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VOLUME REDUCTION OF ION EXCHANGE RESINS BY CATALYTIC INCINERATION
(I. BASIC EXAMINATION)

Taneaki YAHATA, Norimitsu TERAKADO and Masayoshi KURIHARA
Division of Administrative Services
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashi Ibaraki-gun, Ibaraki-ken

(Received January 11, 1988)

Thermal decomposition behavior of ion exchange resins has been examined
using thermobalance in order to obtain the basic data for incineration of
ion exchange resins. Evaporation of water included in the resin occurred
below 200°C. The anion exchange radical was decomposed between 360 and
480°C. For cation exchange radical, the decomposition temperature spread
between 280 and 600°C. The resin structure base was gradually decomposed
over ca 600°C. The evaporation of water and deéomposition of ion exchange
radical were not affected with oxygen pressure, but the thermal decomposi-
tion and/or incineration of resin base was accelerated with the pressure.

Incineration examination has been made using a crucible type furnace
in air flow at 600°C. Thermal decomposition products from the resins were
effectively oxidized by copper monoxide catalyst. Sulfur dioxide S07 evolved
from cation exchange resin is a poison of this catalyst. However, SO» could
be fixed with calcium hydroxide. The thermal decomposition products were

easily oxidized by the catalyst after elimination of S0j.

Keywords: Volume Reduction, Incineration, Ion Exchange Resin, . Thermal
Decompesition, Thermobalance, Anion Exchange Radical, Cation

Exchange Radical, Copper Menoxide Catalyst, Elimination of S02.
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Fig. 8 (a) iz a1 A+ »35Hullis (DIAION SAN-—1), (b)i3fE41 A »23Hukiis (DIAION
SKN—1)% No 1600 ‘Cizim#l, 600°CiHEEgLABAOERE(NERT. HiEER
DR AW/ Wo, B S 600 °C icBEBRORBHRMERT, Fig. 8@IKHELNELII,
A g v A OERE/DRIIN HTERE L, KD IERBEORIMERI LEL, —
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(DIATON SKN-1}2Fh®Fh QP T600 CitinElL, 600°C itRHELEEBACER
EAbERT, RIRDE, BERIEEE 600 CIcRERORAERMLRT, HH & bIKESIC
BAMRST B, BA 7 IR, BA A4 v Sl ic N TREEESEY, 0: 1 Th,
Bl N2 HEEREIC — SO~ BiCL RIS OXEMLREEbDEEL LN S,

Fig. 10 iHR& 4 A 288805 (DIAION SAN - 1) % Qz 1 400 ‘Cicm# L, ZoEEi
REELIIBEERT., BERBENSTH, ER2UBERBLHBLNENI &L, 400°CHhA
TIHBBERE LD EARRE S,

3.3 BRSOBREER

HEEIRER TIIMe A &4 OHEE UTDIAION SAN- 1%, $/244 va3miisd LT
DIAION SKN-l1&#ha+Fn B0, DTOXRTHERR S8BT 5,

3.3.1 a4 YRBRE OB

Table 2 i$fg1 & ¥ HAg# 2009 22258 600°Cic i L, Rz, Ft L 7o Borigding
174 560 CiThnsh U /- fhilt & ARG X € /- D A RSO RITHRER T, HARICHEED,
CHs AT 2, fhoR{bkFERihshias -1

360~480°C KBTS N DEEMIT, KWERN VA FAT VY229 AOBRMRITLEZ30TEH
D, ZORERFEIZ Fig. 3c)RPAicRmLBIR, KBEOMSBOERBHRME—FHL TH
Bo

COpiEhNcHf » TO: Db R s A48, T HEEASEERY & i & 0BG L -
THREEDSEE U2 2B LTV B, MiEi3550°CE, BVWEE THEAYT 572, ESE{bick
% NOy i3 #iE s hiidp » 7o,

3.3.2 B4 A4 SR OB

Fig. 11 381 4 v ARHBIEAH 100g 2L, B/ A v SHEMIEOEES & F US4 TR
BRaiT- b EDARBDDINTRERERT ML Oz ictfL T18~19 Vol/o, €Oz SO:
MOCHy it LT0~2 Vol/o, #ENTEE & 600 CHEFEROREREZR T, 18, K
Dichic, BOBIHRAER-GOT, M4 W/ WolBBLLE%, MlhIEELRT. SO2
14280~ 600°CORITHRE SNTHEL, COREHMARASREEOFE _BHLLE=B0EREE
fLicHYd 3, COLIICEWVEEHERICHI > TSSO RS NB T &, — S0~ R4
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Table 3 (34 # »Z2HE 100gic Ca(OH): 509 ZRA LA EREA L BT
ZDriERAERT, Ca{OH)2 509 BSO:BEILELAFELARBOKN 3 BICHEHT S, 4
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frEWZ A, FOMn SO EEHELTCaCOs, BaCOs 22N Fhstls LBEAL 600 C
g L7203, SE2 i SO 2EET 2 LR b -7z, REBEEEBMNICLETH 570,
RBBEEOMREE 280~600 CTI2 SO & HREKIETERVHDLEABNE. 4,
Rocky Flat® Tid4 4 v RBMELEHRBIECHRITTAE S, KBEALLTNaCO:%2H
L, SO 2EE LBEMEOEAE 4+ RAMELD D,

4. F & ®

1) B4 A4 Y RUBA A4 w2 #ilsi 228 600°Citintid 5 &, WIFhE 1 BTREKDE
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2) MRiEL b 600 CRMAL T A2H, ChooASREFEIEIIEORVWER{LS,
3) BBA A YRR IEA & R ERE I B L TEG#E LI b, SRS A R
DEREREIRE L, T, THBMEOMEIRIC A K= VEBHER L, BIESRAKEET S
DEEZ OGN D

4y A A B A LIRME ARV R L SRR L » TER AR A TR E 5T &
ik,

5) B4 A v RHRED OHAET S SO ZMILFMECER LS50, Ca(OH): LIRS
RS H B Lk, CaSO4ELTHRETE S,

6) SO: ERFETETELICLD, BA 4 /TERIEORSMBRERDIIRRIFEEEHNTES
PRBES K 2o
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Table 3 (351 A4 3R 10091 Ca(0OH)2 509 2BE LAEHNERALIZBOHEAN
ZDMTEERERT, Cal{OH)2 509 SO BIERLELBAELRB O 3 EZiHST 5, &
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BCa(OH)ERIGL, CaSO4 & LTHRIEENATEERL TS, CH, dE EE SN
LM, MoRIKEIBREINTZZRE s —MIRUBE LA ONEh-f, TDKDIC, SO:
ABRET LI ELRLD, BIEOEEBENELNDE L L biC, BINOMBRESREL/-EAQ
#5, -

Table 4 34 2 v, B4+ vz heh50g & Ca(OH): 15g%RE LcEHRIC
DWTOMRERYT, Ca{OH)2 159 (% SO; EEICLELBO L b FiKEYET 5,
SO. HENBNT &, CaS04 L LTRIESNAT EERT. CH3WMBEHEET 5D,
fhoRibAREBRES NGy RAKRDY — L RWEDPH oW EETEERENE LR
WA A, Foftio SO: @EHELTCaC0s, BaCOs (2 FhFhks ESL 600 °C
IMEVL Fo 58, SEQIIC SO AFET 5 LKL oo, REBEEEBNICEETH L7120,
B DDNMREE 280~600 CTHE SO tHHRKRIETER VD EFELLNS. — 4,
Rocky Flat? Tld/ 4 v HMlls s mBB Tl 5L i, MBMALLTNaC 0% A
WV, S0 AEE LERMECREELE RS- HELH S,

4. ¥ & ®

1) &A1 A4 vy RUBA A Y3 BmiE 3R 600 Cicii#id 5 &, WFR&E 1 R TEEKOE
F, FEOBRTHBHONHE, FEIRTEARORKERIGILLZRILEBMELET B,

2) MEHEE & 600°CRMEAL THLEE, CHhSOENMMREEREZIEORVWERL L5,
3) B4 A BIE R A R BRI L TR LI, TR A v
DEUBREISRE L, F, TBREOSRENCZ vk = VIREBAER L, BISOBNKEET S 6
DEEZ LN B,

4) BaA A& AZHBSRBRIAMEBAEE VAT LIC L - TANBAERMERRICRES 52 &
R,

5) B4 A4 YRWEHEL O RET S SO BMLHMEDMEHRE LALLM, Ca(OH)2 ERE
MEESH B LitkD, CaSO4&LTRETE B,

6) SO:AMFEFT I EICLY, BA A U DENMFE Y LR{LFMEEH T2
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List of Ion Exchange Resins

Strongly acidic cation

Strongly basic anion

Mak
aker exchange resin exchange resin Shape
Mitsubishi Kasei Co. DIAION SKN-1 DIAION SAN-1 Particle
Mitsubishi Kasei Co. DIAION SK-1B DIAION SA-10A "
Dow Chemical Co. DOWEX 50W-X2 DOWEX 1-X8 "
Rohm & Haas Co. AMBERLITE IR-120B AMBERLITE IRA-400 "
Ekodine Co. POWDEX PCH POWDEX PAO Powder
Table 2 Components of exhausted gases
°c) 0 30 60(min)

%) 300 360 420 480 540 600 600 600

CHy 0.02 0.07 0.01 0.01 0.03 - - -

NOx - - - - - - - -

CO2 0.87 2.48 11.24 10.46 1.25 0.62 0.62 0.78

N, 79.60 80.07 82.61 82.05 79.83 79.20 78.90 | 78.86

05 18.57 16.44 5.17 6.52 17.98 19.25 19.55 |- 19.43

Ar 0.94 0.94 0.96 0.95 0.91 0.93 0.93 0.93

Decomposition temperature:;

DIAION SAN-1; 200g

Air flow; 15 1/min

Temperature of catalyst; 550°C.

300 to 600°C
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Table 3 Components of exhausted gases

(oC) 0 30 60(Il111'1)
(75 280 | 300 320 | 360 420 480 | 540 600 | 600 600
cH, | - - - | o.01 | 0.04 | 0,02 - - | 0.02 o.01
NOx - - - - - - - - - _
SOX - - - - - - - - - -
CO2 0.08 0.08 0.07 0.08 0.11 0.12 0.24 0.08 0.09 0.47
N7 78.78 | 78.81 78.87 | 78.79 78.95 | 79.10 | 79.57 78.83 1| 78.89 78.95
07 20.21 | 20.20 20.15 | 20.21 19,99 | 19.85 [ 19.28 20.19 | 20.11 19.66
Ar 0.92 0.91 0.91 0.91 0.91 0.91 0.91 0.90 0.89 0.90
Decomposition temperature: 280 to 600°C.
DIAION SKN-1; 100g
Ca(OH)Z; 50g
Air flow; 15 1/min.
Temperature of catalyst; 550°C.
Table 4 Components of exhausted gases
(Dc) ) 0 30 60(m:|_n)
280 300 320 360 420 480 540 600 600 600
(%)
CHy - - - 0.05 0.05 0.03 - 0.02 0.02 -
NOy - - - - - - - - - -
S0x - - - - - - - - - _
CO2 0.27 0.28 0.32 1.72 3.01 0.57 0.61 0.58 0.47 0.46
N, 78.93 78.91 |79.04 | 79.13 79.84 79.33 | 79,01 79.12 | 78.90 78.95
0y 19.88 19.89 {19.71 | 18.16 16.18 19.16 | 19.48 19.38 1 19,71 19.69
Ar 0.92 0.92 0.93 0.94 0.92 0.91 0.90 0.90 0.90 0.90

DIAION SAN-1; 50g, DIAION SKN-1; 50g
Ca(OH),; 15g
Air flow; 15 1l/min
Temperature of catalyst; 550 °C.
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—CH2-CH—CH2-
resin base ( co-polymer of styrene
and divinylbenzene )

~CH—CHz2-CH-

FoEsm—— .
H ! ion
]
1
]
! f exchange radical
' H
v - - - L
anion exchange resin cation exchange resin

I

! |

! I

E 'C':Hz' ‘ SOsH
! N (CH3)0H

1

!

trimethyl ammonium sulfonic acid

B e Sl S S g bt e it e o]

T —— G —— S T S T G A N g —— — T T . — —— S ———— -

Fig. 1 Structure of ion exchange resins
Anion exchange resin isg formed by the combination with

trimethyl ammonium and resin base.

Cation exchange resin is formed by the combination with

sulfonic acid and resin base.
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air

09009, ] eshausted
H(00000) 1

-

air — —

210

9000 Ilt_

0000 )

furnace for catalyst

00

furnace for thermal decomposition

293 | 850

|_114

Fig. 2 schematic illustration of incinerator.
Dimensions are in millimeters.
Apparatus wes made of stainless steel tubes. Two parts comprise
the whole apparatus; the left side is for thermai decomposition
of l1on exchange resins placed in a stainless steel erucible and
the right side is for complete incineration by the catalytic

oxidation. Catalyst was copper monoxide.
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1.0 (a)
08}
_0sf
£
o
= 04
<]
0.2+
0 1 1 1 A i
0 30
|- | 1 ]
Temp. (C) 0 i0 20 30

holding time {min)

Fig. 3 Thermogravimetric curves of anion exchange resin
( DIAION SAN - 1) in air flow.

W/wo is the decreasing ratio of the resin. Where, W, is the
initial weight of the resin and W the weight decrease during
raising temperature. The first step of the curve corresponds to
the evaporation of the water included in the resin. The second
step corresponds to ion exchange radical and the final step is
the decomposition of the resin matrix base. Curves (a),
(b),(c) and {d) correspond to the decomposition temperatures 300,

400, 500 and 600 °C, respectively.
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Fig. 3 (Contirzed )
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(a)

06

0.4}

{ AW/ Wo)

| 1 d

Temp. (C} 0 9] 20 30

holding time { min)

Fig. 4 Thermogravimetric curves of cation exchange resin
(DIAION SKN -1) in air flow.
The weight decrease of the first step corresponds to the
evaporation of the water included in the resin. The second step
corresponds to the decomposition of the ion exchange radical and
the final step is the decomposition of the resin base. Curves
(a), (b)), (c) and (d) correspond to the decomposition

temperatures 300, 400, 500 and 600 °C, respectively.
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(b)
| 1 1 L l i
0 200 400 . , ,
Temp. (C) 0 t0 20 30
hoiding ftime  {min)
(e)
L. 1 i
0 300 500 , J ,
Temp. (C) 0 10 20 30
holding time  (min)
(d)
0 200 400 6Q0 . . ]
Temp. (C) 0 10 20 30
holding time  { min}

Fig. 4 (Continued )
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1.0
(a)
08r (a)— :30%0,+70% Ar
- (b)——: 20%0,+80%N, (AIR)
£ o6} (¢)—=="10% Oz + 90 %Ar
z
= 04}
0.2
O L | il |
1 | i L 1 |
0 200 400 600 L | 1
Temp. (C) 0 10 20 30

holding time (min)

Fig.5 Effect of oxygen partial pressure on the thermal
decomposition of anion exchange resins.
Thermogravimetric curves (a), (b), and (c) correspond to

DIAION SAN - 1, DIAION SA - 10A and DOWEX 1 - X8,
respectively. Three kinds of oxygen gases, 10Z O,- 907 Ar,

20% 0, - 80% N5 and 30% O, - 70% Ar were used in each run.

Dotted 1line; 10% O - 90% Ar,

Solid line; 20% 0, -~ 80% N,,

Fine line; 30Z O, - T70%Z Ar.
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.0
(b)
C.8F W (a) —-~:30%0, +70% Ar
(b} —: 20%0, +80%N, (AIR)

06
04r
0.2F
O | |

O 1 |

20 30
holding time ( min)
1.0
(e)
08r (a)=-=:30%0, +70% Ar
(b)—:20%0, +80% N, {(AIR)

i (c)----:10%0; +90% Ar
0.6
04}
0.2f
O 1 ]

0 . .

20 30

hoiding time  (min)

Fig. 5 {Continued )
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1.0
(a)
08¢ {a) ——:30%0, +70% Ar
{b) —:20% 0, +80% Nz (AIR)

= o6l {(¢) --—-: 10% 0, +290% Ar
=
Z oal

0.2F

0 .

0 200 200 600 | , ]

Temp. (C) 0 10 20 R4
holding time (min)

Fig.6 Effect of oxygen partial pressure on the thermal
decomposition of cation exchange resins.
Thermogravimetric curves (a), (b}, and (c) correspond to
DIAION SXN-1, DIAION SK-1B and DOWEX 50W-X2, respectively.
Three kinds of oxygen gases, 107 Op- 907 Ar, 20% O - 80% Ny,
and 30% 0, - 70% Ar were used in each run.
Dotted line; 10Z Oy - 90% Ar
Solid line; 20%Z Oy, - 80Z No,
Fine line; 30% O, - 70% Ar.
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1.0
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\
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0 200 300 800 | )
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Fig. 6 ( Continued )
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Fig.7 Effect of oxygen partial pressure on the thermal
decomposition of powdered ion exchange resins.
Thermogravimetric curves (a) are for the anion exchange resin,
POWDEX PAO, and (b) for the cation exchange resin, POWEX PCH.
Three kinds of oxygen gases, 10% 0, - 90% Ar, 20% 0, - 80% W,
and 30% O, - 70% Ar were used in each run.

Dotted line; 10% O2 - 90% Ar,
Solid line; 20% O, - 80% N,
Fine line; BQ% O2 - 70% Ar.



JAERI-M  8£8-008
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Fig. 8 (a) Thermogravimetric curve of anion exchange resin

(DIAION SAN - 1) and (b) cation exchange resin (DIAION SKN-1)in

nitrogen gas flow at 600 °C.
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(a)

{ AW/ Wo)

10 20 30
holding time (min)

(b)

( AW/ Wo)

0 L N ]
s

L L

1
0 200 400 6Q0 L . )
30

Temp. (C) 0 10 20
hoiding time (min)

Fig. 9 (a) Thermogravimetric curve of anion exchange resin
(DIAION SAN-1) and {(b) cation exchange resin (DIAION - 1) in

oxygen gas flow at 600 °C.
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Fig. 10 Thermogravimetric curve of anion exchange resin (DIAION

SAN - 1) in oxygen gas flow at 400 °C.
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