theraof is limitad to the values
obtainad at such locations and by such procadures. Thara
is no warranty with raspect to values of the materials at
other locations.

AK Steel and the AK Steal logo are registared trademarks
of AK Stesl Corparation.

i
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Information About
Dow Corning® 3110,
3112, and 3120 RTV
Rubbers

Type
Two-part RTV silicone rubber

Color
Dow Corning 3110 and 3112
RTV Rubbers — White

Dow Corning 3120 RTV Rubber
— Red

Physical Form

— As Supplied
Pourable liquid

— As Cured
Firm, flexible silicone rubber;
at room temperature, choice
of four catalysts offers cure
times ranging from 12 min-
utes to 12 or more hours

Primary Uses

Potting and encapsulating of
electircal/electronic products;
moldmaking RTV Rubbers

DOW CORNING

DESCRIPTION

Encapsulants

Dow Corning® 3110, 3112 and 3120
RTV Rubbers are pourable rubber bases
that become firm, flexible silicone
rubber when cured. They can be cured
with any of four catalysts. The cured
rubbers exhibit good dielectric prop-
erties, and various combinations of
base and catalyst allow a wide range

of working times and curing rates that
can satisfy most potting, coating and
moldmaking needs.

These RTV rubbers:
¢ Are easily mixed and poured

e Cure at room temperature in any
thickness

¢ Give accurate reproduction of
masters for moldmaking

e With primer, can obtain strong
adhesion to many surfaces

® Provide wide service temperature
ranges

e Absorb mechanical shock and
vibration

Catalysts

Usually, a recommended mixing ratio
of 10:1 base to catalyst assures more
accurate measuring and mixing of
catalyst, particularly when automatic
equipment is used to mix and/or
dispense the RTV silicone rubber.! Do
not use Dow Corning® RTV Catalyst S
or F when molding polyesters because
the polyester can be inhibited.

HOW TO USE

Preparation of Units

To ensure maximum reliability and
complete environmental protection,
the following procedure should be
followed:

1. Clean assembly of all contaminants
such as oil, grease, solder flux,
moisture and dirt.
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2. For strong adhesion, dip, spray or
brush surfaces with Dow Corning®
1201 RTV Primer and allow to cure
at least 30 minutes. Silicone rubber
surfaces should not be primed, but
should be abraded and cleaned.

Catalyst Selection

A common catalyst concentration is 10
percent by weight of the RTV base.
Varying the catalyst concentration will
change the curing rate as indicated in
Table II. Decreasing the catalyst level
will slow the cure and give longer
working and demold times.

Dow Corning® RTV Catalyst 4 is used
where very fast curing is necessary for
polyester molds. The recommended
mixing ratio is 200:1.

Dow Corning RTV Catalyst F is used for
high speed production. It is ideally
suited for use with automated mixing-
dispensing equipment, where the
mixing is done in a mixing head
immediately before dispensing.

Dow Corning RTV Catalyst F will lose
its activity rapidly when exposed to air.
Keep all catalyst containers tightly
closed when not in use.

Mixing

Dow Corning 3110 RTV Rubber base
should be stirred before using, since
filler separation may occur upon
prolonged standing.

Catalysts can be added to the base
material in its shipping container or
any clean, dry container. If vacuum
deairing is planned, the container
should be no more than one-half

full to allow for the expansion during
the vacuum cycle.

Either hand mixing or mechanical
mixing is satisfactory. With either
method, care should be taken not to
whip large amounts of air into the
mixture. Avoid vigorous mechanical
mixing since sufficient frictional heat
may be generated to accelerate the
cure rate.

'A 10:1 mixing ratio is not recommended for
Dow Corning RTV Catalyst 4.



TYPICAL PROPERTIES
These values are not intended for use in preparing specifications.
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Dow Corning

Dow Corning

Dow Corning

3110 RTV 3112 RTV 3120 RTV
Rubber! Rubber! Rubber!
Processing Considerations
COLOT ittt White White Red
ASTM D 1084B Viscosity at 25°C (77°F), POISE ..c..cervvvirirueirieieienieiceeieienenene 130 280 280
ASTM D 792A  Specific Gravity at 25°C (77°F) ... 1.14 1.30 1.45
MIL-S-23586  COrrosion ReSIStANICE ......coeveurrveuiriieirieinieiinieiinieitnieieeeeeeneienen Good/Pass*® Good/Pass*® Good/Pass*®
Physical and Chemical Properties
Radiation Resistance, Cobalt 60 Source,
25°C (77°F), me@arads .........ccveerrerinueinicinieieieeiceeeeeveeene 100 100 100
Useful Temperature Range, °C (°F) ....cccoceveviviiniiniiiiienne. -55 to 200 -55 to 250 -55 to 300
(-67 to 392) (-67 to 482) (-67 to 572)
ASTM D 2214  Thermal Conductivity, Cenco-Fitch,
25-100°C (77-212°F), gm cal/cm? sec-(°C/cm) ...ooveeevennnee. 5.7x10°* — 7.5x10°*
Volume Expansion, 25-150°C (77-302°F),
CC/CC/PC auunenreereerssessssssssssssssssssssssssssssssssiioBtsSasnboboh of oA s 7.35x10°* 8.85x10°* 10.5x10-*
Mechanical Properties
ASTM D 412 Tensile Strength, die C, psi.......ccocoiiiiiiiiiiiiiiiiiniiiins 400 700 900
ASTM D 412 Elongation, die C, PEIrCeNt.....cccccerueuirieuiieuiaiiinicieriienneeeneine 175 130 120
ASTM D 2240  Durometer Hardness, Shore A, points ...........ccccooiiiiininn. 45 60 60
Electrical Properties
ASTM D 150 Dielectric Constant at 25°C (77°F), at
TOO HZ ..oveoerveeeecveecereneeeneenveeseeesnesesifonsi fho e SRGSS RN Y. . 2.29 3.25 4.19
100 KHZ oottt 2.20 3.20 3.54
ASTM D 150 Dissipation Factor at 25°C (77°F), at
100 HZ oottt 0.010 0.030 0.070
100 KHZ oot ... . 0.0010 0.004 0.017
ASTM D 149 Dielectric Strength, 1/16” sample, volts/mil ... 434 545 457
ASTM D 257 Volume Resistivity, 500 V dc, ohm-cm ..., 7.3x10" 4.2x10" 2.7x10"

'Using Dow Corning RTV Catalyst F or S at 10:1 base to catalyst ratio. Wide departures from normal 10:1 ratio may slightly alter physical properties such as

hardness and elongation.
*With Dow Corning RTV Catalysts F and S.

Specification Writers: Please obtain a copy of the Dow Corning Sales Specification for this product and use it as a basis for your
specifications. It may be obtained from any Dow Corning Sales Office, or from Dow Corning Customer Service in Midland, MI.

Call (517) 496-6000.

Table I: Catalysts

Catalyst Color Consistency Demold Time Cure Conditions

F (Fast rate) light tan paste 25 minutes - 2 hours room temperature — any thickness
or in confined spaces

S (Standard rate) light blue paste 5-12 hours room temperature — any thickness
or in confined spaces

1 (Same as S but light blue paste 5-12 hours room temperature — any thickness

no corrosion inhibitor)

4 (Fast rate, 200:1 ratio, clear straw liquid 10 minutes-2 1/2 hours
no corrosion inhibitor)

or in confined spaces

room temperature — any thickness

or in confined spaces




General Information

The B3202 dosimeter stack was developed for penetration
range energy measurements in electron beam process systems
with probable energies between 50keV and 100keV. The
B3202 product was developed for use with the S5100
WINdose for Excel software product to provide automated
calculation of energy with a plot of the dosimeter
measurements with slope and intercept calculations. The
product is designed to be implemented as a standard product
to be used to monitor the reproducibility of an electron beam
operating in the specified energy range. More accurate energy
measurements may be possible with this product when
incorporating some further application analysis. For details
and information on a prescribed method for monitoring
energy for this energy range see ISO/ASTM 51818 or contact
GEX Corporation.

Instructions for Use

The product holds a stack of B3WINdose™ dosimeters. The
average batch thickness of the dosimeters is found on the
dosimeter box. The B3 radiochromic film material is
polyvinyl butyral (PVB). The paper overlay on each
dosimeter provides separation with an approximate 50 micron
air gap between film layers.

Keep the B3202 package sealed until just prior to use so that
the environmental conditions are maintained. Use a target of
30 kGy or somewhere in the midrange of your calibration
curve. For consistent results always target the same dose.

Attach the stack firmly to the material or fixture on which it
will be carried on. Be sure to orient the stack in the down web
direction as the fixture is designed to move over web rollers
in that fashion.
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B3202 ENERGY MEASUREMENT STACK

Technical and Usage Information

Post Irradiation Handling

Minimize exposure to ultraviolet sources and follow a post-
irradiation protocol as with all B3 dosimeter products to
complete any post process color development.

Measurements

After exposure, remove the paper overlay from the top of the
stack (this may require using a sharp cutting instrument)
being careful not to damage the films and read the dosimeters.
They are sequentially numbered from lowest to highest top to
bottom. Use the automated WINdose for Excel worksheet
program (S5100) for the dose measurements with automated
plotting. For information, contact GEX Corporation.

Reference

ISO/ASTM 51818 - Standard Practice for Dosimetry in an
Electron Beam Facility for Radiation Processing at Energies
Between 80 and 300 keV.

Extrapolated Range
Slope -0.18 Y-Intercept 1.20
R(ex)= 6.60 mg/cm”2

The fitted series (Slope & Y intercept, and the
Trend line on the chart) default to the first

three dosimeters only. The data ranges may be
adjusted by the user to incorporate more or fewer
data points.

No corrections in mg/cm”2 are made for thickness
of the window or the air gap between the window
and the absorber (i.e. top dosimeter).

Equivalent Energy
E(p)= 70 keV

Greater precision will require adjustment from CSDA
tables for use with other energies.

Depth-Dose Curve and Trend line
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GEX Corporation

7330 S. Alton Way, 12-1
Tel: 303-400-9640 FAX: 303-400-9831

Centennial, Colorado 80112 USA
E-mail: sales@gexcorporation.com
100-105 082304
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