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## 4370450621 : MAJOR NUCLEAR TECHNOLOGY
KEY WORD: CESIUM IODIDE CRYSTAL / CESIUM IODIDE (THALLIUM) CRYSTAL /
SCINTILLATOR / SCINTILLATION DETECTOR / CRYSTAL GROWING
MANIT JITPUKDEE : DEVELOPMENT OF A SIMPLE PROCESS FOR GROWING
CsI(T1) CRYSTAL. THESIS ADVISOR : ASST. PROF. SUVIT PUNNACHAIYA,

THESIS CO-ADVISOR: DECHO TONG-ARAM, 79 pp. ISBN 974-17-5172-9.

A CsI(TI) scintillation crystal was grown under a simple developed process using the
Bridgman-Stockbarger method. The 99.9% purity Csl powder and 99.999% purity Tl powder
were mixed and charged in a 10 mm inner diameter vycor crucible. The crucible was hanged in a
closed system of stainless steel growth tube under 99.999% purity pressurized Argon gas at
2 atm. By varying the experimental parameters of a mixing ratio compound elements, gradient
temperature and a moving rate of growth tube. Those parameters were applied at the suitable
condition of the crystal growing zone. It was found that the concentration of doped TI in Csl
growth crystal can be controlled in a range of 0.0256 — 0.0806 mol%. The developed CsI(TI)
crystal was tested by coupling with the Hamamatsu P-I-N photodiode model S3590-8, assembled
as a scintillation detector, for gamma spectrum analyzing. The tested results shown an energy
resolution of 15.48% at 662 keV for 8 mm thickness of CsI(T1) crystal. Beside, the energy
resolution of 13.67% at 662 keV and 34.18% at 59.6 keV were found when a growth crystal at the
crystal thickness of 8 mm and 4 mm were coupled with the RCA photomultiplier tube

model 5819, respectively. The results were compatible to a commercial crystal.
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s

kGg-KG=pHR (5)
Lfl’f) k, = Thermal conductivity of the solid, liquid

G,, = Thermal gradient in the solid, liquid

P = Density of the solid

H = Latent heat of fusion

R

= Crystal growth rate
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717 2.7 MIIAAANVUANT LY Dislocation
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< 1 1 o a { g
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Microstructure on top surface.
Each grain shaded distinctively
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/
/ Volume
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Vertex (junction Face between Edge common
of four grains) two grains to three grains

317 2.8 MINAANVUANI DV Planar defect
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Absolute
Total Scintillation
Wavelength Index Principal Pulse Light Efficiency
of Maximum of Decay 10-90 % Yield for Fast
Specific Emission Refraction Constant Rise Time (Photons Electrons
Material Gravity ..(nm) at }\.m (ULS) () per MeV) (%)
Nal(T1) 3.67 415 1.85 0.23 0.5 38,000 11.3
CsI(T1) 4.51 540 1.80 1.00 4 52,000 11.9
CsI(Na) 4.51 420 1.84 0.63 4 39,000 11.4
Lil(Eu) 4.08 470 1.96 1.40 - 11,000 2.8
BGO 7.13 505 2.15 0.30 0.8 8,200 2.1
BaF, (slow) 4.89 310 1.49 0.62 3 10,000 4.5
BaF, (Fast) 4.89 220 : 0.0006 - - -
ZnS(Ag) 4.09 450 2.36 0.2 - - -
CaF,(Eu) 3.19 435 1.44 0.9 4 24000 6.7
CsF 4.11 390 1.48 0.004 - - -
Li glass’ 2.50 395 1.55 0.075 - - 1.5

‘Properties vary with exact formulation
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PMT SPECTRAL SENSITIVITY (Rel.Units)

a A A
V. ﬂﬁ]’lﬂﬂﬁlﬂﬂﬂi$ﬂ1mlﬁ\1m’E]L%f]ﬁ'ﬁ

A A KX v v A
Eﬂ‘ﬂ 2.9 Llﬁﬂ\iﬂahlﬂﬂ'liliﬂﬂuﬁﬂsllﬂﬂWaﬂ')ﬂ‘iﬂﬁ [1]

Bialkali
PMT

%

y

o~
Csl(T) Nal(Ti)

g~

11 Response

100

SPECTRAL INTENSITY (Rel Units)

450
WAVELENGTH (nm)

350

500

A @ A A 1 a A d a a A
‘gﬂ‘ﬂ 2.10 Llﬁﬂﬂﬁ!ﬂﬂﬁ‘ﬁ\lﬂ'ﬂﬂ\lEJ'I’Jﬂﬁu‘ﬂﬂﬁ’f]El’f]'é)ﬂiJ1"1]'8')\‘1“Buﬂﬁ!ﬁm@i“ﬁuﬂﬁ'l‘iﬂuuﬂiEJ [6]
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Uszaninmvesmsinadszmauds (Sy) (7] ‘U@QNﬁﬂﬁWiﬂuﬂgﬂd!ﬁ@ﬁ?ﬁﬁ?ﬂWﬁﬂ

Aa ldnnaums
E (n)f q
s =2 B2 (6)
y
E . (n,)
1o S, = Absolute scintillation efficiency

oy = Mean energy of fluorescence photon
E,. = Energy loss required to produce e-h pair
(n,) = Number of excitons
(n) = Number of e-h produced

" = Quantum efficiency of energy transfer
oy = Luminescence quantum efficiency

d‘ a a 1 d? [ a a A =
iesnndszansanmsidasdsemeongsyunudsunamsiauaisineaslunan

4
7%

=K A = [ i Jo” a a A 9 %
QUU%\?NﬂTﬁﬁﬂ‘]&ﬂ‘ﬁ?ﬁllﬂ15?]’311]’(5(1”"]u‘ﬁ“ll@ﬁﬂiﬂWﬂ!ﬂWil@uJﬁWil%@hh [6] ANTTUNIT

c(1 —c)Z

c+(ol/oca)l-c¢)

Lﬁﬁ) L = Pulse height
c = Mole fraction of activator
ol = Cross-section for capture of the exciton by the activator
Ca = Cross-section for capture of the exciton by a lattice site
Z = Effective number of lattice sites

A = Y A A 1 =
NAUNIIN (7) ﬁ]SL‘Vi‘LlUlﬂ’J"I UszansnimmsidasdszmenasvoInanannaves
a o o v d
ﬂiiJ”Iﬂ!f‘ﬂiL%f’] ?nll"Iif]@]ﬁ')i]ﬁi’)‘ﬂ]lg]}ﬁ]1ﬂfﬂ§ﬂﬂﬂlUTQﬂ?]NQQﬂlﬂQﬁﬂginmWﬁﬁ (Pulse height)
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(High scintillator efficiency)
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1 4

KX v v A 9 Y A A a R ' =3 Y
3. Wﬂﬂ]ﬂﬂ’ﬁfﬂzﬁﬁlﬁEJEHJGLWLLENL‘JQQT]WWUHNWUE]’E]ﬂiﬂﬂNaﬂhlﬂﬂ (Transparent)

v Y
4. nalumsaaenaanizedeonNINNANTY (Short  decay  time) 1111159

o A

o A <
Auiladaanuiad 1450157

[

A o A Y a 1Y Y . .
5. avivinmueuaansiam lnanesnunn = 1.5 (Good coupling with detector)

I~ Aa 9 1 wva
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141 undoped Csl, CsI(Na), CsI(TI) Fatianianiianea1ined 2.2

A A =KX A A J a 1
AT NN 2.2 meﬂmﬁuummwaﬂ«mmﬂu"laT@llﬂﬂ (CsI) ¥UANN [6]

v 1

Tuuaniinde

a Aa A A

AATIT B UANITYY

v
=

A A
ANLAYINLIDNT

Type of Csl CsI(TD) CsI(Na) CsI(undoped)
Density(g/cm3) 4.51 4.51 451
Melting point (K) 894 894 894
Thermal expansion coefficient K" 54x10° 49x10° 49x10°
Hygroscopic Slightly Yes Slightly
Wavelength of emission maximum(nm) 550 420 315
Lower wavelength cutoff (nm) 320 300 260
Refractive index at emission maximum 1.79 1.84 1.95
Primary decay time ([Ls) 1 0.63 0.016
Light yield (photon/keV) 52 -56 38-44 2
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2.3 fdasesssauaznullalalon

¥ v Aa A v A v v A 4 A = A v A ..
HIIAFUNAATUTNTZVIUNTATIVIATIA lAen1900u NONANIT959d (Scintillator)
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Tvﬁﬁ"lﬂTﬂﬂmﬂﬁm%’nﬁugmﬂumsﬁqﬁaﬁw (Semiconductor) ¥inT08A® PN 1il0]
uﬁmﬂﬂsz1/1uﬁi'r)wiaﬂzﬁﬂﬁlﬁﬂﬁ'ngmﬂmﬂimﬁ‘MﬂmazLlﬁqﬁu‘lwﬁwsﬁu T TalaToailu
HAQSAUNINAT AR 12U Si, GaAs, GaAsP uay GaP 3lasaadadnyaizaian 1y
T Ta'laTonsiiaseeds PN (PN photodiode) finTTn'laTen (PIN photodiode) ©13181%%
T Tn'laTea (Avalanche photodiode) tiaz 1 Ta'laToawiiaseenovendn (Schottky photodiode)

v Aa A A 1 ] A 1 [ 9 A
Lmawuﬂuﬂmﬁumuazmm'lmauaﬂumummﬂnﬂaumm ﬂ\uﬁuﬂi"lﬂ(lug‘ﬂ‘ﬂ 2.12

HAZAI319N 2.3

or

06 : mall PR e L L R
VIS EEHSI VITY
(RELATIVE VAYUE) T

RADIANT SEMNSITIVITY (AW

600 700 8OO 900 1000 noo | 1200
WAVELENGTH (nm)

11 2.12 mlnasudumeuauesnnuenauves i Ia laToawtianie [10]
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tﬂ' v lﬂ' =) 1
MITNN 2.3 ﬂmﬁi]‘]Jﬂﬂﬁ@@‘]Jﬁ'UfNﬂ’NNmﬂﬂﬁullﬁﬂﬂlﬂﬂjwjﬂVlﬂjﬂﬂﬁlﬂiﬂﬂ%ﬁ [10]

wiiavod 1 InlaTon FNADVAUD goadlnasy Fydnuallugl
(nm) (nm)
in'laToaria si 190 — 1000 720 A
190 — 1000 960 B
320 - 1100 960 C
320730 560 D
nulnlnlaTeaxtia Si 320 - 1100 960 E
700 — 1100 960 F
840 — 1100 980 G
Tla'laTonxiia GaAsP 300 — 680 640 H
(WHAUNTFY) 400 — 760 710 I
1n'laToariia GaAsP 190 — 760 610 ]
(¥inrendn) 190 - 760 710 K
T1n'laToaviia GaP 190 — 550 440

v E4
Tagia 1dudr 1o T laToamarivz inuantiandios nuas [10]

v [ a
1. AuantiamsaevaueinnuduuauiuFudud (Excellent linearity)

a

'
[ o

2. aYIUIVNIUAT (Low noise)

3. muaummmﬂnﬂﬁ'uumﬂlwﬁamﬁjn (Wide spectral response)
4. finnuamunnaln (Mechanical ruggedness)

5. vuianIzNaTauaziu (Compact and light weight)

6. ©19M3 1991119 IU (Long life time)
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2.3.1 nullnlaTon
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Y Y3 = v A a AR A 9
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I, :Current generated by the incident light
I, :Diode current

¢ Junction capacitance

R, : Shunt resistance

R, : Series resistance

I, : Shunt resistance current

V,, :Voltage across the diode

I, :Output current

V, :Output voltage
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_ _ e
Ip= I, -Ig-1 = I - I D=L (8)
Taen L = Current generated by the incident light
e = Electron charge
k = Boltzmann‘s constant
T = absolute temperature of the photodiode
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Matarial Safety Data Sheet
ace. to OSHA and ANST

Printing date 07 15/2002 Reviewed on 04730715999

1 Identification of substance:
Product detaile:
Trade nams: Cesium jodids
Btock oumber: [(05737

Manufacturer/Supplier

Alfa Aesar. A Johnson Matthey company
Johnsen Macthey Catalog Company: Ine.
I Bond Street

Ward Hill., MA O1B35-803%

Enargency FPhone: [(978) 521-£300
CHREMTREC; (a0n) 424-2300

peh Site: www.alfa. com

Information department: Health, Safery apd Environmentsal Deparcmenc

Emargency information:
puring normal hours the Health, Bafety and Environmental Deparceent
After pormal hours call Chestrec at (BOQ) 424-3300.

Z2 Composition/Data on components:

chamical characterizatioca:
Description: (CAS#)

cegium fodide [CASE T7A9-17-8): 100
Ideatification numberis):

EINECS NMumbwr: 5313-145-2

3 Hazards identification

Hazard descriptien: Nobt applicable
Informarion pertaining to particular dangers for man and sovircassst
vot applicable

4 First aid measures

Aftar inhalation

Supply freah aijr. If required, provide artificial respiration. Keep
patient warm.

Seeh [mpediate sedical advice.

After mkin contact

Temediately wash with water and soap and rinse thoroughly.
Seak immediate medical adwice.

Aftar sye contact

Ripse opensd sye for several minutes wnder running water. Then
coneEult a doctor.

After lﬂllm Seek medical treatment.

5 Fire fighting mesasures

Suitable sxtinguishing ageats

Product is not Flammable, Use fire fighting measures that suit che
surroending fire.

Frotective eguipment:

Wear el f-contained resplrator.
iCahtd. oo pege 31
LA —




Trade naner Cesium iodide

Material Safety Data Sheet
acc. to OSHA and ANSI

Printing date 077152002

Reviewsd on MAI0SI999

ICaald. of [fede [

Wear Fully protective ispesvious suid

& Accidental release measures

Person-ralated safety precautionss

Wear procective egquipment. Keep unprotected perscons away.
Ensure adequate ventilation

Neasures for eavirommental protection:

Do rot &llow marerial ce be released co che enviromwent withour
proper governmental pessmits.

Neasures for clsaningscollecting: Plck up mechanically.
Additional information:

Sewe Soction 7 for inforamation on safe handiing

Sewr Section 8 Ffor informacion on personal profection eguipmsent.
See Saction 11 for dispesael information.

7 Handling and storage

HKandling

Information for safe handliog:

Keap container tightly sealed.

Stare in cool, dey place in tightly closed containers,

No special precautions are necessary 1 f ussd correctly.
Information about protection against eaxplosions and fires:
Ko spacial measures reguired.

Scoraga

Beguirements to be met by storercoms and receptacles:

o apecial reguirements.

Information about storage in one common storage faciliey:
Nob rodud red,

Further information about storage conditions:

EKeap container tighrly sesled.

Store in cool, dry condictione in well sealed contalmerd.

B Exposure controls and persconal protection

Addieional information about design of technical systems:

Propar!y operating chemical Fume hood designed For bhazardous
chamicale and having an average face wvelocity of at least 100 feet
per mimute,

Components with limit values that reguire monitorimg at the
workplace:

Mot required.

Addicional information: No data

Parsonal protective eguipment

General protective and hygienic mesasurss

The usual precautionary measuresa for handling chemicals should be
Fal JTowed.

Eeep away from foodetuffe, beverages and Feed.

Begmowe all solled and contaminated clothing immediacely.

Wazh handes before breaks and at the end of work.

[Comtdd. o pag 1]
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Material Safety Data Sheet
ace. to OSHA and ANSI

Brinting dare @7715/°20038 Aeviewed oo O06/07/15889

1 Identification of substance:
Product details:
Trade pams; Thallfiws [(I) fodids
Stock aumbsrsy 1825

Manufacturer/fupplier:

Alfa Aesar, A Johngon Natthey company
LJohinepon Makthey Catalog Comparny. Ine.
I¢ Bond Street

ward Mill, MA JIBIS-BOFF

Erargercy Phone: (978) 521-8300
CHENTREC : (800) 434-9300

Web Site; www, alfa.cos

Information departmentr Health, Safery and Environmental Department
Emergency information:

uring normal hours ehe Healtl, Safety and Environmental Deparceent.
Afper normal] Mours call Cheamtrec at (B0 424-3300

2 Composition/Data on componesnts:

chemical characterizatioms

Descripticns [(CASHE)

Thallium (I} lodide (CASE T790-20-9), 100%
Identification numberi(s}:

EINECE Number: Ji1-188-7

EU Bumber: (081-002-00-9%

3 Razards identification
Harard descripticn:

@ ™ Very boxilc

Information pertaining to particular dangers for man and enviroomsat
B 26/28 Very toxic by inhalation and 1f swallowed,
Fo fenger of cumulacive affects.

4 First aid measures

general information

Tmmediserely remove any clothing soiled by the product.

hemove hreathing apparatus ounly after contaminsted clothing has been
completely romoved.

In case of irregular breathing or respirdatory arrest provide
arcificial respiracion.

After inhalation

Supply Ffresh afr. IFf reguired. provide arcificial respiration. Keep
patisnt warm.

Seek famediate medical advice.

Aftar akin contact

Immpediately wash with water and goap and rinse theroughly.

Seak tamedisce medical advies.

(Ci=nEd. &h pags )
= —
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Material Safety Data Sheet
ace. Eo OSHA and ANST

Printing date 771572002 Heviewsd on 06707/ L3989

Trade nase; Thallium (I} iodide

fConrd. of paes 1)
Aftar ays contact
Rinsa opened aye for several minutes uoder running sater. Tien
conpult a doctor.
Afear swallowing
Da pot ipduece vomiting: immediacely call for medical help.
Saek immediate medical sdvice.

Fire fighting measures

Suitabhle axtinguishing apents

Product is mot flarmable, Upe Fire Fighting measures Chat suitc Ehe
surrounding fire.

Special hazards caused by the material, ite products of combustion or
reasulting gases:

In case of fire, the following can be raleased:

Toxic metal oxide Fiame

Hydrogen logdide (HI)

Frotective aguipment :

wWear sel f-contained respiracor.

Fear Fully profective impervious meit.

Accidental relsass measures

Person-related safety precautionsr

Wear protective eguipssst, Keep unprotected perpons away.
Enaure adequate wvencilacion

Neasurss for spviromssntal protection:

Do not allow material Eo be relsased Eo the anvironment wilthowt
proper governmental permits.

Neasures for cleaning/callectiog:

Digpoge contaminated macerial as wagte according te item I3,
Ensure adeguate wvencilatcion.

Addicional information:

See Saction 7 for information on safe khandling

Sea Seccion & For information on personal protection eguipment.
Bae Section 1} for dispogal information.

7 Handling and storage

Eandling

Information for safe handling:

Koop container cightly sealed.

Srare in cool, dry place in eighely cloged concainers.
Ensure good vencilation at the workplace.

Open and handle contelner with care.

Information about protection against explosions and fires:
The product is not flammsble

Storage
Reguirements to be met by storercoms and recsptacles:
Mo special reguiremspes.
Information about storage in ones common atorage facility:
Store in the dark.
Denrd, an s 1)
k. el




Matarial Safety Data Sheet
acc. bto OSHA and ANST

Prineing dasce 077152002 goviewsd on 0807719949

Trade name: Thallium (I iodide

Dortd. of paga 30
Further information about storage conditioos:s
Fesp contalner cightly sealed.
Store in cool, dry condiclons in well sealed containars.
Protect from sxposure to light.
Erore under lock and key and with access rescricted to technical
axperts or thelr asspistants only.

Exposure controls and perscnal protection

Addiecional information about desigm of technical syacems:
rroperly operating chemical fume hood designed for harardous
chemicals and having an average face velocity of at lease 100 fest
per minpte.

Components with limit values that reguire moaitoering ac the

workplacs:

Thallius and soluble challien compounds (as TIL)
or i

ACGIH TLV #.1 (skin)

Austria HAK .1

Belgium ThA 2.1 (ekin)

Denmark TWA 8.1 (skim)

Finland TWA #.1 (skin)

Framnce VME LI S

CFErmany MAx P.1

Ireland TRA 8.1 fekinl

Eorea TLY P.l f=kin)

Netheriands MAC-TGE 0.1 fakin)

Norway TWL [ B §

Foland TWA 0.1 0.3-STEL

Switzerlamnd MAK-N 0.1 fskin}

tniced Kimgdom LTEL 0.1 fakin)

USA FEL 0.1 {skinl

Additional informstionm: No daca

Personal protactive sguipmesne

Fenearal protective and hygienic ssasurss

The usual precautionary measures for handling chsmicals should be
fol lowed,

Keep away f[rom foodstuffs, beverages and feed.

femove all solled and contasinsted cloching immediacely.

Wash hands before broaks and ac cthe end of work,

Btore protective clothing sepacately.

Breathing eguipmant:

thee suirable respirator when high concentraclons are poesant.
Frotection of bande: Tmpervicus gloved

Eve protectiear Safety glasses

Body protectiesr Protective work clothing.
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Csl

Caesium Iodide

Description

The material with the deepest known IR transmission, Csl is sometimes
used for components in the widest range spectrophotometers. An
extremely soft material it is extremely difficult to polish and so
performance is compromised for range. Doped with thallium, CsI(TI) is a
useful scintillator which emits at a wavelength which is a good match for

silicon photodiodes. Arrays of this material are used in security imaging

systems.

Properties

Apparent Elastic Limit (MPa) 5.6 (810psi)
Bulk Modulus (K) (GPa) 12.67
Cleavage Planes None
Decay Constant (Ls) 0.03 & 0.1
Density (g/cm”) 4.51
Dielectric Constant 5.65 at IMHz
Elastic Coefficient C11 24.6
Elastic Coefficient C12 6.7
Elastic Coefficient C44 6.24
Emission Spectral Range (nm) 250 to 500
Hardness (knoop) (100) direction 20.0
Melting Point (OC) 621
Molecular Weight 259.83
Peak Scintillation Wavelength (nm) 310
Photons/MeV 16,800
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Poisson Ratio 0.214
Radiation Length (cm) 1.86
Reflection Loss (%) 13.6 at 1161 (2 surfaces)
Refractive Index 1.78 at 10°C
Shear Modulus (G) (GPa) 6.24
Solubility (g/100g H,0) 44.0 at 273K
Specific Heat Capacity (J.kg.m K ') 201
Stability Deliquescent
Structure Cubic
Temperature Coefficient of Light Output

oK) -0.53
Thermal Conductivity (W.m .K ) 1.1 at 298K

Thermal Expansion (K )

48.3 X 10" at 293K

Transmission Range (§1)

0.25 t0 55.0

Youngs Modulus (E) (GPa)

5.3

CsI(TD)

Thallium doped Caesium lodide

Properties

After Glow Approx 2.0% after 2ms
After Glow Approx 2.8% after 1ms
Cleavage Planes None

Decay Constant (LLs) 1.0

Density (g.cm”) 4.51

Dielectric Constant

5.65 at IMHz (298K)

Emission Spectral Range (nm)

375 to 725

Gamma and X-ray absorption

coefficients (cm’)

0.48 at 660keV

Gamma and X-ray absorption

coefficients (cm’)

10.00 at 100keV
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Light Escape Cone to Air (o) 34.1
Light Escape Cone to Glass (o) 57.2
Light Escape from one face to Air (%) 8.6%
Light Escape from one face to Glass (%) 22.9%
Melting Point (°C) 621

Optical Transmission Range

240nm to 70°C

Peak Scintillation Wavelength (nm) 565
Photons/MeV 52,000
Radiation Length (cm) 1.86
Refractive Index at peak emission 1.78
Soluble in Alcohol Yes
Specific Heat (J.kg K ) 0.048
Stability Slightly Hygroscopic
Structure BCC
Temperature Coefficient of

+0.32
Light Output (%.°C™)
Thermal Conductivity (W.m .K ) 1.13 at 298K
Water Solubility (g/100ml H,0) 44 at 273K
Youngs Modulus (GPa) 5.3
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Physical and Mechanical Properties

HAL Attoys
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Heating Alloys

APM

A-1 A

AF

AE

Max continuous operating temperature
(element temperature in air), °C “F

1425...2595

1400...2550 1350...2460

1300...2370

1300...2370

Mominal compaosition, % Cr
Al
Fe

58

22

Balance

5.3

Density, glem® ib/in’

Electrical resistivity at 20 “C, {2 mm?m!
at 68 “F, C)femf

7.10...0.256

145..872

7.15..0.258

1.39...836

Temperature factor of the resistivity, C,
250°C 480 °F
500°C 930 °F
BOD°C 1470°F
1000 °C 1830 °F
1200 °C 2190 °F

1.00
1.01
1.03
1.04
1.04

1.0
1.03
1.05
1.08
1.08

Coefficient of thermal expansion, K
20-100°C 68-210°F
20-250°C 68- 480 °F

20- 500 °C 68- 930 °F
20-750°C 68-1380°F
20-1000 "C 68-1830°F

11-10%
1210%
14.10%
15.10%

Thermal conductivity at 50 “C, Wm K"
122°F, Btuin fE°F

1..76

Specific heat capacity, kJ kg 'K, 20 °C
Btu lbr"F1, 6B°F

0.46
0.110

Melting point (approx.), “C “F

1500...2730

Mechanical properties “(approx.)
Tensile strength, N mm? psi

B80... 98600

760... 110200 725...105200

700... 101500

720...104400

Yield point, N mm?® psi

470...68200*

545...79000 550... 798000

500...72500

520...75400

Hardness, Hv

230

240

230

Elongation at rupture, %

20

20 22

23

Tensile strength at 900 “C, N mm?
at 1650 °F, psi. Deformation rate
6.2 x 10%min-!

40
5800

4900

37
5400

Creep strength™*

at 800 “C, N mm? at 1470 °F, psi
at 1000 °C, N mm? at 1830 °F, psi
at 1100 “C, N mm= at 2010 °F, psi
at 1200 “C, N mm? at 2190 °F, psi

8.2....11580

12...170
0.5...70

0.7...100
0.3...40

Magnetic properties

Magnetic (Curie point approx. 600 “C 1100°F)

Emissivity, fully oxidized condition

0.70

* The values given apply for sizes of approx. 1.0 mm diameter 0.04 in.
**4.0 mm 0.76& in. Finer gauges have higher strength and hardness values while the corresponding values are lower for heavier gauges.

***Calculated from observed elongation in a Kanthal standard furnace test. 1 % elongation after 1000 hours.




KANTHAL A, AF, AE

Wire inch SWG

A 0.325 -0.002 in
AE: 0.039 - 0.008 in
AF: 0.325 - 0.004 in
Resistivity Li/cirmil ft 837
Density, Ib/cu.in 0.258

To obtain resistance at working temperature multiply by the factor C, in the following table:

0= =2
p

|
G
p

°F | 68 | 212 | 302 | 572 | 752 | 932 | 1112| 1292' 14?2' 1852' 1832' 2{]12|

70

= Current
= Temperature factor
= Surface load Wiin#

2192 | 2372

¢ | 100 | 100 | 101 | 101 | 102 | 103 | 106 | 106 | 105 | 105 | 106 | 108 |

106 | 106

Diameter Resistance inQ Weight  Surface  Cross sec- (" )
at B8°F at 68°F area tional area
SWG  inch [0} Ib/1000 &  int in* x 1000
0 0324 000796 1530 255 122 B24
1 0300 000829 1220 219 1.3 707
2 0278 00110 548 185 104 5098
3 0252 00132 722 154 9.50 499
4 0232 00155 563 131 875 423
5 0212 0018 430 109 7.99 353
6 0192 00227 319 898 7.24 290
7 0176 0.0270 248 75.3 6.64 243
8 0180 00327 185 62.2 6.03 201
9 0144 0.0403 135 50.4 5.43 16.3
10 0128 00510 946 398 4.83 12.9
1 016 00621 704 327 437 106
12 0104 00773 50.7 26.3 392 B.49
13 0.0020 00988 351 206 347 6.65
14 00800 0131 231 158 302 5.03
15 00720 0.161 168 128 271 407
16 00640 0.204 1.8 10.0 241 322
17 00560 0267 792 7863 21 246
18 0.0480 0363 499 560 1.81 181
16 0.0400 0523 289 389 1.51 1.26
20 00360 08645 210 315 13 1.02
21 00320 0816 148 249 1.21 0.804
22 0.0280 1.07 0.890 1.91 108 0616
23 0.0240 1.45 0823 140 0805 0.452
24 0.0220 173 0.480 118 0829 0.380
25 0.0200 2.09 0.361 0973 0754 0314
26 0.0180 2.58 0.263 0788 0679 0.254
27 0.0164 an 0.199 0654 (0618 0.211
28 00148 382 0.146 0533 0558 0172
29 00138 452 0.113 0450 0513 0.145
30 00124 544 0.0860 0374 0467 0121
31 00118 6.21 0.0704 0327 0437 0.108
32 00108 TA7 0.0568 0284 0407 0.0916
33 0.0100 836 0.0451 0243 0377 0.0785
34 000920 9.88 0.0351 0206 0347 0.0665
35 0.00840 1.8 0.0267 0172 0317 0.0554
36 0.00780 14.5 0.0198 0.140  0.287 0.0454
37 000680 18.1 00142 0112 025 0.0363
38 0.00600 232 000974 00875 0226 0.0283
39 0.00520 309 000834 00858 019 0.0212
40 0.00480 3.3 000499 00560 0.181 0.0181
41 0.00440 432 000384 00471 0166 0.0152
42 0.00400 523 000289 00383 0.151 0.0126
43 000360 645 000210 00315 013 0.0102
44 000320 816 000148 00249 0121 000804
45 000280 107 0000980 00181 0106 0.00616
46 000240 145 0000823 00140 00905 0.00452
47 000200 209 0000361 000073 00754 000314
48 0.00160 327 0000185 000822 00603  0.00201

\. J N\ J
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Resistivity Qfsqmil 657 IC, | =Current
KANTHAL A, AF, AE Density, Ibicuin 0.258 it = T C. = Temperature factor
Ribbon inch P TR
To obtain resistance at working temperature multiply by the factor C, in the following table:
°F | 68 | 212 | 3% | 572 | 752 | 632 | 1112| 1292| 14?2| 1652| 1aaz| 2012| 2192| 2372
G} | 100 | 100 | 101 | 101 | 102 | 108 | 106 | 106 | 105 | 105 | 106 | 106 | 108 [ 108

7
Width Thickness Resistance  inl Vieight  Surface Crossse;\ (M-'J.dlh Thickness Resistance i Weight  Surface Crosssec—-\
atéy’F  atGeF area  fional area at6s'F  at68F area  tionalarea
in in Oift 000 % ikt in x 1000 in in o b000R it infx 1000
18 0057 0100 436 203 437 6.56
0051 0.112 377 182 422 587
0045 0427 322 16.0 408 518 4 0029 0525 347 387 1.82 125
0040 0143 277 142 3.96 460 0025 0609 283 3.34 1.73 1.08
003 0159 244 128 386 414 0023 0862 253 307 1.68 0492
0082 0178 21.1 14 ar 368 0020  0.761 M 287 1.61 0.863
0029 0197 188 103 a7 3.34 0018 0846 1.84 240 1.56 0776
0025 0228 158 890 360 288 0016 0952 1.50 214 1.51 0690
0023 0248 143 819 3.66 285 0014 1.09 1.34 1.87 1.46 0.604
0020 0288 122 712 348 230 0013 1147 1.23 1.74 1.44 0.561
0ms 0317 108 641 343 207 0on 1.38 1.00 1.47 1.29 0474
006 0.357 9.48 570 3.38 1.84 0010 1.62 0.896 1.34 1.87 0.431
0014 0408 8.18 498 3.34 161 0.0089 1.71 0.782 119 1.24 0.384
03 0439 7.54 463 33 1.60 0.0080 1.90 0.692 1.07 1.82 0.345
001 0519 6.29 392 3.26 127 0.0071 214 0604 0948 1.20 0.306
0010 0511 567 3.56 324 115 0.0083 242 0528 0841 1.28 0272
00089 0642 5.01 37 a2 1.02 0.0056 272 0463 0748 1.26 0.242
00080 0714 447 285 319 0920 0.0050 3.05 0408 0668 1.25 0216
00071 0804 3.94 283 37 0817 0.0045 338 0364 0801 1.23 0.194
00083 0908 348 224 315 0725 0.0040 s 0.321 0534 1.22 0173
0.0035 435 0278 0487 1.21 0.151
332 0087 0134 271 152 362 492 0.0031 49 0244 0414 1.20 0.134
0051 0149 233 136 347 440
0045 0169 19.7 120 333 388 132 0016 1.43 0.794 1.42 113 0.460
0040 0190 16.9 107 3 345 0.014 163 0.666 125 1.09 0.403
003 021 147 961 3N 311 0013 1.76 0,604 1.16 1.06 0.374
0032 0238 127 854 302 276 0.01 208 0488 0979 1.01 0.316
0028 0263 11.2 774 2895 250 0.010 228 0433 0890 09%0 0.288
0025 0305 9.36 668 285 216 0.0089 257 0375 0792  0.964 0.256
0023 033 8.46 614 280 1.98 0.0080 286 0330 0712 0042 0.230
0020 0381 A7 53 273 1.73 0.0071 32 0286 0632 0920 0.204
008 0423 6.34 481 268 1.55 0.0083 363 024 0561 0.901 0.181
006 0478 5.54 427 263 1.38 0.0056 408 0217 0498  0.884 0.161
0014 0544 476 374 250 1.21 0.0080 457 0190 0445 0870 0.144
0013 0586 437 347 2.56 112 0.0045 5.08 016% 0401 0858 0129
0011 0692 363 294 251 0949 0.0040 571 0148 0358 0845 0115
0010 0761 327 267 249 0.863 0.0035 6.53 0128 0312 0834 0.101
0008 0855 288 238 248 0.768 0.0031 7.37 0112 0276 0824 0.08H
00080 0952 257 214 244 0640 0.0028 8.16 0100 0249 0817 00805
0.0071 1.07 226 190 242 0612 0.0025 914 00887 0223 0810 00719
0.0083 1.2 1.99 168 240 0.543 0.0022 104 00773  01% 0803 00633
0.0056 1.36 1.75 160 238 0.483
0.0050 1.52 1.56 134 237 0.431 164 0.0089 513 0115 03%  0.580 0128
0.0080 571 00%93 0386  0.567 0115
116 0032 0357 6.35 570 227 1.84 0.0071 643 00848 0316 0545 0.102
0029 0.3% 5.58 516 220 167 0.0083 725 00726 0280 0526 00906
0025 0457 460 445 210 1.44 0.0056 816 00624 0249 0509 00805
0023 0497 413 409 205 1.32 0.0080 914 00542 0223 0495 00719
0020 05T 347 356 198 1.15 0.0045 102 00476 0200 0483 00847
08 0834 304 320 193 1.04 0.0040 14 0042 0178 0471 00575
0me 0714 264 285 188 0820 0.0035 131 00352 015 0450 00508
04 08186 225 249 184 0.805 0.0031 147 00305 0138 0449 00446
0M3 0879 206 23 1.81 0.748 0.0028 163 00271 0125 0442 00408
0.011 1.04 1.70 1.96 1.76 0633 0.0025 183 00238 0111 0435 00350
0.010 114 1.62 1.78 1.74 0.575 0.0022 208 0026 00979 0428 00316
0.0089 1.28 1.34 1.58 1.1 0512
0.0080 143 1.19 1.42 169 0.460
0.0071 161 1.04 1.26 167 0.408
0.0083 181 0.9M 1.12 165 0.362
0.0056 204 0.801 0.997 163 0322
0.0050 228 0708 0890 162 0.288
0.0045 254 0634 0801 161 0259
0.0040 288 0558 0712 160 0.230
\. J\ J
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INSULATING FIREBRICK
Properties Type
C. 1 C.2
Maximum Service
1300 1400
Temperature (0°C)
Bulk Density G/Cm? 1.06 114
Thermal Conductivity
0.28 0.32
K Cal/mh C at 300°C (Mean)
Rehead shrinkage 0.57 0.59
%at()C x 8 hrs (1300) (1400)
Cold Srushing
63 78
Strength Kg/Cm?
Modulus of Rupture (Kg/cm.) 25 32
Thermal Expansion 0.51 0.49
% at () °C (1000) (1000)
Chemical Composition %
AL2 O3 30 35
Si 02 65 61
Fe2 O3 1.8 1.6

Raw material

Fire clay
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IFNA
Linear

Accuracy £2°C
Accuracy £ 04°C
Accurgey + 0.05 %

Type J, K, T E B R S N
Pt100 Ohm  RTD  (DIN/ JS)
4-20maA, OV, 0-5Y, 18/, 010V, 110V

-
Lﬂ'm\'iﬂ

Fad

fiadd il SR
NTUALTATEIL
Alarn Siad

5A/240MAC Resistive
20mA/24VDC

4-20mA, max. load 500 Tat
2A/240VAC Resistive

TT‘ITH'JLIﬂ‘LI

Proportional Band
Integral Time
Derivative Time

Ramp Rete (A9
Dwel Time (a8
Hysteresis (ON-OFF)
Cycle Time

Control Action
guiuunisAILAN

0-200°C (0360°F)

0-3600

0-1000 Aunfl

0-200,0°C/unl ©-360.0 Fruny
0-3800 ui

0-20% assagrumgi i

0-120 Aunl

Direct (Cooling) /Reverse (Heating)
QN-OFF, P, PI, PD, Fuzzy + PID

.
vliEea
Consumption

QO-264VAC, 50/60H
1iRgndn & VA

ool Tl4nu
AUl

-0 fia 50°C
0 - 50% RH
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PHOTOD

Si PIN photodiode

S3590 series

Large area sensors for scintillation detection

@ Higher sensitivity and low dark current than conventional type @ Scintillation detectors
® Sensitivity matching with BGO and Csl (Tl) scintillators @ Calorimeters

@ High quantum efficiency: QE=88 % (2=540 nm) @ Hodoscopes

@ Low capacitance @ TOF counters

@ High-speed response @ Air shower counters
® High stability ® Particle detectors, efc.

® Good energy resolution

B General ratings / Absolute maximum ratings

Absclute maximum ratings
. - Power Operating Storage
Type No. Wmdqw Active area Reverse dissipation temperature temperature
material voltage P Topr Tstg
(mm) VR Max. (W) (°C) (°C)
53590-01 Epoxy resin
$3590-02 Window-less W il
53590-05 Epoxy resin
S3590-06 Windocieae 9x9 150 100 -20 to +60 -20to +80
53590-08 Epoxy resin
$3590-09 Window-less "G 1l s
W Electrical and optical characteristics (Typ. Ta=25 "C, unless otherwise noted)
. Short Dark
Spectral [ Peak el sgnsmwty circuit | current Temp Terminal
response |sensitivity current ID coefficient| Cut-off |capacitance] NEP
Type No. range |wavelength Isc of o |Frequencyl Ct [ver=7OV
A hp i=ip | LSO | BGO |Csl{Tl)| 100 Ix | Typ. |Max| Tap fc f= 1MHz

420 nmi480 nm|540 nm
{(nm) (nmy J A | (AAW) | (AW | (AW | (RA) [InA) [ ()] ftimes!” C}| (MHz) (pF)  [(WiHz"?)

53500-01 | 32010 058 | 019 | 0.26 | 0.21 1. = = =
$3590-02 1060 | °%° [T62 {023 032 [oas] °° [°7]° 35 75 3.8x 10
S3500-05 320 10 0.62 | 019 | 0.25 | 0.30 ) - = 5

o 1w | ¥ et Toatael 7 872 112 | 2 252 [B4x 10

75359008 | 320to | ... |0.66 | 0.20 | 0.30 | 0.26 | [~ » P
$3590-09 1100 | %% [o6e [022 033 [o041] "0 |27]° 40 40+ [3Bx

S VR=30V

“2: VR=100 V

FAVR=TOV

S i siviaon




76

B Spectral response

B Spectral response (without window)

(Typ. Ta=25 ")
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B Dark current vs. reverse voltage

T

4
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KPREDMIES

W Dark current vs. ambient temperature
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H Dimensional outline {unit: mm}
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b a
=
L i"'-_
o
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b=
H
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| SURFACE -
-1
o
The costing resin may extand a
maxmum of 0.4 mm beyord the
B8 & upper surface of the package.
] % -0 | -08 | -08
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L+ b|44 |19 ]14
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B FPhoto sensitivity temperature

characteristic
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B Terminal capacitance vs.

reverse voltage
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KFTBIEE
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(X-ray Fluorescence)

FoInTou: X-ray Fluorescence Spectrometer
Wie: Oxford
AT ED2000

v
=

9 9 a 4
Yoyan 1y lumsnnszH:

1. MODE Vacuum Mode
2. Tube Voltage 50 kV

3. Filter Thick Cu

4. Pulse Rate 16 keps

5. Warmup Time 10 sec.

6. Upper Energy Limit 52 keV

7. Energy Rang 40 keV

8. Resolution 175 eV
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Csl_TIUnk_m (26 March 2004 12:17)

Fixed Conditions : Very heavy elements
Acquisition livetime = 120.0 s, realtime =218.9s
Tube Current = 309uA
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