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ABSTRACT

Pilot-plant studies using the fluid-bed process for

solidification of commercial high-level liquid wastes are

currently underway. Encouraging results with non-radioactive

simulated commercial wastes show that the existing fluid-bed

solidification process pioneered at the Idaho Chemical Processing

Plant is applicable to commercial waste processing. This paper

presents the results of studies to date.



SUMMARY

Work is in progress at the Idaho Chemical Processing Plant to

verify process flowsheets for converting simulated commercial high-

level liquid wastes to granular solids using the fluidized-bed cal-

cination process. Primary emphasis in the series of runs reported

herein was to define flowsheets for calcining simulated Allied-General

Nuclear Services (AGNS) waste and to evaluate product properties

significant to calcination, solids storage, or post treatment. Pilot-

plant studies using simulated high-level acid wastes representative of

those to be produced by Nuclear Fuel Services, Inc. (NFS) were also

included.

Calcination studies were made with (1) a combined high-level and

intermediate-level AGNS liquid waste corresponding to 225 gal/MTU (150

gal/MTU of HLLW and 75 gal/MTU of ILLW) ~ the most likely AGNS waste

to be solidified, (2) concentrated AGNS waste (100 gal/MTU) containing

specified concentrations of sodium (3) dilute AGNS waste (300 gal/MTU)

containing a negligible amount of sodium, and (4) NFS high-level acid

waste (210 gal/MTU).

Combined AGNS high-level and intermediate-level waste (0.26 M Na

in blend) was successfully calcined when powdered iron was added (to

result in a Na/Fe mole ratio of 1.0) to the feed to prevent particle

agglomeration due to sodium nitrate. Long-term runs ("v* 100 hours)

have shown that calcination of the combined waste is practical. The

calcined solids flow easily, and the powdered iron only increases the

weight of solids by a nominal 5%. The volume reduction factor is

approximately 21; 30 ft3/MTU as the combined HLLW-ILLW liquid is

converted to 1.4 ft3/MTU as calcined solids. A flowsheet approximating
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that tested is recommended for fluidized-bed solidification of AGNS

waste.

Concentrated AGNS waste containing sodium at concentrations less

than 0.2 bl were calcined successfully; concentrated waste containing

1.13 M Na calcined successfully when powdered iron was added to the

feed to suppress sodium nitrate formation. Calcination of dilute AGNS

waste by conventional fluid-bed techniques was unsuccessful due to the

inability to control bed particle size—both particle size and bed level

decreased. Nitrate and volatile content of the calcined solids signi-

ficantly decreased when the waste was calcined at 600 C, as compared to

500°C.

Fluid-bed solidification of AGNS dilute waste at conditions in

which most of the calcined solids left the calciner vessel with the

off-gas was successful. In such a concept, the steady-state composition

of the bed material would be approximately 22 wt% calcined solids de-

posited on inert particles.

Calcination of simulated NFS acid waste indicated that solidi-

fication by the fluid-bed process is feasible.
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INTRODUCTION

High-level wastes generated dering fuel reprocessing operations

at the Energy Research and Development Administration's Idaho Chemical

Processing Plant (ICPP) have been routinely solidified by fluidized-bed

calcination for nearly 12 years^1"5'. Based on the high degree of success

at ICPP in calcining a variety of high-level wastes, studies to develop

and verify process flowsheets for solidifying commercial wastes by fluid-

bed calcination are underway'"'.

Pilot-plant tests of process flowsheets for fluid-bed calcination of

Allied General Nuclear Services (AGNS) and Nuclear Fuel Services (NFS)

high-level acid wastes (HLLW) have been conducted at ICPP since 1974.

Calcination studies were made with concentrated AGNS wastes (ICO

gal/MTU) containing specified concentrations of sodium, dilute AGNS waste

(300 gal/MTU) containing minimal amounts of sodium, a combined high-level

and intermediate-level AGNS liquid waste corresponding to 225 gal/MTU,

and high-level acid NFS waste (210 gal/MTU). The waste compositions are

given in Table I.

DESCRIPTION OF PILOT-PLANT CALCINER

Pilot-plant tests were made primarily using a 4-inch diameter cal-

ciner; a large-scale flowsheet demonstration of calcination of AGNS dilute

waste was attempted using a 12-inch diameter calciner. A schematic diagram

of the 4-inch diameter calciner is given in Figure 1. The calcincr consists

of a 4-inch diameter cylindrical stainless steel vessel with an attached

dry and wet off-gas cleanup system.



TABLE I

SIMULATED WASTE FEED COMPOSITIONS

(Simulants)

(K)

GO

<Mo)

(Fe)

(Co)

(Ni)

'?. (RE)

(RE)

•'- fnn calcined)
' • • • • # • l ' r > ( i ( l

AGNS
100 Gal/MTU

0.92 g/A

6.88

2.19

9.81

11.59

11.45

6.16

5.29

1.34

4.02

0.36

1.42

4.63

24.13

13.2

0.53

5.29

28.89

29.37

IN

230

AGNS
Combined Waste

0.41 g/ £

3.06

0.97

4.35

—

—

2.74

2.35

0.59

1.78

0.16

0.63

2.05

10.72

5.99

0.23

9.98

12.83

16.0

0.20

0.19

1.53

0.29

IN

114

NFS
210 Gal/MTU

0.43 g/2

3.72

1.25

4.94

4.88

1.09

3.07

36.9

0.52

1.69

0.11

0.78

1.93

—

—

1.04

2.38

15.05

6.19

7N

113

Chemical Source

KN03

KN03

Sr(NO3)2

ZrO(NO3)2.2H2O

Mo03

Mo03

Fe(N03)3.9H20

Fe(NO3)3.9H2O

Co(N03)2.6H20

Ni(N03)2.4H20

Cd(N03)2.4H20

TeO2

Ba(N03)2

Gd2O3

NaN03

CrO3

H3POt,

Rare Earth Mix

Rare Earth Mix

Ni(N03)2,4H2O

Fe2(SOt,)3.H2O

KC1

Hg(NO3)2#H2O

Nal

HNO3

'•'>• K/irth
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Process heat is provided by in-bcd combustion of kerosene; start-

up heat is supplied by a propane burner. During operation, the bed

particles and calciner vessel are heated above the auto-ignition temp-

erature of the kerosene-oxygen mixture. The fuel is atomized directly

into the bed where spontaneous ignition and continuous combustion provide

the process heat.

Aqueous waste feed solutions are sprayed into the heated fluidized

bed through a pneumatic atomizing nozzle. The primary processes occurring

during calcination are evaporation of water and the thermal decomposition

of metallic nitrates to oxides. The calcine is formed in layers on the

fluidized-bed particles, and the particles are withdrawn from the bed

intermittently. Sufficient attrition normally occurs to counteract particle

growth to result in a steady-state particle size and bed weight.

The off-gas, consisting of fluidizing air, water vapor, oxides of

nitrogen, combustion products, and calcined participates (fines), is

cleaned in a series of devices. A primary cyclone removes the bulk of the

fine particulate as a dry solid. The off-gas then enters a venturi scrubber

and is contacted with a dilute (y 2M) nitric acid scrubbing stream.

A disengaging cyclone separates entrained liquid from the off-gas before

venting the off-gas to the laboratory off-gas system.

CALCINATION OF CONCENTRATED AGNS HIGH-LEVEL LIQUID WASTE

Seven runs were made using the 4-inch diameter calciner to determine

calcinability of AGNS concentrated waste containing different amounts of

sodium. The fluidized-bed solidification of wastes containing sodium

nitrate poses a significant problem; the large temperature range (305-



833°C) over which sodium nitrate exists in the molten, undecomposed

state*7' makes the fluidized-bed particles prone tc agglomeration.

Sodium in the initially proposed waste (0.575 M) caused bed particle

agglomeration during calcination at 500°C. Concentrated waste were success-

fully calcined at sodium concentrations less than 0.2 M. The 0.2 M

sodium corresponds to about 2 weight-j'-ercent sodium in the product at

steady-state conditions.

In order to calcine the high sodium wastes, substances that form

stable sodium compounds can be added to the waste. Differential thermal

analysis and X-ray diffraction studies'®' suggested that sodium nitrate

can be decomposed by forming a compound with iron oxide. A scoping run

was made to examine the addition of powdered iron to AGNS concentrated

waste containing 1.13 M sodium in an attempt to form sodium ferrate in

preference to sodium nitrate in the calcine product. Calcination of the

high sodium waste with powdered iron was successful, as no bed agglomeration

occurred; the bed product contained about five weight-percent sodium'(a

steady-state bed would contain eight weight-percent sodium). X-ray analysis

of the product could not positively identify sodium ferrate.

All tests with simulated waste containing sodium were made using a

starting bed of sand. The final scoping run with concentrated waste was

made to determine the feasibility of using amorphous alumina (alumina

calcine) as a starting bed and calcining waste containing no sodium. The

alumina would be soluble in a nitric acid scrub system and would thereby

minimize undissolveu solids. Results of the run showed that amorphous

alumina can be used as a starting bed.



CALCINATION OK DILUTE AGNS HIGH-LEVEL LIQUID WASTE

Pilot-plant calciner tests were made to determine the opcrability

of .. dilute HLI.W flowsheet. The dilute waste would be generated by the

separations process!, but would not be preconcentrr.te.d prior to calcination,

as was assumed using the concentrated waste flowsheet. The waste would

contain only minimal amounts of sodium and would be generated at a rate of

300 gallons per metric ton of uranium processed.

Two scoping runs were made using the 4-inch diameter calciner to

determine opcrability and to determine the change in nitrate and total

volatile content of tha calcine when solidified at two calcination temp-

eratures (500°C and 600cC). Results of the two runs verified the feasibility

of calcining dilute waste and showed that the nitrate and volatile content

of the calcine decreased significantly with increasing temperature. Nitrates

and volatiles decreased from 2.7 and 3.1 to 0.9 and 1.4 weight-percent, res-

pectively. Calcination of the dilute waste produces a higher proportion of

fines per unit of bed product than does the concentrated waste- This is

mainly the result of the attrition rate exceeding the solids deposition or

particle growth rate.

A long-term run was made in the 4-inch-diameter calciner to determine

operabHity of the flowsheet for calcining dilute AGNS waste at steady-

state conditions. The only major problem in the run was bed particle

size control — the particle size decreased steadily during the run (mass

mean particle diameter of 0.45 mm initially and 0.22 mm in the final bed).

Although particle size control problems were evident in this run,

it was dee'ded to test the flowsheet in the larger 12-inch diameter calciner

Particle attrition is normally less ir. a larger bed as a result of the

decreased energy inpuf per unit volume of bed.



A 155-hour process demonstration of the dilute AGNS waste flowsheet

using the 12-inch calciner was unsuccessful due to the lack of particle

size control, high fines rate, and attendant difficulty in controlling

bed height. The particle size decreased from an initial 0.48 mm (nmipd)

to 0.22 at the end of the run. Several waste compositions were used

during the run in an effort to control particle size (as indicated by

decreased fines generation and bed level increase). The bed level decreased

with dilute waste feed (300 gal/MTU), remained nearly constant with a waste

feed concentration of 235 gal/MTU, and increased with a waste feed con-

centration of 150 gal/MTU. At the latter concentration, bed material was

removed to keep a constant bed level. It was concluded that dilute AGNS

waste — 3C0 gal/MTU — was not amenable to fluid-bed calcination.

Following the unsuccessful demonstration run using the 12-inch cal-

ciner, it was concluded that calcination of dilute AGNS waste would require

an extensive development program. Thus, an alternative scheme was proposed

which used an inert bed material. The calcine would be attrited from

the inert bed, elutriated from the calciner, and collected by a cyclone.

The feasibility of this operation (termed the attrition-elutriation concept)

was tested using the 4-inch diameter calciner during four runs with both

.dilute and concentrated wastes.

•Initial attempts at calcining simulated AGNS dilute waste by the

attrition-elutriation concept were only partially successful. The cal-

cined liquid waste coated on the particle, but a constant bed level was

not obtained. For the subsequent two runs the maximum atomizing air rate

to the feed nozzle was increased (by increasing the supply pressure) from

approximately 1.1 scfm to approximately 3.1 scfm; constant bed levels were

attained for both concentrated and dilute waste.



During a portion of the last run with dilute waste, the particle

coating was deliberately allowed to increase over a period of time by

decreasing the- nozzle air rate. The nozzle air rate was then increased

to remove the additional particle coating to the original level, thus

demonstrating particle size control.

CALCINATION OF COMBINED AGNS HIGH-LEVEL

AND INTKRMEDIATE-LEVEL LIQUID WASTE

The AGNS waste management task force also considered combination of

the high-and intermediate-level wastes prior to calcination. The com-

bined wastes contain significant increases in the amount of sodium (0.26 M

and phosphate (0.150 K) when compared to simulated AGNS wastes calcined

earlier. The sodium concentration of the solidified combined vaste

approaches that of the high-sodium vaste that required additives for pre-

venting agglomerate formation..

Two scoping runs were made in the four-inch-diameter calcir.er to

determine operability of the combined waste (150 gal/MTU HLLW-75 gal/MTU

ILLW) flowsheet. The first test without additives was unsuccessful "and

was terminated due to severe bed particle agglomeration. The second test

with powdered iron added in the feed to tie up the sodium as NasFejOi*

operated successfully. Two long-term runs were made in the four-inch-

diameter calciner to detemine operability of the successful flowsheet

at or noar steady-state bed conditions ( > 95% bed replacement). A

relatively stable particle size range was maintained during the runs.

The product-to-fines ratio (P/F) averaged 0.63 and 1.5, respectively, and

the bed level was controllable during both runs.

The first long-term run operated at 600°C initially and was reduced

to 500°C because of the high fines rate. During the latter part of the
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first run, while operating at 500 C, the proiluct-to-flnois ratio

averaged 1.3. The higher V/V obtained during the first run during

operation at 500 C coupled with the higher P/F during the second run

at 500 C indicates that a more friable product is produced at higher

temperatures (600°C).

Chemical analyses of calcine from the first run showed that the

total volatile content of the product calcined at 500 C (7.1 weight

percent) was four times higher than the total volatile, content of product

calcined at 600°C (1.7 wt%). The nitrate content of the product

produced at 500 C (6.7 wt%) was six times higher than that produced

at 600 C (1.1 wt%). Also, very little mercury contained in the waste

solution is retained in the calcine ( < 0.1 wt% from an estimated

1.4 wt%, if all Hg were retained).

Operability of the long-term runs was very smooth and results

indicate that calcination of the combined waste is practical. The

calcined solids flow easily and the powdered iron only increases the

weight of solids produced by a nominal five percent. A flowsheet

approximating that tested is recommended for fluidized-bed solidification

of this waste.

CALCINATION OF SIMULATED NFS HIGH-LEVEL

ACID WASTE

Three scoping runs were made using the 4-inch diameter calciner

to (1) determine calcinability of NFS acid waste, (2) define the nitrate

content of the calcine at temperatures of 500 and 600 C, and (3) begin

tests to determine the approximate sodium concentration that can be

tolerated in the waste without agglomeration.



Results of the three runs indicate that NFS acid waste can be

solidified by fluid-bed calcination and that the nitrate and volatile

content of the calcine decreases significantly with increasing temperature.

A short-term (47 hr) run with simulated waste containing 1 M sodium

showed signs ("tacky" product and fines) of possible agglomeration.

The nitrate and volatile content of calcine produced at 500 C

(2.6 and 2.9 weight percent,respectively) was about two times higher

than calcine produced at 600 C (1.3 and 1.4 weight percent, respectively).

Significantly more fines were produced during operation at 600 C than

at 500 C, and the product bulk density also decreased, indicating a

softer and more porous product.

No powdered iron was added to the waste feed during the run con-

taining sodium in the waste feed. The NFS simulated acid waste contains

0.66 M Fe; however, the waste did not contain enough iron to be stoich-

lometric with respect to the 1 M sodium.

Typical operating conditions and product characteristics for the

various wastes are given in Table II.

CONCLUSIONS

(1) Concentrated AGNS HLLW can be successfully solidified using fluid-

bed calcination without additives, if the sodium concentration

is below 0.2 M.

(2) Concentrated AGNS HLLW containing sodium (up to 1.1 M Na) can be

solidified by fluid-bed calcination if powdered iron is added to

the waste feed to suppress sodium nitrate formation.

(3) Dilute AGNS HLLW can not be calcined successfully by conventional

fluid-bed methods, because bed particle size and bed inventory

continually decrease.
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(4) Fluid-bed calcination of dilute AGNS HLLW by the attrition-

elutriation concept i feasible.

(5) Flttid-bed calcination of AGNS combined HLLW-ILLW is practical.

(6) Fluid-bed calcination of NFS acid waste containing no sodium is

feasible.

(7) NFS waste containing 1 M sodium and no additives has a tendency

for bed particle agglomerc;ion.
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TABLE II

TYPICAL CALCINER OPERATING CONDITIONS AND PRODUCT CHARACTERISTICS

Operating Temperature, C

Startup Bed

luidizing Velocity, ft/sec

Waste Feed Rate, SL/hv

Product Rate, gra/hr

Fines Rate, gm/hr

Starting Bed MMPD, mm

Final Bed MMPD, nun

Attrition Resistance Index

Bed Bulk Density , g/cc

Waste Feed, gal/MTU

Additive

Nitrate Content of Product, wt%

Volatile Content of Product, wt% at 800°C

Sodium Content of Feed, M

Sodium Content of Bed, wt%

Iron Content of Feed, M

Iron Content of Bed, wt%

Volume Calcined Solids Per MTU, ft3

Thermal Conductivity, BTU/hr-ft-°F

Concentrated
AGNS

500

Sand

0.7

2

280

110

0.29

0.54

24

2.36

100

Iron

16

6

0.58

5.8

0.58

14

1.2

Dilute
AGNS

500

Alumina

0.8

2

70

77

0.45

0.22

40

2.52

300

None

4

5

Trace

Trace

—

—

1.4

Combined
AGNS

500

Sand

0

2

130

90

0,

.8

.32

0.28

36

2.

225

Iron

6.

8

0.

5.

0.

13

1.

.18

.5

,26

,3

26

4

NFS

500

Alumina

0.8

2

70

70

0.48

0.26

33

1.86

210

None

2.6

2.9

—

—

—

—

1.4

0.17
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