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Volume Reduction of Combustible Radicactive Wastes with

Acid Digestion

Hideo MATSUZURU, Shigeru DOJIRI, Noboru MORIYAMA,
Yoshii KOBAYASHIY and Johkun AKATSU*

Division of Environmental Safety Research,
Tokai Research Establishment, JAERI

(Received May 26, 1981}

The feasibility of acid digestion has been examined to
reduce the waste volume of spent ion exchange resins, filter
sludge, polyethylene, etc. The reaction system H2804-HN03 has
so far been extensively studied, thus the review on the
present status of acid digestion technology using this system
has been made in advance. Then, the authors have proposed
the alternative reaction system stoq"H202’ and the relationship
between the reaction conditions and the oxidation degree of
wastes has been examined to elucidate the feasibility of the
system.

The study on the acid digestion with H2804—HNO3 revealed
that nearly complete oxidation was obtained for the wastes used
here except for ion exchange resins. The amounts of 14 N HNO3
needed for oxidation of wastes were 2 - 3 times larger than
that calculated from the amounts of carbon contained in the
waste, showing that relatively large amounts of the oxidant
were consumed without any contribution to the oxidation of
wastes. In the case of ion exchange resins, the residual
solution contained various kinds of organic residue, even 1if
the solution became transparent and colorless after that the
reaction seemed to be completed. To obtain nearly complete
oxidation of the resins, the temperature should be ralsed to
260 C or more.

The wastes used here were completely oxidized in the
acid digestion with H,S0, -H,0 The volume of 30 wt% H,0,

2574 U272
needed to oxidize the wastes was nearly comparable to that

+ Division of Chemistry, Tokai Research Establishment, JAERI
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calculated, suggesting that all of H202 added contributed
effectively to the oxidation. Even in the system, anion
exchange resin was relatively stable against oxidation, and
required a relatively large amount of the oxidant to obtain
complete oxidation. These results indicated the superiority

of H202 as oxldant,

Keywords: Acid Digestion, Combustible Waste, Volume Reduction,
Chemical Oxidation, Wsate Treatment, Spent Ion

Exchange Resin
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YRR L AEBE EEYORSNE S ok 2T, TMEBESY (F2I17R(LKETHN
T CuH, THRbENE) EMHA XN EWHER P TR (FZISME, BRIk E) I0LD,
KERBAFZUBAMEING, CO7 et AR TRIAEBREEHIIDEDLI DL

EASN B,
Bi%
CmH, + 3H,80, — nH,0 + 550, + mC )
C  + 2H:SO, — 2H,0 + 280, + CO, 2)
bikd
3C -+ 4HNGO, - ANO + 2H: 04+ 3CO: {3)
5C + 4HNG, — 2N+ 2H, 0+ 5CO, (4
2C + 2HNO, — N,O + HO + 2C0, (5]
pif 3| /€N
C  + 2H,0. — 2H.0 + CO, (6)
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RS, B, B, HE, SVICEEABHE LD, BEHEIRILSBINE,
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WdLFRFEANAELTHE, S0, CO;, CO, NO,, HCI, H,OEnH W oh & 2,

SR, BORBILE s TEENEIEE L TUKEBBY R AR INE, BEMPEE
ENAGRE MALIT 9 F, A4 v SHREIECEBSNTOISRA 4 V) HH@E >
T THHILEY 29, 2 BRBhICEET 3,

BEEZHIRSMO7 0 — v — A Fig. LIORS, TRMEEEMIDLTICIE U THE L, B
WERBICMA Cn, BAE EBRIEBEBAKE) LB EaESh s, RETOHLHRAE
BAHANEEE M- TAZ v/ pORAPEK B SN S, ZOBBE TR SN LMBE L URK
ldEAMC a5, BECHBLA 7 4 v 2 - ETHRI SN BRESIEESRHE
BEENd, BEHDICTNV P2 RS RICEINIEE, FRLILCEE, LTV 2T A
ZEULL, S A 7 A THMBT 2 &, BRAICEBIEYRS R & - TRME Ly &
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N5, COMMETOEEMORBILEAN14; ATEERONTED BT OIBE &
ZEETHS,

Combustible
Waste

v

HNO;——— | Acid Digestion f—» Off-Gas Treatment —— Release

or HgOg

4
|

Recycle HNO,
H, 50,

L Residue Separation

+

Pu Recovery —— = Pu Recycle

Residue Solidification

»

Waste

Package Disposal

Fig. 1 Conceptual Acid Digestion Flowsheet

3. KENZF U 2y kO IR

Digestion Test Unit , ADTU . Fig.2) #HT, B xOnBYEREYOBR DD -
NFREDT N T &, TOHETH, 250°CIE - HIEBHBOA - IDRIBREC R &
BEEMERAL, CHICIINOMBRLBRAIH L LTRNSNE, BRET 22 77 2A0ICEE
NAERBRAHEMERCHEBAOTIUETCRAS W TEIRINEB LHEBRCE Y 5, Tho
DREHS>FIIEARTICHE SN NENE6% (13N) BEE, 91 % (27 M) #iEIC8BE Sh,
BURMFH TORARICHE XN 5, B AMIUEA @ Lok 7 7 R B R THEL S Moo
LRl s,

NyE - FI¥HEHN (HEDL) 60T, 200 fHME N » 2 BEgsR%E#H (Acid
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NB, CONBETOEEMORT LI 14 U TEERONTED , SHMEOEE &2
ZEETHS,

Combustible
Waste

v

HNOsm-—’i Acid Digestion }—» Off-Gas Treatment ——— Release
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4
L

Recycle HNO,
¥ H, S50,
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+

Pu Recovery ——— Pu Recycle

Residue Solidification

Waste

Package Disposal

Fig. 1 Conceptual Acid Digestion Flowsheet

3. KENZI T 2y EOW R AR

ANYFE - FTHREHR (HEDL) KH 0T, 00 BoH v A 8ESHEH (Acid
Digestion Test Unit , ADTU . Fig.2) #H\T, F~Or] U EREY OB MO -
WOFRERDM TN T & o, TOHETH, 250°C IR BB OA - LRIGERCLED» S
REMERAL, T BNOMEBSBLH & LTENESNE, RE4 22 77 A P&
NHEFRRA & MERICDIIBEBNE TR T 2R FNNE MR E Y 5, NG
DRIH>FIARGIEbNENEN56% (13N) #EE, 91% (27 M) #BCEBE SO,
BUBMBTONRCHE SN L, BABRIE A @ UcGRiE 4 7 A AR TEL S LoD
LR ah s,
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EXCHAI‘Q{[

7| |V |FLOWMETERS
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HNO3

s RECYCLE
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CIGESTER OXYGEN wad E¥APORETDE
— — GAS FLOW

SOLUTION FLOW

3)

Fig.2 Flow Diagram of Acid Digestion Test Unit

COXINAES o ATEEOUBRNABRSE LICEROBE Table 1ITREN TS,
CORICRONLG LI, EHRES T T 74 PEBROTIREAZOIRHT 200 ~270CD
RIGHRETBILAHINZEN bbb, BRI I3V BHAORELIZ S ~ 100 0FEETHO,
VROFLISLEBMEORNMMEEBROS VIAEREENI B MELL -T2,

Table 1 Summary of Acid Digestion Experiments3la)
Digestion Estimated V?1yme Reaction
Materisl Complete Reductionib Jemperature, *C
lon Exchange Resin {(¢) Yes »100 270
Polyvinyl Chloride {PVC) Yes »>100 210
Polyethylene Yes >100 270
Wood Yes »100 200
Paper Yes »100 200
Piexiglas Yes »100 270
Styrofoam Yes »100 230
Nylon Yes >100 100
Tygon Yes > 60 270
Charcoal {activated coconut) No 50 >200
Graphite (powdered) No 20 »250
Plastic Tape Yes > 20 270
Latex Rubber Yes > 20 270
Keoprene Yes > 20 210
Machine 013 Yes 5 260
Hypalon Rubber Yes 5 270

{a) Starting solution was 95 volume percent concentrated sulfuric acid and 5 volume percent concen-
trated nitric acid. Additional concentrated nitric acid was added until the reaction was complete,

(b) Ratio of starting waste volume to volume of insoiuble restdue fn the mixed acid after cooling to
room temperature.

{c) A1l types of ion exchange resin.
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REDOMI L L TTable 20R LA XD ICECHRE SN, BEOL TOWHICHEE L TH
HTS2L0EN T AL VINTHL LOERMSBON TG, 2 VAL OERBEE 250

CEethsn,

—H, A TAROVCORETETHMANEET 2,

Heht OB OpT, = o fRIBICE D FRENZERBE LT /Y v, = o<
B-Z, b= ho bV Y OERUSEEI N, BTSN G OB = o de iR

ahihinEER LTS, i,
B EOBISBRIIGS L DEDPPIETT2HnEZEZ LN TN D, 12,

WOCTHEE NI BNEERGETHERY O= tu

&A= o

m%ﬁﬁﬁL%ﬁ:Ut%@ﬁﬁﬁiofﬁﬁﬁﬁﬁ%é*mZM%v%WC®ﬁE£ﬁ¢KEﬁ
TXL, Z0H= P {tHOEBRCLLBROGHRELEETX 5,

Table 2 Candidate Materials of Construction3)

Digester
Materifal (20-250°C)

Recycle Acid

Off-gas &

Digester Vopor Phase

{20-60°C)

Up to
250°C

Up to Up to
200°C 140°C

Glass

304 55
316 55

O

Glass-Lined {a)
Tetrafluoroethylene (PTFE) (b)

Fluorinated Ethylene
Propylene (FEP)

Chlorotrifluoroethylene
{PCTFE)

Ethylene-Chlorotriflu-
croethylene (ECTFE)

Yinylidene Fluoride (PVF,)

Chlorosulfonated Poly-
ethylene {Hypalon)

Chloronated Polyester
{Penton)

Polyvinylchloride (PVC)
Tantalum{c) Q
Titanium

000000 O 00 0 O 000

o
o

@

O O C o000
O 00 ¢ O 000

{a)
(b}
(c)

Probably acceptable to 230°C
Probably acceptable to 260°C

Subject to better determination of hydrogen buildup and embrittlerent

effects.

VLR & D 7aal BRI & -~ TER A RIE O F Ik & & AE A S 1 O THEDL Tldk » bk
Bt s o5, HEDLO® v FEHEBSE 1=y + (RADTU

Digestion Test
THO, 2EDIINLEDMEHR - TE,

<

Radicactive

Acid

Unit ) @A 7o b&Rig 3i0md, & OB 10 K24,
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0 RESTEBLURHENES YT
—E R 200 £ FIAHRIVARAZNWMT ERAR—2ANnEY, JITREEHDD 4t
=T L AEENERBETREES SRS (Table 3B H),

OFF GAS TREATMENT ACID FRACTIONATOR
Fig.3 Radioactive Acid Digestion Test Unit (RADTU)®)

() REMEEMEE Y 2 -0

B (o) UTAREEEY 2 I &, BB X T 3 cm X 3 cm OMIF IC W1l
Ef, T4 -F LSS TBRAMRIBERICHE IS,

(ip B E Y 2 —

BEEMLFig, 4R LB OES (Anmular  Digester ) it s hlam s s, 2
EHOBSHATEETHY, MGER ZNASBR oK IHRrN L, RILER (92%
HoS0.) HEFS 797 (22T, £7, # 72, @BHLCOT7 70 VR L - TH
Eahd) 2@ L TROMABERIGES NS, ROOKSBRSNL BUBERII T ) 7 T
PMOBAMREBIIRsh D, CoT, BENOBEREATICETT 3EEMO LI, RENAK
BRENEAINE, BOMESANCEE 20T ) 7 a3k, BEE O LCRIG
BRARE LTS, COEIL T, EENOBERT~DLBMSEESHL, FT2F 57
fEHERR LT E DM BB RECREEAMIETS 8, COXSUBEBEMOLEITLD
BB DR RIS MR TS, MBILETLIEICR T 7R 742y VB ESNTI S,
Iy) BEEEE 2 2 —v (Fig. 5)

MARCERIEAITEMAC L7 o ol Od L, MOS0 BRATEE (400°C)
RSB, DTSN IBIIE OEIMAFTHECRS N, BEAIRSRES QL 77
AFATES B E NG,
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WASTE =
RECYCLE
ACID
N ’ OFF GAS ) POT VAPOR
AAM 4 RETURN
FEED

RECIRCULATOR
AIRLIFT

INTERNAL
RECIRCULATOR
~250°C

TO CENTRIFUGE

ANNULAR
DIGESTER ANNULAR
HEATING

VESSEL

SETTLING
CHAMBER

Fig.4 High-rate Digestion SystemG)

38°C
0fin ‘
— CENTRIFUGE
WASTE =]
FEED AIR LIFT so°c |, ¥
RECIRCULATION 29 8/n |
Hzo HEAT
EXCHANGER
Py
ANNULAR ANNULAR SLUDGE FEED
DIGESTER HEATING PUMP FUMP
VESSEL VESSEL
T0
RESIDUE DAYER
o 45°C
[ SAND TRAP j’ 250°C - £

30£/h 1204 /h B

RECIRCULATION
PUMP

Fig.5 Schematic of RADTU Centrifuge Insta]]ationﬁ)
V) A7 HRALHEE Y 2 -

BT ERNO DL 7 A AE, BEINWCEBRRRC L - TEE, P sh i, ORISR
TSR A EN, RERACMBICERBR SR SN ENCNRE SWERIZEE SIS, It
B (scrubbing tower ) MOITL 24 7 W ARBORLNT AFEHT 12 ;%ié 0.
ST SN R RS aD, OO Ad U ACERIT s 0D S AU S0, NO,

WP, ME3BOHEPA 7 4 VA 2B LTR 2 v 7 GRERCKEEN 5,



JAERI-M 9530

) EUNEEEE € 2 2 - (Acid fractionation module )
UL ENAHBIBI I TREI N, RABEERTOEMRAICH S 2,
IOLINERADTUA A ok » FEAEEAY1GR04E 6 B SBRtAs o, HEizF v b= o
SEROMENBEOIDEHY, BAUBETROREVLLEL, BEHNEERESENE L
Tinvd,

4. HARE TR I8 T 5 BRIy ik OIFE i 76 O #544

BBESA 7o 0RBEEOEECHEN RS T 2REEEERIT, KoL ~1ill T
B, MEXVSOERMEIEAEEINS, BV rEEHIHAERE CLE T2 O THREMIC
72, 2733972, BEELFETEILENLALOEEZOND, KL <LEERIEL O
MHERSLCREEL, BESNR, ¥4 Y, TA7 A YETHEGEINTING, L~ FESEH T
[~ 10°Ci/m® CEAERESLLOT, BRMICIIEREA 2 v XHBEE, 7408 2550
ENIHIEETNL, #%, =B THEEA YL, TRT7 A PCLABIHOORERD
B e B LUERI LT &,

—7, MBI AMARTER 27 L v EIC LA £ YEBREER P07 52 F
FEMEER DMRET - T, 77 2F » 7B B O THBEEYIEE S BRIl SR,
oA Y EHRII ONTERDIARLZ G T LENTEX 20T, OBk &~TH
Bk, REGRLETCECDOERNS L, L L, RETIBEEVOENERTLE L, B
W~ OEHEAZRFETLVNEWEEEST 2L, LOREGROT Chi B oM NSE T h
%4

L ASVEENOFTERS A EOBEME A 4 U BEIE kB LR ESE) 8neg
BEZYTEL, CNOERBALHOFETHBEL CEBY ~ERT 2B LY, Bibsh 2
REVOFBEZRANICEBRTAFENTE L, ABMASRT 2 FiEd -0 @I KBI=h
%4
() B WEANE, B iErk, AEkEE,

(i BRSEe W oy ik
REZGMEDTCURBORICT Ch, HEICE D TEEYCS 0.5 KEHDE ORI e
RENERIMREEE & OB, 4 4 vl 7 P25 v DEOTHRUBEEY ~OEBKL 4
A LT0a, £/, HAEETIC BT, P RBELTRET AP, FLEE H O
B Py OEIRBEL BBABEC LT 5~ (RBONFAEABH TV, 207, 0o
RELTOLEEEE TRLGY REZLHREEE T REEHERAMRELME LT,
ZORIGHTL T T, F, rBEBCHERLIA & VEREIE, 7402 25 5 UBELETE L
T, RBHEAED, R - Ty 7EREHD, EBEOT I P ARLLHOET -2 B
LEHHEL, DOTARELZRIOURDA TR & LKA EOHTIND,

R O—RE LT, il HBRLESIURNBORE —BB{LKERESELALTE
SEEMOBy BT LI,
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WD ERIEER T o — (Acid [ractionation module )

O SN HRIZCCTRBIN, BORASTOEMNBICH N 2,

CoL HRRADTUA A ol » PRSI0 E S B b sz, SHiE7 v b= n
SHEROUBNECLOLZAL, RACEHIAROREN AR L, BEFEEEESEB L
Tivd,

4. HARER FTIHFEIIZ B T 5 B3 I OB R DA

BRBESA 7V OE R OERICET OCRET ZRHAEEERL RGOV <LICL T

B, AL UMO=REIEAHIND, ML ~VEENIFLERS T 52 L0 TRERNIC
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Fig.6 Schematic Diagram of Acid
Digestion Apparatus
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Table 4 Amounts of 14N Nitric Acid Needed for

Acid Digestion of Various Materials
(240 ~ 260°C)

Volume of 14N HNO; to oxidize lg of
Carbon content

Material material
{mole 7g)
Calculated {ml) Observed  (ml )
Polvethylene 7.14 x 1077 5.0 10
Polystyrene 7.69 % 107 5. 3 10
Solca Floc 370 x 1070 2.6 6
Cation exchange resin 422 x 107 2.9 10
Anion exchange resin 477 x 10 ® 3.3 14

A4 v HBIREARR T, BRI A U el 1 DT IR A SRS R s D s, RO
M EETRINE SAVEME EOHIE 2 ~3 S0 -0, i, COHBRISSEIE, BUSHE ORI
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Table 5 Effect of 14N HNQO, Volume on Acid Digestion of Ion
Exchange Resins (260°C)

Mat erial Volume of 14N HNO, Oxidat ion degree

(mg (ml ,”g. material ) [Vol ] added Y (%)
(Vol.) caled.

Cation exchange resin

107 . 4.7 L6 70
106 7.1 2.4 59
105 9.5 33 100

Anion exchange resin

110 4.5 1.4 65
116 9.3 2.8 g1
100 13.5 41 95

NFRDA A AEHERTE & AR OIS OBINICHE - TEELE BN 4, B 4 v acEtlE
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Table 6 Effect of Temperture on Acid Digestion of
lon Exchange Resins

Material 14N HENQ; added Temperature Oxidation degree
(mg ) (ml “g. material ) ("CH Y (%)

Cation exchange resin

101 247 200 55
101 24.7 220 é5'
100 25, 0 240 74
100 25, 0 260 99

Anion exchange resin

103 24.3 200 41
103 243 220 51
100 25. 0 240 59
100 25.0 260 97

O AL DBHE DR LR S RIGEE FRICHELS - TENT S, 260°C O B TEA 4 5
RHIELIE RS IEDESNED, BA 4 Vv AMEEECDERTHL B BEEBRL MEIN -
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Table 7 Amounts of 30% .0, Needed for Acid
Digestion of Various Materials
{266 °C)

Volume of 30% H,0, to oxidize |
Carbon content 30% H.0- g

Materials (mole /g, of material
material ) | Observed (ml)| Calculated {ml)
Polyethylene T.14 x 107 G~ 10 16. 2
Polystyrene 769 x 1077 11~12 i7.8
Solca Floc 370 x 1070 9 ~ 10 85
Cation exchange resin 422 x 107" 11~12 9.6

Table 8 Effect of 30% H.0Q, Volume on Acid Digestion of
[on Exchange Resins (260 T)

Materials Volume of 30%H,0. Oxidation degree

{ml g. material ) [Vol.] added Y (%)
(Vol.) caled.

Cation exchange resin

201 175 08 75
200 100 L0 94
223 13. 4 1.4 100

Anion exchange resin

207 6. 8 0.6 49
203 9.8 0.9 73
208 14 4 1.3 90
204 166 1.8 g5
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Fig.7 RELATIONSHIP BETWEEN TEMPERATURE AND OXTDATION DEGREE
IN ACID DIGESTYION
O 'Cation exchange resin, HZSO4—H20]’ system,
. :Cation excahnge resin, H2504-I-{N03 system.
A ianion exchange resin, H2504—H202 system.
A :nnion exchange resin, HZSO‘,-‘-HNO3 system.
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