Table of Contents

1. INTRODUCTION AND OBJECTIVES......ciiiiiiiiiiiiiiiiieiriii e 1
2. LITERATURE REVIEW.....coiiiiiiii e 4
2.1, BASIC EEIMINOIOOY ... euteteteaeiee ettt ettt bbbttt e et e bbbt e b bbb bt et en b 4
2.1.1. Spallation and Fission . .5
2.1.2. Multi megawatt spallation sources and target CONfigurations ............cccovvveriiiceiie e 6
2.1.3. Liquid mercury target INVENTOMY ..........coc.iiuiiiiiiiiiieisieiissee i 9
2.2. Overview of aspects for safe disposal of mercury and liquid WaSEES .........ccoveeiriiiiiinncneiree e 14
2.3. Decommissioning and final Waste diSPOSAI ..........cciueriiiriiiiiiee et 16

2.4. Mercury and its compounds

2,41 MIEICUNY SAIES ... bbb
2.4.2. Metal alloys OF @MAIGAMS. ..ottt ene s 26
2.4.3. Stabilities of mercury compounds as chalcogenides and amalgams ... 28
2.5. Mercury solidification/stabilization in @ COMPOUNT...........cereiiiiieeiriineie e es 35
2.5.1. Safety aspects consideration during Chemical PrOCESSES.........cciiiiiieieiieieiieeee e 35
2.5.2. Overview of mercury stabilization teChNOIOGIES ......c.cvviiveieiiicree s 36
2.6. Immobilization by encapsulation tEChNIQUES..........coviiiiicei i e 39
2.6.1. Solidification/stabilization in @ CEMENt MALIIX ..........ccoviiiiiiiiiiii i 40
2.6.2. Material for immobilizing NUCIEAI WASLES ...........cueuiiiiiiiiiiricie i 41
2.6.3. Polysiloxanes in nuclear waste Management..........ccccvrieiiririiiiiii it 42
3. EXPERIMENTAL SECTION.....ciiiiiiiiiiiiiiiiiiiiiiiii s e e e e e e e e e aeaaeeaeeaaaeaaeeeeees 45
B INEFOOUCHION ... bbb 45
3.2, EXPErMENTAl JELAIIS. ... .eeeeeeeeeeece e bbbttt e 45
3.2.1. ReageNtS AN MALEITAIS ........cuiiiitiieiii ittt 45
3.2.2. Preparation Of SAIT DIINES ..ot 46
3.3, ANAIYLICAI INSITUMENES ...ttt ettt ss et et st s e b e s s e e st ese e eeesenesesenene 47
3.4. Leaching experiments and SAMPIE Preparation ............coceeereeeeiesieee et a7
3.4.1. Leaching experiment sample preparation using solid mercury COMpPOUNdS...........cccovevevrieeeninineneereenns 47
3.4.2. Preparation of cement-mercury compounds 8 MALFICES ..........curureiiriiinieiiieereieie e 48

Vii



3.4.3. Preparation of Polysiloxane-mercury compounds as matrixX form ..........ccoceceverveirinnnieinsseiensseens 49

3.5. Leaching experimentS under irradiation .............ccociiririiiieiei et 51
3.6. Batch [€aChing EXPEriMENTS.........c.cuiiiiii e 55
3.7. Methods and Procedures for the stabilization / SOl difiCation ..........coveviiieiniccc e 56
3.7.1. FOrmation of CINNADAT ..........ccciiiiiiii s 56
4. RESULTS AND DISCUSSIONS ...ttt 58
4.1. Leaching experiments for Mercury COMPOUNGS..........c.cuueuieeerriririsirise s res e es 58
4.1.1. Performance comparison of [eaching SAMPIES .............ccoviiiiiiiiiiiiic s 58
4.1.2. Limitations of mercury under radioactive disposal CONditions..............cccocoiiicirciinniccces 59
4.1.3. Leaching experimental studies Without y-irradiation ...........cccoveveriiiiieiisceceee e 59
4.1.4. Leaching experimental studies under y-irradiation.............cccooriiiiriiiiiic e 62
4.1.5. Comparison studies on mercury sulfide and silver amalgam under irradiation..............ccccccoeceicnnene. 63
4.1.6. Leaching behavior of mercury sulfide and mercury selenide under irradiation ............c.ccceevevevivrirrrinnnn 67
4.2. Encapsulation of mercury Compounds in CEMENT .........cuerririrriririr e 69

4.2.1. Leaching behavior of mercury sulfide and Hg (I) nitrate embedded in cement matrix under irradiation

........................................................................................................................................................................... 69
4.2.2. Mercury waste (Hg) in ordinary Portland cement (OPC)........ooviveriiiieeieieieeesieeesessee s 73
4.2.3. Chloride effect on mercury embedded in CEMENT MALFIX ....c.ovvviiiiriiiiiiiic e 73
4.2.4. SEM investigations on mercury sulfide embedded in CeMENt..........ccccoviiiinniiiiiiiiiiiccc e 75
4.3. Encapsulation studies for mercury compounds using polysiloxane material .............ccceoeeeinneiiinneienn 79
4.3.1. Leaching behavior of mercury compounds embedded in polysiloxane matriX ...........cccceceveveevivrirnrnnnnn. 79
4.4. Chemical engineering study of HgS geNeration ...........ccccvcieiiriiiiniiiieeccesieie s 83
4.4.1. Selection of a process for formation of HgS from liquid mercury ... .83
4.4.2. Formation of mercury sulfide by wet ChemiCal PrOCESS........covvieiriiieiiiieeeeee e 87
4.5. Development and SCaIE UP SUGIES .........c.ciiiiiiiiieiere ettt 9
4.6. COSt EStIMALTION SIUTIES. ...ttt bbbttt 95
B SUMMARY ittt ettt e e e e e e e e e e e e e a e eaaaraa, 98
5.1. Selection of Solid MErCUry COMPOUNGS.......ciiiieieriieieeirisieie ettt se s e 98
5.2. Matrix embedding studiesin HgS with cement and polysiloxane materialS..........cocoovvveieerirrereriveseieneens 99
5.3. Conversion of elemental mercury to Mercury SUfide.........ccciriiiieiiccc s 100

viii



6. OUTLOOK ... .ot 101

7. ACKNOWLEDGMENTS......ooiiiiiii e 102
8. LITERATURE ... .o 104
9. APPENDIX ... 113





