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Effects of CaO addition on structure and arsenic immobilization in
sodium-iron—-boron—phosphorous glass
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Abstract:The effects of CaO addition on structure and arsenic immobilization in xCaO-(100-x) (30Na,O —
2.8B,05;-25.2Fe,0;-42P,05) (x=0,5,10,20 mol% ) (sodium—iron—boron—phosphorous, SIBP) glasses are studied
and the results indicate that the addition of 20 mol% CaO in the SIBP glasses decreases the leaching
concentration of arsenic from 3.14 mg/LL to 0.99 mg/l,, and the ratio of arsenic immobilized in the glass
increases from 60.78 % to 88.87 %. The Q2 bridge oxygen structure can be broken by the addition of CaO,
which leads to depolymerization of SIBP glasses network. Simultaneously, CaO added in the glasses can
depolymerize the phosphate chains and participate in the network by forming chemical bonds such as Ca-—O-P,
Ca—0-As bonds in the glasses which will strengthen the glass structure and compact the glass density. Moreover,
with the increase of CaO, the SIBP glasses transition temperature (7}) and AT exhibit tendency of increasing,
which demonstrates that the SIBP glasses structure has been strengthened. Besides, the cross—linking between
non-bridging oxygen of phosphate and Ca®* also has great impacts on the arsenic immobilization in the SIBP
glasses.
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874~905 (P-0-P),. J3 X B it 4 4% 30 874 3.9 890 8.0 / / 894 6.8
937~943 0-P-0 925 109 944 8.3 931 24.9 936 8.6
961~977 (P-0-), X R4 = 3 (Q") / / / / / / / /
987~999 Fe-0-P 999 147 997 10.6 1001 22 985 10.8
1 012~1 025 (PO, X FR AR 30 (QY) / / / / / / / /
1 044~1 048 PO, 4523 (Q) / / 1050 11.9 / / 1039 12.9
1061~1 076 (PO, SRR 4 4% 30 (Q°) 1 066 17.4 / / 1062 249 / /
1.093~1 097 (P-0-),. BN FRAh 4 9% 51 (Q°) / / 1103 11.4 / / 1093 11.1
1131~1 155 (PO, W BRI 4 4% 51 (Q?) 1135 12.5 1158 8.7 / / 1146 9.2
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SERLYG R B I SO B

3)DTA 5 #r % W b % CaO BE /R 43 %38 i, T,
AT SEIUBE KA R B 973 25 K9 15 2 1y 5 | R B Ca®
Xt AR S R A 22 () Y S K X [ A RECR A R

AR

S 30K

[1] Sales B C, Boatner L. A. Lead —iron phosphate glass: A stable
storage medium for high-level nuclear waste[J]. Science,1984,226
(4670) :45-48.

[2] Mogu¥—Milankovi¢ A, Santi¢ A. Studies of lead—iron phosphate
glasses by Raman, Mossbauer and Impedance spectroscopy [J].
Journal of Non-Crystalline Solids, 2005, 351 (40/41/42):3246-
3258.

[3] Bingham P A, Hand R J. Effects of modifier additions on the
thermal properties, chemical durability, oxidation state and struc-
ture of iron phosphate glasses|J]. Journal of Non-Crystalline Solids,
2009, 355(28/29/30) :1526-1538.

[4] Mogug-Milankovi¢ A, Pavi¢ L. Polaronic mobility in boron doped
iron phosphate glasses: Influence of structural disorder on summer-
field scaling]J]. Journal of the American Ceramic Society, 2012, 95
(6):2007-2014.

[5] ¥, 2R, CryOs Ao im ORI 1R 6 3% 385 11 £ 4% () 52 i [J].
TEHLA R4, 2005, 20(4) :842-850.

[6] Lai Y, Liang X. Raman and FTIR spectra of iron phosphate glasses
containing cerium[J]. Journal of Molecular Structure, 2011, 992

(1):84-88.



6% 514

3 370 5 . CaO *F4A %k 90 B 3 35 1K & 25 M BB AP 2R ok 7

[7] Saudy H A, El Mosallamy S. Mechanical, thermal and chemical
durability behaviors of CdO-Bi,0; Boro—Phosphate glasses con-
taining Fe,04J]. World Journal of Condensed Matter Physics, 2013
(3):9.

[8] Reis S, Karabulut M. Chemical durability and structure of zinc—
iron phosphate glasses[J]. Journal of Non—Crystalline Solids, 2001,
292(1):150-157.

[9] Reis S, Mogus—Milankovi¢, An iron redox equilibrium, structure
and properties of zinc iron phosphate glasses[J]. Journal of non-
crystalline solids, 2007, 353(2):151-158.

[10] Kumar B, Lin S. Redox state of iron and its related effects in the
Ca0-P,05-Fe 05 glasses|J]. Journal of the American Ceramic So-
ciety, 1991, 74(1):226-228.

[11] Qian B, Liang X. Structure and properties of calcium iron phos-
phate glasses[J]. Journal of Nuclear Materials, 2013, 443(1):
140-144.

[12] Charpentier F, Bureau B. Infrared monitoring of underground
CO, storage using chalcogenide glass fibers[J]. Optical Materials,
2009, 31(3):496-500.

[13] Al-Hasni B M, Mountjoy G. A complete study of amorphous iron
phosphate structure[J]. Journal of Non-Crystalline Solids, 2013,
380:141-152.

[14] Ivascu C, Timar Gabo A. FT-IR, Raman and thermolumines-
cence investigation of P,0s—BaO-Li,0 glass system|]]. Journal of
Molecular Structure, 2011, 993(1):249-253.

[15] Pascuta P, Borodi G. Influence of iron ions on the structural and
magnetic properties of some zinc—phosphate glasses|J]. Materials

Chemistry and Physics, 2010, 123(2):767-771.

[16] Magdas D, Cozar O. The structural dual role of Fe,O; in some
lead—phosphate glasses|J]. Vibrational Spectroscopy,2008, 48(2):
251-254.

[17] Tlieva D, Jivov B. Infrared and Raman spectra of Ga,0;-P,0s
glasses[J]. Journal of Non—Crystalline Solids, 2001, 283(1):195-
202.

[18] Anantha P, Hariharan K. Structure and ionic transport studies of
sodium borophosphate glassy system[]J]. Materials Chemistry and
Physics, 2005, 89(2):428-437.

[19] El-Egili K, Doweidar H. Structure and some physical properties
of PbO-P,05 glasses[J]. Physica B: Condensed Matter, 2003,
339(4):237-245.

[20] Bingham P, Hand R. Vitrified metal finishing wastes: II. Thermal
and structural characterisation[J]. Journal of hazardous materials,
2005, 122(1):129-138.

[21] Gayathri Devi A, Rajendran V. Ultrasonic investigation on
nanocrystalline barium borate (BBO) glass ceramics[]J]. Synthe-
sis and Reactivity in Inorganic and Metal -Organic and Nano-
Metal Chemistry, 2006, 36(2):215-219.

[22] Qian B, Liang X. Structure and properties of calcium iron phos-
phate glasses[J]. Journal of Nuclear Materials, 2013, 443(1):140—
144,

[23] Shi M Q, Liang Y. Raman and FTIR spectra of modified iron phos-
phate glasses containing arsenic[J]. Journal of Molecular Struc-
ture, 2015, 1081:389-394.

[24] Santi¢ A, Mogus—Milankovi¢ A. Structural properties of Cr,0;—
Fe,05—P,05 glasses, Part I[J]. Journal of Non-Crystalline Solids,
2007, 353(11):1070-1077.



