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This research aimed to resolve the weathering problem of soda-lime silicate
glass which is commonly covered by white haze on its surface. The study focused on
the effects of adding zirconium dioxide (ZrO,), zinc oxide (Zn0O), and surface treatment
by dealkalization with sulfur dioxide gas (SO,) in different sources on weathering
durability. The glass samples were tested to determine the solubility of the alkali, with
water as solvent. The results showed that the glass with surface treatment was the
most of hydrolytic resistance (HGB2) and the glass batch with ZrO, instead of alumina
at 1%, and the batch with the addition of ZnO 2% were the most water resistant in each
group but less than dealkalized glass. By determining the weathering durability,
Dealkalized sample which was treated surface contributed to minimum occurrence of
bloom defect. One with added ZnO 2 % sample was slightly more durable than that
with added ZrO, 1 % sample. Further, the investigation of the surface hardness
revealed that dealkalized sample was the best of surface hardness (5.600 GPa). The
group of reformulated glass reflected the trend of surface hardness. From the
experiment, dealkalization was the best way to improve weathering durability. After
rinsing away, the alkali ions at the near surface were reduced, leading to lower trend
of weathering. In part of dealkalization on float glass, all of reagents that were used
as a source of sulfur dioxide tended to improve hydrolytic resistance and surface
hardness of the glass. The sample was dealkalized with ZnO 10 g. which was

maximum hardness (6.616 GPa). So that leads to improve weathering durability.
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%, Enter. Refining furnace
€ A process that cools glass and
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distortion.
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€) Melting furnace
Flames from the burner
melt glass at temperatures of
approximately 1600°C or above.

o Float bath
Floats glass on melted tin to
evenly form the width and
thickness and ensure planarity on

both sides. (© Cutting
Cuts cooled, solidified The total length is an
glass to the necessary size. amazing 600 meters!
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2.1.3.5 uiamznia (Lead glass) ¥sauinA3asa (Crystal glass)
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dudegaunlduradensenlas (Ca0) Tdunumiudadisanguugiilunig
L% ¥ Ny 1 a an dl = s
waaNFavesuia wildenndanisisianizianiuazlaniuet esanueaaidanesnlafay

Fren LA aTAatNanad

2.1.4.3 Talalus (CaMg)(CO,),) [12-13]
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a Iy X A ~ o g | y =
@]mﬁf;ﬂ'ﬂﬂq\?'ﬁUW@um@\‘iLLﬂQVLﬁNqﬂTu LURYIAN A|203 N‘]JV]‘LI’]WMM?VI’]WIMW’]Hmem

AN Lﬁl@u



12

2.1.4.5 THauad (Na,CO,)
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Huingauiniduunasaes Na,0 Harunsadosangamnilunisuasusiaaaquion,

1
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2.1.4.6 a17lanesa1nna (Refining agent)
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LLmngﬂm@uLﬂummmm&wummuumﬂq patiuvnninan ez aLan ludiuig
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a
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1
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2.1.4.7 a13nand (Decolourizer)

1
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2.1.4.8 g7 144 (Colouring agent)
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2.1.4.9 WAEWA9 (Cullet)
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2.1.5 naunenulnsaasiawna

2.1.5.1 NOHr23 V.M.Goldscmidt [10]

= ° - °o Iy Vv [ PR P

srpnausninean lmsunviluuinlalae lifasnansoaansau Ae 5T lanau
AP ~ . PR o Iy a AP
Pdiszquan vize wanlaesu (Cation) Millagndanseusaseandiauleaaunilszqiiuay
wrazandn uaulaany (Anion) aluglaniwaausumin (Equilateral triangle) vsagill
PINAFIUANNWALN (Tetrahedron) i Famauaanlas (SI0,) Fagnianinduuiagany
(Silica  glass)  Taglisiasdinisnanansau) naafaduginsasmadinuaia s
(Polyhedron) AiuansinafiutiuauiuAdnsdauseudnsfalanslaasuuanigniansauiu

o

Auasaandiaulaaa

2.1.5.2 NQu]ued W.H Zachariasen [14]

A o

saLluanad1alngedne (Network former) siadfaniTRgail

q q

- AzAaNTedEIUUANTeNAEI e AENTBIDBNT IAUTB NI WTAWINAL 2

ACHABN

- ATAONIANETUABINOZABNTBID1NEONTIAUADNIOU 3 T8 4 BTADN

¥ 1

- azmeNvavEIntuladeondlauaynaNtndansau L Anugnsuane
4 4. 4 e a 4
WAL TINTITRNADAUIITLUAN VAL NARINAANNITITANARAIYY N
Wintu

I v

- sUNANYRINTAATUANNNINENTIAUE LADNABNIDUDL ADNTBIFATIL

b

o 1 £

FealnsimeNsiaiunyNet1etiasa L 3 YN

Q

a = aa . =2 o ] I A:II !
ANNNE B UDITITUTUULTU TAADL (Si) wazlusau (B) mgﬂ@m@qiuﬂqmmwﬂ@

TAT9181L79

2.1.5.3 N8 K.H.Sun [15]

nadnuununumwicfizesezaandelulnseaireua ruunlaelddraanu
waussaeiuszifien (Bond strength) szwisgtiufueendiauaznen Tsaunsnfiuan
FannAmassuaaneiusy (Dissociation energy, E,) ssfatidnuauazmanaasaaniiaud
feusauazmanvaslanaunantiu vde inalnesdiudu (Coordination number) Tnss iy

Network former dutinfia¥nelasadnaaasuiafiasdAnAN LI 1a9RLs s 19916 HUuA L



14

a ' a A, o A A o . =<~
AANTLAUNINNGT 80 NlaLAaeI/NTNazAaN mmmmm@mﬂu Intermediate TINLNLIN
% d‘ 1 all | dl | . a < o
mmizmwﬁmmﬂu Network former LL@tﬁ’][’:WlL‘]Ju Modifier aZdATAITNLAILINYBAINUES

:l/ o a ] ' a = o dtzll ?.'/ tzlld
IR UUNUDANTLAUBL TEUIN 80-50 nlaupaas/NiuamAan LL@Z:IHﬂ?M‘V]ﬁ’]@uuV]N
| o o | e = <3 o :// o
unuiilusadaasaulasiaseane (Modifier) ATHATAITNULINLNUDIWNUTSURITIAULNL

2aNTLAULALNI 50 NlauAaad/niuarnan AILaAI1UATI99 2.1

F1979N 2.1 antiRsing 2eseenlasniduesdlsznaaesuric [16]

NANUAABNUTE M-O ANAINH LI LIINUEE M-O
UNUINIU LA
. o | 818 ﬂﬁ‘%}‘ (Dissociation energy) - . (Bond strength)
Tasaaieuna _ W Taeamwdu| _ oL
AlakAaas/NFNesmaN AlakAans/NINasAaN
Si 4 424 4 106
B 3 356 3 89
Network
former
Al 3 402-317 4 101-79
zr | 4 485 6 81
Al 3 317-402 §] 53-67
Intermediate| Zr 4 485 8 61
Zn 2 144 2 72
Mg | 2 222 6 37
Zn 2 144 4 36
Modifier
Ca 2 257 8 32
Na 1 120 6 20
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2.1.6 TAsegs1anazdIulssnavuuasnnd [6]

vy '3 | s ' = a [
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TAs9aF19RaLALAna N TN LUnaan teilu 3 UszinnsnaiuAa

2.1.6.1 Network former
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a . o ool o =2 o g ua
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2’/ o Y < o/ 1 < 3| < o ¥ a S| % %
ANt Iifiusaatatineganfaainaie Lﬂu“ﬂﬂ\‘]LL‘IJ\‘]@ZVI’]SLHLﬂﬁLﬂuLmQVLG]

2.1.6.2 Intermediate

s1pFseanlasuesiuatunsafinlassinasaniulnssatssauianinangis lu

ngu Network former 1 taenfinifluiuazlnanaus dwReaaiuiuse Si-0 aewinliudad
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1
a

nanliifaduuda sngnuassunuinidly intermediate niflusnniafioaus (Multivalent

q

&

Elements) T azgRifian (Al) snsesaslaiien (Zr) way@ed (zn) W

2.1.6.3 Modifier

srpnauilaun TansTuluaniaus (Monovalent Metals) 38 wandaanlail 1w
Tmpen (Na) uay Inunadas (K) dounguasslanzlnoniaus (Divalent Metals) visa
o cao \ = A , -
wandamladlasn [ wAalEen (Ca) wazuunidesn (Mg) TunguaaslanzTuiuaiausisns
L A i a e ) o ) o o A p |2 |
nguildiiaiusesaniulasadnandnaeuda Wasannleasuiawialugjasliaiunsounsn

dWinldaglulaseanals sapatiaiinitassinaasldinousatiesanas iesanlla¥g

o
a A |

AUSEAUBNABANTIAUTIUALANN T NTONTENTNOTADNTBITANT 2 azAaNAWN 19

Tassdnsudntiuuanean asinliguugivaausresuioanas ianasinastiuioas s
A 1 ° v = v 1 6 1o

ANULAARRT uiazyin il avnamunInaianatdos lunguaesianzlaaausdazlidng

Wiuse Si-O upneanuAaziiaRusssanniulATeadauia NannsunuRresiuss A aus
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(Si-0) faaRuszaIanININaUFATTrdNuNN TN LazaanT Ay (Mg-0) T9lANNLTLI
4 1 a a aelld 1R o bZ v Y a a;lj a v

daanduanuazarasazpangiaiiauinlngaswmnlilassafreudadadanldannipudag
denaliufoqanasuinanfna udaNATunNIARazanasiaendnisununsaalans
ngutuuaud eanlafuessnsngn Modifier Bunntinuuaenmadlag lduanivaenlas

1 Aﬂl Aﬂl o Y @ % 1 < a ¥
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2.1.7 ANUAURILNI

o

1.7.1 aNTRAUANWIGLT (Mechanical Strength) [6]
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b

aAa o
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« S X e 48 2NN L e D a
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Houan1ed19n lurniznaauiclaNiaugaudsaIngnoaneananunuuy i ndsann
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o

2.1.7.2 aNTRANUAMNNUNUFRE1TIARTBILAR (Chemical Durability) [6]
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Modifier Tulasaairsuiaaafinidudunne) Alaufianizendnlamsadani (Hydrated silica)
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AU ATA9TIAUTIUTENIAINUIIAIUAFB A NAINUNISLAR LT ULAA W 1IN

v [=3 ° v 4 Y v dl a % 1
nauzuiafauiadniinliussqanslddesiananleesungneanuiainiiauiallelu
ansavangazdanann iAo uiduduiisauninndinnguzuiandawialugfaunsaussq
arsazangliunn inszdndouvesiioraauioselFunsuesansazane (Surface-to-volume

ratio) 1B4IALATUIALANAZNINAINTALTIIUN A DY ﬁq@ﬂﬁw@mmLLﬁ’ﬁWﬂ@ﬂﬁUﬁﬂ;
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2.1.7.3 AN1TAN9AINERL
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antFn9AmFaueuinddeguug i liuAadinisu asuu lasndn Ay fadl

a

1. @qmuﬂmﬂaﬂu@mmﬁ% (Glass Transition Temperature, Tg)

[ %

Aa Uy Afugnensiasuutlasanuausinny (Specific heat) 189940 LAY
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|
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2. frUNNNEaUAI789L719 (Softening point)

%
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3. 9ouuANSAANAN (Crystallization Temperature, T,)
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a =2

4. ARUUNHNITUADHNAN (Melting Temperature, T )

a

| |
a

Ao gunRnufaEuAanvaexdalnaiaNIuNIzIIBNIAAANEEY Dl AauUnNT

a

Xy = A 2 v a a
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5. gounnAufanaansalnaanysal (Liquidus Temperature, T,)
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DSC output
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T T T T T T T T
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3.1.1 Smgaunldiflugauilsznavaasgnsuioussasiom

3.1.1.1 N9t (SiO,)

3.1.1.2 g uad (Na,CO,)

3.1.1.3 Tnpandamn (Na,S0,)

3.1.1.4 Tnaanlumsm (NaNo,)

3.1.1.5 %ty (CaCo,)

3.1.1.6 wauiluillnsaanlas (Sb,0,)

3.1.1.7 arguun (ALO,)

3.1.1.8 Talalusf (CaMg(CO,),)
3.1.2 asARnlElun1sauRauiauaznszan

3.1.2.1 tnaenlalasiaudama (NaHSO,) (AR grade Panreac)

3.1.2.2 TAFams (ZnSO,.7H,0) (LR grade Anssinusinniise)

3.1.2.3 an9du (KAI(SO,),12H,0) (LR grade Anmsinuainaciel)
3.1.3 asiAdnldlun1snasauaNtiTawi

3.1.3.1 Twswauea (Propanol) (AR grade, Riedel-de Haen)

3.1.3.2 thisrannlessy (Deionized water)

3.1.3.3 a@lnu (Acetone) (AR grade, Merck)

3.1.3.4 n9nlalnsmanin (Hydrochloric acid) (AR grade, Merck)
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X-ray fluorescence KUl wavelength dispersive (Bruker @u S8 Tiger)
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3.2.3 NSLASANTUINUKNY
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% o [ o a o s r-‘ll QI
12.20% WAz 18.20% tneitin aclugns DO mnasu InaddnglssasdineiiuFunn
unntdeneanlas (Mgo) aslugmauia
v S 4 o - .
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Uiugmssiallinanismninnausamnsney

F1979% 3.1 evAUsznavdngauvesgasuinlaniladuazuingasniinismnlaialus

an?
oo DO D1 D2 D3
AR

n318l (SiO,) 60.635 60.635 60.635 60.635
Tauat (Na,CO,) 18.000 18.000 18.000 18.000
Trhendams (Na,SO,) 0.700 0.700 0.700 0.700
Trmanlumsm (NaNO,) 0.540 0.540 0.540 0.540
#iutu (CaCo,) 18.950 12.750 6.750 0.750
wauntudlasaanlss (Sb,0,) | 0.055 0.055 0.055 0.055
azqiun (ALO,) 1.115 1.115 1.115 1.115
Talalus (CaMmg(CO,),) 0.000 6.200 12.200 18.200
Fefaanlms (ZnO) 0.005 0.005 0.005 0.005
993 100.000 100.000 100.000 100.000
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F19797 3.3 avAsznaudngavaesgasuinlanladgnansan (D0) graninisiminlalalus

= % dl % alld a
LACNNITACANEUDLNGA (D3) LAZHATUNINNNITLAN

[ %

o

TRYALAAN

AM3
A ! DO D3 DZr1 DZr2 DZr3 DZn1 DZn2 DZn3
BInAL
798l
60.635 | 60.635 | 60.635 | 60.635 | 60.635 | 60.635 | 60.635 | 60.635
(Si0,)
Tt A LD
18.000 [ 18.000 | 18.000 | 18.000 | 18.000 | 18.000 | 18.000 | 18.000
(Na,CO,)
TnpeNdamm
0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700
(Na,SO,)
TepieIn TsdLm Iy
0.540 0.540 0.540 0.540 0.540 0.540 0.540 0.540
(NaNO,)
ity
18.950 | 0.750 0.750 0.750 0.750 0.750 0.750 0.750
(Caco,)
wauluillng
. 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055
aanlas (Sb,0,)
BTN
1.115 1.115 0.865 0.615 0.115 1.115 1.115 1.115
(ALO,)
ToTalus
0.000 | 18.200 | 18.200 | 18.200 | 18.200 | 18.200 | 18.200 | 18.200
(CaMg(CO,),)
waslalanle
. 0.000 0.000 0.025 0.500 1.000 0.000 0.000 0.000
aanlas (2r0,)
F9raanlas
0.005 0.005 0.005 0.005 0.005 1.005 | 2.005 3.005
(ZnO)
77U 100.000{100.000/100.000({100.000{100.0001100.000(100.000|100.000
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3.2.6 AAsIzUANLBUNIgATAIBUNaILFaLRLN LRSI NMSIRNATL AN

TUUUAIEAT DO UWATTUNUNETANAINGAT TUAAUN 1.1, 1.2 uaz 1.3

UV-Vis Spectrophotometer

A4

ANIAGaUANTRLAA Hydrolytic Resistance

! ! Y a
naugniseaniaziing R Vickers Hardness

'

Differential Scanning Calorimetry

A\ 4

[~3 z % v dgl
mmummmfﬂu@ ATUANAINTU

Watsan1LAnln 4 ddpnt

> Visual Observation

A\ 4

4

Optical Microscopy

NINARBLANITRLAN

A 4

SEM-EDS

uaagnisan1Eliiiai J

Vickers Hardness

A 4

PEEM, LEEM

NINA 3.5 WNUAININARBINIINARR AN FIFY
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3.2.6.1 N1IIATIZHARAZAINAINT0 TUNTAINIUTRILASAEINATIA

UV-Vis Spectrophotometry
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FusulnenisvaenluiesdfiRn1suaztin1in@faeAsed UV-VIS Spectrophotometer
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3.2.6.2 NIINARDLANNATUNIUFABNITAZANEILN (Hydrolytic Resistance)
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3.2.6.3 N1INAFALAINHLINANINBFUIBIRAWAY (Vickers Hardness)
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(Vickers micro hardness, HV) AuanslAaNNaNNITN 3.1

HV = 1.8544 x (%) (@un"9h 3.1)
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NUELUR: A HV Asnl&tiTminenflu Alansuusy/msedadiums (kg.mm"®) anunsnlae

vlaenlumiaeluszun S1 neuaswidumiog wneniada (1 kg, mm* = 9.807 MPa)
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scanning calorimetry (DSC)
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(Optical microscope)
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3.2.6.8 N133LATIZHIATAFINNIAANIALRIRIUAIAENABI9ANTTAL

AANMTOU (Scanning Electron Microscope)
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Optical microscopy
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3.2.82 n13dAsnzilaseainanieaaninvesianszaninanisldndes

qa1193A1LAS (Optical microscope)
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Spectrophotometry
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3.2.8.4 N199LATIEYE1AB9ALIENAUTBIATILLNIMNNENRINTEANUAINAT

auRalaaldinalian Atomic absorption spectroscopy (AAS)
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3.2.8.5 NINARBLAMNAIUNIUFABNIAZANEUN (Hydrolytic Resistance)

fnglnATA Atomic Absorption Spectroscopy (AAS) [23]
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3.2.8.7 NMIMNAFALANMNLINININATIAIHINTZAN (Vickers Hardness)
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aanlid | DO D1 D2 D3 DZr1 | DZr2 | DZr3 | DZn1 | DZn2 | DZn3

SiO, | 7249 | 72.74 | 7297 | 73.21 | 73.22 | 73.21 | 73.21 | 72.34 | 71.48 | 70.67

Na,O | 13.561 | 13.52 | 13.63 | 13.54 | 13.54 | 13.53 | 13.53 | 13.38 | 13.22 | 13.07

CaO | 1248 |10.73 | 9.04 | 734 | 734 | 7.34 | 734 | 725 | 719 | 7.08

MgO | 0.01 149 | 292 | 435 | 435 | 435 | 435 | 430 | 425 | 420

ALO, | 1.36 | 1.37 | 138 | 1.39 | 1.09 | 0.80 | 0.20 | 1.37 | 1.36 | 1.34

ZrO, | 0.03 | 0.03 | 0.083 | 0.03 | 0.31 | 0.63 | 1.23 | 0.03 | 0.03 | 0.03

ZnO | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 119 | 234 | 347

Sb,0, | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.06 | 0.06

Fe,O, | 0.03 | 0.03 | 0.04 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05

K,O 0.00 | 0.01 | 0.01 | 002 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02

TiO0, | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01

794 1100.00(100.00{100.00|100.00|100.00|100.00|100.00|100.00|100.00|100.00
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4.1.1.1 Talalus (CaMg(CO,),)
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4.1.2.3 HANINAGALANNLINININAFUIRIRILAY (Vickers Hardness)
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Total Electron Yield (a.u.)
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4.2  nsunlanisiiadiaasnssaninanainwnalaatas
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(XRF)

4.2.1.1 n3zAn

= o oo o = - | = =
ﬂ’i:ﬁ@ﬂ‘l’lu’ﬁ\l’]sﬁﬂ,u\i’]u’WHQﬂu’]N’nLﬁ?’]ZMLWﬂﬁ]?’W'&@U"J’]Lﬂuﬂit@ﬂﬁuﬂiﬂ TINA

nsATzdesAlsznaun1uaiuaaslunsein 4.10

AN5199 4.1 0 HANNTALAINZFRaAL T NaLNNAANTRINTZAN

aan i Banniesazlneinmin
SO, 72.28
Na,O 14.10
CaO 9.22
MgO 3.22
AlO, 0.61
K,O 0.28
Fe,0, 0.08
TiO, 0.03
S0, 0.15
Cl 0.01
ERRY 100.00
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ANHANI9IAZIBIALIIZNaUNNIAT WU HdpdauaasTani (Si0,) fauas 72.28
Taatwiin wazdilnmanlaaanlis (Na,0) Faaas 14.10 Inauiniin dadouaasiaalda
aanlassanay 9.22 Iaeinuin nldanunsasauunlidnnszanitinuininisissdlunszan

afialann el

4.2.1.2 arsfasurasiadaasinaanlas

2'/ % 24 o c A 1 -QII o Z//
ansfesiuasfinadaesinoanlafaiinsiie) Adwnldlunmessdludunoues
nnsauufia gninundiAsziinennedAlsenaun 1 ARYNie uLA T A LNgUIUN R 570

aeANIaITng FaeRtLengLItNgaaLsAImWs (XRF) NAN1T3LAINZIAILARS LIANT199 4.11

AN NN 4.11 asAlsynaunaalaesansfasun iduurasaasinadamasinaanlas

Tnnsulalnsaudamn ansdu TaAdame
(NaHSO,) (KAI(SO,),.12H,0) (ZnS0,.7H,0)
aan 16 . y ) o y v
(Gasazlnainuin) Gaaazlnainuin) (Fagazlaginuin)
nauaLl naaL nauaL naay nauaLl nasal
SO, 82.16 76.42 60.48 60.60 30.28 25.94
Na,O 17.84 23.58 - - - -
ALO, - . 16.42 18.28 0.05 0.05
K,O - = 23.05 21.08 0.13 0.41
Zn0O - z = - 68.77 67.34
SiO, - - 0.03 0.05 0.04 0.07
Cl - - - - 0.24 5.66
CaO - - - - 0.10 0.15
MnO - - - - 0.31 0.31
Fe,O, - - 0.01 - 0.06 0.06
CuO - - - - 0.02 0.02
79 100.00 100.00 100.00 100.00 100.00 100.00
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4.2.2.2 AANNTUATIZHAUAZAMNAINNTO N4 REN U BUAIAR e ATIA

UV-Vis Spectrophotometer
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AAUAEINITANNIANNA AR FINANITIATIZFR LAz AN AR lA TN 4.16-

4.21 WAYANTNN 4.12

L*a*b* Color Space (CIE 1976)
(2? Qbserver, lluminant D65) 100 51—
14 L
90+
12
BOV
1
70
08 ] e
=§ 06 60
[ 1
V04 504
)
H 1
Q
202 40
[0} 30
02 |
20k
-04 4
104
-06 1
-32 -3 2.8 26 24 2.2 2 -18 16 14 12 -1 -08 -06 -04 -02 0 0.2 L
a* (green <->red)
Date/Time Name X |Y |[Z L a* b* |Eab |C*ab hab
| = [1017/20113:17: [/FNH1 18051862 1928 194.40 |-2.90 [0.77 19445 1300 \1652°
| = [1017/2011 I|AN-B_|79.1186.0 192519387 -325 1000 19398 1325 \1800°
| = |1017/2011 ||ANB 1814 187.21938 |94.83 -290 079 |94.87 1300 \1647°
| & [1017/2011 1 805|863 19259443 |-2.93 1098|9448 309 |1615°
= |10/117/20 80.0 |185.6 |92.1 [94.15 |-2.61 |0.76 [94.19 |2.72 |163.8

N 4.16 uan1sipdaasnszannauaenisauialaa llnaaslalasaudamn(NaHSO,)

8

JA\

N
/
|

e —

Transmittance [%]
cn 3388 EESFT3 RS AISRS K

350 400 450 500 550 600 650 700 750 800 850 900 950 1,000 1,050 1,100
Wavelength [nn
Date/Time Name |Thickness Attr.|Geom.|Std. Thickn, Correctio |Reflectance Immersio
10/17/2011 3:17:24 PM |[FNH1_ [2.837 mm [T A |undef [10.000mm [7.84% (784% | ]
undef [10.000nm |7.84% |7.84%

undef [10.000nm |7.84% |7.84%

lundef [10.000mm [7.84%  |7.84%

06 AV | T
10/17/2011 3:51:48 M |FO 2859mm |TA |undef |10.000mm |7.84% |7.84%
T- Transmittance, R - Reflectance; A - Ar, | - Immersion, C - Custom

A 4.17 HANIITAANNAINITDIUN1TABINIUURILAS

aasnszannaunazuainisauialasldlnpnaulalasauiamn(NaHSO,)



86

L*a*b* Color Space (CIE 1976)
(2? Observer, llurinant D65)

16 100 —
14 90
12 80
1 " ]
| | 70_
~ 08 1
kS 9 601
2 06 . .
>0
\} 50_
S 04 i
S
* 40_
Qo 0.2
30_
0
-02 204
04 10
-32 -3 -28 26 24 22 -2 -18  -16 -14 12 -1 -08 -06 -04 -02 0 0.2 L*
a* (green <->red)
Date/Time Z |L* a* b* C*ab |hab
| = [1017/20113: 8191.9 194.22 |-2.88 |1.01194.27 1305
| = |1017/2011 2191.9 19398 |-2.93 0.63
| = [1017/2011 01922 194.30 |-2.95 10.95
| = [1017/2011 01936 |94.74 |-2.94 10.74
10/17/201 6 1921 |94.15 |-2.61 |0.76

NNA 4.18 wansipdrasnszaniauiazudsnisauiialaeldansdu(KAI(SO,),.12 H,0)

3 38R 88K S

I
—
—~——

Transmittance [%]
8

I
1
I
= |
/
/
|
!

350 400 450 50 550 600 650 700 75 80 850 90 95 1000 1050 1,100
Wavelength [

Date/Time Name Std. Thickn. Correctio Immersio

FAI1 |2.854 mm . |7

FAB_|
FAIS |
FAI0 |2.
—110/17/2011 3:51:48 AV |FO
T- Transmittance, R - Reflectance; A - Air, | - Immersion, C - Custom

A 4.19 HANIITAAINNAINITD 1N 1TABINIUURILAS

wa9nsranfautazuain1sauialaelda19du(KAISO,),.12 H,0)
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L*a*b* Color Space (CIE 1976)
(2? Observer, lluninant D65)

100 T
1.6 i
B 90 —
1.4 -
] 80
1.2 |
1? = 70
O - 1
S o3| 60
Q u = i
3 06 50
g ] 1
s 0.4: 40 -
b 0.2] A
E 30 -
07 4
] 20
-0.2 J
-0. s 10 1
-3 -25 -2 -1.5 -1 -0.5 0 L*
a* (green <->red)
Date/Time Name X Y |Z L* a* b* |Eab |C*ab hab
| = [10/17/2011 3:21:15PM |FZS1 |79.7 |85.4 |91.5 |94.05 |-2.92 [1.04 [94.10 |3.10 |1604° |
o= 932 (9457 |-2920.73 |9462 301 |1659° |
| - ) |933 |94.69 |-280 |0.89 |94.74 294 11623° |
e ZS10 | 79. 019059387 |-294 /140 |I9392 |325 |1546° |
= 110/17/2011 3:51:48 PM | FO 80.0 |85.6 |92.1 |94.15 |-2.61 |0.76 [94.19 |2.72 |163.8 °

NNA 4.20 dansdpdresnszaniauuaznasnisauialael9EeAgaInn(ZnS0,.7H,0)

Transmittance [%]

ocnéﬁ%c"’n%?ﬁ%&%%%%ﬁ‘m%?ﬁ%ﬁé

TA |undef [10.000nm [7.84% [7.84%

TA |undef [10.000nm [7.84% (7.84%

TA |undef [10.000nm |7.84% |7.84%

1017/2011 35148 AV |[FO__ |2.859nm | TA |undef |10.000mm [7.84% _|7.84%

350 400 450 500 550 600 650 700 750 800 850 900 950 1,000 1,050
Wavelength [nmi
Date/Time Name | Thickness Attr.|Geom.|Std. Thickn,Correctio | Reflectance Immersio
10/17/2011 3:21: . TA |undef [10.000mm [7.84% [(784% |

T - Transmittance, R - Reflectance; A - Air, | - Immersion, C - Custom

A 4.21 HANIITAAINNAINITD 1N 1TA BN UURILAS

wa9nsranfautazuain1sauiolae 1 dEAgaLWm(ZnS0O,.7H,0)
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A$199 4.12 NAN1FIATIZHANRLAZANNANNTD 1NN BIHNULAITBINTLANVAIBLRY

Finating L* a* b* T %
FO 94.15 -2.61 0.76 85.09
FNH1 94.40 -2.90 0.77 85.56
FNH3 93.87 -3.25 0.00 83.82
FNH5 94.83 -2.90 0.79 86.56
FNH10 94.43 -2.93 0.98 85.67
FAI1 94.22 -2.88 1.01 85.28
FAI3 93.98 -2.93 0.63 84.52
FAIS 94.30 -2.95 0.95 85.46
FAI10 94.74 -2.94 0.74 86.32
FZS1 94.05 -2.92 1.04 84.85
FZS3 94.57 -2.92 0.73 85.95
FZS5 94.69 -2.80 0.89 86.34
FZ510 93.87 -2.94 1.40 84.49

AINNNIAIIREBLAIRLBINTZANNAUALRINAT a* -2.61 WA b* 0.76 WAAINNNTZAN

HATEaNMADY IUNTLANTNEIUNIOURINNAINLNTANNITLININTUNIINAUILRY LAz
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4.2.2.3 HANNIAATITIENGRNALIZNELIIBIATILINIMINITLURINTEANUAT

n13auin lagldinAila Atomic absorption spectroscopy (AAS)

v
[ % a

NANVTRAT LU MAATUNAINITALRRANNITDAT AU e AT azaane fa Ll adis
1luaniadnaguils Wasandudanuanuaunes luussainia ananiRdenananugd
panafunanwaniiloAeuduessmlssney Wu mneueanlas (NaOH), Tbasudawmns

[ % ?:/ a '8 I A =® dl a da( [ % a ’f.’/
(NaSO4) ANLIUNNTILATIEHRNALIZNALARNATILTNINVTANANNAATUNAINITALRINTZAN T

]
1R =X [ % 1 1

aqldau1nldinaiia SEM-EDS I#iilasannunnnelddnasuilauansenainfiazazans

U
1 v

nanenfluaaaman AetunIsdlAziasAlsznauaasnanilnaguiaufondsauiiuald
wATlA Atomic absorption spectroscopy (AAS) Bagunsaldansazatalunisimseils

= o 1 o k73 96/ dl v dl a % dl o
nnmsausaetannng ldunnlmaanlessulunisdareasuananinizuuiauianesin

a = P v e~
W?Q@ﬁrlﬂ?ﬁrlm%’ﬂ\?ﬁqﬁ!ﬂ@llW]WQVIQﬂﬂQ@@ﬂquqﬂi\ﬁ\?m?’]\iLLﬂ”J NANITNAADI LA A MININD
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SE
& 35 1 ENa OCa

25
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FNH1 FNH3 FNH5 FNH10 FAI1 FAI3 FAI5 FAI10 FZS1 FZS3 FZS5 FZS10
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a
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a

anuaANTIATEiRsAlsznauaesNanmemailn AAS wudalungns azidsunn
= 1 = tﬂl a = ¥ ¥ tﬂIQ 1
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lanaunfaunalundmnIdinan1suns ldennndn [55]

wazvnNansn luidmasinlauiand laaenfoataNanAAATUAINAITINT 4.13

1
=

AzWININTNGUUYHA 800-900 avA1LARIY TeiflutavgninginasauAgueuuy i lun1sauRn

AR 843 B4ANAATW WUIINTINLGTTENT09 Na Aufirzdamlasinseanlad (SO,) wiaiin

Hunaniuldrmasuassiesfgaileiauiy Ca uas Mg

F119°99 4.13 ATNANUEATE TuNaAAKANT AN AI8951ANEN Modifier [56]

o . A G (kd/mol)
Ufn3en209815 lungu Modifier
800 K 900 K
Na,O + SO,(g) —>Na,S0, -438.52 -424.25
CaO + SO, (g) —> Ca,S0, -254.76 -237.06
MgO + SO,(g) -—->Mg,SO, -137.30 -119.37

a % :J/ % i a o 1 s dl
ANTFUNEUNA9N1T DA IFNAUAINTRATY WLI199A1U2NaLIAI4TAZANLN
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1 4
Y a 1%

(Na) 1nntupn3unasaeslanenlalasaudamaildiinausag 4ms FNH 10 Aanszani

a

Wlmpenlalnsaudamn 10 nfuluniseuiia nudrlaanududueealanan (Na) Tu
Ry [y = P & = o ana
A1982AN87 IHANNNIENNANgIgANEL 40 ppm LAAITNAIINAINITD UNINLTEaN
Aulaihanlulaseairauinlduinign dauntsldarsduluniseuiionsengu FAI wudn
Usnnuneslainen (Na) Nagluansazarenldainnisdenanndinisauiollsunaivaay
ANNUTNNUANTE N T nsvan FAIMO An13ldan98u15unae 10 ndu Tunseuiiaflusaasing

annsapelaipanaanun liuInign daonududuseslamnanluaisazane 9.63 ppm usl

&

¢ﬂl = o/ 173 zj/ L% o/ lﬂl % ¥ o o 1 1 v v ‘ﬂl ya
meﬂmm’m&l@mqimmum@uummmummmm@mﬁ’mqﬂ@umﬂmu@ﬂmgm bl ENG

b

Famplunisautianudnldnanninisldansduiantias nsyan FZS5 wranig MasAdamag
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! J =

151104 5 N3 MinafAsan19nIAnRsINgNANNINTARA A19aa 87 IHAINNIIENNANTAY

q

aufafiANNdNdureslnAeN14.73 ppm
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satiunisldlanenlalnsiaudananduirasaasiradanasinaanlasnas 14l
nszuauntseuiaaz inanlunisindasinnguaseanlduinigaludunauaasnis
Dealkalization tiaaniannlaipaylalasaudaipldngiuaasasdlsznasaasdamasiy

=3 1 Z// U o dll Gl 1 Yo o o 1
HANNINNGIANTAFUAIEY WFaR1ana1dlidIANatsalunTsANdnA198aNaIN
TAgeaFauAanlsduninFunnaasfadamasinaanlamlussuy andulunsiinldaam

Famplunirauiioaz ldnlsuniuiFuan

4224 HANIINARALAITNATUNIUAANITALA8UT (Hydrolytic

Resistance) AdenAila Atomic Absorption Spectroscopy (AAS)
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NN9ATIAABUNITALAILLDIBIFNGNAINBANNIAINNTEANTRIUN19a LR IARH U

@ o o P a = ° ° ' ) P
HUFIMIAZaENQ NN 98 ANANTALTEE m‘imﬁlmmmmwiﬂmﬁmmmmnqmmqm

Q u

Na, Ca uaz Mg fiaaiinaiia Atomic Absorption Spectroscopy (AAS) nisldwmaniaiilunns

FAsIEINIINUAanNITaz A BUILANAINAIN A LTI A ueNGLAT z A laa N laLR N

! ! k%4

ansazananannsInngueatsaaniianuiaiunsalalnsaaein (HCY) LHaINNIANAI8EN
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A o

N22ANNNIUNITALRILNAUINININITNAADY WuqumLﬁu%mmﬁmﬂ@mwﬁ@mw
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v K £ 73 a 1 v v
16 aesaaldmania AAS 11UN1TA99RALAMNLANFANNTAIAINNITNYYW NANITNAARILE A9l
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Standard Reference Materials
Chemical Resistance (Durability) of Glass
622 - Soda-Lime-Silica Glass

623 - Borosilicate Glass

W. Capps and M. Cellarosi

These Standard Reference Materials are certified and designed to check test methods and to cali-
brate equipment for the determination of the Resistance of Glass Containers to Chemical Attack.

SRM Type ml of N/50 H, SOy
622 Soda-T.ime-Silica Glass 767 +0.38
623 Borosilicate Glass 0.34 £ 0.05

These values represent the volume of fiftieth-normal sulfuric acid used to titrate to the methyl-red
end point the alkaline extract from a crushed sample of glass after exposure to high-purity water
[1]at121°C (ASTM C225-73, Method P-W .with MortarCrushing option [2]). This method of test is
also speeitied in the U.S. Pharmacopeia [3] and in the National Formulary [ 4].

The indicated uncertainties are the 95 percent tolerance limits for coverage of 95 percent of
measured values of these lots of glass samples. An example of the use of the statistical tolerance
limit is given in NBS Monograph 148 (pp. 13-14). In brief, if all the samples were measured, 95
percent of the measured values would fall within the indicated tolerance limits 95% of the time.

The technical and support aspects involved in the preparation, certification, and issuance of these
Standard Reference Materials were coordinated through the Office of Standard Reference Materials
by R. E. Michaelis and C. L. Stanley.

Washington, D.C. 20234 J. Paul Cali, Chief
March 19, 1976 Office of Standard Reference Materials

(over)
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SUPPLEMENTARY INFORMATION

These Standard Reference Materials are issued as cullet weighing about 2.2 kg each. The materials
were prepared and furnished to NBS by Corning Glass Works, Corning, New York, and Owens-
Tilinois, Inc.. Toledo, Ohio. Direction and coordination of the ASTM interlab comparison was given
by Frank Bacon, Chairman, ASTM Subcommittee C14.03 on Chemical Properties of Glass. The
laboratories that cooperated in these measurements are:

Brockway Glass Co., Brockway, Pennsylvania

Corning Glass Works, Corning, New Y ork

Eli Lilly Co., Indianapolis, Indiana

Emhart Corp., Hartford, Connecticut

Johns-Manville, Toledo, Ohio

Kerr Glass Corp., Lancaster, Pennsylvania
“National Bureau of Standards, Washingion, D.C.
Owens-Illinois, Inc., Kimble Division, Vineland, New Jersey
Owens-Illinois, Inc., Toledo, Ohio

Statistical analysis of the data leading fo certification was performed by H. H. Ku, National Bureau
of Standards.

The nominal compositions (wt. %) of these SRM s are offered for information only.

SRM 622 SRM 623
Soda-Lime-Silica Glass Borosilicate Glass
Si0g 71.7 Si0, 73
Ca0 115 B,O;  10.7
NaZO ].41.0 N3.2 0 6.41
AlbO; 1.8 Aly 04 6.3
K5O 0.2 BaO 2.2
MgO 0.5 K0 0.6
SOy 0.2 Ca0 0.7
Fey, 04 0.04

REFERENCES

[1] ASTM Method of Test, D1193-74, for Reagent Water, 1974 Book of ASTM Standards, Part 31.

[2] ASTM Mcthod of Test, C225-73, for Resistance of Glass Containers to Chemical Attack, 1974
Book of ASTM Standards, Part 17.

[3] The United States Pharmacopeia, 19th Revision, Mack Printing Co., Easton, Pa., 1975,
age 643.

p
[4] The National Formulary, 14th Edition, Mack Printing Co., Easton, Pa., 1975, page 878.
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NANTIILATIZYAREINATIA EDS 184612219 DO 1t ldinain

Element | Weight% Atomic%

OK 79.21 85.91

Na K 9.51 8.35

Al K 0.95 0.70

SiK 10.16 7.30

CaK 0.09 0.05

Totals 100.00 100.00 ' e T Elechon Image |

Zpectrum 2

1] 05 1 15 2 25 3 35 4 Ly
ull Scale 3406 ctz Cursor; 0.000 ket
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NANTTILATIZUANLNATA EDS 184612819 DO Lt uiiaen

Element | Weight% Atomic%

oK 64.81 75.67
Na K 10.54 8.56

AlK 1.32 0.91
SiK 19.93 13.25
CaK 3.40 1.51

Totals 100.00 100.00

0 1 Elechan Image 1
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NANNTILATIZY e ALIA EDS 19951ating D3

Element | Weight% Atomic%

OK 47.81 61.28
Na K 8.21 7.33
Mg K 2.26 1.90
Al K 3.70 2.82

SiK 32.90 24.03
CaK 513 2.64
Totals 100.00 100.00

Spectrum 2
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Ul Scale 3406 cts Cursor: 0.000 ket




117

NANNTILATIZHAEINATIA EDS 199/7a¢79 DS

Element | Weight% Atomic%

OK 70.19 80.04

Na K 3.92 3.1

MgK | 258 1.940

Al K 1.93 1.30

SiK 19.87 12.90

CaK 1.48 0.67

Totals | 100.00  100.00 ' U | R

—— ———
1 0s 1 15 2 25 3 35 4 45
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NANTTILATIEHAIAINNLINANLNAFUBINTTANNABLALUAINITDUNIAIL A TAIAWTRAFG T4

Microhardness
Indent Type HV
Test Force 50g;
Dwell Time 15sec
Indentation Microhardness Diagonal
Number Number Mean Diagonal 1 Diagonal 2
FO 507.00 13.60 14.00 13.00
FNH1 615.03 12.31 12.56 12.02
FNH3 593.60 12.60 12.70 12.30
FNH5 645.70 12.00 12.40 11.60
FNH10 650.80 12.00 12.30 11.60
FAI1 582.76 12.65 13.01 12.23
FAI3 622.20 12.20 12.60 11.90
FAI5 609.06 12.37 12.81 11.88
FAI10 653.33 11.94 12.34 11.52
FZS1 622.27 12.26 12.51 11.94
FZS3 612.75 12.33 12.58 12.05
FZS5 635.20 12.13 12.40 11.81
FZS10 674.58 11.77 11.98 11.49
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NNTEILAUDNAITUNNATINITIZALINFWUL Poster presentation lﬁiﬂ\‘l “Effect of
modifiers addition and surface treatment on hydrolytic resistance of soda-lime silicate
glass” ﬁlum?ﬂ?::fqa\lThe 2nd Research Symposium on Petroleum, Petrochemicals, and
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