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BACKGROUND OF THE INVENTION

. l Field of the Inventron

The present invention relates to processes of low-level rmxed waste sohdrﬁcatron

| 7-2 Related Art

Low-level rmxed waste contams hazardous chemlcal and low-level radroactrve species.

" The chemlcal contarmnants are often volatlle compounds or pyrophoncs and cannot be dlsposed ‘

-

2 of by conventronal hrgh-temperature methods

Portland cement groutmg (PCG) is one of the prlor art radloactlve waste sohdrﬁcatlon

methods PCG results in hydratron-lnduced hardenmg In addmon to hydratron-mduced -

hardening cements there aré also chermcal hardemng cements Various phosphate composrtrons .

‘belong to the class of chermcal hardemng cements The solidification of phosphate compositions .
results from a number of chenncal reactlons of metal oxides and orthophosphonc ac1d at room
temperature thereby causrng generatlon of a hard solid: phosphate form wrth a low solublhty m

~ water. These phosphate forms are very efficient for 1mmobrhzatlon of rare earth and transuranic

Radloactlve and toxic 1nc1nerator ash has also been 1mmob1hzed by 1ncorporat1ng the ash

into cements based on zrrcomum orthophosphate and dual magnesrum-sodlum and magnesrum-

ammonia orthophosphate Immobrhzanon in chemlcal hardemng cements is caused by both

- . physical 1solatron of the drspersed hazardous elements and therr structural 1ntegrat1on into the

phosphate matnx upon 1ts formatlon ‘

Phosphate binders are heterogenous systems consrsnng ofa powder wuh basic properties
(metal oxide or hydroxrde) and phosphonc acid. Chenncal reactions between the two leads to
self-settmg of such a system. The products of this reactron are hydrated salts of orthophosphorrc ;

acid that can be charactenzed as morgamc polymers These polymers also defined in some

: lrterature as phosphate ceramics, have several desirable charactenstrcs mcludmg hrgh

compression strength, adhesion to inert surfaces, msolubrhty in water and the abrhty to w1thstand ,

very hrgh'temperatures. S
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o The relevant prior art processes concern 1nc1nerator ash 1mmobrhzatron ina magnesrum—

phosphate cement matrlx The prior art process is 1mp1emented by the followmg operatlons
1. Preparatron of cement powder by rmxmg magnesrum oxide. powders calcmed at
- 1,000° C, and 15 mass % bonc acid (reaction moderator) ’
2. Mixing of the generated cement powder and the ash powder
3. ermg of the generated powder and 50% orthophosphorlc acid solution; and
| 4. Moldmg and settmg of the samples : ' ‘ ’

The generated magnesrum-phosphate cement samples mcorporate 35 mass % of’ the

| incinerator ash. The compressron strength of these samples is 275 kg/cm,. The leach rate data ~

* for toxic and radloactlve metals have been obtaxned by using Enwronmental Protectron Agency \

Method 1311, Tox101ty Charactenstlc Leachmg Procedure (TCLP) and Amencan Nuclear
Socrety, encan Nat1onal Standards Institute Measurement of the Leachablhty in Solidified

' Low-Level Radroactlve Wastes by a Short Term Test Procedure Method (AN S116.1). The
leach rate values for the toxxc metals obtamed by TCLP method do not exceed the estabhshed :

lnmts while the determlned leachablllty indices for various elements, estimated by ANSI 16.1,
range from 15 to 22, thereby exceedmg the passing crlterlon of 6 set by the Nuclear Regulatory

Commlssron (NRC) )
 The sample mass loss during long-lastmg leachmg tests does not exceed 1% Therefore,

B "the charactenstrcs of the magnesnum—phosphate matenals that 1ncorporate 1nc1nerator ash 1nd1cate
their high chemical stablllty and compression strength '
o The prior art magnesxum-phosphate cement used for 1nc1nerator ash 1mmob111zatlon suffers .
. from a number of dlsadvantages Magnesrum oxide is expensrve and requires hrgh-temperature |
- annealmg to slow down its reaction speed In addition, the composition 1s difficult to mix because

: of how fast it hardens The prior art magnesrum—phosphate cements also require the appllcatlon

of additives that function as moderators e.g. boric acrd to slow down hardening.

: SUMMARY OF THE INVENTION

An object of the invention is nnmoblhzatlon of i 1nc1nerator ash into the phosphate -

o composrtrons that will provxde the optrmal hardemng speed and leachlng resistance.
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In accordance w1th a ﬁrst embodlment of the mventlon, a method of 1mmob1hzmg mlxed -

: low-level waste is provrded The method 1ncludes (a) formmg a nnxture of iron oxrde powder ”
~ having ratios in mass% of FeO Fe203 Fe304 25-40 40-10 35 50 (b) forrmngapowder ’

phase of waste powder and the mlxture of iron ox1de powder (c) formmg a solutton of

orthophosphonc acid; (d) mixing the acxd solutxon with the powder phase of waste powder and B

the rmxture of iron oxrde powder in mass % of waste powder iron oxide powder solutron =
| 30-60 : 15-10 : 55-30 to form a slurry, (e) blendrng the slurry to form a homogeneous mlxture

‘and (t) curing the homogeneous mixture at room temperature to form a final product

In a preferred embodrment the solutlon is added to the powder phase of waste. powder

B and the mlxture of iron oxrde powder in step (d) Inan altematlve preferred embodiment, the o

waste powder is mixed w1th the orthophosphonc acid, then the mixture.of i iron oxrde powder is -

added to the acrd/waste rmxture k
In one alternatlve embodrment the iron oxxde powder comprlses metallurgrcal cinder. If

the ratto of FeO Fe203 Fe304 in the cinder i 1s not in the ranges of. (25-40) (40-10) (35 50) then

the appropnate amount of iron oxrdes should be added
‘Another method of 1mmob1hzmg mrxed low—level waste rs prov1ded in accordance wrth a.

" second embodlment of the invention, wherem the naturally occurnng ore magnettte is used as the
~ source of iron oxrdes Magnetrte is amron ox1de with the theoretlcal formula Fe,0,=FeO,F e203 ,
,The method 1ncludes (a) preparmg a predetermmed amount of magnetlte powder; (b) formmg a

' powder phase of waste powder and the magnetite powder (c) forrmng a solutlon of ferric ox1de :

in orthophosphorrc acid (70 -90 g. of ferric oxide per llter 1n a preferred embodlment) (d)

comblmng the acid solution w1th the ‘powder phase in mass % of waste powder magnetlte

~ powder : acid solutxon 30-60 15-10: 55-30 to form a slurry (e) blendmg the slurry to form a

homogeneous mrxture and (f) curmg the homogeneous rmxture at room temperature to forma

| ~ final product

" Ina preferred embodrment the acid solutlon is added to the powder phase of waste

’powder and the magnetrte powder 1n step (d) In an altematrve preferred embodlment the

powder phase of waste powder and the magnetrte powder are added to the solution in step (d).

The amount of the low-level waste in the ﬁna.l product can be up to about 60 mass % for
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| 'some types of wastes such as sohd deposrts or s011 with phosphogypsum In a preferred B |

‘ embodrment the amount of low-level waste in the final product is 30-40 mass %.

: Advantageously, the pure phosphonc ac1d (w1thout water) content of the slurry is about

3 ‘25-35 mass%.

The present process has many advantages over the processes of the prior art, 1nc1ud1ng

1. Longer hardemng penod whrle the hardemng moderator 1e ‘iron oxrde (3+),also - |

ﬁmctrons as the matnx material;

2. Low cost of the input matenals i.e. iron oxrdes ‘

3. Metallurgrcal waste (cmder) and 1ron—conta1n1ng natural minerals {magnetite) are used

as the input rnatnx material;

o 4 Ferro-magnetrc propertres of the matnx provide for remote transfer of the radratxon -

- hazardous compounds by means of the electromagnetrc equrpment and

s, Capabrhty to control the settlng time by varymg the concentratlon of Fe203 in the

system
followrng detarled descnptron of the preferred embodrments of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In a preferred embodxment of the invention iron oxrdes i.e. FeO, Fe203 and Fe,0,, are

used as feed powder matrlx materrals Waste metallurgrcal cinder may be used as the source of

the iron oxides- provrded that the ratio of the three ox1des is adjusted to be mass %

FeO : Fe203 Fe304 = (25-40) (40-10) : (35-50). The specrﬁc correlatlons of iron oxrde

. quantltres wrth drfferent iron valences makes it possrble to optlmlze the slurry nnxmg and

_hardemng time, thereby controlhng the. quahty of the final product.

Solidification of surrogate rncmerator ash waste is performed accordrng to the followrng

(@ formmg a mixture of iron oxide powder havmg ratios in mass % of

FeO : Fe203 Fe,0, = 25-40 : 40-10 :35-50;

- ® formmg a powder phase of waste powder and the mrxture of iron oxrde

Other features and advantages of the mvennon will be set forth in, or apparent from the
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 powder; r L
(c) forrmng a solutlon of orthophosphonc acrd H PO4, '

(d) rmxmg the solutlon of orthophosphonc acrd w1th the powder phase of waste powder o |
_ and the nuxture of iron oxide powder m mass % of waste powder rron oxrde powder '
acid solution = 30-60 : 15- 10: 55 30 to form a slurry )
© blendmg the slurry to form a homogeneous mlxture
(t) setting the slurry to form monohthrc specrmens and ‘ _
i (g) curing the homogeneous mixture at room temperature to form a ﬁnal product

- Inan alternative preferred embodlment the orthophosphorlc acid solutron is added to the

‘waste powder and then the i iron ox1de powder is combmed wrth the mixture of orthophosphonc

- acrd and waste.

The amounts of the iron oxides with drfferent iron valences used in the preferred :

- embodxment optnmze conditions for handlmg the shurry and provrde good mrxmg, molding and

‘ hardemng of the mixture 3-4 hours aﬁer the start of the process The blendlng time must. belong |

enough to allow a good mlxrng of the  slurry, so that the waste is evenly dxstnbuted in the forrmng :

 matrix. The preferred curing fime is obtained by usmg oxrdes contammg a catlon with ionic

potentral of between 2 5 and 4. 5, whlch corresponds to the oxtde-phosphate systems that cure at -

low temperature

In an alternatlve preferred embodlment magnettte powder is used as the feed powder

- matrix materral Sohdrficatron of surrogate mcmerator ash waste is performed accordmg tothe

followmg procedure _ X
o (a) prepanng a predetermmed amount of magnetrte powder | , o N

(b forrmng a powder phase of waste powder and the magnetrte powder -

. (c) formmg a solutlon of orthophosphonc acld and ferric oxide; - ‘

(d) rmxmg the solution of orthophosphonc ac1d and fernc oxide with the powder phase of
~ waste powder and magnetrte m mass % of waste powder magnetxte powder ac1d

solutron =30-60 : 15 10 55-30 to form a slurry,
(e blendrng the slurry to form a homogeneous rmxture and

: l(t) curmg the homogeneous mlxture at room temperature to form a final product
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Example 1.

The final products of the processes contam 30—60 mass % of the incineratof ash and have e

: h1gh compression strength values The elements in the matrix meet the TCLP AN S116.1,

Materxal Characterization Center, test # 1(MCC l) and Product Consistency Test (PCT) leaching

test requxrements The waste loading is preferably not greater than about 60%. Excesswe waste

loadmg leads to deﬁcrenc1es in the final product Furthermore, the concentratton of the .

--orthophosphoric ac1d solution used to prepare the slurry is ppeferably no less than 50 mass%, .
‘more preferably from 50- 83%, and, the orthophosphonc acrd content (1 e. pure H3PO4, wlthout

1 water) of the final slurry is preferably 25 to 35 mass %, to produce a ﬁrm ceramic matrix.

»

The present process was tested w1th a snmulated 1ncmerator ash m1xture the composmon

of whlch is gtven in Tables 1 and 2 below. .

 Tablel

'Component : | o Concentratio¢ gkg R " .
Volattleash o _ 38796 : - |
Ashslg | . 32007 "
_ Vermiculte | 19398 I.
' Activated carbon S ) 48‘.49,‘ ' L
co, o 1480
No o el6
o | 53
co i . ss4
s - e1s
Ce,0, N R 570
i chlg L g = 656
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. Tablez

. . Volatile ash, | Ashslag,
5 | Oxide B 'bmass% I R mass %
7 fSiOz‘(amorphous)- » : 165-456 RO ,;'1 40-45
u » SrOz(crystalhne) . R 3.4:-9.4 R R L
L a0 | weess | wmeas
- " co | e | -2 |
- \10_}:‘, " - Fe‘203'~ IR EE | 3:-24. - ‘-' T stae ot "
R o »Mgo,’ B -0.5-0.8-' e ‘?‘0.7,5-‘3‘ e “ .
; A mixture of iron oxrdes (from chenncal reagents) was used as the 1ron-conta1mng part )
..:The components had the following ratlos (mass %) o |
| FeO : Fe,0, : Fe;0,=25 49335
The slurry had the followmg composrtlon (mass %):
~ Waste : Iron Oxides : 70% concentration H,PO, solutlon 40 10 50 The composmon
was nuxed for 20-30 mmutes and put into molds of 25 mm dlameter and 40 mmherght The
| hardemng of the mixture took 4hours. o
20 | | The leaching data for radroactlve and toxxc elements for the cement samples that have |
o cured for 28 days are given below in Table 3 (TCLP method) and Table 4 (AN SI 16.1 method)
~ The values obtamed do not exceed the respectxve maxrmum allowable values
Ex gle2 )
25 The present process was tested w1th the 51mulated mcmerator ash the composmon of

whlch is ngen in tables 1 and 2. Metallurglcal cmder waste was used as the 1ron-conta1n1ng part

| ) It was assayed and had the followmg ratio of iron ox1des (mass %)

FeO Fe,0, : Fe;0, =40 : 10:50

. ; The components of the slurry had the followmg ratios (mass %)

7
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_ Waste Iron Ox1des 50% concentratlon H3PO4 solutlon 30:15:55. |
R ' The composition. was rmxed for 20-30 minutes, and put into molds of 25 mm dlameter and;, o
40 mm helght The hardemng of the rmxture took 4 hours. Aﬂer cunng for 28 days the
R charactenstlcs of the cement samples have been identified:
5 ' Compress1on strength: G, = 357'073_700 psi;
| Open porbsity' P, =;5 3ol %; |

Bulk density: p = 1.9 glem®. )
The leachmg data for radloactlve and toxic elements for the cement samples that have

been curmg for 28 days are glven below in Table 3 (TCLP method) The values obtamed do not

- 10 = exceed the respectlve max1mum allowable values _
o Table 3 (TCLP method)
o . : Concentratlonmtheleachant mg/ﬂ T _’
ol ocd | Cfd _Ni_ | Pb_ Hg ."Ce‘ e
| Bxample1 - | 012 | 0042 | ss | 0001 | o0o0s2 | 0.005 0.18
15 _Examp1e2 Lo | o 35 0003 | o018 | o005 | 12 "
I Allowable | 0.19. KT}O.{86-,‘ s | oar | o2 | - |- "
- - values | R : _ ‘
20 T Table 4 (ANSI 16.1 method)
Ir .( § IR L ,‘Leaching index, Li ,
L ce | ©s Cd_ o | b | B | N
Examplel | 144 | 105 | 125 | 137 |164 | 164
,25
'»,-Ex ample 3.

. The present process was tested with simulated incinerator ash, the composition of which is
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".glven in Tables 1 and 2. Naturally occurnng magnetxte Fe304, was used as the xron-contalmng-‘f' .

- part. Two samples were prepared The components had the followmg ratlos Waste :

' leach test). A

’ Normahzed release

i T EEE TR e

| :Fe304(magnet1te) SO% concentratlon H_,,PO4 solutxon 30 15: 55 and 40 : 10 50.

‘The powder nnxture of waste and magnetlte was mlxed with a solutlon of 50% :

choncentratlon orthophosphonc acxd solutlon and Fe203 (80 g/l ) and put into 50 ml plastlc '

beakers The hardenmg of the sluny was contmued durmg 4-5 hours

The leachmg data for radloactlve and toxic elements for the ﬁnal samples that were cured for

v 28 days are given in T able 5 (The MCC l statlc monohthlc leach test) and in Table 6 ( the PCT statlc |

Table 5

“Waste loadmg,% 30 — 40 JI ;
] <0037 "

Cr . <0052

, rate g/m /day

- Aﬁer curing for 28 days, the characteristics ofthe cements samples have been identified. The

1

» v _ Table6
- Waste ) Normallzed release rate g/mz/day
loading,
Hg Ce { GCs | cd Ct_ | Pb Ni “ I _
I 30 Jo0222]<0034] 011 | 0011 |<0.0036 | <0.0014 | 0.021 | S
"I 40 [o0.151]<0.026| 024 | 0.006 |<0.0027 | <0.0019 {0.015 |
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- characteristics are summarized in Table 7.

, - . : " Table 7

Waste loading, mass % - 30 |- 40
 Density,g/em® | 163 | 1.67
Weight loss, wt.% | - 1.95 , . 213
Compressive strength, psi | 1050 o 2700

|

: Althougil the invention ;has béen deSdﬁbed in detail with respect to preferred embodiments

| thereof; it will be 'appai'ent to those skilled in the art that variations and modifications can be

. eﬁected in these embodiments without deparﬁn,g from the spirit and scope of the invention.

10
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~ ABSTRACT OF THE DISCLOSURE

h

" A method of 1mmobihzmg nuxed low-level waste is prov1ded which uses low cost

matenals and has a relatively long hardemng penod The method 1nc1udes fonmng a nuxture of

: 1ron ox1de powders having ratlos in mass %, of FeO Fe203 Fe304 equal 10 25-40 : 40-10 : 35- -
.50, or welghmg a deﬁmte amount of magnetlte powder Metallurgxcal cmder can also be used as ,.l' o
n the source of iron oxxdes A solutlon of the orthophosphonc acid, or a solutlon of the o /

- : orthophosphonc acid and ferric oxrde is formed and a powder phase of low-level waste and the = :

mixture of “iron oxide powders or cmder (or magnetlte powder) is also formed. The ac1d solutron _

- is mixed wnh the powder phase to forma slurry wrth the. ratlo of components (mass %) ( of ‘

waste : 1ron ox1de powders or magnettte acxd solution = 30 60 15-10 : 55 30. The shurry is

- blended to form a homogeneous mixture whrch is cured at room temperature to form the final

, product !

14



