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JAGKAPONG KUMSAP : DEVELOPMENT OF TRANSPARENCY OF
GLASS VIA DECOLORIZING PROCESS BY USING ERBIUM OXIDE
AND SELENIUM. THESIS ADVISOR : ASST. PROF. ANURAT

POOWANCUM, Ph.D., 87 PP.

PHYSICAL DECOLORIZATION/ERBIUM OXIDE/REDOX STATES/COLOR

SPACE DIAGRAM

Silica-sand is a major raw material used in the flint-glass industrials. Quality
of silica-sand is classified by the quantity of an impurity, i.e., iron oxide (Fe20z3),
which has an effect on the color of the flint-glass. Silica-sand for the flint-glass
industry must be contaminated by iron oxide lower than 0.02 % by weight. The Thai
silica-sand is a low quality silica-sand, because it contains an iron oxide over 0.04 %
by weight. Therefore, the import silica-sand is required for the Thai flint-glass
industrial. To reduce the import silica-sand, the effective decolorizing process is
required. The objective of this research is to develop the decolorizing process for
improving the transparency of the flint-glass as produced from the Thai silica-sand
mixed with the import silica-sand.

By using erbium oxide (Er.03) and selenium (Se) as the decolorizing agents,
as well as, controlling the redox state (Fe?*/Fewal ratio) and the redox number, the
high quality flint-glass from the Thai silica-sand is produced. The import silica-sand
is replaced by the Thai silica- sand up to 50 % by weight. The optimum amount of
dopant erbium oxide and selenium is 0.02 % and 0.0015 % by weight, respectively.

As well as, the optimum redox states and the redox number are less than 0.10 and 15,



respectively. In addition, the result of this research shows that the green color of the
flint glass is decolorized by erbium oxide and selenium in the wide range.

Furthermore, the batch design is more accurate by using the developed color vector

diagram.
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Academic Year 2016 Advisor’s Signature
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251 mislFunamiiaeenlaalumslenduna
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lunszurumsrendudidiedsniemenin wuemiiaeon lea (Mno,) 1l
A o A ° 9 = v & 1 Aa (o C .
arsyidaniangninlelunisendvesuninwuagadsdalusia Tag N. Srisittipokakun
° =2 va A Y = J
(2011) razauzimsAnIguIaNITgananuaazns IR dvesasuuImiiaoon laa
daa 4
MnO,) TundaToarlad@aina (Soda-lime-silicate glass) t1az Taa1laivoisa (Soda-lime-
Y a = J 9 1 Y == o
borate glass) A2emstanuuIntiaoon a1l lusedosaz 0.00 99 0.50 Tua nazsing

a =

Yy 9 P~ Y Jdaa
waouutmea ihiguungil 1500 esriwaFeaue i Tvar laddama uag 900 oan
= 9 o I~ <o ] 1
raFaauand Iyan ladvese (a3 ¥ 119 11ARaNITNAaINUNANUHUIUUYD
9 " v A W . | = A d? A = =) 4
UAIAAMAF T NIMUDIAY (Refractive index) HAMNNIUNDT M1t voauuantiaoon laa
A 2 8 o o [ PL ]
MY vaziiotamd Iasld5z U L*a*b* color SanUIMuIn i aoon lod IR auad (A1 a*)
v 2 a Aa 9 Y v o A ! A -
wunvueudIuan@ua 1l Tuud1d7e daaaaluaisan 2.4 uamsiuInIta

s 1 o 1 1 ] H
pon leagadanar ldiainnuainaveda (A1 L*) 7 laanad

d' Y o (] d‘ a =\ 4
M1TNN 2.4 Wa CIE L*a*b* ‘U?Nl,l,f‘l’m?l’t’)fJNVIWIiJLL?JQﬂWHﬁfJfJﬂUlGD’ﬂ (MnO,)

Concentration of Soda-lime-silicate Soda-lime-borate
MnO, (mol%) L} ag b* L* a® b*
0.00 88.9247 | -0.1455 1.3944 | 69.6470 | 0.6359 5.3907
0.10 79.7234 | 7.9651 1.0758 17.0557 8.8693 12.4255
0.20 66.0706 | 16.6776 | 0.9830 | 29.2288 | 19.2043 | 23.2772
0.30 61.3341 | 21.5880 | 0.0194 5.3643 14.3048 8.0738
0.40 49.8286 | 26.6743 0.1481 8.4447 | 21.9918 | 13.3664
0.50 42.3934 | 29.7320 | -0.4715 1.9794 8.6053 3.4305

@911 Bahman and Behzad (2011) 1@ANHINANTENVYBINITIAN AT
= s . . < Y 2 aa .
uuaniidoon laaniine Oxidation states Y04 lopoumanlugasuia la@oudama (Sodium

silicate glass) &4 Bahman and Behzad (2011) 1dnaasanniIuiaveauneanmiaoon lad

a
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Turefosaz 0.0-1.5 Twanlosidud nazviimsvasuudNgungil 1450 osruwaFo 11u
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' v 9 v H i1
nad Tueass nmiuthiudedien 1d lAnsziaremnsesglnse gi-imdaanInsala

= 4 % A o J
1 (UV-Vis spectroscopy) e taauiianiaas nazimsmeenlseneumaniives lessu
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Mn?t + Fe3t o Mn3t 4+ Fe?* (2.3)

A J = 3+ a J
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ADUVNFUFU 11D NTAHaNNA18a 01U 0NTIAYFY (Oxidation states) 1ALUAAZADIUL

ﬁldd' v Y ~
i]%ﬁl,‘ﬁ’(?f‘ﬂLmﬂ@lNﬂuﬂ\illﬁﬂﬂﬁluﬁNﬂﬁﬂ 2.4
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Se?” o Ser” o S’ o Se*t o Sebt (2.4)
Colorless Brown Pink Colorless Colorless

A . 1T as A Y= Y
MNAUNITN 2.4 (T. Jitwatcharakomol , 2005) dzWuNFateuaz 1valuuni
Y A 1 a @ v Y 1A o A vy 9 = @
Tamesuaaasaniuzeondasumniu uaninma luladudrlianuaulavazfdnuinuuin
1 o —_ @ ] 4 Y <
woglugiuos WaFalud (Polyselenide, S€27) anugzdsnaruilosmdrfumanlooou

F 4 J 4 . ! o
udrzldduaudvoniitena JyeisoniunleSa®a lua (Ferrous selenide, FeSe) uailosa®a

14 a 9 9 A s 1 1 g’/
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2 40 1 ® X X slightly reducing
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0 50 100 150
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. - . = < . . o Y § Aa
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. o A a 9 1
H. Miiller-Simon (2002) ¥MSANMINTTLIMeUaFaon 2 ¥ila laun lany
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HUD/U

1. High Temperature Furnace

mlu'lne Max. T=1700 °C

2. Annealing Furnace (570 °C)

mlu'lne Max. T=1200 °C

3. Oven dryer (100 °C) 1. SHARP EO-60K

4. Screen sieve no. 50 mesh U. Retsch AS-200

5. Electronic Balance U. AND EK-3000 i

6. Cutting Machine U. Isomet T 1000 precision
7. Grinding and Polishing U. Rocky MP-2B

8. X-ray Fluorescence U. Bruker S2-Ranger

9. UV-Vis Spectrophotometer U. Analytik jena AG SPECORD®250
10. CNS Analyzer U. LECO CNS-2000

11. Atomic Absorption U. Perkin-Elmer

12. Abbe' refractometer 1. ATAGO 1T
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#78 (Aluminum cup) 1219 13ud18ad0819 1 i vuazAIndeaGey lulisesuan
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3237 ihdrednimumsoaududuniosenmsdvigoosmauialalas
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110195 (X-ray fluorescence) HUUIIMUNFUVDINGI1U (EDX) @111501AT 121 09AU5En0U
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maaiveaunilaograazdoalusia 100 WosiFud 3UDITLAV 0.0050 1oSiFUd NAa
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Tisunsuliiaardesazoon ledaniilueanlsenou (Oxide compositions) A4 135 euen
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qi‘ﬂ“ﬂ 3.4 Lﬂiﬁ]\illﬁ%@ﬂﬂim"llfNL’E]ﬂG]ﬂiﬂwgﬂaliﬁ!“ﬁuﬂﬁlﬂﬂiﬂiﬂlﬁﬂi (XRF Spectrometer)
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3.2.4  MSASITOUMIAYINDNY (Redox number, R)
' ] o { o
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A ' = = Aq Y (o = 4 Y Aq Y =
A1TNN 3.2 ﬁ']uWﬁ?JSUf’)Qﬁ'ﬁ!ﬂllaglﬂﬂﬂﬂ[.]f]ﬁ_]31]ﬁﬂTJgﬁﬂ@ﬂclfsll@\jq@lﬁllﬂ?ﬂi%ﬂﬁ’]ﬂnﬂﬂuﬁlu

sl L A ° ' a o
100 Lﬂ@ﬁ!“]ﬂu@] INBUIAUIUANAVTIADNY (R)

Glass batch Na,SO, NaNoO, Sb,0, Carbon Er,0, 4 R) )
0E-2.5 0.21 0.00 0.00 0.00 0.01 2.5
0E-10 0.21 0.62 0.05 0.00 0.01 10.0
OE'-5 0.72 0.62 0.03 0.09 0.00 5.0
0E-5 0.72 0.62 0.03 0.09 0.01 5.0
0OE-15N 0.46 0.62 0.05 0.00 0.01 15.0
0E-15 0.72 0.20 0.00 0.00 0.01 15.0
0E'-20 0.72 0.62 0.03 0.00 0.00 20.0
0E-20 0.72 0.62 0.03 0.00 0.01 20.0
0E-30 0.85 1.25 0.06 0.00 0.01 30.0

\ J

o ] o ~ J { Y v =
5198210 EARIDEINTAMUIAUAUTABNY (Redox number, R) MATUNTN 3.1 lasail

R = X(R;.m]) (3.1)

TasN R, A0 AI1IA5F1U (Standardized redox factors) VoI5l A 1S uanus

= 4 ~
TADNY ATUATT NN 3.3

@15197 3.3 List of standardized redox factors GIJEN’S’GIQaU (Raw materials) G]lN”]

Raw materials Chemical formula R; per 2000 kg. sand

Coal (carbon) C: 100, 85,65 % -6.70, -5.70, -4.40

Iron sulfide FeS -1.60

Pyrite FeS, -1.20

Calumite® Multicomp. slag -0.073

Iron red Fe,0, +0.25

Chili saltpeter NaNO, +0.32

Sodium sulfate Na,SO, +0.67
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@15197 3.3 List of standardized redox factors ﬂl@ﬁﬁjﬂqaﬂ (Raw materials) ﬁiNG] (ﬁii’))

Raw materials Chemical formula R, per 2000 kg. sand
Calcium anhydrite CaSO, +0.70
Arsenic As,O, +0.93
Manganese oxide MnO, +1.09

o 1

1171 R, AN310AINA13199 3.3 1ganulSuavesdngauu 1 batch mIwanieuny

Y
o @

Y A < o '
HIMUNNTIY 2000 NN. llﬂmumﬂm 3.4 (L‘lJumeEJNGUﬁNgm 0E-5)

AT 3.4 MIMUIUANIUTADND (R) V0IgATHUAD OE-5

”mqa'u m; m* R, R; x m*
Sand 63.84 2000.0 -0.0005 -1.0
Soda ash 19.42 608.4 0.000 0.0
Dolomite 19.15 599.9 -0.002 -1.2
Alumina 0.59 18.5 0.000 0.0
Sodium sulfate 0.72 22.6 +0.670 15.1
Sodium nitrate 0.62 19.4 +0.320 6.2
Antimony 0.03 0.9 +0.730 0.7
Carbon 0.09 2.8 -5.300 -14.9
Fe,O; in glass 0.019 0.6 +0.25 0.2
SUM | 104.46 Redox no. | 5.0

A A o a A A 1 3 o Y
Iﬂﬂ‘ﬂ m* A0 ﬂ%ﬂ?iﬂ??‘li}ﬂﬂ m, NNYUABNTIY 2000 NN. (HIHUNUNN)
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Aa Y Y
waaun lalulssnugaamnisuaiy
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Jd < 4 Yy vy <
3.2.5  msasdeaeuriesiduannudnduveuvian 2+ uaz 3+
Weannlsunalesalessu (Fe*) uaz wlesnlessu (Fe™) liamnsaniu

v A o [ gl.: av dy A Y o 9
e ldanmnieaia XRF suinluanuidsiime lvazain vazmunzaunuannms lganu
a A Yy = ' s g Y 9 . <
939UDINIAGATIMNTTURAAIAY DamAnoTiduanIdudY (% Concentration) ¥DIUHAN

2+ 34 Ay v o A .

looauwes Fe’ wag Fe© vinmamsnaassi laananasy (Spectrum) voatA3ed UV-Vis

[ 2
spectrophotometer MNAUNITN 3.2 (AWNE Lambert-Beer’s Law) @@t
I
E=¢excxd= —log(l—) (3.2)
(o]

Tagh E AvAimsganaunaumas (Extinction)

A 1o a £ A A .
& ﬂ@ﬂWﬁﬂJﬂﬁgﬁcﬂ‘ﬁﬂ’]ﬁﬂﬂﬂauﬂﬁuuﬁﬂﬂl@ﬁll@'t’)f]u ( Extinction

coefficients)
' 1
c Aeanuutuvedleoounlaluiiond’ (Colorant concentration)
Y
= 9 [y ] .
d fonNunHIVeIFULAIAI9E19NATDY (Sample thickness)

9 ]
NTIZRLUUNNTUNTA 3.2 Lﬁmmnamﬂ?mmmmﬁu%’m@ﬂaaeumm

A Y. 1 A 1" o a £ A A A A
‘ﬁ”l@Wlﬂl‘Hﬁ@]NG] LZJ’E)TI?T]JﬂWﬁ?J‘]Ji%’dVI‘ﬁﬂﬁﬂﬂﬂai‘lﬂaullﬁﬁlﬂﬂqﬂﬂ@uﬂﬂ’NiJfJTJﬂa‘Ll

a

(Wavelength) ¥an Nde4n3 14 luaumsh 3.3 uag 3.4 (T. Jitwatchakomol, 2005)

E380 = 1.27 = CF€3+ * d (33)

v
A o o

{ < A 4 [ J
iﬂﬂ’(ffiJﬂTiﬁ 3.3 %mmmmmm’mﬁu 380 ‘LHI‘L!!JJGI? it uganiumuInyIam Y0C e

Q

ElOSO = 910 * Cpez+ * d (34)
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. 2 a4 : 2 ,
VINTUNITN 3.4 %zmumﬁmmanﬂﬁu 1050 W1 Twwas azidluganiunauiamim %Crers

Q

@i ueumsi 3.5

Cre2+ = E1050/(9.10 * d) (3.5)
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326 NIASINTOUHINIINHUMUUYDIN 5@ANAUAAUIAS (Absorption density,
cm’)
a 1 [ 1 1 1 S 3 4 1 ]
Tavdnaudnasdiulvajredesiuudi Idmuanlefidudnmsdesiuves
A ~ ' v A A ) ] X Y 1
uers ez lnauiea NEIUMIuAgNgAnaL (Absorbed) 13neluTassadwvouiionnrdana
9 o [ Y ° 4
THaudtiansaz iy uaz laiiu lunsdlvewsidSinaas liasmin lave vieoen loa
NNAINTANAUARUIAURNIZ (Characteristic absorption peak) 1HH9AMNBIAAUVOILEAIT
<3 A ' 4 3
AUTINOUT U (Visible light) Bavgdewalinisgandunaunasgauiniuludre muannis

A
N 3.6

Absorption density = A/d (3.6)

= ' § g EY
Tagh A fesimsganauaduuaaluiionia (Absorbance)

Y
1 S Y o ] .
d ﬁammmwuwawuLmamﬂmmﬂﬁ@u (Sample thickness)

d d
327 msasdeureSibuannunINTUve URanIIN (% Fe,,,,)
v Y A D} v o ' 4
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' < 3+ @ 2+ dy Y ~ 13 o A A Y o 9
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{ 4 2 2 f
lunsaifigasutanaunitene (3. 52009) ludlsumge mazlunselnedsduilou
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1 1 A d‘ 1 =3 Y o g’: a v dy

o199z llsuniuaeaimsganauaauuaalusie 380 09 750 W Tuwas Ia aeiuluanuiveil
= S < 4 Y 9 <3 a S S < 4 < 4

vmuesiiudnnutuduveunansinnradnznanlesiFudivaneen lud (%Fe,0,)

1'1A91N1AT09 XRF spectrometer AdLaad luaumsi 3.7
% Fetoml = (0699) * (%F6203) (3.7)
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3.3 misagasmanaassilanseinedesas 30 naz so lagrihwiin
1 9 9 12 = o aAa A a A Y Ao I
wyjuiumsneaesldasgmessiioveon leduazdatienlendiderveudantiman
pon ledludlouuniudienauniiened ldlugasudinwadosazso 14517 30ES)
= 9 Y o o =} Ao ~ Y
wiefesaz 50 (145 a 50ES) Tasfmuaaniugiaond Nangavowanisnaaosn 14 u

1 <

(] A <3 o I 1 A o a A ] A
“If’NLlﬁﬂ‘ﬂiJ‘ﬂn‘l’iaﬂﬁ1?!@HJ“LJﬂﬁﬂ@EJfJﬂLWEJWGJJLﬂﬂi3‘1J’J“Llﬂ1'§1"l@ﬂﬁl‘ll8311!‘]5’)\1‘1/]3Jﬂ1£1’iﬁﬂ
9 o a

1 9ol v U 1 1 =)
1INNMIAL 0.020 Tasi1vin tazviidadunmuzauvesdsunaaslondns 2 vil

] [ <3 1 4
Tugraaunanaee 18 a1mansan 3.5

A U Y A 9 ¥ v Ao = 4
ATTNNN 3.5 ’G’f'J‘L!Wﬁ'lILLﬂ’J‘VIWﬁll‘]/li'lﬂulﬂﬂiﬁ)ﬂaz 30 g 50 Iﬂﬂu'l‘ﬂlmﬂﬂ'lu’)ﬂ!mﬂliﬂﬂﬂ“ﬁ (R)

uMIAI0ENS Na,SO, | NaNO, | Sb,0, | Carbon | Er,0, | Selenium | (R
30ES-5 0.46 0.62 0.05 0.06 | 0.005 | 0.001 5.0
30ES-15 0.46 0.62 0.05 0.00 0.00 0.00 15.0
30ES-15 0.46 0.62 0.05 0.00 | 0.005 | 0.001 15.0
50ES-5 0.46 0.62 0.05 0.06 | 0.005 | 0.001 5.0
50ES"-15 0.46 0.62 0.05 0.00 0.00 0.00 15.0
50ES-15 0.46 0.62 0.05 0.00 | 0.005 | 0.001 15.0

a2 A ' a d [
*'HlI'IEJL“VHi] Glugm 30ES i]$3J1/]5'IEJthEJLH/]u1/]f]EJ%I’E]Elﬁ3 30 ﬂﬂlfﬂu 19.15 D3N LY
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a

A A 1 I @ a 3 @
t;f@]i 50ES Fﬂgll‘l/]‘i'lﬁlhlﬂﬂuﬂuﬂ’ﬂﬂ%jaﬂﬁ$ 50 ﬂﬂ!ﬂu 31.92 N3Y I@ﬂﬂﬂﬂ?ﬂﬂ1ﬂﬂﬂllﬁﬁﬂi?ﬂi?ﬂ

u

63.84 N
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' { 3 Y A o
Uszmamsasuasdnaodldlumsend lauazihnmsvasugasuiinlaninnsduom (8)
Y a y A & ' Ay Y ' 1 S Ay Y
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FeSe 10 0.0000 0.0010
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fMeeNg | Si0, | TiO, | ALO, | Fe,0, | CaO | MgO | K,0 | Na,0 | Cr,0, | LOI

VE 99.68 | 0.019 | 0.055 | 0.0114 | 0.005 | 0.015 | 0.012 | 0.008 | 0.0004 | 0.132
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uNIRIBES Si0, | Na,0 | CaO | MgO | ALO; | Er,0, | Fe,0, SO,
0E"-5 71.61 | 1496 | 7.52 | 4.06 | 136 | 0.000 | 0.0173 | 0.220
0E-5 7147 | 1512 | 7.48 | 4.13 | 143 | 0010 | 00162 | 0219
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FeSe 5 71.29 1544 | 7.18 | 411 | 1.71 | 0.000 | 0.0269 | 0.209
FeSe 10 71.14 1541 | 7.04 | 404 | 1.81 | 0.000 | 0.0278 | 0.223
FeSe 30 71.23 1553 | 698 | 418 | 1.71 | 0.000 | 0.0275 | 0.218
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UAINIDENS Si0, | Na,0 | CaO | MgO | ALO, | Er,0, | Fe,0, SO,
RC 100/10 71.67 | 15.19 | 7.27 | 4.18 | 1.53 | 0.010 | 0.0280 | 0.211
RC 200/15 71.45 | 1512 | 7.11 | 4.16 | 1.76 | 0.020 | 0.0274 | 0.207
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Kraihattakarn Co. Ltd
275/3 Rajprarop Road
makkasan, Rajdhevi
Bangkok Thailand

5N PLUS
UK LIMITED

Thailand
10400
CERTIFICATE OF ANALYSIS
N PLUS )

CERTIFICATE NO: 20148 CA / DATE OF ISSUE: 28/01/2015
I CUSTOMER | 5N PLus UK LTD
ISPECIF(CATION : lSALES ORDER NO SA20148
llacreEMENT NO lsaLES OroER DATE 26/01115
IITEM REFERENCE [5N PLUS PART CoDE 08.P3.316
lF’.ORDER NUMBER P0580122001 ¢ ]@ PLUS SPECIFICATION
1P ORBER DATE 26/01/15 {BaTcH/LoT No: D03216SE .
lcaLoFr ParT A==y G 206599 .

DESCRIPTION OF MATERIAL: ]
SELENIUM 99.9% POWDER -200#

Wi: 1000kg

CONSTITUENT FOUND CONSTITUENT FOUND

<10 ppm
16 ppm

<10 ppm
<10 ppm
20 ppm

<10 ppm
<10 ppm
16 ppm

<10 ppm
<10 ppm
<10 ppm

pPp
CA 10b.2/0204 For and on behalf of SN Plus UK Ltd
Originator Ve

UK: 1-4 Nielson Road . Finedon Road Industrial Estate . i igh . North NN8 4PE

Tel +44 (0)1933 225766 . Fax +44 (0)1933 227814

Regi inEng 244498 P

Registered Office: 1-4 Nielson Road, Finedon Road Estate, ing| gh, Northants NN8 4PE




VKB Group Co.Ltd.
= P= D — B 1 o ’
UIEN JvAdl Nl ane
1390/8 Bauiiae 12 0l I@NATIZN WIALIAY LWARNIAY DTN 10400
ns. 02-6406354-5 wiind 02-2474316

CERTIFICATE OF ANALYSIS

No: 16103551

PRODUCT: | Erbium oxide
Technical Data
CHARACTERISTIC | UNIT SPECIFICATION ANALYSIS
Appearance - PINK PINK
Er,0s % >99.5 996 L
Y205 % <0.01 0.008
La,0s % <0.01 0.007
CeO: % <0.01 0.007
Fe;0; % <0.005 0.003 0.002/
Si0, % <0.01 0.009
Nd,0; % <0.01 0.008
Sm;0; % <0.01 0.007

M. ot £ Rare eadh 1 c.037/
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No: 16091122
PRODUCT: | Cerium Oxide
Technical Data
CHARACTERISTIC | UNIT SPECIFICATION ANALYSIS
Appearance -- Light yellow Light yellow
Ce0, % >99.95 99.96
Nd,0; % <0.01 0.008
Y205 % <0.005 0.003
La203 % <0.02 001
Fe;0; % <0.01 0.007
Sm;03 % <0.005 0.004
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Product: Sodiom Sulphats Anhydrous
Batch No. 20160425 :

Date: April 25,2016
Standard:GB/T6009-2003

Chemical Industry Dept., Loxley Public Co., Ltd.

102 Na Ranong Rd., Klongtoey, Bangkok, THAILAND

Phone + 66 2 348 8222-5 Fax+ 66 2 348 8228-9
E-mail: &h xley:coith, Website: .www.loxley.co.th
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By

Biesterfeld

SPECIFICATION

Product: Antimony trioxide

Grade: 99.5% Minimum

Physical Properties
Appearance

Average size of parts
Whiteness

Chemical Analysis
szOg

PbO

As,03

Fe;03

CuO

Se

Moisture content

Packing: 25 Kg/bag

Origin: China

Application

White powder
0.6-1.2 um
95.0% MIN

99.5% MIN
0.08% MAX
0.08% MAX
0.006% MAX
0.006% MAX
0.004% MAX
0.03% MAX

FR Sb;0; has good particle size distribution with low lead (Pb) content. it
is good to be used as SYNETIST which work with halogen flame retardant in
most of plastic material. It is also widely used in pigment as colorant.

Biesterfeld International (Thailand) Ltd.

P.B. Tower 1000/9 room no. 1000/15, 6™ floor. Sukhumvit 71 rd. North Klongtan,

Wattana ,

Bangkok 10110 Tel +66 2 107 0455-6 Fax +66 2 713 3337
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Abstract. Redox states of soda lime glass melts have been widely studied by using variations of
oxidizing and colorizing agents. In physical decolorizing process, the clear white glassware can be
obtained by controlling the suitable amount and type of both oxidizing and colorizing agents in the
batch formula. Erbium oxide (Er,O3) is interested in this study since it provides beautiful pink color
and enhances optical properties of the glass. The aim of present work is to decolorized glasses by
adjusting the redox number and using Er,O; as a doping agent. The industrial soda-lime glasses
were melted at 1450 °C for 3 hours and quenched in the air. Sodium sulfate (Na;SOy4), Sodium
nitrate (NaNO;), Antimony trioxide (Sb,O;) and carbon were used as the oxidizing agents. The
redox states were calculated and adjusted by using the Simpson’s redox number concept. The oxide
compositions of the glass samples were measured by XRF. The color of glass samples was
examined by using UV-VIS spectrophotometer. The results show that by doping Er,Os in glasses,
the brightness of glasses is improved, and the glass color is located in the white zone of the color
space diagram. The optimum glasses should have the ratio of Fe /Feyoar less than 0.10, and the
redox number should not exceed 15. By using various kinds of oxidizing agent, the glass has more
clear white color than using Na;SOy alone.

Introduction

Study of oxidizing or reducing agents doped soda lime glass is important for determining and
controlling the clear glass color. Normally. the oxidizing/reducing agents such as Na,SO4, NaNOs,
Sb,0; and carbon are used for the industrial glass. The redox number for estimating the oxidizing or
reducing effect of those additives in the glass batch can be calculated by using Simpson’s concept.
Consequently, the change in redox number directly relates to redox state which depends on glass
composition and melting conditions.

Color in glassis occurred duetometal ions dissolved and their selective absorption or
scattering of specific light wavelength. In batch composition, it is nearly impossible to avoid
polyvalent transition metals as trace impurities introduced by raw materials and melting
technique[1]. The decolorization normally performs by using decolorizing agents such as Mn;Os,
CoO and SeO,. Metal selenium has been used in glass industry for a long time to produce the clear
white glasses[2]. However, there is two main problems which are 1) the high volatility of Se about
80-90% during melting and 2) Se has five oxidation states that causes the poor reproducibility of
clear white glass in decolorizing process[3]. Nowadays, it is interesting for industries to use Er,O;
doped soda- lime glass because it contributes the more stable clear glass than dual complementary
as Se-CoO[4.5]. This work was designed to study the redox states changes in glass samples and the
effect of Er,O; doping fixed as 0.01 wt% to find the optimum of redox conditions in decolorizing
process.

Experimental

The soda-lime based glass was prepared for 100 g by using the industrial glass formula. The raw
materials were silica sand, soda ash, dolomite and calcined alumina including chemical agents such

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www ttp.net. (#68148203-18/06/16,05:41:21)
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as NasSO4, NaNO;, SbyO; and carbon. As decolorizer, Er,O3; was doped in the range of 0.00-0.01
wt%. The redox number (R) determined by using the Simpson’s concept, the glass batches and the
additives are showed in Table 1. From each glass batch with different concentrations such as Er5B
used consisted of 0.72 NaySO4: 0.62NaNOs: 0.03Sb,0;: 0.09C in percent by weight for calculating
to redox number equal 5 and other one are the similar.

Table 1 Glass batches with additives and calculated redox numbers.

Glass Oxidizing/Reducing agent (wt%) Erbium | Redox no.

batch NaSO4 | NaNO; Sby0; Carbon oxide (R)
Er5B 0.72 0.62 0.03 0.09 0.00 5
Er3C 0.72 0.62 0.03 0.09 0.01 5
ErN 0.46 0.62 0.05 0.00 0.01 15
Erl3 0.72 0.20 0.00 0.00 0.01 15
ErB 0.72 0.62 0.03 0.00 0.00 20
ErS 0.72 0.62 0.03 0.00 0.01 20
Er30 0.85 1.25 0.06 0.00 0.01 30

The batch compositions were melted in air atmosphere within alumina crucible by using
electrical furnace at 1450 °C. The glass samples were annealed at 570 °C for 1 hour before cooling
down to room temperature. They were cut and grinded then finely polished to the dimensions
required for chemical and optical analyses.

The oxide compositions in wt% of the prepared glass samples were measured by XRF analyzer
(Burker, S8 Tiger). The transmission spectra of the glass samples in the UV-VIS-NIR range of
wavelength from 300 to 1100 nm were obtained at room temperature by using a double beam UV-
VIS spectrophotometer (Analytikjena, Specord 250). The concentration of Fe*" was calculated from
the extinction value (E) of absorption peak at 1050 nm and the amount of total iron (Feroa) wWas
determined from the XRF results. The ratio of Fezf“'Fewm was calculated to indicate of redox state in
glass samples [2]. Color of the glass sample was determined by evaluating the reflectance spectrum
from the UV-VIS spectrophotometer and showed in term of the L*a*b* color system.

Results and discussion

The glass samples were successfully melted at 1450 °C homogeneously without bubbles. Table
2 shows the calculated redox number (R) and the oxides concentration of glass samples analyzed by
XRF. They were similar in compositions because of using the same formula. However, the
difference of iron oxide (Fe,03), about = 0.001 wt%, contained in the glass samples might come
from silica sand and dolomite which slightly influence on the changes of green color of glass
samples.

Table 2 The oxide compositions of glass samples from XRF.

Glass | Redox no. Mean concentration of oxide in wt% (£5%) by XRF

sample (R) Si0; | NaO CaO MgO | ALO;3; | EnO; | Fe O3 SO;
Er3B S 71.61 14.96 7.52 4.06 1.36 0.000 | 0.0173 | 0.220
Er5C 5 71.47 | 15.12 7.48 4.13 1.43 0.010 | 0.0162 | 0.219
ErN 15 71.39 | 15.21 7.50 4.20 1.26 0.010 | 0.0168 | 0.224
Erl5 15 71.65 | 15.09 7.38 4.11 1.47 0.010 | 0.0171 | 0.237
ErB 20 71.58 | 15.07 7.41 4.09 1.53 0.000 | 0.0175 | 0.242
ErS 20 71.51 15.38 7.34 4.14 1.29 0.010 | 0.0169 | 0.248
Er30 30 71.29 15.32 7.39 4.08 1.58 0.010 | 0.0164 | 0.260
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Transmission spectra of the non-doped and doped Er,O; glasses are showed in figure 1.
The intensities of transmission of all glasses are higher than 90% in visible range and the brightness
values are in standard of industrial glass. Doping of Er,Oj; leads to strong absorption peaks appeared
at about 520 nm on the visible spectrum. Fe’*, Fe*" ions indicate peaks at around 380 nm and
1050nm, respectively. The intensity of transmission peak at 1050 nm decreased very much due to
the Fe?* increasing when redox number decreased as been 15.

—Ers ErB
95 ——EIN Erl5s
Er30 ——ErSB
ErSC
S 9% = —
—————
E | —
=z 520 nm, Er'” ions
E
Eow p——  1050mm, eions |
80 : - X ! ,
300 400 500 600 700 800 900 1000 1100

‘Wavelength (nm)

Fig. 1 UV-VIS-NIR spectra of the glass samples.

Table 3 shows the redox states in term of Fe2+/Fem(a| ratio which are 0.070-0.110 for redox
number from 5 to 30. The redox state decreased by the increasing of redox number. It is assumed
that Fe** was oxidized to Fe’" during melting. In the case of Er,O; doped glasses, there was no
effect to the redox states change. because Er ions might dissolved in glass as only 3" oxidation state.
The L*a*b* color space values show that all glass samples are located in the white zone referred to
the industrial glass product standard. Thus, Er,O3 can be used in a physical decolorization of glass
industry when raw materials contained iron contaminates. The results also indicated that although
the calculated redox number is the same, the lower redox state will generated more clear white color
in the glass.

Table 3 The redox ion concentrations, redox states of glass and L*a*b* color space values.

Glass | Redox no. Concentration Redox state Color space value
sample (R) Cres Fe total Fe” /Feqal b, 1 a* b*
Er5B 5 0.00128 | 0.0121 0.105 96.1 | -0.35 | 043
Er5C 5 0.00105 | 0.0114 0.092 96.2 | -0.19 | 0.27
ErN 15 0.00084 | 0.0117 0.073 96.4 | -0.11 | 0.20
Erls 15 0.00132 | 0.0120 0.110 96.3 | -0.25 | 0.21
ErB 20 0.00123 | 0.0122 0.103 96.3 | -0.29 | 0.35
ErS 20 0.00103 | 0.0118 0.087 963 | -0.16 | 0.23
Er30 30 0.00080 | 0.0115 0.070 963 | -0.20 | 0.28

Conclusions

Industrial soda-lime glasses doping with Er,Os; were prepared by controlling the redox
number 5-30 of the batch compositions. The UV-VIS-NIR absorption peaks of Fe**, Er*” and Fe?"
ions existed at the maximum wavelengths as 380, 520 and 1050 nm, respectively. The green color
due to iron oxides in the glass samples was successfully decreased when doping 0.01wt% Er,O3
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with the appropriate oxidizing agents. The redox state was lower than redox number due to the
using of mixed NaNO; and Sb,0; instead of Na;SOy alone. The results shows the optimum clear
white glass can be obtained when the redox states (Fezﬁ’Femtal) is less than 0.10. Doping of Er,O;
has no effect to the change of redox state. The more clear white glass was obtained due to the
physical decolorization.
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