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ADVANCED OXIDATION AND REDUCTiON PROCESSES:
CLOSED-LOOP APPLICATIONS FOR MIXED WASTE

JJQQrbm-. R.A. Tmrram , L A. Rosocha, and P.J. Wamuck

Universny of Cahfomia, Los Alamos Nauonal Laboramry
Chcmlcal and Laser Scicnccs Division

MS E525. LOS Ahunos. NM 87545
ph:(505X365-O 186, FAX !505j6654632

At Los Alamos \ic arc engaged in Jpplymg mnovahvc oxidauon and rcduclion technologies 10 drc
dcwucuon of hazardous organics. Non ticrrnal pl~smas and relativistic elccwon-bcarns both involve lhc
generation of fm.c radicals and are applicable 10 a wide vancly of mixed W-aslcm closed hmp designs can bc
easily rmginccrcd. Silent discharge plasmas [SD?), long used for ~c gcncrauon of ozone, have ken
demommu.ed in the laboratory to be effective in destroying hazardous organic compounds and oifcr an
ahcma[ivc [o existing Post-incineration and off-gas trcauncrms. SDP generates very encrgcuc clccmms
which cfficicndy create reac[ive free radicals. wuhout adding the cnthalpy assoaamd witi very high gas
tcmpcraums. A SDP ccl] has been used as a .sccondwage m a LANL designed, packed-bcd rcacurr {PBR)
and has dcmonsuaed DREs as h@ as 99 9999% for a variety of cornbusublc liquid and gas-bas.cd was,c
swcams containing scinulla[ion fluids, mma[cs. PCB surrogates. and boti chlorinated and I_lucmnalcd
solvents. Radiolync wcauncru of waslc using electron-beams and/ol bremssmldung can be appllcd 10 a
wide range of was[c media (liquids. sludgc~. irnd solids). The efficacy and economy of these syslcms has
been rlcmonswamd for aqueous was[c lhmugh both Iihoratory and pilo[ scidc >tudics. We will prcscm
nxcm qxximcmal and hcormcal rcsuki for s)smms using mnd akrrw SDP. combirml PBWSDP. ml
cluw-on-heiun unauncnt mews
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TCA, Freon TF, and CC14 with flow rates of up to 215 sl.mof oxidizing gas and 6 grams per minute of

liquid MiXtUmS.

lhennal PBR ledmolo~ hds several distinct advantages for the ucmmeru of combustible liqmd
wastes: Firs~ the PBR qcrates Mow normal flarnmabih~ limits and relies upon an external energ)

source to irdtiale and control W chemical reac-nons. Second, the heat of reaction can be used to sustain the
operatiaI of tiw PBR once the organic flow begins; henw, reducing or eli.rninadng futiler elcctncal uqm.

lhid, because the technology is relatively simple, the o~erall initiJI and opetamg cost should be modest.

FowL!!, since the mchnolog~ is reh.ively simple and r~ggcd, chcscalabdily, sumivabilil}, and

maintainability of a PRR syslem shoula be extremely h@

A diagram of the mcatmcnt system wi[h [hc Pf3R as the first stage is shown m Fig. 2. l%c PBR

ccmsistsof Lhe following ITIaJOr ~: mam rewlor cnctosure (c)!mdnml mml pipe), bed packing material
(aiumina pcllets~. and an elaxric furnace. A currcnrly designed, t.lw M reactor is a Mbe with an ou[er

diamekr of 16 ~ cm and a Icn#h of 10510120 cm. 7%c liquid is J[omized abcwt rhc bed using J simple

misymmetric, oxidizw-gti-m.mmd nozzle. The liquid ghilics umh passage r.hruughthe bed and mm
wirh the Ombnt and pruducls of thmrnal decom~silion producing easily hdndlcii rnamrals ipriman.ly

C02, H20, and HCI) before rcJchmg tic bcd cm[. Aflcr c~iung Ihc bed. the gas M wolcd down by passing
through a kat exha.ngcr, anal)m.i LOdcmrmmc i[s cornpsition, and scm though mkliuomd slagcs and

r.rcwmenl proc.mcs as ncccssq. Hision;idl), for J[)p]ltJI.iOnS like stack gm punikuion or ciwdyt.rc

enhanced proccsscw PBR s)stcms have ~MJ a lJrgc vancl) of h: mamrials and Iwncc. mmxion
mechmisms. F_orour curmnl prcxxss, al.mind Jppcm 10 Ix a goml M mamnJl Ot.h malcn.ds such w

calcium carbonam could bc iIddcd 10cnhmcc UK rcmm d of ccrldm axnpmm.h such M IiCl. llc um.ial

ku source for the remor IS WI cx[cmd clcc[nc [titw IumJcc .In opcraun~! Iumpcrwam klwrcn 5(M!Jllil

13(MJdq.yccs C ISgcncrJlly rcqwrcd &~ndllig (III UIC IIL,Id hing LnmId W hk tic cumcru funwc hn’u~

LIC bed reactor m a max:mum dldrnclcr oi .Iboul 165 urn, luhc fumwxs am comnwrmd!y iI\”aIIJMc up m

irbnu[ ROOcm m dhrnc[cr
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● Mmloff capability (major part of equipment not i~i cmtact with radloacdve oonpmmts) desired for

mixtx! wastes,
● Process slwuld provide broad dynamic m.nge of treatment capability.
Existing technologies fail to provide effective and economical means of addressing Ihese problems.

Radiolydc uealmcnt b3chnG](IgYshows promise for mldrcssing lhe.scneeds as well as ccmuiiming solutions

to mixed radkhemicd waslc Lwu.rncnl pmblcms of key impcmance to the DOE Complex,

Radiolytic trealmcnl has advamages over existing indusuial waste r.rcauncnlMmologics because
it is nm sensitive [o the trcal:lbility of the contaminant or tic particular wgel species; 11treats WSSIC

streams of vtied composition (including solids characteristic of mixed wastes), has a shon resicknce

treatment time, and is a supctior de-halogcrwor. As evidenced by earl.ier studies, radiolytic t.rcat.rnent

technology has an established engineering base, is prcscntiy economically competitive witi other medmd..,

see figure 3 [5], and is cnvisi(mcd [o be ICSScxpmivc when ncw accclcmmr Icch.nology is irnplcmcnkxl

Hanford, for example, has identified [he need for removal/dcsu-ud.ion of organic compounds, nilriilcs, and

ferrocyanidcs from sirrglc-shell u.nk wastes. Rwiiolytic prowsscs show promi.sc for the removal of LIMC

wastes, and dw mxmncnl of sludges a!!WCI1,bccausc of lhc pnxcncc of tm[h oxidativc and rcductivc fnx

radicals.

V EXPERIMENTAL Rl?SULTS

V-1 SDP Trwu.rncm of Off Gases:

‘ITIc prototype SIX’ l~botwory itt Los Alnmw uscs iI phmar CCII [o lmat wusw s[rcarns M up m 10

liter/nlin. The ccl: hw ;Ipp$)ximwc dimc[~sions of71 -cm h I, I H-cm wide d 2,5-mnl gtip, giving iI m~ii[l

disuhargc area of 1236 cm~, $and iw aulivc volume 01’310 CIII’ . A cylilrdricul ccl] dcsigm’d (or opcftil.ion iIl

higher kxnpmlurus can hc in. wrtu.lin J summr]~Iing filniii~~. I Iighcr [cmpcfiuum olWfillioIl” is dcsiwd

txuusc rcacliorl rill(! mcf~iciurlts involving 01 I incmw with lrnlpcriuur . This U’11hilSill] ac(ivc volurnc

of 21S cm3, ‘Ihc plamr CCII WM u.scdfcr [hc dahr nmporwdhmc. (lur main clwdrkal power sIIpply is a
series invtncr which swiluhcs Uhiirgd ~i~l)i{~itors[Iln)llgh u h@l-qu;di[y puke [riwlhmcr by Iligll power

lhyris[ors. This unit supplies up 104 kW t~fp(~wcr w npdi[ion RIILSS I() 3 Itllz. olhur (Irivilit: ~’ircwi[s

include u(mlmc~!d syslcms buill [i)r (V.(~llillioll, [;1s1 plllw I’imnill): nclworks illl(l slrllidc ;lll~!iot”mllll~’llcy

amplificm

In order 1(Idctcmli[w lhc &Wucli(m vl’lil”icm’y (d”mly pr(nus, Iwo [lll”ilNllrClll(:ll[S mus[ tw III; IA.

‘Ilk Iirxl is Lhcplwcr supplird I(J Itw syslcm. ‘1111’ USllill 111(’lh(d (11”dcnving lsll’ClriL-ill pnvcr, Q W’.> V* I is

diflicui[ to imph’mcnl Ii)r S1)1’ duc il]c Imrlsicn[ n;IIurc [lf Ihc CUMWI1. A Ii)nlllllii, uslrlg r;~sily [Il(hilsud
pii~llliC[c~, for II)C nVCrJ/X p)wcr Aissip;m(l wittlill il SilCIII dis(.t]iil~:(. h:ls IWCI1 (kvclop(l by MiIIIII.y 10]:

<W> ~-4 1“V, (’(J [V{, [((”~~+(’~)/(’,1] Vi). (1)



ltre effluent from h SDP reactor is disurbuted m a gas manifold for rhe second measurcm.mt:
chemical arudym. Analydcal capalihnes include IR spccuorne~. mass specuomet~ (MS), and gas

chromatography. The Ill and MS systems are used prunarily LOsearch for, ad identifj, in[ermtxha~

compourds produced m rhe chschaqy. The gas chrurnmograph (.GC)monimm Ik cmenwauon of k

specific contaminant under study.

To demrnine optimal mmnnent condr.icrnswc have conducted power sca.hngcxperimenrs witi

1 CS and C% Figure 4 shows a represcntm.mcplor of measured deswucticm rmes for rhe hste.dgas flow-

and composition The KE drrd CQ are dilumd inro J ‘8/19/3 mlx of argonioa)gm/1-i~O OLher

compounds desuqed using SDP include. hymcwlmns. CFC”S, lolucnc, xylenc, pcumcne, chch.lorobmzrx,
NOX and SOX. Symem optimization continues.

In crrdcrLOcompwv wrcd cxpcrrmcnLd c~mdmons, a figrm of merit. can be dcnnmcd b} lhc

energy delivered 10 tic pla~ma frr Imn.n.lous mohxulc rcmo~cd from rhe gw s[rwrn. The Jvcr~gc fmwcr,
<W>, is divided h} l.lm flow rdlC, Q, and humious compound conccnwxkm, [C] L:wng con~mricnl unib.

Lhiscdn be cxprmed iLs kW’-l~r/kg - or the number of kdowiru-hours nccdcd m rcmolc onc kdogmm of

hamdous compound. For tic rh[d in Figure 4, wc i~id~ul~[~J figure of merit of M kW-hI.@ for >>%%

remokal of TCE. and 270 kW-hrAg i%r>(90% rcm(n II of CCl~ Tlm.sc rm.rhs arc wrrsls[cn[ wuh ItM

rnwlclmg cffurls undcw~y -Ii I.ANI. and our cou-orlwr?i M Lhc U of Ilhn(m dnd Auburn 17,

\’-2 Combmml P13FUSf)PTrr;:uncnl of I.qulch
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compositions. Panel (a) shows an FTIR baseiine traceof the PBR effluent with argon cmly. The C@,
water, etc. paks are due to residual reactions and contamination fmm PBFt proccsd.ng of oils. The trace

shown in Panel (b) displays the apparent gmeration of NOX prduc~ with a feed of argon + w 3M

NaN03 solution, presumably produced L911qgh thcrrrud CFdCk@ of t.k NaN03, Pmcl (c)shows an

cffluem trace af!cr i.ntroducticn of a (4.8%) l@gon mixture into tie PBR with the NaN~ solution. The
NOX peaks arc no Icmger visible. Allhough furtlw testing and full diagrmstic implementation is required for

cornplctE verification and wxwncnt syslcm ~rfonnancc and products, these initial iuns indicate tht h
nitraIc concCn~dtiL)Il is rcduccd by processing I,hrough ~ hciued PBR (-900 C) op?rating with a hydrogcrl-

conti?.iningaurmspherc. llw scccmdslagc SDP reactor will remove any NOX from the cfiausL

‘lh design of a piloI plain is influcncd by waste type and treatment thrcughpuL Based cmW
resuits discussed above, it is reasonable [o conclude [hm an oil/solvent processing pilot, bawd on a closcd-

lopp PB R/SDP design, is stmight forward in conccp[. In cor!;unct ion with our work for Rocky Flats, wc

have explored sfxxific planl dcsigm and bimcd on a mahlar Jcsign. For example a syskm opnwing in the

range of 3-10 kg/hr would usc three or four 15-cm Ptl Rs and IWO sktcks of SDP CCIISopcriting in parillcl

(figure ‘/). ‘fhc sysmrn is low COS[,simple to consm.w[ and ciIsy to m~intain. Tlw systcm propo.sc.d[8] is

shown in Iigurc K

V-3 Elcc[ron-Bcarn Trcwncnt

Wc huvc c(mfiLmrcd an cxisling ulcclroll ik”cdcri(or for i~~hnolfigy cvtilualion studies and

dcmomslrwx.1 t.twdcsuucli[m of IWO h;viml( ms orgmiu conqxmnds ~hiirii~i~risti~ of priori[y mi xcd WMICS.

‘I%c lest Ilcd oprlim.s in single-pl’lsc rmxlc (65-ns pul.scwidth), [ypiCillly producing bcdnl voll:lgcs of I .5-

2,0 McV WM.!doses in lhc riu]~~ 4-7 hlr:d (40 x I (13-70 x 103 [iy). ‘1’(~Iwltcr lindms[:md the wasw

rCllloVill PIIKIX$ ilfld CXPI(III’ L’-hl’illli lmdllll~’111 SCilllll~ issues, WC ISIVC l’lll[)lOyd it ColTlpJIC’rlliLM!l!

chrmic;d kinc[i:x model to prudici [hc c’xIwc[cd ~tlllovi~l cl’liciuncy A [() mnpm Stii[lhd rlcc[nwu.ic

wxxlcr(uors 10 pul.w.i iiCC4?lt’IdloIY ill Icrrns Of rvmlivc I“mt rildiL’ill pnuluclion. Typical lllL’ilSURYl single-

pul.scduslrucliml for ‘l”L’l{iiru in Illc rilllg~ 9005%,” i~lg(xml il~lU’lllL’111wilt] our model, Wc hilVC found

lhal rildicd produ~’lion clli~.icm.its iIrc si~:llilic.wl[ly Iowrr li~r high dosr ru[c [hwl lower dmxcrJ[cs (due m
ridicid-ridkd n:u{)lllbil~;llit~ll), I lowcvur, $inml;uious (~fpul.w .protilc tffh.[s lidi~iit~ Ihii[ J suitable
ilpplicil[i(lll (Jl”mp’li[ivc, Sll(lll -tlllri!!ioll I) UIM’S (L’. g,, 10 kl 1/, I [H) 11s) gives rildilid COIIL”l’lllrilli (JllS illlll

orgnuic rrmov;lls sinli]:lr I(} ;I 1)(’ dose (WC ‘l”AIll .1{ 1).

RCO”III lt~hll(dtJi!J’ [k’Vl’li~l)llM’lllS tliIVC 1(’dll [() J IICW )!{’IICINIIOI1 01” pUISL’d Iilllsilr ildlk’[ioil

ilL1’L’11’l’ill(MSdrivcll hy s4didSlillL’clucirit’~11lX~W(’1l’lul(lili(ulill~: Clclrt’ills. ‘IIWS(S ilK l“(NISilk’R’11 10 Ik’ !1’SS

cxi~llsivr pcr Ullil (klivcrwl C Iyillll dlML’, ; I l:. $i~’illly SlllilllCr, ni(duldr, WI(I III(IIT lTliilldC [Ililll LINIV1’llliollid

rlcuin]sldlic ilC1’l”lt”rillol’S. II is S[Wt’Ulillt’fl 111(11Illvsc nyxvllivvly pulsed til”cclcrilltws,(k’vvl(yx’(1 by induslry
,111111111’lldlil Hlill ld~mwwi(’s, will l~l”(mlll{”l’Ixvlrr (“lk’lllit.,d (I(wlnl(li(ul ,1$ Wrll, illlll(i(l}!ll llli~ lt’lllillllS It)

[l(-ill:lllslr;lll-ll, Al ~I~,wIII, wt. l]iiVC Ii)nl]tl II(I [Iiliti ~’t)lill~illii][: WiISIIS llc:;hu~”[i(~ll h~ rqw[l[ivl!ly l~llv’tl il(.i”l.l

t’rill(ll~ wilh 111,!1(11txulvcluilmid rlc(lllNINic il(. i”cl(’rdl I 11~ ( )ll~’(i (iC”lll(lll\Il ill~(l II I(”,U’ lll-W il( L’1’l(”lilll~Il

wt)lll(l illh)w ;I (’(lll\i(l(’ liltllC siilll~llll~”,lli(lll ill II(milllll(-ll[ Iilillll ill(”!lil~(”ll’lT,



Table 1: TCE Destruction Calculated for Different Doses
and Methods of Application

F
Dose Method Fractional Destruction (%)—.. —

100-krad dose 15(1-krad dose

loo-m pld.se 37.5 46.1.—
1-kHz pulse train 68.0 92,2

10-kHz pulse train 68.8 95.9.— .
DC 69.4 96.8

Notes: initial TCE concentration is 100 ppm; residence time k 0.1 sec.

Potable water or mturii water normally mmins radical scavengers (e.g., carbonates) that decrease
the average IldLiiL’id concentration.”and consequently dccma.scthe dcstnlcLionefficiency. 1’oreproduce the
IWSdL$ from the Florida facility, our initial conccrm’aiionshad to be increased by a fdctor of 50 because these

cdculti[ions were Ixiscdupon a simple, one-step rcrnoval mechanism and did not include radical scavm@g
effects. We have modified our model to account for ridid SCaVCrUYSand more complctc dcstmution
mcchimisms for ‘ICE WIdC’C14,Figr,m 9 shows [he run iikiibl~ tigr-wmcnt bctwccn model ad cxpcrimcrrt.

‘Ibis will be pmiculiirly important for red Wiistlss(both mixed and otherwise) [ha! will contain scavengers like
niwiitc and ~~b(~niitc.

For mi~d-wiist~ iipplilsability,wc cim get some guldiincc from recent clcctmrr-bciunirraditition
cxpcrinms on tugh c.irh)rliilcfl]y~!n)kicic-ct~rlti~illirlgSirnuliink ~iirricd out aI S;mdi;i 1°] In thcw s[udic’s, it was

found lhilt, usirlg a hi~h illSlilllliUICOUS d(NC rite, Ihc iNKL’Illilg~OfOrgilnicCiirhm in Simllliild mixed WiL$tC
sludge dccrca.wd by more than 40% for a curnul~i[lvcdosL’Of4(N Mrid. Pmliminii~ datiifrurn mdiolytic
cxpwinwnts cw-r-icdout on ~in~uliints (’hi~ractcri:ilic of real SavilllrlifllRiver WLS[CSby our Floridu I[iItmii(i(~nd

LJnivcrsiIy collatxmtms idso show thiit bcrI/cIIc,phenol, nitrobcni.cnc, iuN-J4-nilr_ophcnol~iin h n.vnovcd K!a
relatively high dt’gnwby nltdcs[ irradl:lti(~[ldoses (< 8(XIkril~.1).Ilc,sc NSUIISam cvwour;igingin showing
prxmisc I’(NLhctr(’illlll(’rltof mill mixed WM[cS by (’I(X’[]1)11 I) C:IllIS. A gcncrd SUrV~Y{)fthl}Iiic.,il!llr ii!so SIWWS

tilill it Hlilybc IMwsihk’It)rclcc[rorl Iw.ml irrwii,iliorl10pldy il ndc in the rcill(w;d 01 ll(!ilVy rr!clds I“r(ml ;KlUCi)US

soluliorls,” ilS [hc soluhility (JI’(’d, (’r, (’u, wlfl Z.rlilrr signiliciullly n-dllcc;i urdcr nl(Mic51 ctwwn irTildi:llioI1.

VI (:ON(:LIIS10F4S”
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CAPTIONS

FIGURE 1. Schematic showing the flat dielectric banier configuration used to produce silent discharge
plasma microdischarge~.

FIGURE 2. Schematic of combined SDP/pa&ed bed tvactor waste processor used in dis work for
combustion of scintillation fluid!!and machifig oils wilh cntraimd hazardous components.

HG!JRE 3. Cosl diagram of various waste water trcatrncnt method.

FIGI_JRE4. Summary of eqxrimcntal data showing destruction of TCE and CC14by the LA!!. SDP cell.

FIGURE 5. Effluent concmriition m a function of PIN nmning time. Mum: 3?10TCE in machking oil.

FIGURE 6. Datti dcmonstrwing PBR destruction of Nitrates.

FIGURE 7. Schematic of cxking stacked SDP module containing four planar CC1lS,operating in parallel

FIGURE 8 Prupowd closed-loop systcm for [red[ing mixed wastes.

FIGURE 9 Cornpanson of model and cxpenmcnl Ibr c-ham irrwiialion of TCE contamina[cd wii~r
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