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##5370320021: MAJOR NUCLEAR TECHNOLOGY
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PANUWAT SRIMORK: PREPARATION OF ENVIRONMENTTAL FRIENDLY
COATING MATERIAL TO REDUCE BETA SCATTERING FROM ALUMINUM.
ADVISOR: ASSOC. PROF. SIRIWATTANA BANCHORNDHEVAKUL., 96 pp.

Preparation of environmental friendly coating material to reduce beta scattering from
aluminum were investigating. Polyurethane diol solution, trimethylolpropane trimethacrylate
(TMPTMA) and 1- 6 hexanediol diacrylate (HDDA), phenylbis (2 4 6-trimethyl benzoyl)
phosphine oxide, styrene and activated carbon were used as oligomer, monomers, photoinitiator,
additives, respectively. The best coating material obtained from this study consists of
polyurethane diol solution 50 ml, TMPTMA 25 m, HDDA 25 ml, phenylbis (2 4 6-trimethyl
benzoyl) phosphine oxide 3 g. styrene 10 ml. and activated carbon 1 g. It has good adhesion, good
hardness, high stability more than 30 days, minimum number of pass on curing and in addition to

its beta scattering reduction of 59%
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1. Effect of UV/EB radiation dosages on the properties of nanocomposite coatings
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2. Development of hard materials by radiation curing technology
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4. Preparation and properties of polymer/LDH nanocomposite used for UV curing coatings
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5. UV curable epoxy acrylate—clay nanocomposites

Fawn M. Uhl, Dean C. Webster, Siva Prashanth Davuluri, Shing-Chung Wong (2006)
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6. Characterization of a clear coating cured by UV/EB radiation
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7. Electron-beam initiated polymerization of acrylate compositions 3: compared reactivity

of hexanediol and tripropyleneglycol diacrylates under UV or EB initiation
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Type 1 Photoinitiator
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o Y = a Yy 9 v A A 1 I 1 = 1 A A .
ﬂ'liT]ﬂ’Viﬁ'liLﬂﬂ@‘]JW’JLLTN@]')EJ?Q?TQ'J U et 2 @IUAD AIUVDIATOIND (Equipment)
A 9 @ v A o v A A U 2 A Y = .
NYIUVDINY TTYTNITRIYIIT ITUIUTBUNITRIYIIN DNAIUNUIAD ATULAN (Chemistry)
- 9 1% = 4 1 A a (B I~ a A =Y
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UV lamp +
reflector

Conveyor belt >
Required properties Formulation chemistry
determine formulation determines
Chemistry Equipment set-up
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Application
The desired end product determines:
Substrate, Purpose and Performance of the Coating,
Application method, Film thickness, Process speed

Chemistry
» Formulation determines the

physical properties
Equlpmunt . SeIeF::tion ofd(',}om ponents:
. esins, diluents,
. ﬁ;ggﬁ;ﬁy photoinitiators, additives

e * Spectral absorption,

» Spectral wavelength distribution optical thickness
* IR radiation

* Cure speed (number of lamps)
+ Cure atmosphere (air, inert)

[
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u

(2 1

Lmﬁﬂﬁnﬁﬂgt’j 108191 Medium pressure mercury lamps, electrode less vapor
A = 1 Yo A 1 dy 1 ad a
lamps, pulsed xenon lamps 130 Lasers Bauvias Innutamaitiazantane aian Iaswaiuan

15AL0FY (Electromagnetic radiation) 114934 200 — 760 nm M3y lRensdeuAiadI85ad

v A A a Y
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VDLUANA: 331‘HﬁlNﬂ13ﬂTiﬁﬁTﬁlﬂﬁ’ﬂUN')uW\‘]Iﬂﬂﬂ”lﬁbl‘lﬁﬂﬁ ﬂ‘]JﬂTi'ﬂWiﬁﬁWi!ﬂaﬂ‘U

Auta Taeldnnudou uaaadaning 2.28
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Photoinit Activated photoinitiator:
otoinitiator starts the reaction of

‘/v\g\/. -/ functional groups
& » \
: ngv\ =

/ vy UV-irradiation
= — 1

UV -curable formulation: WJL
Prepolymers terminated by
reactive functional groups

Result: cross-linked formulation

Depending on the chemical reaction,
the photoinitiator can be bonded to

the adhesive matrix Covalent bond —

d' a a 14 o Yo A A
MNN 2.29 ﬂahlﬂmsmﬂwaammllwwu Tagl¥59de)
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2.3 dmﬁuﬁuﬁ (Activated carbon)
v o d
2.3.1 ﬂ?]ﬂﬁ?ﬂﬂ‘lﬁ’)x‘ldﬂ!ﬂﬂuuﬂ

' v o o = a o s ¥ o w a ada o 3
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DUNLITUA HueDe e usin ey ugilmSueouedugIu (Amorphous carbon)
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(Internal surface area) dUtHBINININEITIAN HTBMINTZAUNIIMEA NI ITIRATEII1S
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20,000 A uaziiguaningaaariaisaie 14a [13]
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AAAANITA (high absorptivity) #10150QAAARNINFHAIEYHA NAY LAZOUYNIALVIUABAI

v o A

' v v I a % A~ 4
(Colloidal solids) aunuiuananlanin 1 uldenas nszgadad Wiodagouq Rllmiveu

a Y

3 4 < =
Wuesnsznou Tasnmalasu Tnseadearemislianuiounigumgil 800 — 900 °C @1

£

Y A o 7 R oY IV v o JaA Y Aa
o wsemamsveulaoon lag i i Idammuiudni Tnseasenligngumeluninuie
. dy Aa J v o = ' o
(Honeycomb — like) Wunaanteluvesaunuiiug lnomasilszuna 10,000 minyanonsy
=\ ]
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v o dA

U I J 4 % 1% 4 . J
aunuiuai Inssaailunquuesmsuen Faianyazaaiouns 1We (Graphite) 1a
1 [ d':i’ Aa A 1 v o 4 9 1 2’, A Aa
uananuNNuNEIMeluNnuIsve I UA LU 1nT IWddszneu TddrsusuFunnan
4 % { 1 . @
DTADNVDINSUBUIT BRIV UNAMAINA1UINT (Regular hexagons) Fanilounvaislseney
a o a [ 1 4 1 [ g’/ [
UNII0L ITUAN TTILHITTHINOADUMATVOU IUUAALUNUFUNUYUIA 1.42 DITATON 1A
Y Y
1 [l o Y] @ 1 1 o (% ad
IR UANF UL AN HUSVUIUAUT LI TEHINUNUTUNVYUIA 3.35 DIGATON DIANATOU 3 I
@ I'4 9 @ 4 % Aa % Aa d v A
4 72U VDUAT N UTE IAEUA (Covalent bond) NUBEADUNAAN UYL NDIANATOUAIN
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4 1900UNTTHINATIAST1UAUS AININTA 2.30
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- 1af} (Chemical activated carbon) (Huguiuudi 1danns 1¥arsmiish
IR euatifuimsvew sniflumniiignguinalug
~ PuA W (Physic activated carbon) TS MFNTUAN 14910015 1F M
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2.3.2.2 BIIMNVINAFWIHANVINATANVDIFNTH
4 [ J 1w

- uunlAsnes (Macropores) iﬁmmgw;uummm%mmu 1,000 — 2,000
v v v 4 a ' o 4 Aa 1A
RGP 1]%“1@]3@@53‘”’31\1 0.2-0.8 Qﬂﬂ1ﬁﬂlcﬁuﬁmﬁiﬁﬂﬂih ﬁu‘wm"lumu 0.5 A1 1LUNT
1 [ = g A = [ A @ g’.} R (B = o w
ADNIU cmu’aﬂmﬂmamﬂﬂﬂugwguﬂizmwau ﬂ\iuuullﬂIﬂ’iW@iﬂ\iUllJﬂﬂmJﬂ’NlJﬁ1ﬂﬂl:lu
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Fomamsn
Darco Calgon  Westvaco
anyuzaNda GAC  Filtrasorb  Nuclar Witco
20 - 40 300 WV-L 517
mesh (8X30) 8X30) @12Xx30)
i, m” ¢ (BET) 650  950-1,050 1,000 1,050
ANuMULiuIINg, ¢/ cm’ 0.40 0.48 0.48 0.48
ANNHULUYeIMT Inadoundi,lb./Cu« ft.  22.5 26.0 26.0 30.0
ANUARUWUUITY, g/ cm’ * 2.1 2.1 2.1
ANUHUUUYDIOYNIA, g/em’ * 1.3-1.4 1.4 0.92
YAz ansna 0.5 0810 085105  0.89
Fulszans Anunei 1.3 <1.9 <1.8 1.44
IEFRIEANIEN 0.93 0.85 0.85 0.60
Lé’umuﬁuﬁﬂmqm‘éﬂ, mm 0.7 1.5-1.7 1.5-1.7 12
Savazgagailonuazingion
- Ingjnanwes 8 (%) - 15 8 -
- Inajnanwed 12 (%) 10 - - 5
- Tnajnanwed 30 (%) - 4 5 5
- Tnajnanwes 40 (%) 5 - - -
loTeduiiuues (mg/ g) 600 900 950 1,000
woUTIFUT IS * 78 70 85
181 (%) 0.4 8 7.5 0.5
mméﬂzuqqq@ (%) 12 2 2 1

v 9

=9 a a
* = lulideyannuindwan

— = lifounriuazunsssou

N http://www.reskem.com/pages/carbon-pdfs.php
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- Wlwwes (Mesopores) MIDNITUGFUUANDT (Transitionnalpores) UVYUIA
[y ] 1 [ ] 1 o a ] o
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2.3.2.5 milaenugisrsanpae
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- UV UAYUANS (Powder  Activated  carbon) M1 Taen15101
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HANAAY VUIATNFUYRIEITRAAARIE T seenTu 3 Uszian uiauuuIaa
WATFIUVO95ZUD TUPAC o
gnguvIalng (Macropores) YHIATAUNINNI 25 W1 TUILAT
JNFUVUIANGN (Mesopores) YHIATAY 1 —25 W1 TUILAT

<3 . o 1
JNFUVUIAED (micropores) mu1@3ﬂﬁﬁ}@ﬂﬂ'ﬂ 1 uﬂumm

2.3.3.2 Iasaadamanil (Chemical structure)
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mm?wna (beet — sugar sludge)
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Backscattering material
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2.4.4 Beta decay Energy
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MNA 2.34 A typical beta absorption curve
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dy A 9 1 0o Aa o A a A
mzmanimmamnumm 2 ¥UAAD Sr — 90 uag

Symbol = Sr

Mass number = 90

Half — Life = 28.78 year

Decay beta 0.546 MeV

No Gamma

Thermal Neutron Capture Cross-Section 10mb

Beta Disintegration Energy 0.546 MeV

Symbol =C

Mass number = 14

Half — Life = 5715 year

Decay beta 0.157 MeV

No Gamma

Thermal Neutron Capture Cross-Section <1pub

Beta Disintegration Energy 0.156475 MeV
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1. Polyurethane diol solution average Mn ~ 320, 88 wt%, Lot no. MKBHS5078V 911
UTHN Aldrich Chemistry #aa Tuiszimaansgoniam

2. Trimethylolpropane trimethacrylate (TMPTMA), technical grade, Lot no.
MKBF0979V 9100389 Aldrich Chemistry #aa luiszimaaigomam

3. 1 — 6 Hexanediol diacrylate (HDDA), technical grade, 80%, Lot no. MKBD9862V,
MKBF1203V 910UTHN Aldrich Chemistry waaluilszimaeavigomsm

4. Propyltrimethoxysilane (PTMOS), Puriss >97% Lot no. 27598PJV, 31nUTHN
Aldrich Chemistry Was lulsmadwaguism

5. Maleic anhydride, Puriss = 99.0%, Lot no. BCBF2644V, INVUTHN Fluka Analytical
nanlullszmauonsmld

6. 4 — Hydroxy anisole, Puriss >99%, Lot no. BCBF2644V, INUSHN Aldrich
Chemistry Wan Tuisimeneosiu

7. Phenylbis (2 4 6 — trimethyl benzoyl) phosphine oxide, Puriss ~97%, Lot no.
MKB9611V 91nL3HN Aldrich Chemistry Wan Tuilszimatee iy

8. Styrene, Assay >99%, Density = 0.905 — 0.907, Lot no. S6360479217, NUTEN
Merck Schuchardt Waa luilsemeteosaiu

o ¢

9. DIUNUNUA

10.DI Water
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312 gunsailFlumsdniivanide

1. Hotplate stirrer YOIVITHN Ingeniurburo CAT, M. Zipperrer GmbH ju M6
maa T 640 Tad 230V 50/60 Hz awnsavyuldanuEigega 1600 RPM taz Iianuiou
g

UNHIUGIFA 400 BIRUFAFE HAAINUTZMAIEDTIY

Q

)

MNN 3.1 Hotplate stirrer

2. IATOIFIANT 4 AU YBILTHN Ohaus JU PA214

MNA 3.2 Lﬂ%@\i%\iﬁﬁ 4 AUMUS



3. %@ K bar

(@
: (b)

d‘ J A Aa
MNN 3.3 9UnsalindouN?
(@) NITAIUITOUADDUAD
(b) Kbar
4. Tintne3s YA 25, 50, 100, LAz 250 Haaans

5. NSTUDAANAITVUIA 25 LA 50 Haaans

N

. Transfer Pipette

3

. Volume Pipette

4 a 4
8. M7 INANDT
9. vIaldasazagvuIa 100 Yaaans
10.unauAIAUEITaZ ANy

a A J .. .
11.0zgiitHouno8a (Aluminium foil)
12. uHUB NI
13.109815 (Mortar)
14.gananaannuaifiaiinga
15.91519Y (Parafin)
16.%4® Clamp
17.Auaiiewes 6B — 6H Y9913HN STAEDTLER made in Germany
18.111Un1 YIUTHN Scotch
19.Uafam03

20. Ius39ia
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d‘ d’ a A
NN 3.4 1ATDINYIIAYD

K Geiger Muller counter

High Voltage power supply

MNN 3.5 FATATH
J v w A
ﬁ?%ﬂﬁ%ﬂﬂﬂﬂ]ﬂﬁ‘gﬂ?ﬂix‘iﬁ
1. ¥irIased Geiger-Muller counter Model Serial #: PR — 227709
138N LUDLUM measuments. Inc.
2. High Voltage power supply Model 2200 Scaler ratemeter

1389 LUDLUM measuments. Inc.
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3. uMaeniasea

(a) (b)
A 3.6 unasiiingad
b. Sr—90
c. C-14

32 J5naasa

3.2.1 ﬂ1§!ﬂ%m~lﬁ1‘§!ﬂaﬂﬂﬁ3

sol 14 A Aaa . a
1. duhludnneivuia 1000 §aaaAs UL Hotplate stirer 1HAQMHUNN 60 AT
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IyaLHY e

2. 1 Polyurethane diol solution 65 Haaansmadlu Tanes vua 250 Nadans uag
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!
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MNAN 3.7 MIFTOUTITA0819
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1 A <
ARENNANG250U IUMTNIUET VDI Hotplate stirrer U 1600 RPM 1182
[ . I
Yaeol¥t Hotplate stirrer nuiilunal 10 w1
1Ay (TMPTMA 10 iadans uag/ ¥3o 1Ay HDDA 10 daaans)
] a 3 [ a . . { @ a
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s dadiuvedlea 1nwes Polyurethane diol solution LA HOUBINBS 2 %iiA
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P65T10-P3 65 10 - 25 | 25 | 1.5 | 480 3 - -
P65H10-P3 65 - 10 | 25 | 25 | 1.5 | 480 3 - -
P65T5H5-P3 65 5 5 25 | 25 | 1.5 | 480 3 - -
P35T40-P3 35 | 40 - 25 | 25 | 1.5 | 480 3 - -
P35H40-P3 35 - 40 | 25 | 25 | 1.5 | 480 3 - -
P35T20H20-P3 35 | 20 | 20 | 25 | 25 | 1.5 | 480 3 - -
P65T10-P4 65 10 - 25 | 25 | 1.5 | 480 4 - -
P65T10-P5 65 10 - 25 | 25 | 1.5 | 480 5 - -
P65T10-P6 65 10 - 25 | 25 | 1.5 | 480 6 - -
P65T10-P7 65 10 - 25 | 25 | 1.5 | 480 7 - -
P65T10-P8 65 10 - 25 | 25 | 1.5 | 480 8 - -
P80T10H10-P3 80 | 10 | 10 | 25 - 2 | 480 3 - -
P65T10-P3 65 10 - 25 - 2 | 480 3 - -
P65T10-P8 65 10 - 25 - 2 | 480 8 - -
P65T10-P13 65 10 - 25 - 2 480 13 - -
P65H10-P3 65 - 10 25 - 2 480 3 - -
P65H10-P8 65 - 10 25 - 2 480 8 - -
P65H10-P13 65 - 10 25 - 2 480 13 - -
P70T20H20-P3 70 20 | 20 25 - 2 480 3 - -
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P70T20H20-P5 70 20 20 25 - 2 480 5 - -
P70T20H20-P7 70 20 20 25 - 2 480 7 - -
P70T20H20-P10 70 20 20 25 - 2 480 10 - -
P50T25H25-P3 50 25 25 25 - 2 480 3 - -
P50T25H25-P3St10 50 | 25 25 25 - 2 480 3 - 10
P50T25H25-P3St20 50 | 25 25 25 - 2 480 3 - 20
P50T25H25-P3St30 50 | 25 25 25 - 2 480 3 - 30
P50T25H25-P3St40 50 | 25 25 25 - 2 480 3 - 40
P50T25H25-P3St50 50 | 25 25 25 - 2 480 3 - 50
P50T25H25-P3St10Acl 50 | 25 25 25 - 2 480 3 1 10
P50T25H25-P3St10Ac2 50 | 25 25 25 - 2 480 3 2 10
P50T25H25-P3St10Ac3 50 | 25 25 25 - 2 480 3 3 10
P50T25H25-P3St10Ac4 50 | 25 25 25 - 2 480 3 4 10
P50T25H25-P3St10Ac1-1Layer 50 | 25 25 25 - 2 480 3 1 10
P50T25H25-P3St10Ac1-2Layer 50 | 25 25 25 - 2 480 3 1 10
P50T25H25-P3St10Ac1-3Layer 50 | 25 25 25 - 2 480 3 1 10
P50T25H25-P3St10Ac1-4Layer 50 | 25 25 25 - 2 480 3 1 10
P50T25H25-P3St10Ac1-SLayer 50 | 25 25 25 - 2 480 3 1 10
P50T25H25-P3St10Ac1-6Layer 50 | 25 25 25 - 2 480 3 1 10
P50T25H25-P3St10Ac1-7Layer 50 | 25 25 25 - 2 480 3 1 10
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Wire diameter Wet film deposit
Bar No. Colour code

ins. mm. Ins. pm.

0 white 0.002 0.05 0.00015 4

1 Yellow 0.003 0.08 0.00025 5
2 Red 0.006 0.15 0.00050 12
3 Green 0.012 0.31 0.00100 24
4 Black 0.020 0.51 0.00150 40
5 Horn 0.025 0.64 0.00200 50
6 Orange 0.030 0.76 0.00250 60
7 Brown 0.040 1.00 0.00300 80
8 Blue 0.050 1.27 0.00400 100
9 Tan 0.060 1.50 0.00500 120

17 U5EN R K Print Coat Instruments Ltd.
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Tviaengd | wasnw | qamgil | wasnw | qamgil | wasnw | gamgl
(m/min) 5 2 2
(s) (mJ/cm) O (mJ/cm’) (o)) (mJ/cm’) O
4.80 1.325 288 32 672 33 956 36
6.72 0.916 189 32 459 33 655 34
8.64 0.738 146 32 370 33 466 34
10.56 0.602 106 32 281 33 380 33
12.48 0.509 96 32 239 33 337 32
14.40 0.441 82 32 192 32 296 32
16.32 0.389 72 32 171 32 261 32
18.24 0.348 63 32 154 32 241 32
20.16 0.315 57 32 140 32 207 32
22.08 0.238 52 31 132 32 186 32
24.00 0.265 47 31 121 32 179 32
25.92 0.245 44 31 109 32 164 32
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