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-' The Defen,se Wa_ste P'rocessing_ Facility a,t the Sa,vanne,h River S;ite

¢SRS;) will vitrify high-level n,_cle,a_,rwaste into borosilicate

g_lass. The: waste will be mixed with properly formulated

glas:s-making frit and fed te a melter at i150eC. Process control

and product quality are ensured_ by proper control of the melter

feed composition. Algorithms ha,ve been: c_eveloped_ to. pred_ict the

_ processability of the. melt and: the durab:ility of the final qlas's

based on this feedi composition._ To test these algorithms, am

actual radioactive waste contained in a shielded facility .a,t SRS

was analyzed and a frit composition formulated using a simple

_-, computer spreadsheet which contained the, algorithms. Th_is frit was

then mixed with the waste and the resulting slurry fed to a

research scale joule-heated melter operated remotely.

Approximately 24 kg of glass were successfully prepared. This

paper will describe the frit formulation, the vitrification

- process, and the glass durability.

_I_T_ODUCT_N.--

- The Defense Waste Processing Facility (!DWPF) at Savannah River Site

1 (SRS) will solidify into borosilicate glass the 37 million gallons

_ of high level nuclear waste stored at SRS. These wastes are

currently stored as caustic slnrries in underground double-wa._led

tanks. In the storage tanks, the radionuclides are either
-
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precipitated_ in the sludge as by@rous oxides or are present in the

supernate a:: 3olub,le radiionuclides. The sludqe and supernate w,ill

be treatedl in the tan_ks so that essentially all the radionuclides

w!ill be present as solids. These wJill be sent to the DWPF where

they will be immobilized into the borosilicate gla,ss. The basis of

the vitrification process in the DWPF is m_xing the so,lid_s

containing the radiionuclides wfith a glas_s form_inq fr it andi melting

the mlxtu_re _t II50°C ' (I)_. The mo,lten g_la_ss is then pou_red into

stainless steel canis_ters (_2'_diiameter x I0 '_ high_)_ fo_r final

disposal.

Becau,se it is virtually impossib,le to routinely perform o_line,_

real time sampling of the gilass in the, inelte,r or the glass product

stream, process and product control in_ the _WP'F are based on _

know_ledqe of the composition of ma_terial in the melter feedtan_k.

Know, ing the composition of this feed_ allows the pred_iction of the

necessary processing properties of melt viscosity a_nd liqu_idu_s as

well as the durability of the final glass product. Preliminary

algorithms for predicting these three properties have been

developed along with their necessary _alues to successfully produce

a durable nuclear waste glass (<2).

This paper describes an initial test of this process and product

control strategy using an actual high level radioactive waste

sludge from SRS. The composition of the waste was measured; then,

using a computer spreadsheet program containing the algorithms, a

frit wa,s formulated that would allow this waste to be immobilized

into a du_rable glass u,sing a remotely operated joule-heated melter.

This computer spreadsheet program is a simplified _ersion of the

more extensive program being developed for process and product

control in the DWPF (3). In this initial demonstration, 12.5 kg of

radioactive waste that contained an actual SRS radioactive sludge

from Tanks 8 and 12 and a nonradioactive frit heel were

successfully immobilized into 24 kg of borosilicate glass.
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The = waste for this demonstration consis_te_ of 2!2 li ters_ o_f caustic

slu_rry with a: density o.f I ._32 kq/L con,tain_ng_ _ 41,2weight perce:nt

so,lid_s. This material was st:oredl in the Shieldedi Cells_ Facility

(_S:CF)_in Sa_va.nn:ah River La,bo:rate:ry ({r_L_)I}. There w.e,re:t:h_ree,ma_in_

components in this specific waste. The:s:e,were r_d!ioactive, s,ludge,

from SRS tanks 8 and 12,,,a nenrad, ioa,cti_e fri t _eel from_ an, ea,rlier

melte:r campa,ign_r and_ a simulated waiste: from h_yd_ro,lys:is_o:,f C's;

tet raphen_ylbora_te precip_ita_te. This fat:tor material repre,se_t:s_ the.

waste that w_ill be produced! by' the prec:ip_itation_ protests _o:,De u_sedI

in the tan,ks at SRS for separating_ s:o,lub_leCs-13:_.'from_ the ca,u_s,tic

supernates (<14:).The exact composition o_f tbls was$:e s_lu_r=y i_ the

SCF was _et:ermined: by analyz:ing_ the se,lJ_:s_and _,t_e, supern_a,te .b:y

appropriate methods,. COmposition o:_ftI_e s_e_ll_s WaS @__e_y

drying aliquots of slu_rry, diisso_lvinq thes_e:_ a,n_ t_en a_n,alyzing the

resulting solutions for radio.active and nom_a@ioactiwe elements.

Details of these method's are published_ elsewhere (<5i),. This allowed

the determination of all the components in the, waste except the

soluble anions. These were determined d_irectly by analyzinq the

supernate by ion chromatography. Result_s for the non,radioactive

composition are presented in Tab.le I. Relative to the

radionuclides present, the nonradioactive materials comprised >99'%

of the mass o,f the waste and thus control its_ glass making

properties. The ra_ionuclide,s present were primarily _he fission

products Sr-9'0 and Cs-137. Their radioactivi_ies, were so inten_se

that the waste and final glass had to be handled remotely using

manipulators in the SCF. Howe_er, since they do not affect the

chemistry of vitrification process, the radion_clides will not be

discussed in this paper. The concentration of one radioactive

element, U, was siqnificant and was included in the analysis.

Most of the elements indicated in Table 1 resulted from the

radioactive sludge from SRS tanks 8 and 12 that was present in this.
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waste. These elements a,re u_sed_ in, the chemical processes at SRS to

purify U and Pu_. For e_xa,mpler Fe is u s_ed as a red_ctant for Pu,

and_ _ results from _is_so,lu_tion o_f reactor fuel rod's. The Si, Li,

and' part of the B resu_ltedi from the frit heel in this waste. In

this waste the K a,ndl the remainder o,f _he B resu_it from the

precipitate hy_i_olysis product.

The a,nion with the hig,hest concen trati©n , is forma,te. Formate is:

added, in the DWPF proces_s to sepa,,r_te _lq_from_ the sludqe in a feed

prepa_ratian step in the D:WPF (<i)_. The other a_n_ions resu_lt from the

chem,ical processes at SRS, and are present w_ith, the radlioactive

sludges in the SR S waste ta_n,ks.

Using the alqcrithms and_ a Macintosh compu,ter spread'sheet prog_ram,

a g,lass-ma, kinq frit was specially formulated to immobilize this

waste. This formula, tion was developed to form a glass that had

acceptable values for its viscosity and liq_idus at the melter

temperature (I1500C) a_nd had an a,cceptable du_rability for the final

product. Viscosity and liquidus _re the main properties tha,t

affect the processing of the glass. Correct values for these

properties ensure that the glass can be poured from the melter and

that solids do not precipitate from the melt while it is in the

melter (2). The viscosity should be less th_n I00 poise at I15,09C

and the liquidus less than 10_5GoC. The property that ind,icates the

durability of the glass is its free enerqy of hydration (2). The

free energy of hyd!ration is a linear combination of the free

energies of hydration of the silicate and oxide components of the

glass weighted according to their mole percent in the glass (6). A

preliminary lower limit for SRS waste glasses is -7 kcal/mole.

As a starting point in developing a frit composition for this

waste, the frit compositions previously developed at SRL were



tested w_ith the compu_ter proq_ram,,.. It was fou,nd th,a_t a rea,s_onable

_lass could_ be prodlu_ced_ if t_is w,a,ste were m,ixedl Wit_, fr it 2!@!@>w,ith

a ratio, o,f _8% wa,s_te Qxides a_ndl5,2'_frit oxi_es., (<The compo.s_ftion_,_

weiqh_t pe,rcen_t, o,f frit 2!@@'fS: 7/@% SiO2,, 12'!%B203,, 11% N'a_2©_,5%

Li20, _n_ 21% MgO,.,)) H_oweve_r,, the prog_ra_m_ p,red{icted! tba_t t_,is_ @_la_ss

hadi a vis.cosity and liq_id_s w_ich were sliqbtly too, biql%, fo_r q,oodl

pro ce_ssa_bility: due te high,_ SiiO2, con_ten,t o,f frf fled: heel fn_ slud!qe.

AccQ,r_ing_ly_ ft wa_s _ecid'edi to> see if a '"fl_,xinq" aqen_t compa,tib,le

w,it_ the frit _nd wa,ste, composi.tion ceu_idl le_e,r th'ese p_ope,rties.

An,hy@ro_s, bera,x (<N'a<2,B,4_©7/)_w,a_scho,s,e,n_be,ca,u_se it ad'_ed; bomb N_a_ a_nd B

to the @_la,ss w,itho_ ad_in@_ Si .. Several compositio_n_s were te,s_ed{

with the p,roqra_m_. The best compe,,s_tfQn_ w_,s,4!5>%was,te o:xid'es_ 50%

frit 2@'@ oxid_es,, a,nd_ 5% bo_ra,x_. WJit_ this, compos:itien_, th,e co_p_er

proq{ram pre4icted a wis_co,s;ity o)f 51.4i po,ise a_t.ll5i@_C, a liqm_id:u,s

of 9_35°C,. &nd _ a free e,ne:rq,y o}f bydira£ion o,f -5_.6 kc,_iZmo,le. These

properties were all far e_Quq_ from the process conaro_i frm,its to,

en_su_re rh,at the glass co_;l_ be pro:ce_ssed an_ was _u_r_b,le. This

compo:s',ition was chosen for the Tan,k 81-12 campaiqm_.

__F_CAT_ON PROCESS

Based on: the _beve composition, 13.7' kq o,f frit 2QO and 1.4' kg of

anhydrous borax were added to the 12.3 kg of h.ydiro_s oxides in the

melter feedtank. S_fficient water was added to adj_u_s_ the percent

solidus to 35% (a value close to that which will be used in the

DWPF) . The volume o.f the final mixture was 43.2 liters with a pH

of 7 .'4. This material was thorouqhly mixed prior to_ startinq the

melter run.

The remote joule-heated melter in the Shielded Cells Facility of

SRL is, approximately a 1/100th scale of the DWPF melter. The

cylindrical melt chamber is 8" in diameter and 6" deep and holds

approximately I0 kg of glass. The melt is joule-heated to I15.@_C

by four equally spaced inconel electrodes in the melt chamber. An



offga, s system, is co:nn_ected_ to, the melter. The p._Jrpose e,f this

sys'tem to colle, ct the wa,tera, nd_ Qthe'r ro>la,tiles prod_ced b,y the

g_l&ss m_k_nq process., This melt er-o_ffg&s sys_tem_ is similar to a_n_

e&rll.er one that wa_s pres'e,n_t in_ the SCE (<7)i.

_en_ the c_mpei_n_ wa,s s_tarte@, the melt cha,mber wa_s already' at

tempera, t.u_re a,nd! wa,s filled_ _,ith a_ n_on_ra_d_ioa,c,tive wa,ste q_la,s_s melt.

T,o the: top o,f this melt_ the ra_io,&ctive T_n,k 8_-12' w_ste w_s

cen_tin_u_,ou_sly_de_ a,t a, non,in,al rate o,f 15m_,/m,in,. As a,d_itional

g_la,s:,sw_s fo)rmed,, g,l_ss we,s_ cen_i_n_m_em_sly reme,ve_ from_ t,he bot tem_ e,f

the melt chamber by t.,_lt_nq th..emelte,r s©, t,ha_ _he melt flowed _,_

thro_:qh t_e cham_er refra, ctory' t,o,a_ level w_,ith,the top o_f t,he melt

&n_ then, o_,_ tbre_gh, _ po_r spo,_,t. The q,la,s_s_wa,s ce,llecte_ in_ 5,Oi@,_

m_ stain_les, s s_teel bea,ke,rs in, a po_r c_a,m_er he_£edi to, 9!0>89C. TD;

proce:.s_s all £_e feed, the melte,r _nd I e_ffq_s: system, we:re ape:r_te_

_ro,u,nd the clock f_,r 51 ho_xs, T_en_y fo_r kil_gla_ms o,f

ra dioa, ctive g_lass were co_llected', in_ 2'I s_ain,less steel boa,kern:.

D_rinq the run_ no, qla,ss_ po_rinq problems _ere enc_,u,n_e,red

suggesting th&t ind'eed the viscosity hadl been p,roperly co_tro,lled_

by ad'jiu_sting the composit, ion o,f th..emelt,or feedS. Cen,trel of the

liquid-s as well as qlas_s d_,ra_ility had to, be _ssess'ed'_ by

exam_ina.tion of the final glass prods, ct.

_N_TION OF THZ _S PRODUCT OF Tree TR_TK 8-12 MELTER

_AIGN

The final g,lass was analyzed by _etermin, inq its composition, by

scanning electron microscopy (SEM),, and by leaching in ASTM Type l

, water. This latter t,est measures t,he glass dura,bility. For these

analyses, glass from can 21 was chosen. This gla,ss shou, ld have a

composition representative of the composition o,f the melter feed

since this was the last can collected in the campaign. The glass

in previous cans, especially the early ones, could be affected by
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the compo,s_ition_ o,f the m,om_ra,_ioec_ive qla,ss in, the melt ch_mbe,r

_he,n_ the ru,n_ s_tarted!. In_terio,r sa_mples o,f _la,s;s;were ta,ke,m, from_

the top, _m_ bottom_ o,f c_n_ 211 by dlissectin,_ the, cen. Thin, slices o_f

the top a_nd_ bo_tom_ e_f the g_la,ss we,re sa,wed{ o_ff. Tbe,m_ a,pp,ro,xima,tely

1/2 "_ slices were ta_ken, from the top, a_d bo,ttom_. T_e q_l_s_s:fc,r

a,a_a_!ys,is_w_,s kn_ocked_ from, ea,c,h o,f thes:e s:lice,s:.

The compo,sitiom_s o_f the top a_ndlbo,ttom_ s_lices were_ me a_s_u,red_ by

, diisso,lvingi s__ample_s_o_f e_cN, by bo_ N!a_pero_xi_e_ fu_sioa, _n_
1 _, 0,

{ _F_/'ECl/_N©_3i a,cidls. Thee res,_,Itang_ so_l_taoa,s we:re a,n_lyz'e_ by
=_

India,ct ively _ Co,_pledl P'lesm_ Excitant iota,S_pec_ ro,sc©py a,md_ Atom,it

i A_s_o>rp_ion, Spec_ro,sc_o,py. Five s_a,mples o,f e,ac_h slice were _n,alyz_edl.

i All five samples_ ha_@ tl_e,s_me cop:o,siZio,n_s,w,ithin, dm, expe:rimem,Zal
i

i erro,r ((5% o,r loses fo_._the ma_ji©_,re:leme_ts)). _e_ a,_e:r_qe me a,s_,redii
ii '

c_mpo,sition is p_res_e_n_tedI in, _a_b,le 2 alon_q wJith the compo,sition,

p_redic_e_ by the comp_e,m s,p,re_a_s,hee_ a,nd! tl_e:compe:s:itiom, lm, the

melter fe,e_tan, k. For the, m'a_j]o,relement, s _he _9ireemen,£ is 2:@,%o,r

better. The weste: e,lemen,_s: are lawer in_ t_he fin_a,l _la,ss than,

p,re_icted while N'a,amid_B are sli@htly higher s_estinq that

sliqh£1y mo,re borax h,_ been ad'ded_ th_n re ci_ire_. _o_e_er_ fo,r inis

initial demonqsSration, this o_erall agreemen_ is reasonab,le an_

in4icates that 91_ss composition can be optimized a_n,dpredicted

_sing this process strategy. There w_s no, apparent macro,

seqreqation of the melter feed _ in the fee_ta, n,k or in the melt

itself.

Examination of qlass by SEM allows one to determine if crystals _ad

precipitated in the glass w_Nile it _as molten. C!r_shed samples o,f

the top _nd bottom slice were examined. A small amo_,n,t o,f crystals

were present in both samples. These were rich in Fe, Nii, a_nd Cr

and appeared to be spinels similar to those found in earlie[

studies (8). _o,r the s_mples examined, the percen_t crystallinity

was estim&ted to be less th&n 1%. TO better q_antify t_e amoun,t

crystallinity we are examining both the top and bottom samples by

X-ray diffraction. _owever_ it does appear that the liquid, s o,f
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g_lais:s_a.s,_iqh en_Qu,qh to, p,revem_t s,i_m_ificam_t c:ry,s;t_lliz_tia,n in

t e: gilais:s:_hile it. w._s; ira,t_e melt ci_ambe= o,r in, t_,e,po:,u_ c'hambe_.

!Tl,,e,..,du_iability, o,f t_e _las:s: _as as:s:es;sed b.y leac'N,im_N it with the

p:!:oi:@_u,ct c_onsis.te'ncy te's.t (<PCT))., T_e PCTI is a c'ru_s,_e_ 9_l&s_s leach

res'.',5tl_a,.tme,_s,_res: the releas:es o,f B',,_Li, N,a, K, _m_dlS;i f rom_ the,
f

9i_,s's,_t 9',O'°Cin,.ASTM Type I w.a,ter o_er a, periad o,f 7 days (<9_)_.

T l_e tes'.t wa,s perfo,rmedl o>n_s,_mples., from_ bo,t_ the top, andl the. boatom,

s_i,ce:., Ave,rage com,ee:_tra,£ian_s, ob,s:e,rwe4 in t_e PCT' are p,res:e,m_te_in,

Ta,ble 3.. The res'._its s',u,q,_es',tthat, the q!las',sfr em_ the be,ttom_ me,y be,

_ligbtly mo_re _,r_b,le them, t_,a,t frem_ t.he top,.

9[be comcen, tration vai_,es im_ Table 3, are simlilar t,o_t_@se, f_,r a P'CT'

(zompa,rable _,rabilitie.s fo,r the _l_s:ses,. F'o,r 2'.81@__, g_la,s,s rbe, P'_T'

cGn,ce.m,tra,tiom,s (,ppm_)i,_e-re." B',,.3,4!;_,i,l@; N!a_ 9_7; K, I_;;;_n_ S',i.,,9_8'_.

The res,_its; im_ T_ble 3, are les:s p_mecis:e them,, th@s_e o_:,t._ine_ in,

earlier !CT' tes,ts_ fo,r bo,t_ _ioa_ive _n_ no,m_radiao._ive q_l_s:s_,e,,s.

¢9, 1O_)_. A p@s,sible _ reason fo,r this may be t_e p,res'e,m,ce o,f the

_cmite w_hic_ have fo,rme_ in the qlms;s w,bile it w_s. i_ th,e melt

chamber. Acmite has: been, ob,served,' to, form lm, tests with

nonradioactive g;lasses ¢81),. Acm,i_e is: not the liq_i_m,s p_hase amd,

i is known to d'eqr_de the qlass d_rability w,here.as the p.rese.nce e_f

spinel does not deqr_de the qlass dm,rability (_'8)_.We are now,

analyzing the qlass b,y x-ray diffra, c_io,n to ¢_et.e_rmine if acmite is

present.

Base_ on the byd,ration model (,'6)and t_e res_it, s fo,r the other

glass'es (1O)_, the comps,tor p,roqram, predicts a_ B con,centration o,f 26

ppm fo,r the qlass prepared i'_,l,this c._mpaiqn. The res_,its for B in,

Table 3 are 1,4 _ to 2.0 times higher than this. AZ this stage o,f

the investigation this d!ifferemce is no,t _,m,reasonable. _e are now

in the process o,f refininq the relationship between the PCT

leachinq and the Nyd;ration model by testing more qlasses o,f varyimq
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cQm,positie,n,s. Als o,r a se,ce,n,dtca_mpai_n, w,ill De perfe,rmed in, the SCF

_,ith actu_al radioactive slu,_e.

CONCI_USIONS

•_ P'relim,im,ary u,saqe of alg_o,rit_m_s to, fe,rmm,late _la,s:s a

a_aflcaZla, n, o,f ac_u,al ra_aoactive _.as,tecompo,siZio,m, fo,r s,o_l" ".........

was s,u,cces;sfu,l.

• The alqo,tit ,hm,scan, be _se_ to, fo,rm_,la,te fr it cQmpo>s:itiom,s fo,r

u,a,expec_ed wt_ste compositio_n, va,riation, r e.q. a w_as_te co_t_in, in_

a fritted_ heel leftover from, a p,revio,_s campa_iqm,. '

i, 0,

zn,_icatzm_q that its vzs:co,s:zty was• The qlass was po,utah,le '......

<l@iQ;poise _s pre,_icted!.

• There were few spin,el c.rys,tals in, the qlass in_icati_q tb_t its

liq_idu_s was <I@i50_ °C as: p.redicte_.

• The _ur_bility e,f the glass was less than, that p,_e_ic_edi by the

free ene rqy oZ bydration_ model.
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Grams p:er Grams per

_ 1.00 __ns,+Solids _ I0:0 qms. S'olids

A1 5.7? Li 0.58

Ca 0.75 Ni 0 ..9:5

Fe 12.4:0 Si 9_..6:8

Mg 0.63 Cr 0 .,TO

Mn I.,34: B I ._17

Na 3.73 U 2 ..60

K 2.70

_olnhlm /%.mim+mm+

Molarity _

Formate 0.71 Nitrate 0. 025

Nitrite 0.34 Sulfate 0. 057

aThis waste consisted of a mixture of radioactive sludge from SRS

Tanks 8 and 12, a nonradioactive glass frit heel, and simulated

tetraphenylborate hydrolysis product. Volume of the s_lurry

was 21.9L and it was 4,2 weight percent solids.



C_MPQS_T,0NS; _W_,_R_. _PERC_N_T_% FOR _,T_,._N'K8;-12

A120, 3 7.1 5.9

CaO 0.68 0.53

Fe203 11.5 9.0

MgO i. 7 1.6

MnO 2 I .i 0.88

Na20 I0,.2 II. 7

Li20 3.3 3....1 -

NiO 0.54 0.70

SiO 2 48.5 47.5

Cr203 0 r.' I 0 ' 2

B203 II .9 12..9

UO 2 1.9 1.4

K20 "..i 1.8

apredicted from the measured composition of the radioactive waste

and the frit in the melter, feedtank.

bAverage of five separate determinations- three Na peroxide

fusion disolutions and two HF/HNO3/HC1 dissolutions_.

i



B 5,,'E ± 9' 3,7_± 9_

Li 19,_±_ 3! 14! ± 3

Na 9!4 • 161 69_ ± _9'

K 8 ± I 7/_ 1

Si 9i_3±, 9 7;6 _ 21'5

aTriplicate PCT Tests '

bDuplicate PCT Tests





l!


