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Combustion Behavior of Spent Solvent in a Submerged

Combustion Process
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An experimental study has been conducted in order to evaluate the
applicability of a submerged combustion technique to the treatment of
spent solvents contaminated with TRU elements. A bench-scale equipment
of submerged combustor having combustion capacity of 1.39 liter of tri-
n-butyl phosphate(TBP) per hour was used to obtain process data such as
the distribution behavior of radioactive nuclides in the submerged combus-
tion process.

This report describes the experimental results on the combustion
characteristics of the simulated spent solvents of TBP and/or n—dodecane,
and on the distribution behaviors of combustion products such as ruthenium

and iodine in the submerged combustion process.

Keywords: Spent Solvent, Submerged Combustion, Distillation, Waste
Treatment, Reprocessing, Organic Waste, TRU, Tri-n-butyl

Phosphate, Ruthenium, lodine
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View of the submerged combustion process equipment in hood.
Combustion furnace applying vortex burner.

Recovery tank in the combustion of LPG.

Mist filter with flowmeter.

Condenser in combustion of 100 % TBP.

Combustion furnace after the combustion of 100 % TBP.

Recovery tank in the combustion of 100 % TBP containing ruthenium.
Recovery tank in the combustion of 100 % TBP containing iodine.

Recovery tank in the combustion of 100 % TBP containing samarium.
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Table 2  Materials used as simulants of radicactive nuclides in experiments.
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Table 3 Main components of the submerged combustion system.
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Table 4 Main components of off-gas treatment system.
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Table 5 Analytical methods
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Table 6 Carbon balance in the submerged combustion process of simulated
spent sclvents.

Combustion ratio _

(COg

6 %] ~ Tdadg ¥ (Clg * [Glg +rrocyr < 100 0
8 g © total carbon as '2 in compustion off—gas
. total carbon as in combystion of -g .
. total carbon as hydrocarbon HCf In com ust:on off-gas
fl . total carbon as organic carbon in aqueous solution
Excess Gaseous carbon TLiquid carbon
Simulated air | Combustion corbustion
spent ratio gas Carbon| Carbon| Carbon Carbon ratio
solvents 3 termferature in C02| in €0 | in HC in TOC V)
[-] k1 | [egl|leg)|lel [g] [%]
100 vol%nDD || 1.35 41,550-1,650 |1,252.0{ 4.0 0.3 0.10 99.6
30 vol%TBP
VOIRTBF/ ) & M sa0-1,60 | 755 | 2.0 | 0.2 0.18 9.0
70 voldnDD
100 vol%TBP || 1.2 ]1,500-1,600 | 810.0 | 0.6 0.4 0.28 99.8
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Table 7 Balance of phosphorus in the submerged combustion process
of 100 % TBP '

BN E | SRR y v B O R ()
G s - M B | Ru | TBP | DR | QHEEE | 74— | RENRE
1 7K — 48.6 0.8 0.9 50.2
2 K 14.9 1.7 2.6 49.3
3 10.02M N:HgSO, 200 ] 59.3 1.3 0.3 60.3
4 | 0.1M N.H.SO, ppm | e AR 7.6 59.5
5 | 0.02M NyH, « H,O 54,0 0.6 | 4.2 h8.8
5 | 0.1M N H; - H.O i ‘ 61.2 | 2.9 3.4 B7.4

Table 8 Balance of ruthenium in the submerged combustion process
of 100 % TBP.

B O 6 oM | TSRS L5 =9 AEIE (%)
Cm s - B | Ru TBP | EUEE SRS 7 s~ | EEE |
9 7K 56.2 1.6 0.1 60.9
3 | 0.02M N,HS0, | ' 58.7 1.5 0.1 | 60.3
4 0.1M N.H,S0, W0 oo | w58 1.2 | 2.6 | 585
5| 0.02M NaHs < 1,0 | o0 30.1 15 16 56.1
6 [0.IM NoH, - H0 | 7.7 | 2.7 0.8 | 6L.3




JAERI-M 93-191

Auxiliary fuel burner
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Combustion air inlet

Waste liguid nozzle
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Exit gas outlet
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Weir

Cuench vessel

Overflow pipe

Fig. 1 Typical submerged combustor.
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Fig. 4 Outline of combustion nozzle.
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Fig. 10 Concentration changes of CO, CO, hydrocarbon and O: in the combustion
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tion furnace, off-gas, and recovery tank for 100 % TBP with time.
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Fig.17 X-ray diffraction pattern of glassy compound at combustion furnace.
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Fig.32 Absorption spectra of iodine in off-gas sampler containing CCl.
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Fig. 39 Diameter distribution of sohd particles produced in the recovery tank
solution in the combustion of 100 % TBP containing zirconium.
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Fig. 40 Diameter distribution of solid particles produced in the recovery tank
solution in the combustion of 100 % TBP containing cerium.
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Fig.41 Diameter distribution of solid particles produced in the recovery tank
solution in the combustion of 100 % TBP containing neodymium.
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Fig.42 Diameter distribution of solid particles produced in the recovery tank
sclution in the combustion of 100 % TBP containing samarium.
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Fig.43 Diameter distribution of solid particles produced in the recovery tank
solution in the combustion of 100 % TBP containing europium.
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Fig. 44 X-ray diffraction pattern of solid particles produced in the recovery
tank solution in the combustion of 100 % TBP containing cerium.
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Fig.45 X-ray diffraction pattern of solid particles produced in the recovery
sank solution in the combustion of 100 % TBP containing zirconium.
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Photo. 1 View of the submerged combustion process eguipment in hood.

Photo. 2 Combustion furnace applying vortex steam burner.
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Photo. 4 Mist filter with flowmeter.
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Photo. 5 Condenser in combustion of 100 26 TEP.

Photo, 6 Combustion furnace after the combustion of 100 % TBP.
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Photo. 7 Recovery tank in the combustion of 100 % TBP
containing ruthenium.

Photo. 8 Recovery tank in the combustion of 100 % TBP
containing iodine.
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Photo. 9 Recovery tank in the combustion of 100 9% TBP containing samarium.



