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CHA._L&CT_IZATION OF THE O,RG:'d_iC_TKQIA.L IN THE i12 BY T.n21K

by

Wallace Ttr.Schulz

IMTRODUCT!ON

In-tank solidification (ITS) of large qu__ntities of aged, alkaline

radioactive waste solutions is an integral part of the overall Hanford

_,fasteF.anzgement program, Thus, the first ITS tuuit is currently opera-

tional in the i02 BY tare az_ a second ITS unit recently became operational

in the 112 BY taP_k.

The 112 BY tank contains neutr_!ized Metal P,ecovery Plant waste

of the estimated (I) gross salt composition 3.4M_ NaN03-O.044:'[_NaCI-

0.31_! NaCH. Tank samples and photo_r_phs of the tank interior confirm

that a layer of organic material covers at least part of the acueous waste. (2)

The exact volume of the organic material is not kno_ but is prestu_.edsmall.

However, because of possible and unknown hazards, this organic material

7 complicates ITS operations. The experi_.ents summarized in this report were

performed to determine the composition and some of the properties and

reactions of the organic material to define such hazards if any. Such-

mm

(i) _'_.J. _irkman. Personal Co_.unication. Atlantic _ichfield
Hanford Co., 1967.

i (2). P W. S_ith, Isochem Co. Letter "0-_• r_anlc Phase in Underground

Storage Tari<s," August 3, 1967 to _. E. Burns, Pacific _Iorthwest
Laboratory.
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information is timely not only to ITS of the contents of the 112 BY tank

but also because similar organic phases r..aybe present in other wastes

scheduled for ITS.

SV_._.b%RYAND CO..C_USIO:b

The organic material in the 112 BY tank has been identified as

containing about 67 vol,_ TSP diluted _rith degraded kerosene. .A3_I,or, at

least most, of the organic solution _:ill likely stem_ distill during iTS

operations in the 112 BY tank. Experimental data indicate, however, that

even if none of the fB_-dl!uent solution distils, th_ aqueous-organic

mixture in the tank can be safely solidified; further, the resulting solid

can be heated to high L-_-70°C) temperature without ignition or explosion.

It is concluded, therefore, that the organic material in the 112 BY tank

will not interfere _ith safe ITS operation in the tank.

Efforts to prevent distillation of the organic material by

dispersin=_ and/or emulsifying it were unifor.vulyunsuccessful. Such

experiments were prompted by the current desire to limit drastically the

amount of organic material sent to tmdergrou.nd cribs. To achieve this

objective for 112 BY tar]< operations, it is sug_e__ted further consideration

be givsn to either physical or che_.ical removal of the organic phase from

the l=_rge volume of aqueous condensate which will be produced.

A. Co__esit_on. So,ce, _nd Physics! FroDerties of OrK_nic }[ateri%!

Tssts ,,:ereperfcr=ed _,ith a 500 ml sample o_ the Fellow-colored

organic material. Gas-liquid chromatography sho:._sthe material contains

.
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about 67 vgl% TSP diluted with degraded kerosene, Probably either Soltrol-

t70 or Shell Spray Base. The following amounts of radioisoto#es are

present (___a ener_ pulse height analysis): 80 uCi/1 106R_h, a7 uCi/1

i 14 uCi/l 0.9 uCi/l 0.82 uCi/l and

lh4CePr, 1370s, 103Au, 95ZrNb,

i uCi/1134cs"

The density of the m_teri_! is 0.90t g/ml, an_ its fl_sh point

is _19 °C. The latter datum was obtainel with an apparatus of the

Pensk_/-kartens type using a recozmended (3) ASTM procedure. The experi-

mental flash point is in reasonable agreement with that calculated for a

67 vol_ TBP-Soltrol-170 solution usin== the empirical relation given in the

Purex Process Technical Manu_!. (4) According to Burger (5) , "Although

the flash point of an oil has very little rei=_tion to its chemico!

reactivity or even to the way it burns, it is a rou=_h measure of the

safety of storaEe and use under circumstances when sparks, flames, or

other localized high temperature sites are a possibility."

Most likely, the organic material was originally introduced,

i inadvertently, into the 112 BY tan/< as the 30% T_P-2_iluent extractant

composition traditionally used in Hanford separations plants. Because

of the age of the aqueous waste (derived ori==inally from BiFC4 Process
|

;

i (3)- "Tentative Z,:iethodof Test for Flash Point by Pens_/-_artens Closed

% , ,¢Tester," _SI_ Designation D93-5£T, 195£ _cok or _$T_,,Stand_rds,

Part 7. American Society for Testing Y.aterials, p. 35.
Philade!:hia, Pa., 1958.

i (4). Purex Technical M_nual, :_-,_;-3100,p. 439, March, 1955. Generalmlectric Co., aichland, Wash. (Secret)

}f_I-35579, Feb., 1955. General Electric Co., Richland, Wash.

I •, tl_ ,, _r _ ' I_



• 0

operations) in the tank, temperature and radiation conditions were

insufficient to affect hydrolysis of the TBP to phosphoric acid as might

ha_e been anticipated. The conditions were sufficient apparently to

cause some volatilization of the kerosene fraction.

B. Thermal Behavior of Organic Material

Although well outside the normal operating range, mechanisms can

be postulated whereby liquid temperatures as high as 320 OF and sludge

temperatures as high as 500 OF could be attained during or subsequent to

iTS ,i_2operation. (l) The thermal behavior of the organic material either

by itself or in combination with the aqueous phase in the 112 BY tank

was studied to determine what, if any, thermal hazards might exist at these
D

temperatures. Such studies relate to the case where essentially all the

organic phase remains in ghe tank during all the entire ITS operations.

Actually, as discussed later, a substantial fraction of the organic phase

will !ikely" steam distil during the initial phases of ITS and hence will

non he present to undergo any hazardous thermal reactions.
=_

i. Differential Thermal Analyses i J

Differential thermal analyses (DTA) were made with a Du Pont

900 DTA instrument; in all cases, samples were heated in air from 25 to

500 °C.

i (a). !12 BY Organic Alone. Endotherms (only) were

• noted a_ about 260 to 270 °C and at about 290 °C.

The latter corresponds, probab]r_ to the bo_llngpoint of TBP (literature valueL ) is 289 °C

' ,
n_ ,

l
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(b). 112 BY A_ueous Alone, A single endotherm _.t 106 °C,
corres_nding to the boiling point, w,_s noted.

(c). _u_l Volu_es of _12 5Y A_uepus _.r.d Organic.
Endotherms (only) were noted at 106 °C, 245 to
250 °C, and 335-340 °C. The latter two ,,;ere

very broad.

Z
! 2. Crucible i__nition E×o_riment

A mixture of [5 ml of the aqueous and one m] of the organic

phases in the it2 BY tank ,.:astaken to dryness at 85 to 90 °C over a four

hour period. The result _ 7_no mixture of white inorganic and yellow organic

solids was first heated 20 hours at 120 to 140 °C and then about 96 hours

at 245 to 260 °C. There ,,:ereno explosions or any indication whatsoever

of formation of any hazardous combinations.

3- "Hot Wire E×oeriment"

A stainless steel wire was heated white hot in a Meker burner

flame and dropped onto a thin l_yer of 1!2 BY organic material in a

porcelain disk. The organic material did not ignite or explode. The

experiment simulates, albeit in a crude fashion, contact of the organic

_ith hot welding slag such as might occur during ITS operations.

C. Ste__m Distillation _ehavior

Based uoon the results of two laboratory distillations, it is

anticipated that over half of the organic material in the 112 BY tarLk

will steam distil during ITS operations.

Laboratory distillations were made with 50 mi auantities of the

it2 BY organic solution. In one experiment (Table I) steam distillation

was perforzed at 103 to 108 °C for 29 hours At an average boilup rate of

,_ 50 ml/hr. A _der temperature _o._..=.(ii0 to 160 °C), correspondin_ to that

!

!



expected in ITS operation in the 112 BY tank, was traversed in the second

distillation experiment (Table II).

TABLE I. STEAM DISTILLATION OF 112 BY ORG._IC AT 103-108 °C

Distillation Conditions Organic Disti!l=te

Time Temp. Boilup Rate Vol_r,e r_P

hrs °C ml/ht ml __".

6 1-5 48 17 c.0

6 i05-_08 49 8 2.14
3 103-105 43 1.5 2.35

7 103-I 05 36 2.0 (a)

7 103-105 68 (b,c) -

(a) Not determined.

(b) No organic material detected in condensate.

(c) Organic in distillation pot at end of 29 hfs ,,:as

2.98_ in TB?.

TABLE II. STE_C.iDISTILLATION OF 112 BY OEGA/'iiCAT 110-160 °C

Distillation Conditions Qr__anic Distillate

Time Temp. Eoilup Rate Volume TBP

hrs °C ml/hr ml __i
...m....-.

3 :10-!15 88 16.3

7 125 105 20.0 2.75

150-160 154 5.0 (a)
(a) Not determined.

The first material to distil over in each experiment was kerosene

free of TBP. This distillation behavior is expected, of course, from the

difference in boiling points of TBP and kerosene. The volume of the TBg-

free kerosene distillate was in reasonable agreement with that expected

from 50 ml of 67]g TBP-33% diluent solution.

After removal of most of the kerosene, succeeding _ortions of

distillate contained increasing m_.ounts of TBP. As anticipated, the total

vo].tumeof organic material removed by steam distillation varied with

-- °
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distillation temperature. At 103 to i08 °C only about 60% of the organic

material distilled while at higher temperatures (Table II)over 80% of

the TBP-kerosene solution distilled.

D. Survey of DisPersion an_._mulsi=_cation__ _<'ents

i There is a strong desire on the part of both the AEC and _mJiCO

to limit severel _rthe voltume and amount o_ low Icy31 radioactive _:asteJ

discharged to the Hanford environs. In particul_r, it is desirable to

restrict the amotmt of organic materials discharged to underground cribs

becaus: SUCh m_terials fou I the cribs and reduce their caoacity to retain

radionuclides. These incentives motivated a survey (Table III) of several

commercial dispersion an_ emulsification agents in the ho_e of finding

some reagent which would combine with either all, or most, of the organic

phase in the 112 BY tank and thereby prevent its distillation. These

efforts were uniformly unsuccessful.

Only one of the reagents, Mistron 25 (magnesium silicate) appeared

to sho_,:any promise in the initial tests. As indicated in Table iii thism

material appeared to adsorb the organic phase. However, subsequent

i

| distillation tests showed that the adsorptive force was not sufficient to
=.

| prevent volatilization of th_ organic material.

! 'DISC USSION

The results obtain-_! in this investigation indicate a l_rge fraction
of the TBP-diluent solution in the 112 BY tank will steam distil during

i ITS operations. Such distill_tion will occur naturally, without hazard,

and provides a positive way of removing most of the organic material.

I_ ' ,, _ ' _, III '
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TASLE IlL. SURVEY OF DISF_ANTS

Conditions: 15 ml synthetic 112 BY Tank aqueous, I.O ml of
actu_l 112 BY organic, and indicated amount of

dispersant stirred 30 rain at 25 or 80 °C.

Disoersant

_;ame Source Amount °C Remark

Polycomple:,"A-ll Guardian Chem. Co. 0.2 ml 2--7 (i)
Dash Proctor & Gamble Co. 0.i g 25 (i)

A_:ay A_r,:ayCo. 0.I g 25 (i)
Petro AG Fines Petro Chem. Co. 0.i g 25 (i)

Marasperse _'! Americen Can Co. 0.i g 25 (i)

Marasperse C American Can Co. 0.I g 25 (I)

Mar_sperse CB American Can Co. 0.I g 25 (i)
Tide Proctor & Gamble Co. 0.i g 25 (i)

Duponal (Soditem lauryl sulfonate) 0.1 g 25 & 80 (I)

Duponal Scientific Supplies Co. 0.5 g 25 & 80 (l)

Attapulgus "A" Attapulgus _iineral & Chem. Co. 0.i g 25 (l)

Attapulgus "A__" Attapuigus [,iinera_& Chem. Co. 0.i g 25 (i)
Tetrasodium pyrophosphate Monsanto Chem. Co. 0.i g 25 & 80 (i)

Sod item acid pyrophosphate Monsanto Chem. Co. 0.i g 25 (i)
Cascade Proctor & Gamble Co. 0.i g 80 (I)

Benax 2AI Po:'der Dow Chem. Co. O.i g 25 (2)

Benax 2:-_ISolution Dow Chem. Co. 0.I g 25 (2)

Mistron 25 Sierea Talc & Clay Co. 0.i g 25 & 80 (3)

llistron 25 Sierea Talc & Clay Co. 0.05 g 25 & 80 (3)

Mistron 25 Sierea Talc & Clay Co. 0.05 g 25 & 80 (3)

(I) No apparent dispersion or emulsification.

(2) Emulsification during stirring but organic phase gradually rose

to top when mS_xture stood.

(3) _,liscron-25 solids collected on top of aqueous when stirring stopped.

Organic layer not visible as such but appeared to be absorbed on
solids.

_a

However, even if none of the organic material is removed by distillation,

the aqueous-organic combin=_tion in the tank can be safely and readily

solidified and the resulting solid can be heated to high temperatures

without ignition or explosion. It is concluded that the organic material

in the I12 5Y tank :.:illnot interfere with routine and safe ITS operations

4
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' in the tank.

However, the desire to prevent disposal of the 112 BY organic

material to ground with the aqueous condensate is also appreciated.

Initial efforts to realize this objective by di:,persin[and/or

emulsifying the organic phase to prevent its volatilization were
l

"p

uniformly unsuccessful. ;,',%ilefurther efforts in this latter direction

might be more fruitful, it is suggested that a more direct way to prevent

disFosal of the organic material to grounl is to remove it from the

aqueous condensate. This might be accomplished either by some mechan-

ical device or possibly chemically (eg. adsorption on a bed of activated

carbon). Economic and other factors involved in removinz the organic

material from large volumes of aqueous condensate on the one hand and

of s__mply"?,ispersi'agthe organic material from the i12 BY tank to ground

on the other require assessment.
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