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THE APPLICAIIUN QF SYNROC TO HIGH~LEVEL DehENSE WALIES®

J. b, Tewhey, C. L. Hoenig, H. W. Newkirk,
R. B. Rozsa, D, G. Coles, and F. J. Ryerson

Lawrence Livermore National Laboratory, University of California
P.0. Box 8U8, Livermore, talifornia 94550

ABSTRACT

The SYNROC method for ammobyiization of hign-level nuc-
lJear reictar wastes is currently Leing appiieo to U.S. de-
fense  wastes in tank storage at Savannah River, South
Carolina. The minevals zirconolite, perovskite, and holland-
{tr are usey In SYNRQC D formulations to immobilize fission
products and actinides that comprise up to 10% of defense
waste siuuges and coexisting solutions, Additional phases in
SYNRUC D are nepheline, the host phase for sodium; and spi-
rei, the host for excess aluminum and iron,

Up o 70 wt¥ of calcined sludge can be incarparated with
30 wik of SYNROC agoitives to produce a waste form consisting
of 10% nepheline, 30% spinel, and approximately 20% each af
tne -adionctive waste-bearing phases. Urea coprecipitation
anu spray dryingscalcining methods have been used in the lab-
oratory to produce homogeneous, reactive cueramic powders.
Hot pressing and sintering at temperatures from 1000 to
11009¢ esult in waste form products with greater than Y7%
of theoretical oensity. Hot isostatic pressing has recently
been implemented &s a processing alterpative.

Cha~acterization of waste-form mineralogy has been done
by means of XRD, SEM, and e.ect-on microprobe. tLeaching of
SYNROC 0 samples is currently veing carries out. Assessment
of -ad.ation damage effects and physical properties of SYNROC
D wiil commerce ir FYBi

iNIRGDUCTLON

A consiceravle amount of research effort is currently being ge-
voted to SYNROC applications for both commercial wastes and defense
wastes, The focus of this presentation will be on high-level defense
wastes, although I wiil be reviewing some of the work currently oeing
dong on cCiviiian wastes. A syaopsis of the presentation is as fol-
lows: First, 1'l1 give an overview of SYNROC research as I know it.
I will try to bring you up to uite on SYNROC-related work in various
universities and national laboratories. Second, 1 will present a
brief overview cf the nature of U.S. deferse wastes. The major por-
tion of the presentation will focus on the mineral waste form
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development work oeing done at the Lawrence Livermore Nalional
Laboratory in the areas of powger preparation techniques, waste-farm
synthesis ano characterization, leaching studies and, finaily, some of
our early thoughts on production technology schemes.

CURRENT SYNROC RESKARCH EFFURTS

SYNROU came on the scene in November, 1578, when it was introuuced
in a paper! oy Professor A. E. Ringwood of the Australian National
University. Ringwood's concept is a nolable variation on the ceramic
waste=form treme introduced earlier by Rustum RoyZ and Gregory
McCarthy? at Pennsylvania State University. During the past two
years, a considerable amount of research and development has been done
on SYNRCC, ano 1 will briefly review some of those efforts (Table 1).

At the Australian Atomic Energy Commission, Keith Reeve and his
colleagues have bLeen conducting waste-form synthesis studies on SYNRDC
U {hoth hot pressing and sintering), leaching studies, and studies of
ratiation effectsd,  They are alsp working on production technology
aspects of SYNROC, focusing on uniaxial hot pressing.

At Austraiian Nationa. Umiversity, Professor Ringwood and his col-
leagues are working on waste-form “optimization," i.e., they are ex-
perimenting with various modifications of the SYNRUL C and SYNROC D°
farmilations in order to get the best possiole waste forms for commer-
cial anu uetense applications. They are also Joing radiation effects
studles on natural zirconolite and perovskite anu are tninking avout
virious production tecrmology schemes.  Lonceptual flow sheets tos
SYNROC processing are br'ng evaluacsd, and 1 expect that a consider-
gale effort wiil pe vevoted to that area of ~esearch quring the next
year. Professor Ringwoou has recently published a paper which out-
iines his concept of a deep-hole waste repositoryb,

At Argonne National Laboratory, Chri: Kenmedy? amo Rich Arong
are doing single-pnase synthesis of hollandite, zirconplite, ang per-
ovskite as well as SYNRUC C, anu Kevin Flynn is doing leaching studies
by means of neutron activation analysis. Bill Primak, who has been
engaged in experimental research un raciation-effects in non-metaliic
inorganic solids for over three gecades, will be involved in radiation
gamage studies of SYNROC phases.

At the Ildaho Chemical Processing Plant (ICPP), they are looking at
the potential application of SYNROC to some of their calcines, and
have oean Joing waste-form synthesis, leaching, and characterization
woTk .

At Los Asamos Scientific Labaratury, Franic Ciinard's group is do-
ing single-phase synthesis and radiation effects studies on the
fluorite-type structures ang zirconolite.



At North Carolina State University, Hayne Palmour III and his col-
leagues® are ooing rate-control sintering, characterization of the
sintered forms, and leaching studies.

At Oak Ridge Nationas Laboratury, Jack Lackey, Pete Angelini, and
Dave Stinton are doing production technology work in the application
of sul gel techniques to SYNROCY. They are doing waste-form syn-
thesis via the soi gel route and characterization of the waste forms
vy means of x-ray diffraction, microprobe analysis and autoradiography.

At Sandia Laboratories, they have veen working on the titanate
ceramic process for waste encapsuiation for a numper of years‘D.
The phases that are produced from their titanate formulalions are, in
some cases, similar tu the mineralogy of SYNROL. In addition to syn-
thesis studies, they are also ooing characterization of the micro-
structure, leaching studies and have been thinking about innavative
ways to facilitate proouction technology. They are applying the ti-
tanate ceramic work to both commercial anu defense wastes.

At Battelle Pacific Northwast waboratories (PNL), they have aone
same early work in alterrate waste-form synthesis and leaching, and
more tecently they have done radiation damage studies on synthesizeq
zirconniite.

The University ot Western Untario persannel will present a paper
al this symposium on (he stebility of perovskite in ratural waters.

1 nave recently heard that Protessor Usn Linosley, an experimental
petrologist at SUNY, Stony Brook, will be doing phase equilibria work
on SYNRUC-type formalations.

Firally, a3t Lswrence Livermore Natiomal Lauoratory, we are uning
waste-form synthesis, characterization, and leaching. Production
technoiogy work is &t the conceptual stage, and we are planning lo
study radiation effects in FYBl. We have divideo the effort into five
tasks: waste form development any synthesis; characterization; stab-
1lity assessment \leaching and radiation effects); ceramiv processing;
and groauction technalogy. We oegan our waste-form cevelopment work
‘n July, 1979, and have progressed through the various SYNROC formula-
tions during the past year. We began with SYNROC B (no radwaste),
progressed to SYNROC C (the waste form for commercial raowaste appli-
cations), ang are ngw working aimost exclusively on SYNROL D (defense
wastes. A synopsis of the activities dore in the five separate re-
search an1 development areas unger the LLNL program are given in Table
2.
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L.S. DEFENSE WASTES

I will present a brief description of U.5. deferse wastes for
those who are nat Tamiliar with the particular characteristics of that
material. High-level defense wastes are generated by 1) the produc-
tion of plutonium ang tritium for nuclear weapons work at Hanforo,
Washington, ano Savannah River, South Carolina, and (2) oy processing
of spent naval reactor fuels at the loaho Chemical Processing Plant in
ldaho Fsils. Current inventories total approximately 76 million gal-
lons. The oistribution of wastes among the four storage sites is
given in Table 3. Uefense wastes, as it exists in tank storage, is
made up of three components: sludge, salt cake, and supernatant
iiquid. The sludge ano salt cake resuit from a process by which the
acid waste stream from the nuclear fuel reprocessing cycle is neutral-
ized wity NaOH, The sluuge is the focus of interest in the waste-form
developient work because all of the radionuclides, with the exception
of cesium, are strongly partitioned into that matecial. The proces-
sing of the sluoge results in the encapsulalion of the actinides and
most fission products. Cesium is strongly partitiored into the super-
natant liguid which is processed in a separate line initially, but the
cesium is ultimately incorporated with the other rauwaste into a sin-
gle waste form. The defense wastes at the Savannah River Plant are
scheduleu to be the Tirst wastes processed for permanent storage,
Hantord ard the ICPP are currently in the process of evaluating the
potential application uf aiternate waste forms to their diverse waste
inventory.

Defense waste studge is a formidavle malerial with wnich to work.
Physically, it is the color of axle grease, has the consistency of
mayonnaise and consists of approximately 95% riuid anu Y% solids.
Chemicallv, the materidl is diverse. Table 4A lists the major compon-
ent compositions of specific tunks that have gruer-of-magnitude dif-
ferences in iron, aluminum, uranium and others. Also listed is the
composite or average composition for the tota. inventory. Minor ele-
ment chemistry is also varied and Jiverse. A waste form that is to be
applied to defense wastes must have the fiexibility to incorporate the
extreme differences in sluage composition.

Strontium is the principal radionuclice in sludge, followed by
cesium, ruthenium and europium, There is a minute amount of cesium in
the sludge. The level of cesium in the supernatant liquid is equiva-
lent to the strontium level in the sludge. Alpha activity level is
quite low (Table 4B).
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SYNROC MINERALUGY

The principal minerals in SYNROC formulations are titanates; hol-
wndite  (BaAlylig0ig),  zirconslite  (CaZrlizy;) and  perov-
skite \(aTi0z). Al. three are made up of Ti-O octahedra networxks
In SYNROL D formulations, nepheline  (MaPLSiD4) and  spinel
(Ry++03 + R**0) are auwditional phases.  Hoilanvite s the
principal hnst for Us in SYNROC, Sr goes into solid solution in perov-
skite and the rare earths and actinides are partitionec equally ope-
tween perovskite and zirconolite., Uranium is partitioned into zircon-
niite (Fig. 1}, The small amount of cesium that is present in the
sludge enters into solid solution in nepheline. The thepretical cen-
sity of SYNRQUL D formulatinns ranges from about 4.1 to 4.5 gscc, de-
pending on the spinel composition,

PORDER PREPARATION TeCHNIQUES

composiitiond(ly hoemogeneous anu chemically reactive starting puw-
ders are necessary in orader to sintershot press ceramics to full uen-
5ity at temperatures pelow the soiidus. [hree techniques have been
used i LLNL to prepare reactive starting powters. The first tech-
rigue is that of simply grinding and mixing oxides, “yorosides, anu
salts. The principle mooe of mixing this materjal has ueen in 3
"vipro-energy" mill consisting of small alumina or zirconia peilets in
& can containing a powger slurry. Vibratory motion causes the peilets
to ~ub against one another and, in turn, grind and mix the powder.

We have made ample use of the urea coprecipitation technigue de-
veloped by Tom Quiroyll at ORNL. Ke have made aoout twenty-five
cifferent batches of starting material py means of the urea method.
The principal advantage of the method is that homogeneous powders witn
very high surface areas are produced by the technigue. The basis and
Fryecharvism of urea coprecipitation is given In ciagrammatic form In
ig. 4.

The method we are currently using to do ail of our powder prepara-
tion is spray drying «Fig. 3). Our reason for going to spray drying
is that the process mare closely simuiates the production technology
schemes that will be used in large-scale siuuge processing. Powder
properties have not been compromised for the sake of engineering sim-
-lation, however. The spray-dry technique has been found to proauce
very reactive pawaers. The highest temperature attaineo in the spray
u-yer is approximatery 3000C, therefore batch caicining is done sub-
sequent to drying.
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Reactive powders with high surface areas promote sintering at low
temperatures and tend to produce dense, homogeneous ceramic end-
products. The data in Fig. 4 represent measured surface areas for a
variety of SYNROC powder preparations as a function of calcining temp-
erature. It appears that sintering begins to take place when powders
are heated to 6000C. X-ray diffraction data for a sample of SYNWC
B powder calcined at temperatures between 6000C and 10000C reveals
that mireral phases begin to develop in the vicinily of 7000C (Fig.
5)12,  p'l of the principal SYMROL phases have been synthesized at
10009C. Hot pressing or sintering to higher temperatures promotes
grain growth and results in densification of the waste form. Optimum
calcination temperatures for SYNRUC formulations ranges from 65000
to 000,

WASTE-FURM SYNTHES1S

The experimental procedure for SYNROC waste-form synthesis is
shown in Fig. 6. SYNROC O formuiations contain up to 70 wt¥ sludge
and 30 wt% SYNRDL auditives, i.e., the oxide components that bring
about the desired phase assemblage. Uefense waste sludges contain up
to 10 wtk radwaste components, therefore, the maximum radwaste loading
in SYNROC D is 7%. Coid pressing is a necessary step prior to sin-
tering ano hot isostatic pressing. Calcined powders go directly into
the dies in the uniaxial hot-pressing operation.

Most of the waste-form synthesis work at LLNL has been done by
uniaxial hot pressing, either in graphite dies or in netal (Ni ar fe)
capsuies {Fig. 7}3, The purpose of using the metal capsules iand
adding metal powder to the formulation) is te control the redox state
during hot pressing. 1t is desirable on the basis of eguilipria con-
siderations, to have a ferric/ferrous ratio near unity and this is
accomplished in the vicinity of the nickel-nickel oxide buffer; thus
the use of capsules and meta. powder. Differential thermal analysis
indicates that the soligus for SYNROC D farmulations with composite
waste is near li250C, Hot-pressing parameter studies have been car-
ried out at temperatures between 9500C ang 1[1509C (Fig. 8J. Each
data point in Fig. 8 represents the extent of densification that is
attained at the end of a one<hour duration in the hot press. It is
cicar that SYNROC U formulations can be pressed to near theoretical
density at temperatures as low as 1050°C. The SYNRUC C data in Fig.
9 suggests that powgers of a similar composition, but prepared by
means of different techniques, have similar densification character-
istics during hot pressing. This is not a surprising result in that
the urea coprecipitation and the spray drying techrniques both produce
powders with surface areas in excess of 100 m2/gram.



PRODUCTION TECHNOLOGY

1t was mentioned ea-,ler that the sludge containg the puik of the
Tadwdste companants of vefense wastes and the supernatant liquid con-
tains Lhe cesium,  The reference flow sheet tar the processing of
Savannah River Plart wastesld defines a sludge-prucessing stream gnd
a supernatant liguid-processing stream which merge so that all af The
radwaste components are eventuaily encapsulated in the same waste foom
(Fig. 10). The specific makeup of SYNROC D is determined on the basis
of the raawaste and inert components present in defense wastes. A
SYNROC formuiation pased on SRP composite sluoge is given in Table 5.
The cesium host, hollandite, is presynihesized and added to SYNROC O
raicine prior to hot pressing of the composite form.

A conceptual {low sheet far uniaxial hot pressing of SYMROC 0 is
snown in Fig. 1L, The important aspects of the flowsheet are as fol-
Tows: 1) the SYNRQC auditives are prepared outside of the hotcell,
25 A spray calciner or, altermatively, a spray dryer coupled with a
retary <iln are potential processes for the mechanism for decomposi-
tior of sludge anu auditives, anu 2) a presynthesized Cs-pearing
#aste tarm Is added prior to hot pressing. Fig. 1Z depicts the type
ot "stac<ing” experiments that have been carried out at LLNL. Angther
alternat: method that is currently being invastigated represents a
va~iation of the process presenteu in Fig. 12. Instead of hot pres-
sing Lo fumai denisty, tne successive disks in the stack are "warm"
pressed in grder to achieve a high initial density. The capsule woulo
supsequently oe hat isostatic pressed Lo full demsity. A large re-
sgarch effort in the area of large scale processing will be done at
LLNL during FY8L.

LEACHING

in consjuveration of the manner in which SYNROC D will ve formu-
iated, the leaching vata is presented in terms of the respective host
mate~iais. The data presented in Tabie # rep-@sents the componenets
of the SYNROC D matrix, i.e., the radwaste incc-iorated in perovskite,
zirconolite ano the smail amount of cesium present in nephecine. The
gata in Fig. 13 represents the lesching characteristics of single
phase Cs-pearing hollanditel3, The leaching characteristics of the
combuned products are currently undergoing evaiuation and will be
avdllab.e in early FY8l.

Two types of leaching studies are currently being done at LLNL.
Scoping or reconnaissance studies are being done in a static mode in
Teflon containers at temperatures ranging from 750C tp 1500C for
short periods of time. This method is in accoroance with recommenda-
tions of the Materiais Characterization Center (MCC, at PNL. More
comprehensive studies are being done by means of the continuous flow
leaching cystem at 250C ana 750C for periods up ta two months
(Fig. 14), The duration of the continuous flow experiments has been
Limited by the sensitivity of analytical techniques used on the leach-
ates. Tracer doping of SYNROC samples will be done in FYBl in order
to increase anmalytical sensitivity.
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DISCUSSION

POHL: 1 understood, from the introduction, that there is a great va-
riety of chemical compositions in the Savannah River sluoges. The
conceptual flow sheet that you showed at the end did not seem to take
that into consideration. Are you planning to make one grand mixture
ana then use that, or do you plan to use different mixing ratios and
processes for the vifferent compositions to be ceterminea as you start
going from one tank to the next tank?

TEWHEY: The experimental work we have conducted thus tar has focused
on the composite siudge composition. 1 have an extra siide (Fig. l4)
which dspicts the phase equitibria for SYNROC D for three siuoge com-
positions in terms of the three principal compoents, Aly0;, Fed,
and Ti0>, The principal phases in the SYNROC O matrix: perovskite,
zirconolite, nepheiine ang spinel are plotted in terms of their com-
position with respect to aluminum, iron and titanium. Note that the
composition of the zirconolite, perovskite and nepheline show very
little variation from ore bulk composition to another. On the other
hand, the composition of the spinel phase, which comprises up to 50
wt% of the waste form, varies consigerably in the three ternary dia-
grams. Spinel is the "forgiving” phase in SYNROC D, that is, the ad-
ditive stream does nat nave to oe "fine-tuneo" for each <ludge compos-
ition. We predict that an additive stream that is variable within
narrow limits will be agequate to produce the dJesired SYNROC assem-
biage in the three slugge compositions. The considerable differences
in sluuge composition will influence the spinel composition, which
will vary from being Al-rich to Fe-rich.

WITTELS: In the graphs you snowed on leaching, the leach rate of hol-
landite tends to reduce as a factor of time. What digd you measure,
ang what is the physical picture you ascribe to this decrease: 1 do
not have a physical picture of why this rate shyuid decrease so ura-
matically, if you have a through-flow system.

TEWHEY: Our methog of anmalysis in the continupus-flow leaching exper-
iments is to measure the composition of the leachate subsequent to it
being in contact with the waste form. GSamples are collected ocown-
stream from the sample holder and analyzed by means of XRF, ICP or
INAA. The initial high leach rate is probably oue to the material
leached from surfaces and grain bounuaries.

The leach rate that we are trying to determine is the rate that is
measured thirty or forty days after the experiment starts. Up to now,
we have had to stop our continuous-flow experiments prior to the time
when the leach rate are expected to level out. Tracer loading of
SYMAOC samples will enable us to carry out longer leach experiments
and to cetermine whether the leach rate levels off in the 10-7 or
10-10 region of the plot.
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FIGURE CAPTIONS

Fig. 1. The crystal structure and principal radwaste substitu-
tions of SYNRUC minerais.

Fig. 2. Schemalic representation of the methodology and proces-
sing temperature of the ures coprecipitation method Ffor the production
of ceramic powders.

Fig. 3. Schematic of the labgratory-scale spray dryer used for
the production of ceramic powders.

Fig. 4. Plot of measured surface area as a function of caltining
temperature of SYNROC powder preparations made by urea coprecipitation
and spray drying technigues.

Fig. 5. X-ray ditfraction patterns for a SYNRQC B formuiation as
a function of calcining temperature. A pyrochlore-type phase farms at
D00 and has nearly disappealed at 10000C  SYMROC phases are
synthesjzed at 9000C. Powder was made by L2 urea coprecipitatinn
methog.

Fig. 6. Experimental procedure for the hut pressing/sintering ot
SYNROC O formulations with U.S. defense wastes. Har on StM photograph
of microstructure is 10 um,

Fig. 7. Schematic of uniaxial resistance hot press fur processing
SYNRUC D in metal capsules. The iiner is 10t required when operating
al termperatures helow 12000C,

Fig. 8. Resylts of umaxial hot precsiny narameter study of
SYNROU D formulation proouceda by mears of urea coprecipitation. Each
adata point represents the extent of oensification after one hour at
tmperature ano pressure. The SYNROC 0 consists of 69 wt% simulateq
Jefense waste sludge icomposite camposition) and 3 wt% SYNROL adui-
tives.

Fig. 9. Densification plots versus time for uniaxial hot pressing
of SYNROC ¢ formylations made by means of various powoer preparation
techniques.

Fig. 10. Reference flowsheet for the processing of Savannah River
Plant high-level defense wastes.

Fig. 1l. Conceptual flowsheet ftor SYMROU processing utilizing
uniaxial hot pressing.

Fig. '2. The sequence uepicts the hot pressing steps in the pro-
duction of a "stacked" mongiith of a ceramic waste form.
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Fig, 13. (eacning rate versus time for Cs-bearing hollandite in
the continuous-flow leaching system. Leaching temperatures were
2§0C' ang 750C, flow rate was 30 ml/da; and leach solutions were
oistilled water ang a 0.03N NaHCOs solution. Except for the earii-
est samples, no temperature effect on leach rate was noticed.

Fig. 14, Diagram of the continuous-flow leaching system as set up
for leaching of SYNRUC samples.

Fig. 15. . Phase compositions for minerals in SYNROC D for three
sludge compositions. Spinel (S) shows evidence of being a "forgiving"
(gr_vase, i.e., the composition varies significantly with buik composi-
10n.
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by teade name, teademurh. manufucturer, or othersise, does pot necessarily
constitute ar imply its endorsement, recammendation, or Fasvoring hy the U nited
States Ganernment ur ghe b siversity of Califoraia. The views and upinions of
authers evpressed hervin do tol secessarils state of refleet thine of the U nited
States Csernment thereof. and shall ot be used for adsertising or product on-
dursement PUrposes.
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QVERVIEW OF CURRENT SYNROC RESEAH(H

INSTLIUTION
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NASTE FORM SYNTHESLS
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fer)

o TITANATE CERAMICS

0 WASTE FURM SYNTHESIS
0 LEACHING
o RADIATION EFFECTS

0 PHASE STABILITY IN AQUELLS SOQLUTION

0 MINERAL SYNTHESIS
o PHASE EQUILIBRIA

0 WASTE FORM SYNTHESIS
0 LEACHING

o RADIATIDN EFFECTS

0 PRODUCTION TECHNOLOGY



TABLE 2

MINERAL WASTE FORM DEVELOPAENT PROJECT

LARENCE. LIVERWORE. MATIONAL LABORATORY

HASTE 0
DEVELOPYE

O PONDER FREP 0 OPTICAL
0 ot eRessiNG o KRD
4 SINTERING ¢ I
b Hor 1sosTaTic o SN

PRESSING

0 PHASE EQUIL, O MICROPROBE

¥ STEM

¢ ACCEL, LEACH
¢ CONTINUOUS
FLOW LEACH

0 RADIATION
EFFECTS

¥ PHYS. PROPS,
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[SHS

AL
LSS

i || wseom || s || G
e | [tz | asesoen | | MG ]

§ PROCESS EV,
b SEW

b HOT CRLL
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o SHROC

RODUCT 10N
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TABLE 3.
CURRENT INVENIQRIES UF U,S. DEFENSE WASTES
106GALS 1O0CURIES L0GALS SLUDGE
N HANFORD 50 440 li
0 SAVANNAH RIVER 22 910 5
r JUAHU FALLS 3 8h *
N WEST VHLLEY i 0h .03
D Poexl(9 Las

FOK COMPARATIVE PURPOSES, THE CURRENT IAVENTURY OF U.S.
COMMERCIAL WASTES (SPENT FUEL) IS 1.9x109 CURIFS.

*200 CU. YARLS OF I1CPP WASTES EXIST AS UPY CALCINE PUWUZR,



TADLE hA

MAJOR COMPONENTS IN SIMULATED SRP WASTE CALCINES 1

Component ~ HighFe  Composite  High Al
Fe,0, 817 %1 53

A0, W BB K0
i, 3 0 4
U0, Ny 3% 1B
(0 W 0%
i 0B 4 OB
50, 0 08 0%
2,0 WL 5B 1%

NS0, <050 0% <080
v IESS* 88 83 9

Mixture of CaAlSi 0, ,*6H

0, 2Oand (NaKCa)3AI

50,840



ThILE WA

RADIONUCLIDES IN WASHED, DRIED SLUDGES |8
mCifg
Tank 5. Tank7 Tank 13 Tank 15

o w1 W0 B B
Woe 48 02 20 169
Wy 27 14 04 7
By, 05 - 03 12
Bles 13 13 03 0
Grose 01 01 0.3 0.1

Source: Stone, J. A, etal, (1976, Sampling and Analysis
of SRP High Level Wastes,
SR Publication DP-1399,




TABLE 6.
LEAUHING RESULTS FOR SYNROC O WITH Cs HOLLANDITE ADDLTION

Leaching conuitions:
3009C, kb, | vay, distilled water.
Results expressed in terms of g/SYNROC/cmé - day.

Al 5.9 x 10-7
Ca 9.0 x 107
Ce ND
Fe 3.2 x 1077
Mn 7.9 x 101
Na 3.8 x 10-3
Nj ND
5i 9.0 x 10-8
St ND
Ti 1.2 x 10-10
U NU
ZR ND
Cs 8.2 x 10-6

Gd N




Figure 1

UREA CGPRECIPITATION METHOD

AQUEQUS
SCOLUTION EXCESS UREA

MELT UREA 140°C
DEHYDRATION UREA-H,0 # 2NH, + CO,

4

HOMOGENEOUS
PRECIPITATION

VOLATILIZE ORGANICS| 400°C

CALCINE TO OXIDE 700°C

180°C

(QUINBY, 1978, ORNL)



Figure 2
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Floure 3
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Figure 3

EXPERIMENTAL PROCEDURE
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Figure 11
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Flgure 14
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