BMETHOD AND SYSTEM FOR STABILIZING VOLATILE
RADMONUCLIDES DURING DENITRATION AT HIGH
TEMPERATURES

Pield of the Invention

The present invention relates generally 1o a sing

compounds from wasie products, compound:

sanee E:‘ri_tii}i‘:l‘tié:r

form having suitable leach resi

durtng processing. More speciiically,

pares

wasie

hazardous and/or radicactive materials at high temperatures while providing a final w

torm with suitable leach resistancs properties.

Backevound of the Inventiou.

aste products and compounds,

as piteie aeid,

wnelude such compoung

Hum nitrate, ammonium nitrai seium fibrale, nitrites, and the

>

include dry contact reduction proge:

oaches (0 removins
L

seois MO,

[

sous nitrate compounds and wet absorption proces:

tic or non-catalytic aod may be

¢ may be elther cal

)

3 are characterized by the

either selective or nen-selective. Selective reduction proc
and their conseguent removal in the

preseice of it for caseous WO is apyuonia,

o, exidizes 1o form unwanied r;itr(:;g‘cn oxide at high temperatures.

Armnonia, ne

reduction methods

ammonia s itsell a pollutant,  Other

reduction i3 that the presence

employ eatalysis such ag widium, The pr

eotiveness and

z and other poisons reduce

of particoiates,

lifes ther 2ARINg COSie.



reduction processes generally nvolve the addition of a reducing

NG,

en ihrongh

wning foaterial, z:-a;anf;un‘;ing afl free ox

ning reducing agent. Catal

psatul in these

are typieally utilized in these vy and catalvsis

processes are both scarce and e

Wet absorplion processes typically require large and expensive equipment such as

xample of a wet absorption process is the absorption of nitrogen

absompiion owers, A

oxides by water or alkali selution. Another shortcoming of the wet absorption proces

that these mwethods are not economically effective where the NO, concentration in the

gaseous waste stream 13 ahove

tificant amounts of

I the nuclear indusiry, there is an annual produciion of

it cakes,

wasies which are classified as radicactively contaminaied hange media,

des oy nitrogen

sludyes
nuclear foel

id and sodium ntirate

For solid or slurey NOL wastes and compounds a variety of process

swwe have heen utilize

ied for NG, destruction. Botary ealciner and fluid bed proce

asulis vielding less than 99% conversion of solid nitrates to

with [y

sseous MO, generally « fed 10,000 ppm which requires addition

N, removal methods as described above. In addition, severe
YNCrations ooour 1 Proves s the presence of flanunable or explosive

of nifrat=s and rechucing ager

jated with prior art wasts sing methods mvolves

1 compounds. The presence of such sdfur compounds in a virificstion

melter can cause a molten sulfur sali pood (o accumulzie on top of the molten inorganic

5 high corrosion rates for the melier equipment. The pool

residue (glas

cant also bave o high electrical conductivity, which canses short-cirouiting of the heating



electrodes n the melter. Additionally, potentially sxpl

quartities of water contact the melten sulfur salt pool.

Further, the of heavy metals w the inorganic residues can render the

final waste product hazardous, thereby requiring additional processing of the residue

Alse, the 1ne;.rr;;e_n’siﬁ restdue can contam soluble

components that may form aqueous solutions affer pro

n contamination of the surrsundmgs after disposal,

w»

A process which does not h the limitations and shortcomings of the abov

.

ribed prior art methoeds for mir

streanis and

cen oxide

compounds would be highly desirable,

Summary of the Invention.

According to s saajor aspects and brieﬁ}; seal invention is a

N using a single

method and apparvatus

ffis%:rr:tigr:;aée and higher, Nitrate

steain-reformer v

aleng with a fluidi; composed

compounds or w are fed indo the sing

f: 7

~

of steamn and, optionally, oxyvgen. The single vessel containg an inert media bed mad

high-density media, such as amorphous aluming beads up to 3000 microns in diameter.

L ranging up o 300 feet per

The fluidizing gases are injectac

second.

I one aspect of the present invention, 4 method for remwowving nifrogen oxides is
provided. The method inclodes the steps of (in no particnlar ordery: (1) providing lquids,

shidge

y providing a

alursi ot solid waste soaterial condaining the nitrogen oxides;

Huidized bed reaction contgining a reaclion bed having # lower portion, a middle

ndized bed reaction vessel 1o an operating

portion, and an op

a reduciant. 4

emperaturs greater

material mto the fuidized bed

mineralizing addy

15 imjectad & a velocity

ction bed, where the §

weiids from the reaction

material and elutrigies fine

[N



lewer portion of the reaction bed under strongly reducing conduions sufficient o achieve

r-»

low lr:a.s:hin;;; of elements from the final waste form and to destroy substantially all of the

-\""

nitrogen oxides in the waste material,

In another aspect of the present fnvention, the method recited above further

nclpdes the step of co~injeciing oxyzen with superheated e lower portion

£

er portien  of the reaction bed operates under more oxidizing than

educing conditions but overall still reducing conditions,

ve further

In another aspect . the method rect

includes the the upper poriion

recited above further

fin another aspect of the present invention, the mef

wchides the step of injecting o the upper portion such that the upper poriion

operates under fully oxdizing ¢

fr esent invention, the method e above further

includes the step of injecting ox e middle portion

operates under more oxidizing but overall still reducing conditions,

3¢ reciied above where when

In gnother aspect of ention, the mef

¢ material coniains fluaride, or iedide compounds, the winerat

ihe

additive is selected from the group consisting of clays tie, silica gel, silica, silicates,

phosphate  compounds.  calelum compounds, magnesivm  compomds,  fitanium

compounds, iron corapounds, and aluminum compounds,

In another aspect ¢f the present mvention, the method recited above where the

reaction bed is comprised of inert beads.

ect of the present invention, the

In anothes

oy substantially all of

reducing conditions are suflicient 1o dest

1550

e maierial,
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In another as

ne pre seni

nvention,

thndiz

L.,

the wethod recited above whers
5 comprizes one of maoss

¢ of sieam, oxygen, hydrogen, methane, carbon
:;iiezu;ida;;_. carbon monoxide, vdeocarbon vapors, nlirogen

I snother aspect of the present inveniion, the method recited shove where
minsralizing additive 1g se

DI L

SEN

oled from the ¢

ava, reolite, 5
sifica, silicates, phosphate compounds, calcium compounds, ma
tHanim Lo

gnesium me}*'rmsim
nds, fron ¢

mpounds, and aiuminem compoun

I ancther aspect of the p

ent inventicn., the method recited at

maximum operating temperature equals the minimom melt temperatare of the wasie o
rexulting froim the method,

e where the

fn another aspect of the

1 invention, the method recited above

includes the step of injecting at least one co-reactant o the reaction

further

reaction bad
o enhance the raduction of the nitroger

Iin another as

et of the present invention, the method recited above

f above where the co-
reaciant s selecied from the group consisting of selid carbonacecus malerial

soluble
carbonaceous material,

[
b

seous carbonacenuy

compounds, hydrogen, ammonia, and
mwetal compounds,

I another aspect

, the meihod recited above

metal compounds are
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onsisting of fron compounds, nickel
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abalt compounds.

ai wnvention, the method v
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fncludes the

above further

addilive o the reaciion vessel res

Do !
r

bi‘d iiz
form higher muh'l,.;

t alkall meial and alkaline eorih compounds,

At
W

other aspect of the present invenitosn, the method recited above s
additive is mb

H

ihxed with the #

,‘ H E.‘:Ej-

= prior to jujechion of the wasie o the
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Hyief Description of the Dyvawines,

Dretailed Deseription of Preferred Embodiments.

The present invention is an apparatns and process for revnoving NGO, from nitrade

vagte produst with

bearing compounds and waste product teeds

Jements dusing

suttable leaching properiies and further lmtting the

will be deseribed 1o particular with

processing. The presont apparsius and proce

1 oxide containing wasie or product siream

-

respect o radicactive waste but any nily

and with the components of

ased on a single fuidie

Opera fed onder strof

conditions 1 combination with oxidizing conditions, Other i 2ases o

v othe oxsdizing or reducing conditions m the reactor,

nelude: bydroger

QAL Vapors, Ca

3 can be added such as ohag

matenals, sugars, hydrogen sxide, efe. to further modity reducing or oy

s that can be pr

consditions in the bad. The we o the present inventio

inclnde not only NO. containi decompeosition of ion

resing, bub alse NG, containing from  nuclear

sireams and the

explosives and energetics, fartili

AOW [0 is“ 1. there iz shown g accerding (o the present

Beforriy

e 10 ancludes a single

invention and generally indica

which may be
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and/or solids 10, ave fod into the reactor vessel 12, In the case of

studges 14, 3 pnewmatic pumg, _;ts-;eris;i;ait%s; puinp ot p

3 tor delivery of the pumpable fluids 1o the resctor vessel 12, In the case

solids 16, a screw auger 20 may be emiploved to deliver the solid waste stream nio the

reactor v

s Huid bed, Media 22

It reactor vessel 12, inert or reaciive media

is preferably an inert material which may sevve as o heat sink such as silica, sinterad clay-

like materialz, or alumina beads, woest preferably, ancrphous aluming beads at least 160

and preferably 23¢ 1o 600 1000 microns in diameter, however beads up

in diameter can be utilized, Such is dir not s;a.s.il}‘ elutriate out o

wvhen common sifica sand is wiilizod, The amorphous alunina

intered clay are also exceptionally strong and hard and resists aitridon due o bed

and to serve as a heat source,

In order o ev; i}v-{“;i swal

chiarcoal, coal, sugar andfor other carbonaceous materials are added to reactor vesse

csuch a

optionally other reductants or catalvs

an be madified to include the

may be used. Reaction bed materials

- For example, the addition of 2 o0 3%

order to further improve the demiration prog

iron oxide to the reaction bed medium can improve NGO, reduction by more than two

and serves to bind hzavy metals, such as Or and Ni inio water insoluble spinels,

TR

tantroduced indo reaction vessel 12 vig inlet 24 8

Fluidizing medium

preferred to combus e Hoidizing mediom because i 15 more resctive, and

ot carbonacecus

generies OO and Hy that are highly reducing

fpaterials. G

sous NG, compounds can

wtlet 24

13 and/or other reducing

the reaction of the carbonac

The heat g

arlior 0 mput allows the reaction ve

with the nliroges




cated at the teroperature required Tor reduction of the nitrogen oxidss, This methed of

O

internal heat generation provides autothennal temperature conirel in the bed, The present

method, for example, converts sulfites such as Wa; S04 by minerslization inte non-volatile

subfur compounds such as cann or caleim sulfate. By

1 as HS, are minim

presence of comrosive s

corrosion to acceptable levels. Halogen gases, CL F, and 1 are similarly mineral

4

non~volattle mineral compounds such as sodalite and calciom chiloride, calcium

i,

The floidizy

may have o the medium is an,p;.ri'xiéated steam. The

Huidizing velocty can range from about .5 feet per sevond or highe

bed media, preferably 6.8 o L3 feet p

;;'i'a‘»‘:d 5] pi‘e;‘,!“f"édd highe

media, Pluidizing gas distributors are des

velocities. Tvpical gas distributor velocities are 100 10 200 FFS

can range from 20 (o 300 FPS.

i has several advants

The high Huidizing

s jet sp

as jets in a vertically oriented bed provides jef hupingemeni on the media to help break

e
=

down the sofier, friable feed and to break-up agglomera

ston in the hi

become self~cleaning dus to aby h trapact grea arcund the tluidizing

distributor

ierably operated in eluiratiog mode. Sodium salts and

¢
L

Reacior vessel 12 15 pr

other low melting eutectic salts are therehy present in only low concentration {less than

tied eut of the bed. The media beads are seliccleaning throu

2%y and ace guickly

of snconvertad nitraies o sodivio compounds

abrasion. The low

izt of aocumulated

fomeration potential,  Alteroatively, the bed may con:

anular mineral product solids such that no separate bed media is used.

As disvussed above, the reacior vessel 12 may be operated using one of four

metheds, in the first method, the lowsr portion of the media bed is operated under more

oxidizing conditionz. To achieve this condifion oxygen iz mived with the sizam and

o



1

2 via inlet 24 and myay be optionally superhented, The

r

i3 preferabiy about 13 1o 13 psia. The reacior ve

prossure in the reactor ve
preferably operated « ter than 800 degrees centigrade. The media bed depih 1@
preferably between about 3 (o & fect, expunded. The raiddle portion of media bed in

ated under strongly reduecing conditions, aind the upper portion of

the media bed 5 operated under more oxidizing conditions by the addition of oxs

enriched air or air or with nitrogen via inlet 23, Temperature is
maintained within reactor vessel 12 by adjusting the level of oxygen input 1o the bed
and/or by super heating fluidizing gases which provides auxiliary energy as veeded,

particularly during start-up. When the NO, has been reduced to nitrozen, the nitrogen,

wi 28, Small sized re

steany and other syn gases leave the re

L ineludi

port 20 and are camied away b

preferably gas cooled, From collector 34 the solids s

process or disposal or sterage, not showi,

The nirogen gas, steam; other syn gas and fine particulates pass through filier 49,

Any non-gaseous residue or particulates collected in the filier 40 15 direcied to produc

s

from the {ilter 40 are then treated by conventional means

collector 24, The {1

i an anspeciiied oft tresiment sysiem 50,

Uinder the conditions of raethod 1 set forth sbove, the process treatmerd results in

final gaseous cfffuent very fow in MO, with no CO and H; ootpui. The system generally

requires low auxtliary energy addition. This system does not regquire the removal of NO,

levels exiting the reactor 12 are routinely ppi,

The addition of a thermal oxidizer in the offgas treatment system is also not reguired.

idizing conditions,

Bove, the middie poriton and the vpper portions of the media bed are operated

adts i lowered MO, exiting reactor 12

s reducing conditions,

as compared 1o wethed 1 byt has nere

evels of CO and Hy and other irace volatle



wries i the reactor 12 ouiput. Adduional suxiliary energy is cenerally nesded in the

wquire a thermal exdizer,

as fregiment

Cveszel 12 ts operated only under :f;tri;'f-i‘igi}f rs:dw:ing

in method 3,

conditions. Method 3 resulis in lowered NO. incressed €0 and H, 2

stothermal energy and use of a theomal oxidizer in the offgas reatment svsta

operated

{n method 4, only the

under more or fully fow NO,, no C0 and H,

owiput and increased auxtliary zne

not required in the practice o

Motably, lso be processed by divect introduction o reactor 12

,.\.w

asenus NG, can s

rification melter or

he

igh WO, offzas from a

with other waste feeds, For example, b

- as both the »

can be w

thermal denitration prog

however, stearn is co-injecied o keep the total gas flow through the reaction bed at

greater than - am and to provide unifonn fuidizing

Testing has demonstrated the usefulness of metal additions o the bed to facilitate

s inte non-hazardous metal spinels. Metal

Ny, reduction and stabilization of heavy me

are nol always required but are useful in maximiziog NO, conversion to

gay. Typical metals that can be wsed include copper. cobalt, iron or nicke
i

tes that can be co-injected with the waste feed in concentrations of lesy

=5 capn be added

nels ron based addiin

cavy metal mineralization inic

to the bed as particulates or in the wasie feed as fine particulates or as aoluble iron.
£

s to the bed in

addition of charcy i’anging

al, coal or

up to 0,75 inches in diameter s unique 1o the pre d embodiment. The large partic

carbon maindain i vt inventory of carbon that s not possible with typical fine

Is previ ilitate niteate

w hgquids o liguid chemica usly used to fas

ble carbon

bos solids 1o

oo of farger cas

in the form of f

1



of carbon compounds in the bed will prodace mghly seducing CO and My in the bed via

Addittonally, certein additives such as gluminum metal and phosphats salts or

oides can be added to form high meliing poini salts with alkaling 2arth elements. For

alt compared with sodium

example, sodivim phosphate ie a kigh mehing point sodi

&

low temperature welting points. These combining

&
L

eptectic salts thar b

slements help minimize formations of agglomerations in the bed.  Additional additives

that can combine with alksli metals include silics, silica gel. clays, caleium, magresiom,

and titanism containing materials,

¢ with fluoride, chiorids

iu the present method, sulfur and halogen comaining »

or fodine compounds can be mineralized inio non-voelatile mineral products by addition of

rineralizing additives such as calciuin, magnesiam, clays, silicas, #ic.

Further, the present method can use additives o tailor the solubility of the

s discussed above, solnble components in the residue may

resuliing ino ssidue.

form aqueous selutions that can result in contamination of the surrounding

it method i3

An example of such tatloring of the selubility of the residue in the pre:
addition of aleminum nitrate or sluminum hydroxide 10 sodivm-coniaining waste: n the
cOrrest p;‘e’;}p@ﬂimmc_ this additive i‘!“dur‘?e sodinnraluminurm oxides that are mselable in

y that will convert the alkall metals

 the otherwize

ito alkabi-shumino-silicates that are highly water insolble. Using ¢

clatile suliu, chiorine, fluorine, lodine

inseluble minerals s By converting
and volutile compor

method avoid

oxjde~coniain

ating temperature of

cmbodiments are not limited 1o an o

GO of other Provess

wat may be limited because of the presence

of volatile radioactive elements and other volatile chemical elements and compounds.

3 and cesi

For example, radioactive technetium (' <3 are novmally highly volatle in

P
po—



and other

However, by the addin

ovdinary thermal treatment proc

nuneralizing additives such

o

as alkali hydroxide (sodium bydvoxide oy egualy or in the

be muneralized into high melang, non-

presence of alkali abtrates the T and Cs can

Cine of ordipary skill i the ar svould

slatile sodaliie

such as fechnefium and cesiwm, which way be pressot in centaln radicactive

would vola at temperatures ahove 800°C. For e

ample, such volatilization is

aste {which ocours al tsmperatures greater than

,u

during the vitrification of radicactive s

savtes volatifization would be seen for the process of the

present invention.

¢ sbove-described processes at higher temperatores 1o

The need are

allow for complete oxidation of certain waste constituenis within the fluidized bed reacior

and io ‘g:-re:nisf‘-. enhanced N, reduction and process throughput rates. The present

encountered unexpecied resuliz when the above-desconbed embodiments were

o than 800°CL Specrheally, the expected volatili;

nat oecur when the input waste material was mineralized within the fuidized bed reactor

Whan the mput waste 15 added 1o the fluidized bed reacior, either as a liquid shuery,

such as clays,

or sold waste, along with mineralizing additives,

phate compovnds, calcium compounds, magnesiom
titantum compounds, iren compounds, and aluminum compounds, the nput waste fonn

converts, ingide the reacior, to 2 mineralized Lrm. This mineralized final waste form

[l

Other mineralizing

Hatile elements throogh the remaining freatment proces

that can be used o nuneealize the mput waste form include sodinm silicate,

¢, sodium carbonate,  ealeiim compounds,

o silics acdivm magnesium/iron

iuted by

wuch ax compoeunds where sodism is sub

ypically, the melt temperature of the mineralived
waste form in greater than [100°C) which represents the upper Hmit of temperatige

aperation,

LM

When operafl the amount of certain

1 Al femperatures greater than

b

gdditives, such as charcoal or coal iz incre:

ed as compared o the amount used when

19



A00°C and B00°C 1o cause the reactor io run 3i 2 more

operating at teyoperatures bet

the leach vesisiance of the waste form

swinent, This adjustment increases

reducing
resulting from the provess,  For example, cenain elemenis, such as fechnstivm, may

& orm penerale

e

e cxidation state such that they are more soluble o« fingl v

the hizher (greater thap B00°CY temperatures as compared 1o a fingl waste form

by the process at temperatures less than Typically, a performance goal of a §i

waste form 15 {0 minintze the leach rate of certain elements, inclading radionuclides, so

wiment. As such, the level of the reducimg

as o protect the surrounding envi

‘o with heiter les

e

“habsility

environment n the reactor is ingreased 1o produce a wasle

se the volatility ofthese

properties. This increased reduci

wy skil in the st would understand
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that a “more redi a‘;iﬂg envirommnent” mneans morz reducing as compared o the |

to convert the MO, present in the waste, GF course, the Jevel of the reduc

as necessary based on the nput

atmosphare can be (and Hikely will need 16 be) adj

ste forp, s zuch, for

waste material and the desired properiies of the

reducing environment

different input waste and desired final was

To mitigate the need (o

may be such that not all volatized NO, may be

entially operate al less reducing, Lo, more oxidi conditions in the bed, ithe

crating temperabure may preforably be limited o less than 930°C w0 reducs the

potential ormation of thermal generated WO, in the

than BOO°C,

Jpuee 2, at step 210,

p—

xemplary proc

4 with a reaciion bed including a lower, middie, and upper

Hiustrated in

portion iz heated to an operating tempersiure greater than ¢

wils o

as a dashed box, represents the step of adding waste material and reac

the fluidized bed ceaction vessel, Step 212 can be broken into

%

subsiantially the same tme. At step 2

S, a reductant, a mineralizing additive, and the

asie material ave added o the middle portion of the fluidized bed reaction »

The reductant, mineralizing additive, and input wasie input

dded i the

318

nis may be mized together prior o bein

Alternatively, the mineralizing additive and input

i3



<

| prior o mjecting the mixture into the fluidized bed reactor and ithe

fthe

e rixtie

&
o
—
jos
o
el
pon,
e
;

—
o

. afthough at substantially the same tim

-

3, ab step

minevalizing additive and inpot w Al substantially the sanie time as
such as superheated steam, 15 ingected into the fluidized bed

solids

: material and ehinciaies fine

1 velocity that agiiates the input v

reaction vessel at

from ithe reaction bed. The fluidizing gas is injected nto the bottom portion of the

it the middle portion of the

fluidized bed The addition of the reductant causes at les

i

reaction bed 1o operate under strongly reducing conditions selficient to achicve low

leaching of elements from the final waste form.

e fime as step

Al substautially the

theated steam may optionally be injected info any or alf of the ihres puitions of the

reaction bed.  When added to the lower portion of the reaction bed, the ¢

incladed with the fluidizing gas. Alternatively (or additionally), exygen can be added

with alr mio the widdle portion of the fluidized bed o atomize the w

can alternatively {or additionally) be :

a

nitrogen. mto the upper portion of the iluidized bed.

provides antothermal beat generation and {emperature mainicnance iu the bed. The

amount oF oxygen input o the process can be adjusted o tailor the redox conditions in

the bed from strongly reducing (no oxygen addition} to normal redueing, which is more

an, but there

wxidizing than “strongly reducing” but still reducing {thers is no fres

evels of reducing zases), to fully oxidizing {where there is exc

iste form is produced at step 230,

25, reductants, mineralizing additives, and floidizing ¢

=

Pussible input was

as identified ubove [or the differemt embodiments described barein.

were rup to genstate Onal waste forms 8t varving

of bench-scale tests

operating conditions o determing the effect that the operating conditions have on

aried include: the

properites of the final waste form. The aperating conditious that wer

operating bed temperaiure, coal ratio Ghe amount of o sed 10 create the reducing



ondition inade the bed o the amount of input wasi

amount of minerahizing additive nee

input wasie materialy. The level of raduci

and the amourt of reg
o addition vate produ

final v

ste form prod

i sodivm (MNay and rhenium (Re) cetention in the waste form product.

ieazure of the level of the reducin

acit-volatde and volatile element

data for key test runs are fisted in the table below,

ad for allali metal mmeral

e 3

1 resistance of the w

&

sodivn and rhenfum served as indicators {or the

15 and the BEDOx ¢

ditions is a funciion of ox

12 L0

se coal that is ads

stance of pot

12 condiiions or BEDOx

e end of sach test run, the

e to determine the level

The sodium {evel

caste Torm n”dlisi solids and the

vola

iils rhentom in

=

inn the bed. In this

e bed, Les

roperties of other

ch festing

Taput Waste Form
Sample HSurrogate

Bed

Tempera

LR

£e)

He
f.each
Besuliy

My
foneh
{esnlts

i‘:‘fi‘npt‘vi’éﬂ'ﬂ

previous testing was performed.

s that waste §

en from the table

werated i1 the coal ratio is appro
sected  result

which is the

[y
L3

& comparaliy

o products generated at by

cperating  temperatune

aecurs at

AL

at high temperatures, leach
ted increased, like

operating

1y e
WHRere




These operational behaviors indicate that the coal ratic should be ¢
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