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OBJECTIVES!:

1. TO RESEARCH AND DEVELOPE HIGH REFRACTIVE
INDEX GLASS

2. TO IMPROVE AND RECONSTRUCT THE ANCIENT GLASS
REPLACING THOSE AGING GLASS AS WELL AS
THE GLASS DECORATED IN THE PALACE,
OLD TEMPLES AND ANCIENT PLACES
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METHODS :
1. TO SURVEY FOR COLLECTING ANCIENT EVENTS

2. TO ANALYSE PHYSICAL PROPERTIES ( REFRACTIVE
INDEX, COLOR, THICKNESS ) AND STRUCTURE/
QUANTITATIVE

3. TO STUDY THE BEST PROCESS FOR GLASS FORMING
(BY VARYING MIXING CHEMICAL COMPOUNDS,
TEMPERATURE, AND COOLING ) AND TO DETECT
REFRACTIVE INDEX, TO ANALYSE STRUCTURE/
QUANTITATIVE
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SURVEYING :
THE ROYAL PALACE
TEMPLES AND ANCIENT PLACES
Bangkok
Central Area ( Nonthaburi, Ayutthaya, Phetchaburi,
Pr_achuapkirikhan )
Northern Area ( Chiangmai, Chiangrai, Prayao, Nan
Pra, Lumphoon, Lampang,
Machongson, Sukhothai, Tak,
Pisanulok )
NorthEast Area ( Nakhonratchasima, Khonkaen,
Kalisin, Mahasarakham, Roiet,
Mukdahan, Yasothon, Ubonratchathani,
Burirum )
Eastern Area ( Chonburi, Rayong, Chantaburi )
Southern Area ( Chumphon, Ranong, Suratthani,
Nakhonsrithammarat, Songkhia,

Phathalung )
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ANCIENT GLASS

. BURMA GLASS or CHINA GLASS

. AYUTTHAYA GLASS

. RATANAKOSIN GLASS
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THICKNESS ( mm )

Type Ayutthaya Ratanakosin Modern Glass
Color
White 0.67-0.90 0.23-0.97 1.02
Blue 0.60-0.90 0.59-0.90 0.77
Yellow 0.70-0.90 0.57-0.90 0.70
Green 0.90-1.05 0.47-0.01 1.00
Red 0.80-1.05 0.80-0.85 0.77
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REFRACTIVE INDEX

( with respect to Yellow Sodium D Line )

Type Ayutthaya || Ratanakosin Modern Glass
Color
Blue 1.585 F 1.581 . 1.505
Yellow 1.539 1,540 1.475
Green 1.561 1.607 1.520
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AYUTTHAYA GLASS

White
No. Element Quantitative Unit
1 Silver (Ag) 35.2 pPpm
2 Arsenic (As) 536 ppm
$ | Alumimium (Al) 0.87 %
4 Barium (Ba) 462 ppm
b Calcium (Ba) ) 2 ppm
3] Cadmium (Cd) 1 ppm
7 Cobalt (Co) 26 ppm
8 Cromium (Cr) 25 ppm
9 Copper (Cu) 366 ppm
10 Iron (Fe) 0.48 %
11 Mercury (Hg) 80 ppm
12 Magnesium {Mg) <1 ppm
13 Sodium (Na) 3 pPpm
14 Nickel (Ni) <1 ppm
15 Lead Pb) 47.71 %
16 Antimony (Sh) 2014 ppm
17 Silicon (Si) 21.84 %
18 Tin (Sn) 3.01 %
19 Zinc (Zn) 202 ppm
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RATANAKOSIN GLASS
No. Element Quantitative Unit
Blue Yellow Green
1 Silver (Ag) 17 11 35 ppm
2 Arsenic {As) 285 459 135 PPm
3 Aluminium {Al) 0.74 1.29 0.95 %
4 Barium (Ba) 428 424 282 Ppm
5 Cadmium (Cd) 1 12 14 ppm
6 Cobalt (Co) 1135 - 55 ppm
-7 Cromium (Cr) 10 34 11 pPpm
8 Copper (Cu) 287 749 14952 ppm
9 Tron (Fe) - 2,45 0.04 %
10 | Mercury (Hg) | 87 - 55 ppm
11 | Magnesium  (Mg) 886 1282 443 ppm
12 | Manganess (Mn) 1218 . 1096 181 ppm
18 Sodium (Na) 2.63 .70 4,08 %
14 | Nickel (Ni) 18 33 2 ppm
15 | Lead (Pb) 41.32 26.64 5026 %
18 Antimony (Sb) 735 770 6597 ppm
17 Silicon (Si) 24,96 26.34 20.54 %
18 [ Tin (Sn) 2.74 0.66 1.74 %
19 Zinc (Zn) - - 1089 ppm
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MODERN GLASS

| No. Element Quantitative Unit

Blue Yellow Green

1 Silver (Ag) 735 820 595 ppm
2 Arsenic (As) 2224 167 2061 ppm
3 Aluminium (Al 0.29 1.0 0.61 %
4 Barium {Ba) . 1258 40 | ppm
5 Cadmium (Cd) 235 - 293 ppm
6 Cobalt (Co) 364 29 - ppm
7 Cromium (Cr) 672 13 2194 ppm
8 Copper (Cu) 11099 - 6707 ppm
9 Tron (Fe) - 4,16 - %
10 Mercury (Hg) . 19 11 ppm
11 | Magnesium  (Mg) - 9362 2707 ppm
12 Manganess (Mn) - 14427 - ppm
18 Sodium (Na) 11,74 14.05 12.43 %
14 | Nickel (Ni) 44 3 22 ppm
15 |Lead (Pb) 0.02 0.58 <0,001 %
16 Antimony (Sh) 1791 95 1741 ppm
17 Silicon (Si) 32,17 31.69 35.32 %
18 | Tin (Sn) 043 0.38 0.38 %
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PP 3
SEM Study of Ancient Glass

P. Dararutana

Department of Physics, Faculty of Science, Chiang Mai University,
Chiang Mai 50200, Thailand

A study on the microstructure of ancient glass and new-contructed glass has
been carried out. The new-constructed glass made of chemical compositions, such as
Si0;, KNO;, Na;,CO;, PbO, CaO, Fe;0;, and CuO, was prepared at the Electro-
Ceramics Laboratory, Faculty of Science, Chiang mai University. The SEM
micrographs of greenish-color glasses, the ancient glass and of the new-constructed
glass illustrated that the both types of glass were similar by containg small coral

crystals of elements formed from Si, Pb, Ca, K, Fe and Cu distributed in glass body.
* On leave from the Chemical Department Royal Thai Army.
ACKNOWLEDGEMENT
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Chemical Department, Royal Thai Army for jointly supporting the work. Thanks are
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The new glass was prepared at the Electro-
Ceramics Research Laboratory and made of the
chemical composition for the green color, which
included SiO,, KNOg, Na,COg, PbO, CaO, Fe,Oq,
and CuQO. They were melted in a Pt-crucible, in an
air atmosphere, using an electric furnace, at

1,000°C, and cooled down to room temperature.

The micrographs from a SEM for the green glass,
the ancient glass ( Fig. 1 ) and the new-constructed
glass _( Fig. 2 ), showed that both have similar small
coral crystal elements formed from Si, Pb, Ca, K, Fe,
and Cu, by XRF ( Fig. 3 ) distributed in the glass
body and also the .XRD showed that they were

crystalline ( Fig. 4 ).
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Ancient glass is popular for decorating in the
old style, in which case it is often glazed with lead
stripe. It is seen in places of special architecture, such
as the old palace, buddhist sites, in where can see
buddha images, and religious objects. There are
many colors ( red, green, yellow, blue, and white ),
made in th_e Ayutthaya and the Early Ratanakosin
Ages. It is a thin glass with high refractive index and
high Pb- composition. The Bureau of the Royal
Household Wanf to maintain the architectures, images,
and objects, especially in the Royal Palace, so the
Chemical Department Royal Thai Army and|
Department of Physics, Faculty of Science, ChiangMai
University are trying to make new glass with the

same chemical composition and properties.
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ABSTRACT

High refractive index blue glass was prepared from the mixwre of SiO,, KNO,,
Na,CO,, CaO, Pb,0, and CuO in a platinum crucible. Heating was carried out at 1,100° C and
cooled to room temperature. Prior to heating, the sample powder was studied using DTA/TG
techniques. The results showed that the crystallisation temperature was 800’ C. Structure and
components of the glass after heating were studied using XRF, XRD and SEM techniques. Si,
Pb, Ca, K and Cu were found to scatter over the glass body. The refractive indices of the blue
glass having 0.5 % of CuO concentration were in the range of 1.64-1.74. The refractive indices
obtained were closed to those calculated from their dielectric constants.

¥

1. unn

ummmsam"hJ"l‘mu"lﬂammwswmﬂmuﬂaﬁﬂ Haetiuuas Tuewinn. Failviai
nmﬂsswwnmmlﬂi}umm Tﬂﬂlaw1~aﬂ1wmﬁ’mumﬂﬁwﬂﬂmm'lﬁ’umiﬂs.,ﬂnﬁ'
l‘mumamuaﬂnimﬂmnmaunﬂiuﬂﬂquu mswwmmmnaﬂﬂimnumﬂiuTaum“lu
U ua'vmsfmaﬁssm1umaﬁ'mﬂaﬂnismmwamﬂmnsmiuﬂﬂﬂ uf’l"mumﬁswu
'ﬂﬂmmmu‘lﬂmumuﬂﬂwamwm uANl3zN Lead Glass, [1,2] feunauveingi
B m”!mmu Soda (NaO) tiewiilu Flux Tﬂﬂm'hlnﬂﬂﬂmaqulumum

K,0Pb0.5Si0, 9t SK,0.7Pb0.365i0, 1mmsimzivesaziauthuwarn Iiinamsnlaou



[Ty

E}

mlagluTnssedunziianinadenuenidnemony 31 ey l¥mswaouazme
520y gumaiimsnaeudy soummmhndivgatu mpssyinmunzmsnszeuag
Wiy arumilaaaa ussiinaniediann aunsedansom v ifweldihe e
dowuaziaoy hivando musoganusadlugsmnueaduiiiiuty wareunsn
qonduidendiasidunman1dd dudu coystl Glass (241 Huufitesiilsznovson
Ty inbiliowta smmsigeiezdesssiinmgs - Seddummmanie
axffoonlad  Taoiaminasgnlszmanguntsdglsl  Buropean Common  Market
Country) ldpnawazimuadnzdonlszneudiy Lead oxide ogreifeuiign 10% finnw
nuunivatiesiiqe 245 nfudegnunafiyudiung Ushassriivnmeadafesiiga 1.520
uazfithauudadid lumicnen Vickers iy 550 + 20 o '
Glass Ceramics [5,6,7,8] Hhiamiitiausznevvesazia e niinaannian
{114 Non-Magnetic Material wgnlszynd lanilueilnsaimaediaanseding 9] orfigy
Glass Capacitors, Glass Dosimeters I8 Radiation-Proof Glass ai'fluﬁ'u
NIZINATEL (MANAN) H5e uAIdn Mamile) nie Su Auuazwd Huud)
wienszanyiiandisiinyInelueda P e atassaradnssudm sy
wiemsanudsnuialaquazamilaonssudia q hidwedludivernszynsgl wse
luan v uasdadnaselunwszywmsemaun c?ﬂlui]msgﬁ'uﬁnﬁa?ﬁﬂﬂqﬂiﬂﬁuuazqtg
mellmumanm vimdngmalss idmaas (10] wuhudmienszandanan
weveansend Ayn Bussduesaznuiiundn Fellquemiaindondetuudafinen
Al nendelimsinmyieazdounas1da oudnne witaudfinnugouds
aulnedadaiung e ogronihudisn fnsviudansenszenvilaiiiulfios unzuradau
dannndszmemmiuasiy - dafuSimnsaflizudwdanfenszenimariioon 18y 3
iy 1) e udidaznietu dhuudiduihhiunazdervmeaaniiumi file
ufamnannfeegfunrupz Amauiifianum annsadanTedaliilluguuuudng
W nszenegsndaiulassa Inelymiongenteyse Sioudamun Aundsdadon
azfiwey uaznszeniau Infunigahiulaos notuaiodungesauTndung ouds
wazazi Wit undsTia N hinszIneyse) fuauiANLNYe MUY
milouiu uaiinszaneygumazaszansauJndumstigaantiammenmituandiaen
uf1dsrz Tamppzesnsaniminfinnnd Weudilinnusiznd  udluilegainlyil
mshiagriatidudnag hvaiirsudulums imuiensysusnanuiitlegiay
dwsienn Taomwzethetimolumszusnmissa aneavuiilumsAnundagiflyyves
Ay Inetuedn zLpznflumsmg%’nﬁﬁugmﬂgmfﬁamsﬁnmﬂun'm,gwigwﬁ’wie'lﬂ '
Seequd nyum [12] 1adnwudvasvesdilszneumauniiveiiu Tansnaufiae
ogdmmdgud B luiudud o3 Semi-Quantiative Analysis wuhlssnaudaedyn
g wennnildalineny wunillon daned mAnuazdifauaznnmanansuaioudioga
wununildeuithFinenies ualimchdgdemsafaszninTansnaazilonts
E.B.Pusch (13] TAfmunTiouaznuudauhifiuag Opagque Cuprite-Red Glass) 1 Crucible 7
W9INAY Nile Clay _ .
V.AFedorasa unzaniz(14] 1dhnvsinyufisaduesiilsznouvoumdsiagauis
iy lugaamnssuu® Teomweduddunszuunmnaa Crystal Glass ¥130q

)

aunlihideudezdostiosdlizneuiinafivingy dvzdeadinruudgnigansiimsdo

1}



20 . 81

uiihWiRadhiesiiga cw'lﬁ’ﬂsfmﬂaummi'Jmsw‘nflmmwumdﬁqwaiwm TN
ashhifAaduasansilsvaen  Awzdu - msvasuman A laveadwonisssme
aapAsUNIENUNSHERdoma Tu Tadfifiaudusmansugas Tagorfomniin
leferennal Thermal Analysis (DTA), Thermogravimetry (TG) las X- Ray Diffraction (XRD)
WU Lead Silicate HAnunmunzenunszuumysdn Crystal Glass IM3IZAM1500A
guvgiimswasumanas  idguamvouddvuuavaeilymdativi Aa.
Verlotskii  Wnzaniy  [15]  1@3suieaduntsdanseutimasuileansinrasuudaly
ASTUIUMINHAMNTTUEDIYIA FofitSinmaziag dnziaeenladisyana 10-
40%) uamuﬂsmmﬂ"mm @inzfoopladiszina 75-80%) wumsnaouudafil
snmaziadh miLmné’nmaqmmaamuaaﬂuaan'hfﬂ‘uaﬂaw Alkali  Way Alkali-
carth UQQUNAI “lummvﬂmmuuﬁ’muﬂmmwmm msnmﬂ%’nuﬂammﬂagwnu
cmnmamwnwuqmmaamﬂmn'M'mum‘um’m ziinwilatasian Atiums
idenyiiaveathwaeniivnnzaumsexiiuhviaeufifidumauyes sno, 20

K. Pengpat Ufi¥ D. Holland [8] 149m33Af1 Dielectric Constant 484 Glass
Ceramics  vazilunguuswfIllszian  Non-Magnetic Material Wi 1WA Dielectric
Constant g =

e Ieglseadlunsfezedraundiifiswssriliamgs  @dwnand
1.520) iﬁﬂmﬂumsﬁﬂmmﬂswmumsﬂmmwﬁmmmnamﬁ%’nuﬁqﬁaumuwﬁnuaqms
nis q Taomanfouesiilsznoy Qamnwmmmaaummuawmsmuw'J Mnsasn
Az lgseahaazenilizney Samasseiivnmuasem Dielectric Constant ua..,Tﬂtm
umwmunqmﬁnmmﬂu Non-Magnetic  Material muuwmmsanmmmmwuﬁ
FENINAATTTURMNLAZAT Dielectric Constant 1 mgssyiling oy Srwihdusni
A99904eN Dielectric Constant (€) , n,, = €, uaﬂmnuwmmmswm%ﬂumunuwm
msmmm’nugmammmﬁﬂsuaxmﬂiuiaum"l‘t’flummsmw Womseysnuaalnssu
uaz YU inging 1 an 11

& s

2. (HOH MBS IBMT

2.1 MM
mnmsmunmmﬁ'anmmwnanmumqﬂsnﬂmﬂmmnuwmnnmwmmuu

wmmmﬂmﬁ’amaniwﬂmn’m’; ﬂsvﬂmmmmmqmuﬁaﬂmqumimmﬁmumi‘lu

wnsrommazadnmszlunssunseaan  nszvwegima lunwlumwanszusvunis iy

ATUNNUIUAT  MANAN manzTuoonuazmald mulmgnﬂunswnneqnmuaumvﬂﬂ

Saulndung Tuvazimamilouazmanz Sueandsaunilodluudasaaz

2.2 NINAADY

dheufaniidy gﬂmitm‘uumnmuwﬁmmuﬁamﬂimu [SIO, (70%), KNO,
(5%), Na,CO; (10%), Ca0, (15%)], Pb,0, (40%) i CuO °luﬂ'.nuwmmma q Fedunay
i 10 Ny gnuaeuly Platinum Crucible ﬁ’ounm'lﬂﬁmqmﬂnu 1,100 84N
L°1fﬂl°h’£l'§‘f ﬁ"mamﬂmsmwmqmﬁﬂu 2 ssnwaiFradennit wash Wdud figangil
#oe a5 Inswrewlsznouuas Insvaindiemaiin X-Ray Diffraction (XRD), X-Ray
Fluorescence (XRF) 1461 Scanning Electron Microscopy (SEM) Ham3ai29nsey uaaald



32 | _ 2

1usﬂ°n 1 sﬂm 2 uaw:ﬁ‘n 3 ey m‘waenﬁmumsﬂauuuﬂmé’aﬂmﬂuﬂ DTA/TG
Naﬂﬁﬂni}aﬂuuﬂm‘l’ﬂugﬂﬂ 4 mamamﬁﬁwnﬂmﬁ";mmm Refractometer- WanYs
m’mm;ﬁm"ﬁ*’ﬂumﬁm 1 uazAs NN 4 MUERY 1aza3I93AA1 Dielectric Constant A3Y
NI LCZ Meter Ham‘jﬂi'}mﬁuﬂﬂﬂ’ﬁums'N‘I’I 2 ofs ﬂumﬂumﬂswuwﬂmmﬂlﬁ'
ﬁ]‘lﬂlﬂ‘ii’N Refractometer memmtu'lﬁmnm Dlelectnc Constant ll’s’fﬂﬂ’ﬂﬂﬂ’liﬁ‘l’l

Caunis ~
1600 —=0

00 -

I ! I I
0.0 20.0 0.0 40.0 50.0 nuﬂ.o
F

v L4

11 1 uame X-Ray Diffractogram Yo {11

TG/ CTA/uY
1 9

et

_§3 | I | 1 I | S 1. i I Lo ~ 1R
] 288 4868 315 ]%] . 8o 1888 IZ@é
Temperature/ C

= ad a
51# 2 A3 Thermogram vowA Ty




22

5

200t

t d

1Y% 3 uamwamsImsz Wuddiniu

3 » v
1N 4 uamsi e dindudle seM #ifl

#18 XRF

o

MBIV x2,400




SRR

84

== ar | = s . 3 : =3 4 )
MINA 1 iamsasIamasviiinmvswdiminiuilénn cuo
AInTDe Refractometer sju Rayner RD 475

0.1 1687 1734  1.693
0.5 sna 1,100 1669 1744  1.702
1.0 1653 1709 1675
0.5 Usnd 900 1.674
1,000 1.697
1,150 1.705
1,200 1.643
0.5 AU 1.680
750 1,100 1.688
250 1.696

3199 2 Han13n3393aeN Dielectric Constant ¥R 281113 1400 Cuo
A70A304 LCZ Meter §1 HewlettPackard 4276A

0.1 3326  3.637  3.460
0.5 Usna 1,100 3735  3.965 3.844
1.0 3828 4.560 4.062
0.5 Usna 900 3.791

1,000 4072

1,150 4.559

1,200 4.267

0.5 nun 3.716
750 1,100 3.854

250 4221

LTV ﬂ'ifm ﬁmﬂm ‘i‘!mmmamamnnmm ‘uﬂm‘nmh

nuh ‘Hil'ltlﬂ\‘l u'lﬂ'lﬂﬂ'l\‘l’é]ﬂﬂ‘i]'lﬂlﬁ'mﬂmﬁﬂﬂ 1, 100° °lf.
750 ﬁll']ﬂﬁlﬂ 1!1ﬂ')’f]ﬂ"l\'lﬂﬂﬂ'il"lﬂ!ﬂ'l1"lﬂﬂlﬂﬂﬂ 750" o
250 ‘Hiﬂﬂﬂd H1ﬂ']ﬂﬂ1ﬂﬂ’ﬂﬂﬁ]1mﬂ1ﬂ@ﬂlﬂﬂﬂ 250" o

23



24 85

' t H
asufi 3 AesswiliamaSeuiiouvead@iwiuildnn cuao mnnisia
§101A394 Refractometer Laz Mif11w 1891061 Dielectric Constant

0.1 1.687 1.734 1693 1823 1.907 1.860
05 sna 1,100 1.669 1744 1702 1933 1.991 1.961
1.0 1653 1.709 1675 1957 2.135 2015
0.5 900 1.674 1.947
1,000 1.697 2.018
sna 1,150 1.705 2.135
1,120 1.643 2.066
0.5 U 1.680 - 1.928
750 1,100 1.688 1.963
250 1.696 2.055

= < A o o A2 wy

wnomg  Usnd  wneds TJanuidedsgangiivossa Tuehiaaly
Wil mnei hdedesnanmigungil 1,100° %

750 wuede thdedwesnvinwnigungil 750

250 wede thaletesnvinmnguugil 250° %

M9 4. nansasiamarsriiinmvewd@dng ignes sueineen ledves
Tanzlunguni sy

mail
1 24 WYY Cr,0, 1.690
2 25 1Y/ Mno, 1.700
3 26 a1/ Fe,O, 1.702
4 27 HUIY/ CoO 1.707

2.3 HamInAasaaziansal .

951 1 ueAs X-Ray Diffractogram vefimihduiaionan sio, KNO,
Na,CO,, CaO, Pb,0, U8 CuO NS AN WL X-Ray Peaks ) Peaks 3411 X-Ray
Peaks 11 ldonuiTusa mansasndngeidae XRFE (31t 2) Fawudlisng si, Pb, Ca,
K 123 Cu _ |

VINHAMSAATIEH Thermogram (317 4) WUD Crystallization Temperature (T) i
Amlszana 800 esryradee vingali 3 Amhvewdwas ldmudamsnedaiugilwan
nsznwen Tl huiioud




3_5 . ' _ _ 25

mnms’mﬂm'sswwnmmammﬁmuuumun'mma g mﬁ“lﬂﬁnnmstefrac,-

| fometer weastuaaadi | uazm199f 4 AUAEY Uaze Dielectric Constant 30’1910

509 LCZ Meter tema st 2 msals sufsusassilinmiia 148 un e
Refractometer LaSA1I291NA1 Dielectric Constant uﬁm"ﬁ"lums'lm

vnnyisuioumass¥ilinim n, 4azA1 Dielectric Constant €, wsaufadviidy

Tumsmaaesil Fuliu Nonmagnetic material fimassyiinmdulamnuduiug n, =

12

g

r

3. ajuwa ,

umﬁumumnmiﬂumnmimu $i0,, KNO,, Na,CO,, Ca0, Pb,0, Uae CuO 1ay
i Pb,0, (lu Flux ﬂﬂwamwﬂuwaanmmmaaﬂswmm 1,100 mmwawumi‘luumm
AT TYTTNMEQ mmmeamuuiﬂiammﬂunaﬂnsww“lmuauﬁ'am'lﬂ AR5 TH1
wnmmﬂ"lmummunum g, um“lﬂamuaﬂu ) :

ANUNUUY Cuo wm“lwammumﬂmmmeJatJu"l‘lJ mlinmssyiinm
waenldae uaz wam‘saﬂm € mﬂaﬂuuﬂm"lﬂ‘lumummmﬂu

uan«'n1ﬂuﬂaﬂ1svmaamwaﬁ1ﬂ1mﬁ5swwnmmmumﬁma 9 WUNAATFHARD
man“frgﬂmmﬁ wma‘ua“ﬂamaﬂam‘lunaummmmuwwﬂmnﬂﬁm@ﬂuaﬂ'lumau il
AgIvu

nndinssalsema

wnmuﬂeﬂlammrhﬂmmwiwnmcn nOMsESI¥AS  dulnnizswi waz, asy
Tmnaainmsun w'l?ﬂwmmunﬁuumuwﬂswumuavﬂanﬂu‘lmnﬂmsnuuwm
‘IJ’E)‘lIEl']Jﬂmﬂ’eN'VIW].!ﬂ nmﬂwna newineNMA uazfiRsAmTam g 7 1819Wms
auuauumunq'smimumgnUSmmuuana mawauqmummmaumaﬂw UM INENAY
MvauRTUNT uMminedunuasmand ﬁuﬂwwmammwnﬁmﬂsmmaanmﬂmua M3
"lﬂﬁvhawamumﬂumﬁ‘lm vidwuadudans e avru) annfudyudimaas
WSy UTEM Siemens (UszmaamiuFan 1 gv0Tii) Uay Standards and Industrial
Research Institute of Malaysia (Uszimasuaie) n'lé’\'lwmmi'muaiumsmummsm»r
ﬂﬂﬂawm.,,mmﬁauﬁ'aum?mﬁamﬁmmﬁﬂ{ VBVOUARUTENLNNDANG A A,
V3EYnszenine.omnd $150 uazuSEN Malaysian Glass (ssmaiaiie) n"lﬂnsmﬂw
Yoyaferrumehudaaznszen VOUDUAM WAATION LYouDY UDT IAATNIYYUY
udafuiia AIRWS s uasdouuzah uawa‘uanﬂmﬁwnmummvmnummwu‘nﬂ
iy

PNA391984

[1] Malony, T.F.T.(1968) Glass in the Modem World, New York: Doubleday & Company Inc.

[2] Pfaender, H.G.(1983) Schott Guide to Glass, New York: Van Nostrand Reinhold
Company.

{31 Volf, M.B.(1984) Chemical Approach to Glass : Glass Science and Technology Volume 9,
Amsterdam : Elsevier Scientific Publishing Company. -

R R




'é6
(4
(5]
(6]
17}
(8]

(9

87

Wagner, R.(1889) Handbook of Chemical chhno]ogy, New York: D. Appleton and :

Compary.

Moulson, A.J. and Herbert, J.M(1993) Elecn'ocerarmc Materials-Properties- Apphcanons
Cambridge: Chapman & Hall.

Kingery, W.D., Bowen, HK. and Uhjmann, D.R.(1997) ' Introduction to Ceramics,
Singapore: John Wiley & Sons Lid. -

Holloway, G.(1973) The Physical Properties of Glass, Londorm: Wykeham Publications
{London) L.

Pengpat, K. and Holland, D.(1997) Ferroelectric Glass-Ceramic from Pbo-Bi 0, -GeO,
System, Master Thesis. University of Warwick Coventry.

Ichinose, N.(1987) Introduction to Fine Ceramics * Applications in Engineering, Great
Britain : John Wiley & Sons Litd.

[10] YYWU Yyandduni waas (2525) "mmmuwuwmaﬂmnmsmsﬁ'ﬂuTamaﬂnimf

ﬂiﬁ‘iﬂuiﬂﬂ‘u‘n‘i 200 ’1.‘ ’J??ﬁ?ﬁ'?ﬁﬂﬁ?ﬁﬁ? ﬂ‘lJ‘U‘VI] ﬂﬂﬂﬂ"l‘illﬂ') NIENINNa Iny 1-
9.

[ll]‘ﬂﬁ"ﬂh’ ﬂ]ﬁ"ﬁﬁu wum (2540) 578!\‘.’?Hﬂﬂﬂ'ﬁﬂ?!ﬂH\I?ﬂﬂ?i’ﬁ’ﬂy'ma&%ﬂﬁﬂ\?nTﬂia‘!ﬁﬂ

[ﬂﬁ'UUﬂUUﬁHNﬂTHﬂW&'&’S ?t‘b".'\? ﬂ‘Sll’JﬂEﬂﬁ1ﬁﬂi‘ﬂH1illﬂ

(12] S9oquA SnyIuAT (2534) iy Inenmanstudia aad), wninendadosing.

wealus

[13} Pusch, E.B.(1997) "New Kingdom glass melting crucibles from Qantir-Piramesses", Journal

of Egyrtian Archaeology, Vol.$3.

[14] Fedorava, V.A., Guloyan, Yu A_, Belova, N.A, Rashina, N.G. (1988) "Use of New Lead-

Bearing Materials in Making Crystal Glasses", Steklo I Keramika,33-5.

[15] Verlotskii, A.A_, Rublevskii, L.P., Kulikova, M.V, Frolava, VP., Kalinin, V.B.,Shamorova,

K.L (1985) "Resistance of Refractories to Lead Glass Melts", Steklo I Keramika, 4, 10-12.

WS



A

%0

ar - = =
1 18U U 1ha

sz Samsfnun

sziamssusiyns

HANGATN NS

. dsghamsanmn

= =y Qn' aQr
wuad dignd msafanl
15 @Ay 2501
Asamsanyisendnumouduy TseuSeuiaudail
Fandaray3 Umsdnw 2516
dsomsanuiseudnuimoudate IsuSeuauianIse-
Fousugs nyunwuvuas Uasdnun 2518
o o = = L o = YIS o
duSamsAnendTuanineeansiuda s indAdnd

yuInedeealv UnsAnu 2523

2524 AMHUL AFURUNINTITUaTNAGeT neamAnE
ATUANEIPNANTNITUA (BAs1 Jesian)

2528 AW UszwnunInms nesInems
asWwAneEhaasnmsun Ga feaen)

2534 @iy dszdwwunianms nedInenns
ATUANGIPNAATNMITUN (B031 Wuad)

2541 ¥19TFMIENTIANTZI 1439

2526 WENMITAUNDINIU JUR 7

T
=

2532 WENMSATINEFUWIOT 00 TUH 28

Ed
2533 WINMISATINEFUIEAY  Jufl 23

2535 MIVTHITNUIToUASHAIININNT JUf 1



89

Yszaunsal
MSHN BUTN FUUUT HAZITY
meludszinea
W.¢8. 2526 M3UTSFUUMYIA The 4th Asian-Oceanian Congress of
Radiology ® T5ausy lauenimunanan ngunne
omiunzs aani)

1.9, 2527 MoUTNIALFUNUT MIVIULNAMNNNINGIAATIAL
maTulad o dninUANZATTUNITINVHHITIA NTUNNY
(ﬁ'1ﬁﬂ\11uﬂmgﬂﬁ‘iuﬂ”l‘i%%ULLTi'ﬂ‘lf']a)

.. 2528 msﬂszﬂgnmumﬁ International Symposium on Fast
Neutrons in Science and Technology W WM INYINY
e lny (TAEA)

a.. 2528 M3dszaudnms Ineehaasiazina luladurelszimeaing
Asel 11 a1 wdnodeinuasmand NFUNNT
@nauInernaasiielszinelng)

a.0. 2530 Matszpdnms Inemansiazmalulaburalszmalng
a$afl 13 1 wr BN Rvaa RTINS
@nuIne e aa sl szmelne)

W.g. 2530 ﬂTi']J'i%‘ljll%‘]ﬂmi German Technology Symposium in
Thailand & T5sNBUNTTOUS ATUNNA
HOM3A INe-o55u)

i, 2531 Mmsdunmeinms awasasvanms Masiaily
Heoul fifdms o dnfnauauzassumsiSouvand

ATUNWA (FNNNUANLATINMIIVVUNITR)



920

11.0. 2531 mIdlszguFdnnisuazmsduuieiumsIdeuay
Wanmanmisvesneasinine a aumdeth ngunng
@udITuazRAIMI NN noulywIMsNMIIgagn)

= = kY o

2.9. 2532 Mmsdszgumainms Tememeduesns 1sueansgediily

ar - W oA & o
WASUUAZAIRNDNINY o g NIt INGMEAsIEas
maluTaduvsdszind'lng ngunna

v A e 8 = t
@oiudteIngenaasuazma luTagunslszmneng)

a.9. 2532 msdszygdnms InewaasuazmaluTaduralszmalng

v ]

ASIf 15 o wnmInengended Tua
@A Ingransuralszmalne)

3.0, 2533 MIOUTMINURUAMNS Proceeding of the Regional College
on Plasma Applications YHINGRIEIYAIUATUNS
(IAEA)

1.8, 2533 MIUTLYNININT GTO'90 Third German Technology
Symposium 2 TsausuauiiGoa nann

¥ a
#eMIm Ing-wa )

a.n. 2535 msdsgydnms Inoeneesuazing Tuladduades

¥ [ .
asan 4 o TvwsnlsuemaumSawaran njumna
@WINNUNAIUL s Wa FUR)

= = ¢ =) '
mMsvszadnng meenaasuazing Tuladuvsdszmealne
qs: { 4 1 aaaaa
ASaN 18 o gudmsszquuvianAdsna ngunne
@unineenaasuvialssme ne)

W.8. 2535 M3UITYUIVING Princess Congress IT; Environment,
Science and Technology : The Challenges of the 21st
Century ¥ 159UFUHIINT-D AFUNN

@oniuiseqnnsal)



91

1. 2536 m3rnousy madlesiudunsennied sz 2 Juii 8
W ﬁwﬁmmwﬁ’muﬂsmwﬁaﬁuﬁ NFUNN
@rinaundsnu snaivedui)

fl.W. 2536 msﬂsmgn‘c’i’;’nm msveayaaLarmIFasiuTuased
o dninanmdanuds naitedud nyunwa
@iinnundenulsinaiedud)

1.8, 2536 MsAneUIMFW IS mwesiiemswannmsSou
myaouinnenansuazima lulad o uninerdounias
ATANHA (N3ENIIINEenaas maTuladuasFunadow)

w.a. 2536 MousuFRTAMs duloudiiueaitomsiann
maTuTad o W INedeaevaIuasuNg JAEA)

n.8. 2536 mytlszquiFainmsimemsIieuazfannnsmanms
e uazmIlszend 19U o Ma1NMINTENIIS
na vy nyunne @dnoudszaumsisouesy
WAONMINWNYIT NTSNT NN THY)

a.9. 2536 msdlszguarms Inorransuazina Tuladursdlszmelng
A%aft 19 o W Inmndavaniniung
@EunauInnmansuvalszmelne)

W.e. 2536 msﬂszagu GTO’93 German Technology Symposium
o guimsUszuurenAasan nyunwa
MemMImn Ing-wasiu)

u.A. 2537 msﬂizsqm%ﬁmmi Asian-Pacific Conference Multilateral
Cooperation of Space Technology and Applications

9 T5usuduiisen NgUNng @mMIsBurand)



92

o.f. 2537 msﬂs:ﬂ;mfnﬁsmms The International Congress on
Science and Technology for Good Relationship with
Neighbouring Countries (TECHNO INDOCHINA)

w guimstlszguanilszng ngunua

= o ] a v
(NFENTWINOINER3 tnaluloduazawindon)
AMIFUNNIMINMT nstundanuiiuaies
W NAINNINTENT WA THY NFUNN
@MINUYIzNUNIITIUALHAIMINNNTT
nsgNsnat v

= = d A = = o

W.e. 2537 Mslszyndnms Ineimaaiiazina lulasilindes
¥ T

A5 5 2 TSWTUFUNTANGIN NFUNTA
@ninaunaesnulsuagiedud)

5.0. 2537 Mmsdszgudalfiams msdszgndmaTuladlossuiufy
nuaumsiergdguamiesins e fae
o WIneauFee vy (AEA)

=y I =] o ar A a’ '

nslszyudnms Aananumsdeansadelnd o Tyusy

=4 ' o = t oy o '

weelniga woslvl @nauddnduradszmealne
w.e. 2538 mytszgudnms aenaiamalulad w gquéiszy

1 Aaanads = o =4

UVRTARTNA AFAUNW (NIZNIWINwaas ma Tulad

HazAUINADY)

f.f. 2538 ﬂ”l‘iﬂﬂﬂ‘u‘im‘?ﬂﬂﬁﬁﬁﬂ‘li Workshop on Recent Environmental
Technology and Hazardous Waste Management

A PNAINTUVMIINGIAY NTUNHe

= o = | =
MIzNIWINENans maluladlazduiadon)



93

MIFUVUT HIN AT RAUSTUUTTAUNAQImansves
Tnelugrumuiannaaiin 8 a Tswsusunmsiau
AFUNAN
= 4 =4 a b
(M5TNFIMNENT (nalu ladilazdiaaon)
mMsduur mItathguszuudeyassuuasaumet
afieneas w Tsaswa Tuin ngunna
% o - = Y
(MFENTIIMeENEAT 1na Ty Taduaz dauiadou)
' 2
f.6. 2538 MIDUTNTLYSAU Lasers and Laser System Applications
& guitdsiazAannmsnms nesiynMsNmsgege
Az @inaulszeumsidsuaz fmuinnig
NHII NITNTANATLHN)
a.a. 2538 MIvszauinms Inensaasiazma Tuladuveszmelng
E ]
asaN 21 o Tsausuueu D aees A v. ¥a13

@unInemansuralszmelne)

k1 ]
o

=y o'
£.0. 2538 MIUszguInms yanssenisanaiou asan 13
=4 ~ o =
A T5USIYIBUNS 2. 1378950
naNgansseidlanasaundalszinalne)
= o =
1.8, 2539 MIANALIN MIATIEALLLIBNFe S IoWLazMILTegnd
o UMTINODDIFe9 11 (TAEA)
L7
W.A. 2539 NMFAUNNIIFINT MstnTadude o urn e desada
9. Unusil uTInendesida)
n.A. 2539 MydszyuFaliiams asan 6 Merdumsuanfeung
= 9 = o ~ =
IMIUINeTaastasma lulas o Tsausyasuga

ATUNWA(ATENTWINGWEnT na TuladuazFanada)



94

M3 sggudUNUIMITBINT Science and Technology
Education in the Year 2000 & 159U5NAOMNTE 1589 ny
UYINORHa 1)
asduuuseinl 2539 Faunadeulnelunmssunth
o TSUWTUTUNTANA T ATUNN

a o = o o
(MITNIIIMNEAT 1na TuTaguazdainao)

a.0. 2539 MIFUUHUFUNARAAI UM IATIE In-Situ Measurement
System Using Non-Conventional Calibration Methods Used
in Canberra System and Correction Methods in Non-
Destructive Assay of Nuclear Waste Using Canberra Waste
Assay Systems @ ﬂW’]ﬁQﬂSﬂIﬁJWﬁﬂﬂ”lﬁﬂ NIUNNA
AU IAINTIVAANT)

.8, 2539 MITUNUINUIYIA International Symposium on Risk
Assessment - ISRA BANGKOK @ 15ausuerauda
AN @nanieInemialszned lne)
mydunuElfianms mstlestugidsoannmsiall
o TsausuTuTunasum 9. 53809 (nuTsenugaamngsu)
Msduun unliianis Gis Tusruwuiau aud 8
2 TS UBUNTANE B AFUNHC

= o = | C; 9
(MIENITWIMAMNAAT (A TU ladllas Funadown)
Y = 3 A Y = v

Msvszay My lFuTMmsresngymumaiinveaniiga
Netherlands Management Cooperation Programe (NMCP)
SAUAINT NS MU TAY M NgAR AT TIVEY TN,

o = = o = o ] =Y
w gqudma lulagdannsounduasnouiae s U Isa
AW GinaduaTIMsIteInenmansung

na Tu Tadinveana)



95

) at = = e £ = o .

.0, 2539 NMIFUNUUBIRTAMS MswaayIling (Manufacturing
of Whiteware) B SUIWAUIYATINATTUATOUAT DDA

& o
MAMID 9. 411 (NTLNINYAAHATIV)
3.8, 2540 ﬂﬁﬂi&ﬂﬂﬁﬁﬂﬁﬁﬁﬂﬁ Ferroelectric Materials and
.. = 1 s = '
Applications 91 Tsausanwealnigan v. eeln
WvIngeoee 11y
= - 3 i
5.0. 2540 mydszaudnmsganssmisianasou afed 15
¢ A A S oo 5 = '
w guiinFesioldgInemaniuazime lulag gwinansal-
UMIINOTEE NFUNHA (FHDINTAINNING 1Y)

AN 2541 MIFUUUIMNIBING Advanced Ceramics as Engineering
Materials & MAIPNANT AuLINmans un1Ine1ds
Wea vl @wnymenduFeelny uag Freiberg University,
‘Germany)

1.8, 2541 MyAuMUUEIRTAMS ganssaitianasounazgilnyel
= o 4 =f =t L= a 14 gf
AT o gudna Tulagdinm uniimedous 19
@nInendoud1d waz usim wa'lne $18a)

anatlseing

1.8, 2529 M3 ﬂszﬁgummﬂﬂﬁ The Second International Symposium on
Protection Against Chemical Warfare Agents
a1 Yszimera A (Stockholm)

4 9/ o 79 &/

.8, 2534 MsAnusuMMaIesuazMsUseynd 199 SEALS I -
South East Asian Laser School @ Uszimadulatide
(Yogyagarta University, Yogyagarta)

11.9. 2535 MsAnouTUMUMI FUATaeaas 19 R NeeY
HUndos Course of Instruction for the SU-415-5 System

100/ Gamma AT Operation ﬂizmﬁﬂw%'gmu?m



96

(Canberra, Connetticut)
MIANDUIN Laser Target Designators & Rangers and Laser
Safety o1 UszmAansgolusn (MIT)

.. 2536 msﬂszﬁlguﬁuum 1993 International Electro-Optics
Exhibition and Symposium on Laser and Optoelectronics
ot UszimadenTals

11.. 2537 M31lszeuANT The Bighth International Simulant
o Ussinee ‘ﬁ%'j DIUIN (Aberdeen Proving Ground,
Edgewood Area, Maryland)

A.A. 2540 AMSRNBUTY Third Country Training Programe in Analytical
Instrumentation for Ceramics 8 Uszinenuaie
(Standards and Industrial Research Institute of Malaysia,

Shah Alam)

k.
=
3

- AazaYNISUMSNATIUNDINUA Tasemsnaa IWihdrenszuaau

- puzaYRTIUMINATRUNBYINLN Tasamistusud

- AmEaYNTINMINBNTHUN TAsams3Tearsadsnussematid 1

- AUTBYNITNMIIOUATHALINMINNNUITVEINTZNT WA Ty
msgnsilede)

- auzyahnulalenmsveInsuIngmansnIsuN

]
Qe gl =]

- gaihnulssaununstiestuussmuazudilywgiafoiieesn

AT REYDINTUINFIAAT NHITUN

QU oo

- 1NN
@ & gt Qs 3 =
g VARYOUAUNTINUL 2191190 IUAY ATNINGFNAATNYITUN

9 9 0 o =) )
mthasutiuauluTasemsamnszs 1 wasvesautans s nnTa-

—

=5 = =
51"]5’6’[?]'] ﬁﬂTll‘]JiiJT]Tpr’]ﬁq [ITENTTINNTEU



o7

SRR DTG EA YT

- gnszidavheafudunumasgruins
AuLnIsUAMIMMUANIAsg Uy T5Unsal nsznsdenan Tnu
FUSOWINTFIU 20 N.A. 2530)

- ndesdoeasrvmssllunanarafunuue e Fud 2
@AuenssuMsHmumnassugnIsdnsel nesinun
FUTOWNTTIU 7 NN, 2532)

- gagilnsaliumlad
(AuznssuMIMmUaAIg U Tsinsel nesinun
FUIDWNIFIU 7 NN, 2532)

- udesdeImdmsunadu lwananau
(AuenssumMssmuanasgugnIsdnsel neainun
TUTDINIIFIU 10 ALA. 2532)
HATUITEAAUNDIINLN 519 Taruyy 1l 2535

_ nsftnvguauifvewraameifelss Temintamms
@aznIsuMIimuansguen IsUnsel nesiiwun
TUTDINRTFIU 18 W.8. 2534)

- ipfesTaszsnedituaamiyof
(NS IuMs A mMuaasg g IsUnsal neainun
FUTBINIATTIU 6 5.9, 2535)

- Unongnuaswgdya adlumhanuuunaradn
AUNITUMIMMUMNATI UM I5UnTel AoaiWLn
TUTOWIATHIU 24 N.A. 2539)

1
=

NEIUIBAIAUABINUN 519 7an 2 T 2539



98

- wqdamdwﬁuﬁu
@aenssuAimuamsg g Inlnsal nesinun
TUTDINIATYIU 24 N.A. 2539)
o ASuRaunesinun s19¥ad 3 7 2539

- yaliuasdudsusa

- 9930 105 W, USIEandl

- 88./A. 60 V. UTITAIROA

- DY/A. 60 Y. ATUUT

- Q0./A. 60 WY, AOIA

 ndeudanaiufnauensuseimiie

- gudtedaRuna

- mswanntuBaniedaliszuyadiannsedind

- mIvmnsEguznTe Tane ey

Bamawd EAnmTTYUNBITINLA)

- gnIziiaudes (ﬁ’ume%’uﬂam ManmivaYuNoIniwun)

- gnszidiauaudos elasuusd) Eaamfumyunesinun)

- _fnsﬁmmm?mﬁ'@t\gjmﬁﬂuﬁamsﬁyé’ﬁTuﬁﬁ

- msﬁ’mmgﬂmﬁﬂm%’wquﬁ”ﬁﬁywmuum;mﬂﬂﬂ

- wihmntlestuasiiy AsvinenmansnmsiSe, nsuineemans-
NMTUN LAy gUItnemansaziaunIzIUe T sNaeNe N e

- BIUDITPRIUADMTUITIAEIS VDT TIANA it 1
@MIFOUMINA, neinun, nesinss uaz newinene)

- Tassmsfinganudu 1R Tasamsdrirndined Tagduase
luindomelunsuinemaaimmsun

- Tasamsadouuamums sanmsauanundeuiazimunylssaad

angiiassvesnsuinunilounnamsiaiiduasie



99

- 1n3earelndedsuaaies
(U531 Royal Ordnance Uszinadenguuazusin Inoawes 41a)
- msAnanudin 18 lumsSseuaz Wann nfesdienels
MIVINNNAATNYITUN)

- MIATIVAATIEHNIZINNTBY (F1TANTZT1939)

3r
- MIAATEIMIAANTOUVRIRUAIA T (ATUINManinmIEe)

HAIUNNIHIMS

1. Laser Application for Military Uses. Second Symposium on
Southeast Asian Laser School ( SEAL II ), 1991, Yogyagarta
University, Indonesia.

2. A5 aeinszEEN A IeESaIYeT mylszpndinmsifionsise
wazWANMINKNS lawesuazmslszynd, 2536, sa1iims-
ﬂ‘§$7!§'3\1ﬂﬁﬁﬁﬂ, IUNN-L

3. Ceramics Industry in Thailand. Third Country Training Programme
in Analytical Instrumentation for Ceramics, 1997, Standards and
Industrial Research Institute of Malaysia, Malaysia.

4. SEM STUDY ON ANCIENT GLASS. Journal of Electron
Microscopy Society of Thailand, Volume 12 No 1 (January 1998).

5. Fabrication of High Refractive Index Glass. J. Sci. Fac. CMU
Volume 25 No 1 (June 1998).



